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1. BACKGROUND AND RESEARCH PROBLEM

1.1. Introduction

The background of this study arises from the critical and ongoing conservation challenges faced
by endangered small felids across their ranges, specifically in Hungary and Mongolia. Mongolia
is home to a remarkable diversity of wildlife, from large carnivores and ungulates to small rodents
and bats, many of which are globally threatened or endemic to Central Asia (Nyamsuren et al.,
2022). Despite having a rich and varied ecosystem, the country has faced a notable decline in
wildlife over the past few decades, primarily due to overhunting, habitat destruction, overgrazing
by livestock, and illegal hunting and trade (Clark et al., 2006; Wingard & Zahler, 2006).

Among these, Pallas's cat (Otocolobus manul Pallas, 1776), also known as manul, is one of the
most threatened species in the cat family, both locally and regionally. Mongolia is a critical
stronghold for the species, harboring the largest known population within its global range (Ross et
al., 2020; Nyamsuren et al.. 2022), highlighting the country's essential role in survival and
continued existence of Pallas's cats. However, the population trend of the Pallas's cat is declining
(Ross et al., 2020; Chimed et al., 2021), with various factors posing significant threats. The main
threats to the species include habitat loss and fragmentation due to increasing human and livestock
populations, infrastructure development, mining, illegal hunting, killings by herding dogs,
decreasing prey numbers (primarily from poisoning), and climate change (Clark et al., 2006; Ross
et al., 2019, 2020).

Another notable small felid is European wildcat (Felis silvestris Schreber, 1777) hence “wildcat”,
which, much like Pallas's cat, faces its own set of conservation challenges. The wildcat is once
widespread throughout Europe and now is one of the most at-risk species (Nowell & Jackson,
1996; Macdonald et al., 2010). The species has suffered due to increasing human pressure, which
has gradually reduced much of its population over the last two centuries (Nowell & Jackson, 1996;
Pierpaoli et al., 2003). As a result, its continental distribution is largely fragmented at local and
regional scales, and several factors, such as habitat destruction, direct and indirect persecution, and
hybridization with domestic cats (Felis silvestris catus), are currently threatening its population in
Europe (Gerngross et al., 2022; Mitchell-Jones et al., 1999; Nowell & Jackson, 1996; Stahl &
Artois, 1994). Central European countries, such as Hungary, are among the richest in Europe in
terms of wildlife, with diverse geographical features like wide-open plains and forested hills that

provide habitats for numerous carnivores, including the wildcat.



The background of the study, therefore, emphasizes the urgent conservation needs of small felids
across different regions, particularly focusing on wildcats in Hungary and Pallas’s cats in
Mongolia. This research aims to contribute detailed insights into their distribution, habitat use,
and the local and regional threats they face. By evaluating the potential threats and current
distribution patterns of small felids in relation to key habitats, this research provides valuable
insights into the ecological needs and conservation challenges faced by these threatened carnivores
and contributes to identifying priority areas for their long-term persistence and effective

conservation.

1.2. Research problem

1.2.1. Population decreases in felids and their vulnerability

Concerns over the decreasing number of biodiversity worldwide have led conservationists to work
for the safeguarding of species that are at risk of extinction (Sanderson et al., 2002; Sheppard et
al., 2024; Woodroffe & Ginsberg, 1998). Habitat loss is a global phenomenon affecting all species
and is the most critical threat to all extant cat species (Gross, 2012b; Macdonald & Loveridge,
2010). As an animal group, they are homogenous in their genetic makeup and ecological roles,
shaped by these shared traits, make them especially vulnerable to human-induced changes
(Johnson et al., 2006; Morales & Giannini, 2010). Among mammals, felids are the most admired,
paradoxically, the most endangered families, with populations generally declining and some
species at risk of extinction (Cardillo et al., 2004; Lamberski, 2015; Macdonald & Loveridge,
2010). In this study, we will focus on two small-sized wild felids: the wildcat in Hungary and the
Pallas’s cat in Mongolia.

Both species are currently listed as 'Least Concern' on the [UCN Red List due to their wide
distribution, although they have severely fragmented populations and a declining global population
trend (Gerngross et al., 2022; Ross et al., 2020). Hungary hosts a significant and stable population
of wildcats: however, the species' distribution has shrunk, with most of its former range vanishing
and some areas experiencing permanent local extinction. Consequently, wildcat populations in
Hungary have been completely restricted to the northwest and central regions of the country
(Heltai et al., 2006; Mitchell-Jones et al., 1999). In Hungary, the wildcat has been °‘strictly
protected’ since 2012, and long-term conservation and management for the species were
recommended by Stahl & Artois (1994). One crucial proposal recommended regular monitoring
of the distribution of wildcats. Similarly, the Pallas’s cat is listed as a 'Near Threatened' species

according to the Mongolian Red List of Mammals (Clark et al., 2006).



The species faces a substantial lack of basic information, including limited data on its regional
distribution, threats, and population trends across its Central Asian stronghold (Ross et al., 2019,
2020). Understanding species distributions, identifying threats, and determining their occurrence
are essential in conservation biology, particularly for species that are rare, threatened, or have

experienced significant declines in their range (Rushton et al., 2004; Taubmann et al., 2016).

1.2.2. Conservation challenges to small felids

Conservation and research efforts have been heavily biased towards larger, more charismatic
species, such as tigers and snow leopards, leaving many smaller-bodied felids with far less
attention (Brodie, 2009). Studies on the effects of habitat loss and fragmentation in felids showed
a similar trend (Zanin et al., 2015). For example, larger cats may be easier to study and face greater
threats as apex predators, being heavily exploited for traditional medicine and trophy hunting
(Macdonald & Loveridge, 2010; Ripple et al., 2014). Additionally, large felids’ charismatic nature
attracts more attention from both public and scientists (Macdonald et al., 2015). As a result, many
smaller-sized, highly threatened, and elusive wild felids frequently overlooked than their larger-
bodied counterparts (Brodie, 2009; Dickman et al., 2015). The wildcat and the Pallas’s cat are
examples of species that are severely understudied and much of their ecology is remaining poorly
understood.

Another significant issue is that studying felines in their natural habitat is notoriously difficult due
to their low population density, large spatial requirements, nocturnal lifestyle, and shyness (Brodie,
2009; Ross et al., 2020), notably small felids whose small size make them exceptionally
challenging to detect. This poses a significant challenge for conservation biologists, as effective
conservation efforts rely on extensive knowledge of a species' ecology (Macdonald et al., 2010;
Ross et al., 2019b). Both wildcats and Pallas’s cats are greatly hindered by a lack of detailed
ecological knowledge, with crucial information on their potential presence, mortality, and threats

lacking (Gerngross et al., 2022; Ross et al., 2020), thereby limiting conservation efforts.

1.3. Research gap and rationale

This study addresses the research gap regarding the limited knowledge and conservation
challenges of endangered small-sized felids, which are crucial for contributing to further research
and developing effective conservation strategies that ensure their long-term survival. Despite the
unique conservation challenges and limited knowledge of these species, countries like Hungary
and Mongolia are facing significant threats to small felids. These threats include alarming
population declines, increasing mortality rates and habitat destruction, all of which are

jeopardizing the survival of these elusive and ecologically vital carnivores.



These challenges highlight the urgent need for in-depth research and conservation efforts focused
on species such as the wildcat and Pallas's cat. This gap marks a critical opportunity to deepen our
understanding of small felids and their survival needs, especially distribution patterns, key
habitats, and the existing and potential threats they face in Hungary and Mongolia.

This research is driven by the urgent need to address the declining populations of small-bodied
wild felids, the significant threats, the ongoing conservation challenges, and the lack of crucial
ecological knowledge about these endangered species. The distribution of wildcats in Hungary has
not been investigated in the last two decades. This research presents updated data on current
distribution, changes over time, and the first broad-scale information on land use. Similarly, this
study is the first to examine the distribution of Pallas's cats in relation to land use and topographic
factors in Hustai National Park, Central Mongolia. Furthermore, this study provides the first
comprehensive assessment of the threats to Pallas's cats in Asia and wildcats in Europe. Their
secretive behavior and small size make them harder to detect, underscoring the need for a re-
evaluation of these threats. Mapping distribution and identifying the biotic and abiotic factors that
influence it are essential for understanding their distribution patterns and guiding conservation

efforts for these rare carnivores.

1.4. Aim of the study
The primary aim of this study is to investigate the distribution patterns of Pallas’s cats in Mongolia
and wildcats in Hungary, and to identify the major threats facing these species within their ranges,

using a consistent methodology across both countries.

1.4.1. Research objectives and questions

Below are the specific objectives of the study, which were identified in relation to the research
problem; each objective is coupled with one or more research question(s).
a) To conduct the existing and potential global threats to small felids: Assess and evaluate
across their respective distribution ranges, ranking these threats according to their severity.
ai- What is the most serious threat to Pallas’s cats in Asia?
a2- What is the most serious threat to wildcats in Europe?
b) To assess local knowledge of Pallas’s cats and wildcats within their respective natural
ranges.
bi- What is the level of local knowledge regarding Pallas’s cats and wildcats among
communities residing in the species’ distribution ranges?
b2- Which factors influence the ability of respondents to identify Pallas’s cats in

Mongolia?



¢) To utilize local knowledge to understand and evaluate perceived threats to small wild felids

among their distribution ranges.
ci- What are the major threats to Pallas’s cats in Mongolia?
c2- What are the major threats to wildcats in Hungary?

d) To investigate the distribution of Pallas’s cats in Mongolia by evaluating the species’
current distribution in Hustai National Park and examining key habitat variables that
influence species occurrence.

di- What is the current distribution of Pallas’s cats in the national park?
d2- Which landcover variables influence the occurrence of the species?
ds- Which topographic variables affect its occurrence within the study area?

e) To investigate the distribution of wildcats in Hungary by assessing their current
distribution, analyzing changes over time, and examining landcover influences across the
country.

e1- What is the current distribution of wildcats on a broad scale?
e2- How has the distribution of wildcats changed between 2004 and 2022 in Hungary?
es- Which landcover variables impact wildcat occurrence in the study area?

f) To investigate temporal activity pattern of Pallas’s cats using camera trapping in Mongolia.

fi- What is the daily activity pattern of Pallas’s cats in the study area?

f>- What is the annual activity pattern of Pallas's cats in the study area?

By addressing these objectives and questions, the research aims to provide a comprehensive
ecological understanding of small-bodied wild felids in Hungary, Mongolia, and beyond,
specifically examining their distribution and threat patterns which are fundamental for

conservation effort and management of these overlooked cats.

1.4.2. Hypotheses

Regarding the overall threat status of the wildcat and Pallas’s cat worldwide: Ha — Globally, the
study species face similar threats, particularly habitat loss and lack of prey. However, we expected
that hybridization will be the most critical threat to wildcats, as it has been recorded across most
of its range.

In terms of the Local Ecological Knowledge (LEK) of respondents regarding both small felids in
their ranges, we hypothesized: Hb - The LEK of respondents from Game Management Units will
be higher than herders in Hustai National Park, notably their ability to identify the species. He —
We expected hybridization to be the most serious threat to the wildcat population in Hungary while

herding dogs and a lack of prey pose major threats to the Pallas’s cat in Hustai National Park.



Hd - Steppe may be a potential land cover for the distribution of Pallas’s cats, as they utilize
various types of steppe habitats. However, we predict that Pallas’s cat distribution in the area will
result in associations with rugged areas, providing suitable shelter and protection from predators.
We formulated several hypotheses based on the field-based research: He — The distribution of the
wildcat in Hungary, as well as globally, has been decreasing. As a result, we predicted that the
species' distribution will either decrease or remain stable during the study period. Wildcats would
typically use forested areas and open areas with water bodies, while avoiding human settlements
due to noise, light, dogs, and the presence of humans. Hf — We expected that the daily activity
pattern of Pallas’s cats will exhibit nocturnal behavior, with a peak in activity around the
crepuscular hours. The species might be active throughout the year, but it is expected to show more

activity in the summer and autumn due to prey availability and environmental conditions.



2. LITERATURE REVIEW

This chapter provides an overview of the cat family, with particular focus on small felids, their
ecology, conservation challenges, and specific needs. It highlights the status of small felid
populations across Europe and Asia, examining primary threats, distribution patterns, and the
diverse land-use types inhabited by species such as wildcats and Pallas’s cats. The chapter also

discusses the research methods used to study these elusive felids.

2.1. Introduction to cat family

The family Felidae comprises 38 species of wild, cat-like carnivores distributed across all
continent except Antarctica and Australasia. Felids inhabit a wide variety of environments, ranging
from steppes and deserts to boreal and tropical forests (IUCN, 2017; Macdonald & Loveridge,
2010). However, over 60% of all living felid species are found in Asia, with the continent’s tropical
and temperate regions supporting the highest diversity (Macdonald et al., 2010).

Many small felids are habitat specialists, particularly in tropical and forested environments, and
are typically found in closed-forest and woodland areas (Nowell & Jackson, 1996). Felids are
remarkably diverse in terms of taxonomy, with species ranging in size from the smallest rusty-
spotted cat (Prionailurus rubiginosus), weighing less than 1 kg, to the massive Siberian tiger
(Panthera tigris altaica) reaching over 350 kg. Generally, less than 10% of the habitats of wild
felids are within protected areas (Nowell & Jackson, 1996), and these iconic and endangered
predators typically live outside such zones. Predators are essential in maintaining the balance and
function of ecosystems, greatly influencing their prey populations (Crooks & Soulé, 1999; Estes
et al., 2011), and felids, in particular, play a crucial role in safeguarding habitats and biodiversity,
as they are recognized as both umbrella and flagship species (Macdonald et al., 2010).

There are a few species with extensive ranges that span several continents, such as the wildcat
(Macdonald et al., 2010). The species evolved from its common ancestor (probably Felis lunensis)
around 2 million years ago, but the first appearance of wildcats in Europe dates back to 450,000—
200,000 years ago, after which it occupied nearly the whole continent (Kitchener & Rees, 2009;
Pecon-Slattery et al., 2006; Sommer & Benecke, 2006). The wildcat is a medium-sized carnivore
resembling a domestic tabby cat, with a pelage that typically features a brown-gray or dark gray
color pattern. It is somewhat larger and more robust than its domestic counterpart. It has a black
dorsal line that abruptly ends at the base of the tail, which is broad and ends in a rounded tip. These
external characteristics allow for the distinction between wildcats, domestic cats, and most hybrids

(Beaumont et al., 2001; Kitchener et al., 2005) (Figure 1).



The mating season occurs between January and March, with a gestation period lasting over two
months. Females typically give birth to three or four cubs. The offspring usually disperse before
winter, although females may remain in their mother's territory until they reach sexual maturity.
In captivity, their lifespan is typically at least 15 years (Daniels et al., 2002; Nowell & Jackson,
1996). Wildcats are solitary and territorial species that aggressively defend their territory, marking
it with feces and other signs (Bir6 et al., 2004; Corbett, 1979). Males have larger home ranges,
typically ranging from 2 to 20 km? (Bir6 et al., 2004; Corbett, 1979), with low population density,
less than 1 ind./km? (Yamaguchi et al., 2015).

The majority of European countries consider the wildcat a threatened species within their borders,
leading to its inclusion in national catalogs and legal frameworks with varying levels of protection.
The species is strictly protected under the Bern Convention and the European Habitats Directive
(92/43/EEC) (Lozano & Malo, 2012).

Our other study species, Pallas’s cat, commonly known as the manul, is a small, solitary, and
terrestrial felid, and the only species in its genus. It is believed to have inhabited Central Asia and
the Iranian Caucasus around 5.9 million years ago, after diverging from its common ancestor, the

leopard cat (Li et al., 2016; O’Brien & Johnson, 2007).



Its thick coat of long, soft fur is highly variable but typically pale white or yellow-gray. The species
is also distinguished from other small felids by its short, rounded ears, which are set widely and
low on the head (Noonan et al., 2024) (Figure 2). The mating season occurs between December
and March, with an average litter size of four to six kittens, born from the end of March through
May (Ross, 2009). The offspring disperse at four or five months, but their lifespan in the wild is
relatively short, averaging around six years (Ross, 2009; Ross et al., 2019).

Figure 2: Study species — Pallas’s cat (photo by: Uuganbayar Munkhbat).

During the 14th Meeting of the Conference of the Parties to the Convention on the Conservation
of Migratory Species (CMS COP14) in 2024, the Pallas’s cat was listed in Appendix II, having
previously not been protected by this convention. The species is also legally protected in 12 out
its 16 range countries. Within its distribution area (16 countries), approximately 19.3% of the
suitable habitats for the species are encompassed by 587 protected areas. Roughly 12% of the

species' range in Mongolia occurs within protected areas (Clark et al., 2006).



2.2. Extinction vulnerability of cat family

Habitat loss, degradation, fragmentation, and isolation are some of the most significant threats to
most wild-living species in modern times (Henle et al., 2004). Not all animals respond equally to
habitat changes, and their vulnerability to human-induced threats is mainly determined by their
life history and ecological traits. Consequently, some lineages are more vulnerable than others
(Davidson et al., 2009; Henle et al., 2004; Zanin et al., 2015). Among the most at risk are
paradoxically, the earth’s most majestic and revered by humanity: the wild felids.

The increased risk of extinction faced by cat-like carnivores can be attributed to several factors.
These include their low population density, high trophic levels (which place them at the top of the
food chain), large home ranges (requiring expansive territories to support their hunting and
survival), and slow population growth. Together, these factors contribute to their heightened
vulnerability in the wild (Davidson et al., 2009; Zanin et al., 2015). Consequently, 18 of the 38 cat
species are classified within the top three categories by the IUCN Red List, making up nearly half
of all living wild felids (Gross, 2012a; IUCN, 2022).

2.3. Threats and conservation needs of small felids

Felids are widely recognized as high-profile mammals in today’s conservation efforts due to their
vulnerable status, key ecological roles, and remarkable charisma (Dickman et al., 2015;
Macdonald et al., 2015; Zanin et al., 2015). However, many small cat species are still poorly
understood (Brodie, 2009; Dickman et al., 2015), making it urgent to quantify threats they face
and better comprehend how their spatial behavior affects their extinction vulnerability (Ross,
2009). Incorrectly identifying threats could lead to a mismatch between their actual severity and

allocation of research effort (Lawler et al., 2006).

2.3.1. Threats to Pallas’s cat

Pallas’s cats are experiencing significant declines globally, and most remnant populations are
small and isolated (Chimed et al., 2021; Ross et al., 2020). Although the species has a wide
distribution and is unlikely to face widespread extinction in short term, its low population density
and susceptibility to human-related disturbances may lead to local extinctions (Ross, 2009). From
an ecological perspective, Pallas’s cats has several characteristics that increase its risk of local
extinction, such as habitat and feeding specialization, as well as low population density (Ross et
al., 2010a, 2010b, 2012).

The main threats to Pallas’s cats are habitat loss and fragmentation, along with a decline in prey
abundance across its Central Asian stronghold (Clark et al., 2006; Ross et al., 2019a, 2020).
Furthermore, intense livestock grazing, herding dogs, mineral extraction, road development, and
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fur trade represent the major causes of mortality for Pallas’s cats (Farhadinia et al., 2016; Ross et
al., 2019a, 2019b). Threats are dynamic, evolving over time and across geographical spaces
(Hayward, 2009). For example the Pallas’s cat in Mongolia threatened by direct persecution for
the fur trade, illegal hunting, and use for medical purposes (Clark et al., 2006; Ross et al., 2020).
Moreover, over the past two decades, the demand for cashmere and wool has led to an exponential
increase in the number of livestock (National Statistics Office of Mongolia, 2022), which leads to
habitat degradation (Ross et al., 2019b). Widespread eradication campaigns targeting small
mammal populations have been conducted Mongolia to improve livestock pastures, resulting in a
substantial reduction in the availability of primary prey, such as pikas, for Pallas’s cats
(Barashkova et al.. 2019; Clark et al., 2006; Ross et al., 2020). Despite significant progress in
understanding Pallas's cats’ ecology in recent years, many aspects remain poorly understood,
including how populations might respond to threats (Ross et al., 2019b).

2.3.2. Threats to wildcat

The factors that threaten wildcat populations in Europe are habitat alteration and destruction,
which is the most critical threat to this species (Nowell & Jackson, 1996; Stahl & Artois, 1994).
The Council of Europe highlighted that habitat loss is the primary negative factor among the threats
to wildcats and recommended maintaining natural forests in good condition (Council of Europe,
1993). Deforestation or the replacement of native habitats, such as the planting of coniferous or
eucalyptus forests, have been linked to the decline of wildcat populations in regions like Great
Britain, Eastern Europe, and the Mediterranean, as these altered landscapes often lack suitable
conditions for the species’ survival (Langley & Yalden, 1977; Lozano & Malo, 2012).

Habitat destruction, particularly through urbanization and infrastructure development (e.g., roads,
highways, railways, irrigation systems), leads to population fragmentation and isolation,
significantly impacting genetic diversity and survival (Council of Europe, 1993; Nowell &
Jackson, 1996; Stahl & Artois, 1994).

Genetic introgression of domestic cats (Felis silvestris catus) into the wildcat population, and its
impact on the species' gene pool is a growing concern and represents another significant threat
(Nowell & Jackson, 1996; Pierpaoli et al., 2003; Stahl & Artois, 1994). The eradication of
predators and the expansion of agriculture have contributed to the spread of feral and free-ranging
cats, which are now found worldwide, often overlapping with the wildcat's range (Nowell &
Jackson, 1996). The hybridization has been frequently recorded in Europe, particularly in
Scotland, where long-lasting introgression has been observed, with a similar pattern seen in
Hungary (Bastianelli et al., 2021; Bir6 et al., 2005; Pierpaoli et al., 2003). In case of other European
populations, such as in Germany, the Iberian Peninsula, and the Mediterranean, hybridization is

rare, with overall low levels of introgression (Pierpaoli et al., 2003; Tiesmeyer et al., 2020).
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Additionally, the wildcat population is threatened by non-natural mortalities, including illegal
hunting, secondary poisoning, trapping, and road and railway kills. Furthermore, the transmission
of diseases from domestic cats and the rising population of ungulates pose considerable threats to
the survival of wildcats (Bastianelli et al., 2021; Bir6 et al., 2005; Gerngross et al., 2022;
Macdonald & Loveridge, 2010; Nowell & Jackson, 1996). Locally, studies conducted in Hungary
since the 1980s have identified habitat degradation, illegal hunting, competition with domestic

cats, and hybridization as the most serious threats to wildcats population (Stahl & Artois, 1994).

2.4. Distribution of small felids and their habitat use

2.4.1. Space use by Pallas’s cat
The Pallas's cat is found from western Iran to East Asia, with core populations in Mongolia and
China, inhabiting landscapes characterized by an extreme continental climate (Nowell & Jackson,

1996; Ross et al., 2020) (Figure 3).
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Figure 3: Distribution map of Pallas’s cat (source: the IUCN, 2020).
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In Russia, the population primarily occurs along the border with Mongolia and China, notably in
Trans-Baikal, Altai, Tuva, and the Republic of Buryatia (Barashkova et al., 2017). In the southwest
of the species' range, information is limited for the Caspian Sea region and the Southern Caucasus.
However, Iran hosts the largest population of Pallas's cat in this region (Farhadinia et al., 2016;
Ross et al., 2020).

Much of the distribution range remains unclear (Munkhtsog et al., 2004a), and some populations
may have disappeared from parts of their historical range due to numerous threats (Ross et al.,
2010b). In Mongolia, the species' potential habitats are predicted to extend from eastern Mongolia
to the foothills and mountain ranges of the Mongolian and Gobi Altai in the west, excluding eastern
Gobi Desert and forested areas (Barashkova et al., 2019). Central Mongolia is a stronghold for the
species due to its suitable habitat and history of fur trade (Ross et al., 2019a; Wingard & Zahler,
2006), with an estimated density of 4 - 8 cats per 100 km? (Ross, 2009).

Examining the significance of nature reserves and different land use patterns on the distribution
and occurrence of species is critical in conservation biology (Cardillo et al., 2004). The appropriate
habitat for the Pallas’s cat includes montane grassland, a mix of grassland, shrub steppe, and
desert (Barashkova et al., 2019; Ross, 2009; Ross et al., 2012). However, they are habitat
specialists, preferring areas with ravines, steep terrain, rugged features, dense vegetation, and hill-
slopes (Chimed et al., 2021; Greco et al., 2022; Greenspan & Giordano, 2021; Ross et al., 2020).
Also, the presence of predators, prey abundance, extensive talus, and steep slopes influence its

habitat use (Barashkova & Smelansky, 2011; Ross et al., 2012, 2019a).

2.4.2. Space use by wildcat

The wildcat is a polytypic species with three wild subspecies, the African (F. s. libyca), European
(F. 5. silvestris), and Asian (F. s. ornata) wildcats, which inhabit Europe, Asia, and Africa (Nowell
& Jackson, 1996). Europe is home to a large population of the European subspecies, whose range
is divided into four main continental meta - populations: (1) Western-Central Europe, (2) Apennine
Peninsula and Sicily, (3) Eastern-Central, Eastern, and Southeastern Europe, and (4) Iberian
Peninsula (Gerngross et al. 2022; Mitchell-Jones et al., 1999) (Figure 4). Of these, the Iberian
Peninsula, Italy, the Carpathians, Germany, and surrounding regions constitute the most
contiguous range of wildcats (Bir6 et al., 2004; Gerngross et al., 2022). Eastern-Central Europe,
which includes Hungary, Poland, Slovakia, and the Balkans, is home to another major group

(Mitchell-Jones et al., 1999).

13



)
v
UNITED
KINGD OM
Dublin
IRELAND

DENMARK

Canye

Ml

wsels  CREBNNY

CZEC

Vienno
AUSTRIA

R - - AN GXTY

an Rl ¥ RO

LA

TVIA

LITHUANIA

HIA

Budar H t

Mirek
BELARUS

Igograd

oty b ot
. 3 w;.&
' LN y
? ALY Nl EULG ARG
+ ’\% ! ?Bu-- g % l.’ej( planbul gDy "/'“m'“ UZBEKIS
rOR I,“‘v‘» 4 3' - I o Baku
N ‘! <k : TURKMENISTAN
5,1 1 r T RKEY
< ; A th ere
[y T Turds §
«

TUNISIA

Legend

EXTANT (RESIDENT)
POSSIBLY EXTANT (RESIDENT)
POSSIBLY EXTINCT

PRESENCE UNCERTAIN

Ligya °

EGYPY

SAUDI ARABIA

SUDAN

Jeddah

AFGH
IRAN

MAN

Figure 4: Distribution map of European wildcat (source: the IUCN, 2022).

In Hungary, the eastern, northern, and southwestern regions appear to retain stable and large
populations of wildcats, which are spread across three core areas: the Transdanubian and North
Hungarian Mountains, the floodplain forests of the Great Plain, and the Drava Plain (Heltai et al.,
2006).

Traditionally considered to be a forest specialist (Nowell & Jackson, 1996), the species uses a
variety of forests, particularly deciduous and mixed forests with dense growth, beech woods, and
oak (Anile et al., 2019; Klar et al., 2008; Silva et al., 2013). However, recent studies suggest a
preference for wider range of habitats, including a variety of forests that connect open areas,
grasslands, meadows, scrublands, agricultural lands, and pastures (Bir6 et al., 2004; Heltai et al.,
2006; Klar et al., 2008; Monterroso et al., 2009). The species is now considered a habitat generalist
and is known to utilize a wide range of habitats (Klar et al., 2008). Coniferous forests, grasslands,
broad-leaved woodlands, and watercourses appear to be important habitats for wildcats in Scotland
(Corbett, 1979; Daniels et al., 1998). In Mediterranean regions, scrub and pasturelands are
regarded as essential habitats (Lozano et al., 2003), providing suitable conditions for hiding and
foraging (Lozano & Malo, 2012). In Germany, the species’ distribution is limited by forests, forest
ecotones, and meadows (Klar et al., 2008). The availability of prey and shelter are the main factors

influencing their habitat use (Anile et al., 2019; Klar et al., 2008; Silva et al., 2013).
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2.5. Temporal activity patterns of small felids

2.5.1. Activity pattern of Pallas’s cat

Studying animal activity patterns is essential for understanding the ecological dynamics that shape
species behavior and survival, as temporal data reveal critical insights into feeding, mating, and
movement habits, and how species partition time to reduce competition and coexist in shared
habitats (Frey et al., 2017). Information on the activity patterns of Pallas’s cats remains scarce
across its entire range, and few detailed studies have been conducted. One of the only
comprehensive investigations is a radio-collaring study by Ross (2009) in Mongolia, which
tracked 13 females and 9 males. The study showed that the species is primarily crepuscular, with
peak activity occurring at dawn and dusk. Seasonal variation was also observed, with increased
daytime activity during the winter months.

Camera trapping is now increasingly used to evaluate animal distribution, population density, and
local species diversity (Anile et al., 2021; Greco et al., 2022) and it is also considered a reliable
tool for studying the temporal behavior of animal species (Rossa et al., 2021). For instance,
research from camera trap studies by Anile et al. (2021) shows that Pallas’s cat exhibits a
crepuscular activity pattern in the summer (May—August), but becomes strictly diurnal in the
autumn (September—November). These seasonal shifts in activity patterns likely represent an
adaptive response to reduce the risk of predation by raptors, which are known to prey on Pallas’s
cats and are typically active around midday in summer (Anile et al., 2021; Ross, 2009). The species
faces the challenge of avoiding predators while also maximizing its chances of a successful hunt
in daylight hours (Ross et al., 2012).

More broadly, temporal behavior patterns in animals may change depending on habitat type,
geographic latitude, presence of competitors, or mating opportunities (Karanth et al., 2017).
Similarly, another finding from Greco et al. (2022) suggests that Pallas’s cats also adjust their diel
activity patterns by becoming more nocturnal to limit encounters with livestock, particularly large
herds of goats and sheep. Since their habitat use often overlaps with pastoral activity, temporal
avoidance, being active at different times, likely reduces the chances of direct contact with humans
and herding dogs.

2.5.2. Activity pattern of wildcat

Wildcats are known to be strictly nocturnal predators (Lazzeri et al., 2022; Migli et al., 2021).
Nonetheless, they can also display crepuscular or even diurnal temporal activity pattern. At the
seasonal scale, wildcats are predominantly nocturnal in winter and autumn, but during spring their
activity becomes more diurnal and crepuscular, likely due to the mating season (Ferretti et al.,
2022; Garcia et al., 2025). Female activity varies seasonally, especially as reproductive females
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limit nocturnal movements, and follows a cathemeral pattern (Ferretti et al., 2022; Migli et al.,
2021).

In warmer months, particularly in Mediterranean regions, diurnal activity increases, influenced by
shelter availability, offspring care, presence of water in summer, and prey activity rhythms
(Lazzeri et al., 2022). Interestingly, certain non-natural elements, such as paved roads, appear to
have no effect on diurnal activity when natural shelter is available, suggesting the species may
tolerate some human-made structures (Lazzeri et al., 2022).

The daily activity of the wildcat is highest during the darkest nights and decreases on bright
moonlight nights (Lazzeri et al., 2022). Males show peak activity in crepuscular hours, but they
become highly diurnal during mating season, with activity peaks occurring around midday (Garcia
et al., 2025). Wildcats are facultative nocturnal mammals that exhibit considerable plasticity in
their diel activity patterns, and they can be active during more than 20% of daylight hours (Lazzeri
et al., 2022; Monterroso et al., 2014). Due to the presence of sympatric competitors and dietary
overlap, wildcats tend to be active at different times of the day than larger species such as golden
jackal (Canis aureus) and European badger (Meles meles) (Tsunoda et al., 2020). This spatial and
temporal separation helps reduce direct encounters and competition among mesocarnivores, and
also increases protection from potential predators for their kittens at the den (Monterroso et al.,
2014; Tsunoda et al., 2020).

In addition to natural ecological factors, anthropogenic disturbances and the presence of domestic
or invasive animals significantly influence wildcats’ daily activity. Camera trap surveys by Anile
et al. (2019) in Sicily showed that wildcats reduced their activity in areas occupied by mushroom
collectors, feral pigs, and cattle. Specifically, wildcats tended to minimize overlap with mushroom
collectors by reducing activity during periods of high human presence, while their activity overlap
with feral pigs varied over time.

Overall, wildcats demonstrate flexible activity patterns shaped by reproductive needs, prey

behavior, interspecific interactions, and human disturbances.
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2.6. Local Ecological Knowledge about small felids

In biodiversity conservation, socio-ecological approaches are gaining recognition as the value of
incorporating a human dimension into the effective species’ management and ecosystems becomes
more widely acknowledged. Local Ecological Knowledge (LEK) is increasingly recognized as a
reliable, cost-effective, and non-invasive method for gathering information on the status,
distribution, and ecology of local species, particularly rare and elusive ones found in remote areas
that are difficult to detect using traditional methods (Greco et al., 2022). LEK is a valuable data
source that can improve understanding of species presence or absence, offering an affordable
alternative to large-scale surveys over large areas (Lunney et al., 2009; Pillay et al., 2011;
Taubmann et al., 2015).

Monitoring wild species’ status over large landscapes is time-consuming and costly using camera
traps, sign surveys, GPS telemetry, and non-invasive genetic sampling, making them less suitable
(Caruso et al., 2017; Janecka et al., 2011; Hoeven et al., 2004; Zeller et al., 2011). The monitoring
of snow leopards (Panthera uncia) (Taubmann et al., 2015), Pallas’s cats (Chimed et al., 2021,
2023), lions (Panthera leo), cheetahs (Acinonyx jubatus), leopards (Panthera pardus) (Msoffe et
al., 2007), and the assessment of human-felid conflict (Rutina et al., 2017), has previously been
complemented by input from LEK. Furthermore, questionnaire and interview surveys can gather
in-depth ecological information on species, providing important context across wide geographic
regions (White et al., 2005). Interviews are widely used methods in conservation research, and the
integration of LEK represent a valuable source of information regarding species distribution and
biodiversity status (Lunney et al., 2009; Pillay et al., 2011; Bonfil et al., 2018). As such, they
represent a promising tool for advancing the current understanding of the threats and distribution
of small felids.
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3. MATERIALS AND METHODS

3.1. Literature survey: Threats to wildcats and Pallas’s cats

3.1.1. Literature search and paper selection

The study was carried out using publications that reported threats and threatening factors to
wildcats and Pallas’s cats. Publications were sourced from the Web of Science, Scopus, and
Google Scholar assessed in January 2025. We searched the database and retrieved articles
published in English, covering all available years. We considered only peer-reviewed papers, and
the search was performed in title, keywords, and abstract. We also included additional publications
from the references cited in the papers from our literature search, selecting those that provided
information or data on threats to each species. For Pallas's cat, we conducted a global search, while
the collection of wildcat publications focused primarily on its range in Europe. Newspapers,
newsletters, websites, as well as articles whose abstracts and titles did not mention threats or threat
factors were excluded.

We were able to obtain only 21 scientific articles on Pallas’s cats from our entire literature search.
Given the limited number of publications, we expanded our sources to include one dissertation and
one master’s thesis that documented threat types to Pallas’s cats. Within the 21 papers and 2 thesis,
some studies reported more than one type of threat. Overall, we analyzed 49 threats, including
both existing and potential threats on Pallas’s cats. In contrast, we managed to obtain a relatively
greater number of scientific articles on wildcats, with a total of 88 articles and analyzed 93 distinct
threats.

Obtained scientific articles were read thoroughly in detail, searching for threats and threatening
factors to both cats. Due to limited number of publications on this topic, especially regarding the
Pallas’s cat, we did not filter or specify publication years for further analysis.

3.1.2. Threat classification and rankings

Based on the analyzed threats from the literature search, we identified 12 categories of threats to
Pallas’s cats, which were coded into 7 classes, while 13 categories of threats to wildcats were
grouped into 6 classes (Table 1). Due to the variety of threat categories, we used the [IUCN Threats
Classification Scheme (IUCN, Threats Classification Scheme) to categorize threats and code them

into groups.
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Table 1: The number of recorded threats for each species, classified according to the [UCN threat
classification system.

Pallas's cat Wildcat
IUCN Cat Th
ategory reat Frequency (%) | Freequency (%)
Overgrazing by
livestock 7 14 i i
Traps/snares 1 2 1 1
Illegal hunting & trade 5 10 - -
Biological Resource Use Hunting - - 2 2
Ungulate pressure - - 2 2
Decrease of prey - - 2 2
Population declining 2 4 1 1
Predator control - - 3 3
Predation by herding 13 27 ) )
dogs
Invasive & Other Problematic =~ Competition with other 3 6 1 1
Species species
Disease 2 4 21 23
Hybridization - - 38 41
Climate Change & Severe .
Weather Climate change 2 4 - -
Traqsportatwn & Service Roadkill ) 4 9 10
Corridors
Hgman Intrusions & Human disturbance 2 4 3 3
Disturbance
) Secondary poisoning 9 19 - -
Pollution . L
Primary poisoning - - 3 3
Residential & Commercial Habitat 1 ) 7 2
Development fragmentation/loss

After that, we also differentiated the categorized threats into either existing threat, which were
investigated and found to negatively affect the species, supported by results, or potential threats
mentioned only in the introduction or discussion sections of the scientific articles. Among the
collected publications, confirmed existing threats were reported in 13 papers on Pallas’s cats and
73 papers on wildcats, while the remaining papers referred to potential threats that were not yet
confirmed or studied.

To develop a ranked list of categorized threats to each species regionally, we analyzed the
frequency of reported threats within each IUCN category from the collected publications. For
example, the most frequently recorded threat category for both small felids was ‘invasive and other
problematic species’, referring to non-native species predicted to negatively affect biodiversity
due to their spread or increased abundance (IUCN, Threats Classification Scheme). Within this

category, the highest recorded threat frequencies were 41% for wildcats (hybridization with
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domestic cat) and 27% for Pallas’s cats (predation by herding dogs). Since the highest threat
exceeded 40%, we used this value as a reference to create break line categories for ranking:
‘Serious’ (over 21%), ‘Medium’ (11-20%), and ‘Minor’ (1-10%). These rankings, based on the
proportion of total threats documented in the literature review, were used to assess which threats

were the most critical, urgent, and problematic.

3.2. Field-based research

We established an integrated field-based research method to achieve our objectives (a — f).

3.2.1. Study area

This study was carried out in Hustai National Park (HNP, 105°43°-106°08  E, 47°32’-47°50’ N) in
Central Mongolia (around 100 km south-west of the capital Ulaanbaatar) (Figure 5). HNP is
situated at the southernmost point of the Siberian taiga in the Mongolian Dauria phytogeographical
region, which is a pristine part of the steppe ecosystem in temperate Eurasia (Tseren-Ochir et al.,
2018). The national park was established in 1992, covering approximately 60,000 of small
mountains, meadows, and river valleys. The altitude ranges between 1100 m and 1842 m. The
region is dominated by grassland and shrubland steppe. The climate is continental; temperature
varies between -43°C and 38°C and the annual precipitation is 165 mm, with the majority of the
precipitation falling in summer (Tseren-Ochir et al., 2018; Wallis de Vries et al., 1996). The
national park contains relatively diverse wildlife species. Large ungulates assemblage includes the
Altai wapiti (Cervus canadensis), the wild boar (Sus scrofa), the argali sheep (Ovis ammon), the
Mongolian gazelle (Gazella gutturosa), and the Przewalski horse (Equus ferus przewalskii).
Several sympathric carnivores with Pallas’s cat in the study area inlcude the red fox (Vulpes
vulpes), the corsac fox (Vulpes corsac), the Eurasian lynx (Lynx lynx), the gray wolf (Canis lupus),
and the Siberian polecat (Mustela eversmanni) (Nyamsuren et al., 2016). The area is also home to
approximately 110 semi-nomadic herders who herd four types of livestock: sheep, goats, horses,
and cattle. A total of 120,000 livestock graze within and around the national park (National
Statistics Office of Mongolia, 2022).
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Figure 5: Location of Hustai National Park in Central Mongolia. Thin black line indicates the border of
the national park, black dots represent the interviewed herder’s locations, with the basemap of land cover
types from the year 2020 created by Wang et al. (2022) and image (by: Davaa Lkhagvasuren) showing the
physical attributes of the area.

3.2.2. Survey data collection

3.2.2.1. Interview-based survey

The study area was divided into 67 sampling units of 8 x 8 km square, each approximating the
average female home range of the Pallas’s cat (Ross et al., 2012). We carried out an interview-
based survey between June and July in 2023 by visiting all known households in the Hustai
National Park, Central Mongolia (Figure 6). The interviews were mostly carried out by a door-to-
door approach with the head of the household in the presence of their family in each local
household, through field encounters, and infrequently by participation in local community events.
Before proceeding with each interview, we introduced our team and explained the research aims,
which were to collect ecological information, such as local threats and the presence or absence of
Pallas’s cats in HNP, as part of this dissertation. Participants were informed that their responses
would remain anonymous, that they could decline to answer any questions without providing an
explanation, and that they could end the interview at any time. We interviewed the head of the
household, beginning with informal conversations about herding and often also about Pallas’s cats

and other wildlife. Interview took about 15-20 minutes to complete.

21



Figure 6: (A & B & C): A & B: Conducting an interview with a herder in Hustai National Park and
C: Completed interview forms. Photo by: Tsogt Batzaya (A & B).

3.2.2.2. Questionnaire-based survey

In Hungary, various research projects have been performed to study the occurrence of wildcats
through game management units (GMUSs) in the years 2004 and 2014 via postal mail and email.

Besides that, in 2022 we distributed questionnaires online using the Google Form platform to the

managers of GMUs in Hungary between February and April.

The reported wildcat occurrence was evaluated nationwide on a broad scale using the Universal
Transverse Mercator (UTM) coordinate system, covering the study area over Hungary with grid

cells of 10 x10 km each (Figure 7), representing an area similar to the estimated maximum home

range of wildcats according to European mammal mapping (Mitchell-Jones et al., 1999).
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Figure 7: Map of the study area with 10x10 km grid cells. Black dots indicate Hungarian

Game Management Units that participated in the survey, and the red dot represents the capital of Hungary.
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All Hungarian GMUs have an individual code provided by the Hungarian Game Management
Database that is connected to every respondent (Csanyi et al., 2010), and we localized the data
geographically using the UTM cells.

We used 6.25 km? of coverage as the detection threshold in each grid cell, which was selected by
Heltai et al. (2006), based on the information provided by the Hungarian Hunting Act, which states
that the allowed size of a game management unit is 30 km?. However, in the worst scenario, the
smallest hunting area might be 25 km?, and this area can be divided into four equal 6.25 km? parts.
We considered that if we had information from at least 6.25% of a UTM grid cell on wildcat
presence, then we could confirm the detection of wildcats in the total area of the relevant UTM
cell. Consequently, if the area of one or more game management units reporting wildcat presence
reaches a total coverage of 6.25 km? inside one UTM cell, a valid detection can refer to the total
area of the cell. Multiple detections of wildcats in the same grid cell were merged into one detection

for that grid cell and time period.

3.2.3. Design of interview

The survey consisted of eleven questions encompassing four main sections related to the species
threats and occurrences. The first theme covered details about the respondents’ attributes, followed
by questions regarding the ability to identify the Pallas’s cat; the third part dealt with the questions
about threats; and the final section featured questions on species’ detections around the year
(Appendix B). All survey questions had a combination of single- and multiple-choice answers in
a close-ended format. In the opening question, the participants were required to provide a detailed
description of Pallas’s cat and second to verify from a set of photographs showing among other
small felids (Figure 8). If the respondent misidentified the species, the interview was not proceeded
further and was not considered credible, data from that interview was excluded in the analysis.
This is a standart method in interview-based surveys apperas to be a reliable way to include
information only from people that are familiar with the study animal (Chimed et al., 2021; Garcia-

Alaniz et al., 2010).
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3.3.4. Design of questionnaire

The survey included an introduction page and three pages of questions in Hungarian, divided into
four themes: the first section asked about respondents' GMU code, the second encompassed
ecology and population trends of wildcats, and the third comprised threats to the species. The last
theme dealt with the occurrences of the wildcat in the given management areas in three time
periods (2004, 2014, and 2022). Instances of direct sightings, clearly identifiable pugmarks, and
scrapes were all considered as species detections in the wildcat occurrence survey (Appendix C).

Format of questionnaire had close ended with single- and multiple answer options.
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3.2.5. Camera-trapping data collection

Activity patterns of Pallas’s cats in Altanbulag soum, Tuv province, central Mongolia, were
investigated by motion-sensitive cameras (Uovision Green30) from 30 June 2022 to 23 May 2024.
This study region is next to and very comparable to Hustai National Park; nevertheless, the
research was conducted outside of its buffer zone. In the summer of 2022, we installed 5 camera
traps in unprotected areas, then deployed 6 additional cameras in the following summer of 2023

(Figure 9).

Figure 9: (A & B): A: Study area: and B: Used motion-sensitive camera in the survey. Photo by: Davaa
Lkhagvasuren (A), Chimed Otgontamir (B).

We set up a total of 11 camera traps, covering around 80 km?. Motion sensitive cameras were
installed approximately 25 cm above ground mostly in pairs at 5 locations near or under rock

features and cavities with signs of Pallas’s cats such as feces (Figure 10).
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Figure 10: (A & B): A: Locations of camera traps in Altanbulag soum, Tuv province, Mongolia (black
dot represents the study area): and B: Setting up camera traps near rocks and cavities with signs of Pallas’s
cat presence.
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The purpose of this survey design was to detect Pallas' cats while moving, approaching notable
rock features or patrolling along marking sites (Li et al., 2013). Three consecutive pictures were
captured when animals triggered the cameras, but no bait or lure was used.

During the study period cameras were checked several times to ensure the angle remained
consistent and batteries were charged. However, cameras could not be checked during the last year
of the survey due to heavy snow cover, making it impossible to reach the study place; thus, some
cameras were switched off. Alkaline batteries were used, which outperform other types at cold
temperatures. Unfortunately, only the cameras on six sites worked properly during the study time
of camera deployment, and these data are included here (Cam1, Cam2, Cam3, Cam5, Cam 10, and

Caml1). Others were lost unfortunately.

3.3. Data analysis

This section highlights the technical tools and methods used to analyze the data gathered during
the field research period. The analysis included both basic descriptive techniques and complex
statistical tests relevant to scientific studies. We used descriptive analysis to outline general
respondent demographics and the attributes of responses to individual questions. The Chi-square

test was applied to analyze relationships between categorical data.

3.3.1. Field-based research

3.3.1.1. Distribution of Pallas’s cat: Interview — based survey.

We gathered data from observations of Pallas’s cats during the interviews, which were recorded
using binary values to indicate presence (1) or absence (0). For each respondent we created a
circular buffer of 5 km radius around their household by using the buffer tool in QGIS (Figure 11).
The observation data were added as attributes to each corresponding buffer object besides
additional respondent-related data such as gender, age, occupation, and the time passed after
settling down in the area. We used 5 km as our buffer as the herders said that they rarely ventured
more than 5 km from their households. To generalize Pallas’s cat occurrence, we clipped these
buffers with the intersecting lines of the 8 x 8 km square grid cells (Figure 11). As a result, circular
segments were formed for each grid cell (N =415). These segments were handled as observations

for statistical modeling.
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Figure 11: Created 5 km buffers colored by responses for the occurrence of Pallas’s cats in Hustai National
Park. Grey buffers are presence, and white buffers are absence of Pallas’s cats.

We selected environmental variables including land cover and topographic to test the occurrence
of Pallas’s cats in the national park. We calculated the mean elevation and Terrain ruggedness
index for the segments as well as the spatial cover of available land cover types. We used Terrain
ruggedness index tool in QGIS to obtain mean terrain ruggedness index for the segment polygons.
Terrain ruggedness index and elevation was calculated from the 90 m resolution Digital Elevation
Model (Robinson et al., 2014) using QGIS v. 3.32.3 (QGIS “Geographic Information System”
2022). We evaluated the occurrence of Pallas’s cats in function of these covariates with mixed
effects logistic regression in R software v. 4.1.2. (R Core Team 2021) using the glmmTMB package
(Brooks et al., 2017).

The recent and most relevant land cover data from 2020 was obtained using the publicly available
dataset of Wang et al. (2022) that contains eleven land cover types and nine of these were used to

our study (Table 2, Figure 12).
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Table 2: Area and relative cover of the relevant land cover types on the study area.

1 Steppe 355298 81

2 Meadow steppe 31079 7

3 Desert steppe 28811 6.6

4 Cropland 19315 4.4

5 Water 2413 0.5

6 Barren land 716 0.2

7 Sand 468 0.1

8 Forest 450 0.1

9 Built area 199 0.1
Land cover types Landscape images Land cover types Landscape images
Forest % 5 Meadow steppe
Real steppe Desert steppe

- 3 ’.’
Cropland . Water
==

Built area Desert

Sand

S—

Barren land

N

Figure 12: Landcover classification system in Mongolia by Wang et al. (2022), was used in our study,

excluding the desert class.

Steppe, desert steppe, and meadow steppe are all types of grassland with varying vegetation

coverage, while barren land is characterized by the absence of vegetation. More precisely, the

steppe or real steppe is a grassland area with slightly

has the lowest cover. In contrast, meadow steppe occurs near rivers, lakes, and other water sources

and has the highest vegetation cover among grassland types (Wang et al., 2022). Grid cell identity

was used as random intercept factor in the model and al
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cover of land cover types was calculated for the segments. We used likelihood ratio tests following
a stepwise selection to select the final model that provides sufficient explanatory power and
reasonable interpretability. Before model fitting, variables were tested for collinearity and
correlated variables were excluded from analysis. The percentage cover data of meadow steppe
significantly and negatively correlated with steppe (r = - 0.85, p < 0.001) and elevation
significantly correlated with Terrain ruggedness index (r = 0.74, p < 0.001). In other words, when
meadow steppe cover increases, steppe cover decreases, and vice versa. Since these variables were
strongly correlated with others (steppe and terrain ruggedness, respectively), they were removed
from modeling to avoid multicollinearity, which can distort the model’s results. This non-
collinearity was verified by calculating the variance inflation factor (VIF) of each model using the
performance package (Liidecke et al., 2021) to sort out variables with critical multicollinearity.
Model visualizations were created with the sjPlot (Liidecke et al., 2024) and ggplot2 (Wickham,
2016) packages. All statistical analyses were performed using the R statistical software. The

occurrence probability map for the Pallas’s cat was created in QGIS.

3.3.1.2. Distribution of wildcat: Questionnaire - based survey.

We created detection histories for each grid cell and each sampling period by creating a
dichotomous variable on wildcat occurrence, where a value of 1 indicated the presence and of 0
the absence of the species in the UTM cell based on the responses. CORINE Land Cover database
(CORINE Land Cover, 2006, 2012, 2018) was used for each corresponding survey year to find
and evaluate which habitat types influenced wildcat occurrence. Seven different land cover types
were selected, which are the most common and dominant land cover classes throughout Hungary.
The percent cover of land cover classes was calculated relative to the total area of each relevant
UTM cell and used as an explanatory variable in the statistical analysis. Additionally, we
calculated the richness of the land cover types by counting the available Corine Land Cover classes
per UTM cell and the evenness, Shannon-index and inverse Simpson diversity indices of the land
cover types based on their areal data. Wildcat occurrence was analyzed as a function of these
explanatory variables using binomial logistic regression in R (R Core Team,2021). The best model
structure was chosen using likelihood ratio tests to select which variable was a significant predictor
of wildcat occurrence.

The coefficients of the fitted logistic regression model were expressed in their exponentiated form
resulting in the more comprehensible odds ratio (OR). This metric ranges from 0 to infinity, where
OR=1 functions as a threshold to divide negative and positive associations. If 0<OR<I the
preferred event of interest (i.e. wildcat is present) is less likely to occur; if 1 < OR the preferred

event is more likely to occur. Values farther from 1 in a given direction represent a stronger

29



association (Agresti, 2019). In addition, we directly compared the area of the land cover classes
between UTM cells with and without wildcat occurrence by performing Welch’s two-sample t-
tests. The figures were created using the ggplot2 (Wickham, 2016) and ggpubr (Kassambara, 2020)
packages, while the diversity indices were calculated using the vegan package (Oksanen et al.,
2020) in R. We created maps to visualize the presence and absence of wildcats in the three time

periods using QGIS v. 3.32.3.

3.3.1.3. Activity pattern of Pallas’s cat: Camera-trapping.

We counted the number of images of Pallas’s cat and other wildlife captured by the camera traps.
Each photograph of trapped animals was identified by species and recorded with time and date.
All the domestic animals were considered as a single category of livestock (including goats, sheep,
horses, and cattle). We excluded small rodents, birds, and marmots from the analysis because they
were too small for our camera trap to detect at a height of 25 cm above ground or recorded
infrequently, and the obtained images were blurry to identify species. Camera trap data were
analyzed by grouping detections if Pallas’s cat occurred within ten and thirty minutes in one
capture, which is a widely used method in camera trapping (Li et al., 2010).

We normalized the data in order to fairly compare the results collected from different camera traps.
Since our target species was the Pallas’s cat, we only normalized data from the cameras that
recorded the images of the species. Out of all the deployed cameras, only four successfully
documented images of Pallas’s cats. We normalized their data by dividing the number of
independent detection events by the number of days each camera was effectively functioning, and
then multiplied the result by 100 to express detections per 100 camera-days.

The number of detections for the target species was insufficient to analyze activity patterns for
each camera individually; for example, Cam2 and Cam3 each detected only one event.

Therefore, we combined the detection data from all cameras to analyze the overall temporal
activity. We averaged the number of captures within the adjacent two hours as the number of
captures for each species to build the daily activity curves followed by Li et al. (2013). The daily

and annual activity index were calculated with the following formula:

Activity index of time point: A = (captures at this time point)

(captures in the whole time frame)
The beech marten and steppe polecat were excluded from the annual activity analysis due to
infrequent captures, whereas all five species (Pallas’s cat, grey wolf, beech marten, steppe polecat,

and red fox) were included in the daily activity pattern analysis.
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4. RESULTS

4.1. Literature survey: Threat assessments and rankings globally

4.1.1. Distribution of the research to wildcats in Europe and Pallas’s cats in Asia

Most of the articles were published in the 2000s, with the highest number appearing in 2009 for
both felids. Research on the threats facing these species has steadily gained more attention from
the scientific community over time, particularly for the wildcat. The species has been the subject
of significantly more publications compared to Pallas’s cats, consistently receiving research
attention, notably after the 2000s. The number of recent publications (2001-2025; n = 74) is
considerably higher, while older studies (1977-1999; n = 14) are fewer in comparison. In contrast
to wildcats, research on Pallas’s cats was initially quite rare but has also increased in the recent
years. However, no studies on Pallas’s cats were published prior to 2000 (Figure 13). Studies of
wildcats in Europe focused more on hybridization and disease (n = 38 and n = 21, respectively),
and all confirmed that these are direct or existing threats. Likewise, among research concerning
Pallas’s cats, predation by herding dogs (n = 13) has received the most attention as a direct threat,

while secondary poisoning (n = 9) has been considered a potential danger in Asia.
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Figure 13: Number of publications per year focusing on threats to wildcats in Europe (n = 88) and
Pallas’s cats in Asia (n = 21) based on selected publications of the search.
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Pallas’s cat: A total of 21 publications from 5 countries were involved, indicating a relatively
limited number of original research articles focused on the threats to Pallas’s cats in Asia. Our
literature search results show that the majority of studies were concentrated in the species'
strongholds, with 7 studies conducted in Mongolia and 6 in Iran. The remaining studies were

investigated in Russia (n = 4), China (n = 3), and India (n = 1) (Figure 14).

Figure 14: Number of publiéations (n=21) reported direct and potential threats to Pallas’s cats
in Asia based on the selected publications of the search.

Wildcat: Altogether, the 88 studies included originated from 12 European countries. The
geographical distribution of the studies shows that most were conducted in Germany (n = 17),
followed by Scotland (n = 14), Spain (n = 13), and Italy (n = 11). Additionally, more than five
studies were conducted in Hungary (n =9), while France and Portugal each contributed six studies.
Greece, Belgium, Luxembourg, Turkey, and Switzerland were represented by between one and
three publications about threats to wildcats (Figure 15). We found that 85% (75 out of 88) of the
studies were predominantly conducted in Western and Southern Europe, with a specific focus on

Germany and Scotland, as well as the Mediterranean region and the Iberian Peninsula.
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Figure 15: Number of publications (n = 88) reported direct and potential threats to wildcats in Europe
based on the selected publications of the search.

4.1.2. Threat assessments

A total of 23 sources, including 21 scientific articles and 2 theses, were evaluated, mentioning 49
threats to Pallas’s cats. In contrast, 88 scientific articles were found in the literature survey,
identifying 93 threats to wildcats. According to the IUCN Threats Classification System, the
categorized threats are shown in Figure 16.

Among these, the group invasive and other problematic species represents the most significant
threats to both species (64% of threats to wildcats and 37% to Pallas's cats), including hybridization
with domestic cat, disease, herding dogs, and competition with other species. This was followed
by "biological resource use," the second most frequent threat category, which accounted for 11%
and 31% of threats to wildcats and Pallas's cats, respectively (see Table 1 for more details).
Secondary poisoning was a significant threat for Pallas’s cats (19%), while roadkill was notable

for wildcats (10%). Other threat categories were less prominent for both cats (Figure 16).
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Figure 16: Classified threats to both cats, based literature search (n = 88 sources for wildcats,
n = 23 sources for Pallas's cats) using the [IUCN Threats Classification System.

4.1.3. Threat rankings

Pallas’s cat: Overall, seven threat categories were recorded, with ‘invasive and other problematic
species’ and ‘biological resource use’ ranked as serious threats to Pallas’s cats (Table 3).
Specifically, the first threat category encompassed the most frequently documented threat,
predation by herding dogs (27%) as direct threat to the species. The species' mortality due to
herding dogs have been recorded in Iran (n = 5), Russia (n = 3), Mongolia (n = 2), and China,
Kyrgyzstan, and India (n = 1 each).

The latter category included overgrazing by livestock (15%) and illegal hunting and trade (10%),
both considered potential threats. All livestock pressure-related records were reported from Iran
(n = 3), Mongolia (n = 2), and China and Pakistan (n = 1 each). Moreover, secondary poisoning
was evaluated as a medium potential threat to Pallas’s cats. The small mammal poisoning
campaign was reported in Central Asia, mainly in China (n = 3), Mongolia (n = 2), with single
cases recorded in Nepal, Pakistan, and Iran. The other threats shown in Table 3 were classified as

‘minor’ threats and have been rarely addressed in the existing literature.
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Table 3: Threat rankings for Pallas’s cats and wildcats are categorized as Serious (Red), Medium
(Orange), and Minor (Yellow).

Threats Pallas's cat Wildcat

Biological resource use _ Medium

Transportation & Service corridors Minor Minor
Residential & Commercial Minor Minor
Pollution Medium Minor
Human intrusions & Disturbance Minor Minor
Climate change & Severe weather Minor

Wildcat: Among the collected scientific articles, six threat categories were identified for wildcats
and ranked according to their severity (Table 3). Of these, only one category, ‘invasive and other
problematic species’, was ranked as a serious threat, with hybridization (41%) and disease (23%)
emerging as the primary concerns. Most hybridization cases were predominantly documented in
Hungary and Great Britain (n = 7 each). Five cases were reported in both Portugal and Germany,
with four cases documented in France and Italy. Similarly, most disease studies were conducted
in parts of Western Europe, including Germany (n = 6 cases) and Great Britain (n = 4), as well as
regions of Southern Europe such as Spain (n = 4), Greece, and Italy (2 cases each). In addition,
‘biological resource use’ category ranked as a medium-level threat, including more than eight
threat types (see Table 1 for more details). Although, considered relatively minor, the remaining
categories still posed notable threats such as roadkill to the wildcat population in Europe (Table

3).

4.2. Field-based research

4.2.1. Respondent demographics

Pallas’s cat: We carried out 107 interviews in Hustai National Park. Table 4 presents a breakdown
of all respondent attributes. 86 of the respondents (80%) were male and 21 (20%) were female.
Most of the respondents were herders (85%) and rangers (12%) and only 3 (3%) of the respondents
had other professions (biologist, biotechnologist, and accountant). The most respondents were in
the 36 - 45 age category and the age ranged from 24 to 65 years. A decisive majority of respondents
(74%) had lived in their nearby area for over 20 years (Table 4).
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Table 4: Participant demographics (n = 107)

Herder 91 85%
Occupation Ranger 13 12%
Other 3 3%
Male 86 80%
Gender
Female 21 20%
1-5 years 3 3%
6-10 years 7 7%
Time spent 11-15 years 8 7%
16-20 years 10 9%
more than 20 79 74%
18-25 4 4%
26-35 14 13%
Age 36-45 34 32%
46-55 32 30%
56-65 23 21%

4.2.2. Species awareness

4.1.2.1. Respondents’ ability to identify the study species: Both cats

79% (85) of all respondents identified correctly Pallas’s cats in the given photographs while 21%
(22) were unable to recognize the species that answers were discarded (Figure 17). The remaining
answers were retained though as they were deemed to still be potentially valuable for the final
analysis. On the contrary, 95% of all respondents were able to identify the wildcat correctly from
the photos provided while a mere 5% (10) of surveys were discarded due to contradictory answers,
leaving 196 surveys available for the final analysis (Figure 17). No additional impact variables for

the species identification were gathered.
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Figure 17. Proportion of respondents who correctly identified the Pallas’s cat (n = 107) and
wildcats (n = 206) by selecting ‘Yes’.

4.1.2.2. Influential factors in ability to identify Pallas’s cats
Respondents who encountered Pallas’s cat previously and male participants were more likely to
identify the species correctly. There was no significant impact of either age, occupation, or years

lived in the area (Table 5).

Table 5: Analysis of influential factors on ability to identify Pallas’s cats

Variable ¥? test (DF) p
Gender ¥’ (2)=8.9 0.01
Age v (8)=4.2 0.84
Occupation ¥ (4) =8.7 0.06
Time spent ¥ (8) =6.2 0.62
Previous sighting v (2) =41 <0.001

4.1.2.3. Species status: Population trend
Among participants 34% of them believed the wildcat’s population increased, however 31% was
reported there is no change to the status of the species in the last 10 years. On the contrary, the

population trend of Pallas’s cats has been showing a declining trend according to the responses

(38%) (Figure 18).
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Figure 18: Graphical proportions of perceived population trends for the wildcat and Pallas’s cat

based on respondents’ answers.

4.2.3. Perceived threats locally

Pallas’s cat: 65% (59) of all participants from the Pallas’s cat sample reported that there were no
threats to the species in the HNP and the remaining believed there were one or more threats (35%).
Among the respondents who indicated threats to Pallas’s cat, the most serious one was lack of prey
(11%) followed by lack of habitat (10%) and herding dogs (6%). Poisoning was the least

commonly indicated in our survey (Figure 19).
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Figure 19: Graphical representation of threats to both cats based on the answers of the respondents
38



Wildcat: 99% of all respondents (n = 196) from the wildcat sample believed there were one or
more threats to the species and only 1% believed there was none. Respondents identified
hybridization with feral cats (32%) as the top threat to wildcats, followed by habitat loss (31%).
Other moderate threats included disease (12%) and roadkill (6%), respectively. The least serious
threats reported in the survey were lack of prey, poisoning (both 4%), and hunting (2%) (Figure
19).

4.2.4. Pallas’s cat distribution and influencing factors

A total of 107 respondents participated, of which 85 were deemed able to reliably identify Pallas’s
cats. The herders that were deemed to identify the Pallas’s cat reliably reported 56 observations of
Pallas’s cats in the year of 2023. For the final analysis, we used 85 (79%) of these interviews,
excluding 22 (21%) respondents who were unable to correctly recognize Pallas’s cats.

Adding grid cell as a random effect significantly increased model performance based on the
likelihood ratio test (y>= 4.9, p = 0.027). The percentage cover of steppe (y*>= 6.4, p=0.011) and
terrain ruggedness index (= 3.4, p = 0.054) remained the only variables that provided significant

explanatory power to the model explaining the variation in occurrence of Pallas’s cats as fixed

effects (Table 6).

Table 6: Effects of different landscape types on Pallas’s cat occurrence, analyzed by a mixed-effects
logistic regression using grid cell identity as a random (intercept) factor. Variables were scaled for
the model and expressed as standardized estimates. Significant effects are highlighted in bold.

95% Confidence
Interval
Standardized lower upper z value ]
estimates
Steppe 0.45 0.09 0.81 2.51 0.013
Terrain Ruggedness Index 0.26 -0.01 0.53 1.82 0.064
Water 0.2 -0.08 0.48 1.42 0.157
Forest 0.38 -0.21 0.97 1.27 0.202
Sand 0.16 -0.13 0.45 1.11 0.271
Barren land -0.14 -0.4 0.13 -1.03 0.304
Cropland 0.09 -0.14 0.34 0.81 0.419
Built area -0.06 -0.26 0.13 -0.63 0.529
Desert steppe 0.04 -0.2 0.28 0.33 0.738

Variance of random effects (Cell grid): 1.008
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The low variance inflation factor did not indicate any problems of multi-collinearities
(VIF: 1.57, confidence interval: 1.37 - 1.77). Steppe cover significantly and positively
associated with Pallas’s cat occurrence (Table 6), i.e. higher percentage cover resulted

in a significantly higher probability of occurrences with one or more individuals of the

species (Figure 20).
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Figuré 20: Occurrence probabiliﬁe Pallas’s cat in Hustai National Park estimated from
the mixed logistic regression model.

€.

The predicted error tends to be decreasing at higher steppe cover values (Figure 21a). Terrain
ruggedness index, while near significance, may also play an important positive role in the species'
occurrence (Figure 21b). The 95% confidence interval indicates that its importance can be highly
variable depending on the terrain relief and land cover type. Terrain ruggedness index average

values were 22.95 + 9.4 SD with presence and 19.06 = 10.8 SD with absence.
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Figure 21: Effects of steppe cover and terrain ruggedness index on Pallas’s cat occurrence in Hustai
National Park. The effect of (a) the percent cover of steppe was statistically significant, whereas the effectof
(b) the terrain ruggedness index was only a tendency. Regression lines including heir 95% confidence band
are based on the model estimates provided in Table 6.

4.2.5. Wildcat distribution and associated land cover factors

Game management units in Hungary reported wildcats' presence and absence in three distinct time
periods, showing a clear decline in responses from 2004 to 2022. Given that only 200 respondents
completed the questionnaire in 2022, we included only those who reported from the same units in
all three years to analyze wildcat distribution changes.

The rate of positive answers was correlated with the total number of responses, but due to low
number of repetitions, it remained non-significant (r = 0.93, p = 0.28). Although the number of
respondents decreased over time, this sample loss was spatially balanced. Therefore, the number
of covering UTM cells of interest remained stable during the study (Table 7), which provided the
sampling units to our analyses instead of direct responses. The area represented by the relevant
UTM cells was 1.801 thousand hectares in 2004 and exceeded 1.985 thousand hectares in 2014
and 2022.
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Table 7: The total number of respondents and the related UTM cells per survey year with the relative
proportion of reported wildcat occurrence.

n presence % n presence % n presence %
Respondents 551 52 354 51 200 86
UTM cells 182 67 201 66 201 85

The increase of wildcat detections was also reflected in the UTM grid scale. The majority of the
studied cells had at least one GMU connected to it that reported wildcat detection in each survey
year (Table 7).

The covered area of detections slightly increased from 1207 thousand ha to 1304 thousand ha
between 2004 and 2014 and reached 1688 thousand hectares in 2022. Overall, about half of the
studied UTM cells (51.1%) could be coded as “occupied” by wildcats based on data from 200
respondents across all three survey years within the corresponding GMUs (Figure 22), indicating
a stable presence. Wildcat appeared as present starting from 2014 in 9.9% of the cells and were

only detected first time in 2022 in 12.5% of the UTM cells.
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Figure 22: Trends of wildcat occurrence during the survey’s time frame based on the relative
proportion of the studied UTM cells. STABLE = wildcats were reported present in each survey year,
APPEAR 2yr = wildcats were reported present in the last two survey years, APPEAR_ lyr =
wildcats were reported present in the last survey year only, DECLINE_2yr = wildcats were reported
present in the first two survey years only, DECLINE_1lyr = wildcats were reported present in the
first year of the survey only; RANDOM = wildcats temporarily disappeared or reappeared in 2014,
ABSENT = wildcat was reported absent in each survey year.
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The number of regions in which wildcats disappeared was slightly lower: after nearly two decades,
wildcats were reported absent in 2022 in 1% of the grid cells, while 3.8% of the cells had wildcat
detections only from 2004. There were many GMUs and thereby UTM cells (12.4%) in which the
wildcat detections were quite sporadic: wildcats were detected in 2014 in contrast with their
absence in the previous and subsequent survey years or reappeared after a temporary absence in

2014. Consecutive absence was reported in 7.7% of the UTM cells (Figure 23).
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Figure 23: Reported occurrence for wildcats in Hungary between 2004 and 2022 (A - C)

The most common and dominant land use type was non-irrigated arable land throughout the
studied UTM cells and 48 + 24% cover. The average area of broadleaved forest was also high
(1.942 £ 1.845 ha) but less dominant in the UTM cells (19 + 19%), while pasture was the third

most frequent land cover type with a much smaller mean area (749 + 509 ha) and cover (7 = 5%).
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The mean cover of the other land cover types remained under 5%. The studied UTM cell had four
or five different land cover types present inside their area on average (mean: 4.64 + 1.5).

The diversity of the available land cover types remained nearly the same across all time periods
(Shannon-index: 0.83 £ 0.36; inverse Simpson index: 2.04 £+ 0.78; evenness: 0.54 £ 0.19),
indicating relatively low variability over the years. During the model selection, likelihood ratio
tests revealed that the diversity indices were not good predictors of wildcat occurrence (richness
of land cover types: > = 0.01, p = 0.93; evenness: y*> = 0.29, p = 0.58; Shannon diversity: ¥* =
0.16, p=0.69). The survey years and the percent cover of the land cover types constituted the final
set of explanatory variables.

The logistic regression model found a significantly increasing trend on the larger time frame
between 2004 and 2022 in wildcat detections (Table 8).

Table 8: Temporal changes in the reported wildcat presence and effects of land cover types on wildcat
occurrence estimated using binomial logistic regression. Year 2004 was used as reference category for
the variable Year. The coefficients and their corresponding confidence intervals are expressed in odds
ratios, the exponentiated form of the default ‘log of the odds output of the model.

95% Confidence Interval
Estimate Lower  Upper Z value p

Intercept 1.50 0.44 5.12 0.65 0.519
Year

2014 0.92 0.57 1.47 -0.35 0.724
2022 3.47 ®** 1.99 6.03 4.4 <0.001
Relative proportion of land cover types

Road, rail and associated land 0.60 0.29 1.25 -1.36 0.172
Non-irrigated arable land 0.99 0.98 1.01 -0.78 0.433
Pastures 1.02 0.98 1.07 1.05 0.295
Broad-leaved forest 1.06 *** 1.03 1.08 4.77 <0.001
Coniferous forest 0.92 0.80 1.06 -1.13 0.260
Mixed forest 0.87 * 0.78 0.97 -2.43 0.015
Water bodies 1.00 0.94 1.06 0.00 0.999

4% < 0.001 * p < 0.05

Among land cover types, the broad-leaved forest cover positively associated with wildcat
occurrence, but the estimated odds remained low nevertheless, staying near to the threshold of 1
(OR=1.06, 95 confidence interval: 1.03-1.08). On the contrary, mixed forest cover (woodlands
where the standing volume of coniferous and broad-leaved tree species was nearly equal) turned
out to be negatively associated with wildcat presence, but also with a weak OR. Non-irrigated
arable land as the most dominant land cover type in vast majority of the UTM cells had no effect

on wildcat occurrence, similar to the remaining minority land cover types (Table 8).
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For each survey year, the area of broad-leaved forest was significantly higher (p < 0.001) in the
UTM cells with wildcat presence (2004: 2215 = 2073 ha; 2014: 2384 + 1967 ha; 2022: 2149 +
1888 ha) than those without it (2004: 1370 + 1192 ha; 2014: 1062 + 1111 ha; 2022: 671 + 528 ha).
The percent cover of this habitat reflected the same contrast between occupied (2004: 22 + 21%;
2014: 23 £ 20%; 2022: 21 + 19%) and non-occupied (2004: 13 + 12%; 2014: 10 + 11%; 2022: 6
+ 5%) grid cells. Mixed forests had a higher area in non-occupied cells (2004: 602 + 786 ha; 2014:
659 + 808 ha; 2022: 630 + 668 ha) than in those where wildcats were present (2004: 189 + 168 ha;
2014: 169 £ 125 ha; 2022: 263 + 454 ha), supporting the findings of the logistic regression model.
The same tendency was true in the case of coniferous forests in 2004 and 2014 (Figure 24), but

their effect on wildcat occurrence was not confirmed using the model.
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Figure 24: Box plot comparing the area of land cover types in UTM cells with and without reported
wildcat presence. Asterisks represent the significant pairwise differences indicated using Welch’s two-
sample t-test. **** p < 0.0001, *** p <0.001, ** p <0.01, * p <0.05.
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4.2.6. Camera trap captures

In 317 trap days from July 1, 2022, through May 13, 2023, we obtained 1141 captures of carnivores
including Pallas’s cats (567 captures), grey wolves (262 captures), red foxes (259 captures), beech
martens (43 captures), Eurasian polecats (10 captures). Our targeted species was the most
frequently photographed carnivore followed by grey wolves and red foxes. Furthermore, 145
images of herbivores were captured with wapiti (130 captures) and Argali (15 captures). A rodent

species recorded was the Siberian marmot (200 captures) (Table 9, Figure 25, Figure 26).

Table 9: Number of captures of each species captured by camera trapping.

Group English name Latin name IUCN Red List Capture
Large carnivores  Grey wolf Canis lupus LC NT 262
Red fox Vulpes vulpes LC NT 259
. Pallas's cat Otocolobus manul LC NT 567
Small carnivores
Beech marten Martes foina LC DC 43
Steppe polecat Mustela eversmanni LC LC 10
Wapiti or Elk Cervus canadensis LC CR 130
Herbivores Argali Ovis ammon NT EN 15
Livestock 13214
Rodents Siberian marmot Marmota sibirica LC EN 200

'TUCN endangered species category (Red List): LC: least concern, NT: near threatened
2Category of Mongolian Red List of Mammals: NT: near threatened, DC: data deficient, CR: critically endangered,
EN: endangered
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Figure 25: Captured wild animals by camera trapping, in percentage (excluding livestock).
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Figure 26: Captured species by camera trapping.
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Table 10 showed the number of captures for each species at each site, including all six sites in

Central Mongolia.

Table 10: Number of captures of each species on six sites.

Large Carnivores  Grey wolf 232 6 4 0 20 0 0
Red fox 179 17 13 0 50 0 0
Pallas's cat 93 2 68 0 404 0 0
Small Carnivores
Beech marten 0 0 0 0 43 0 0
Steppe polecat 0 0 0 0 10 0 0
Herbivores Wapiti or Elk 0 76 0 0 30 10 14
Argali 0 0 0 0 15 0 0
Livestock 473 4212 4987 2068 187 87 1200
Rodents Siberian 0 0 0 200 0 0 0
marmot

In addition to carnivores and herbivores, resident bird species such as the common kestrel (Falco
tinnunculus), with 38 captures, were observed. Migratory bird species identified in the images
included the Eurasian hoopoe (Upupa epops) with 145 captures, the red-billed chough
(Pyrrhocorax pyrrhocorax) with 10 captures, and the ruddy shelduck (7adorna ferruginea) with
3 captures (Figure 27). Finally, a total of 13,214 photographs of various livestock species, including

horses, goats, sheep, and cattle, were captured.

C 37°F « 100% C53
Figure 27: Captured resident and migratory birds by camera-trapping: A: common kestrel, B: ruddy
shelduck, C: red-billed chough, D: Eurasian hoopoe.
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4.2.6.1 Temporal activity patterns of Pallas’s cats and other species
A total of four camera traps captured images of the target species during the study period: Caml

(n=93), Cam2 (n =2), Cam3 (n = 68), and Cam5 (n = 404 captures) (Figure 28).

21:19 02/07/22 24°C75°F

P 1431 02/04/23 -5°C23°F ® 100%

Figure 28: Captured Pallas’s cats by Caml, Cam2, Cam3, and Cam5.

Camb5 in particular recorded a high number of Pallas’s cat images as well as the highest capture
rate (27 captures per 100 days over an active period of 240 effective study days). Caml also
showed notable records, with 18 captures per 100 days over an active period of 71 days. While
Cam?2 and Cam3, worked for just one day with few captures due to battery failures. No images
were recorded by the other cameras.

Daily activity pattern: Among the large and small carnivores, Pallas's cats were active both day
and night, showing a slight crepuscular trend, similar to the daily activity patterns of red foxes.
Pallas’s cats’ highest activity peaks were being recorded at 20:00 and minimum activity being
recorded during midday (Figure 29). Grey wolves appeared to be most active at dawn and dusk,

whereas beech martens passed by the rock before dawn, with activity peaking in the morning.
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Daily patterns indicated that steppe polecats typically appeared only at night, during crepuscular
hours (Figure 29).
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Figure 29: Daily activity patterns of Pallas’s cat (n=567), grey wolf (n=262), red fox (n=259), beech
marten (n=43), and steppe polecat (n=10).

Annual activity pattern: As for the annual activity patterns, Pallas's cats visited all four sites
throughout the year, except in September and October, with their activity peaking in January.
Similarly, red foxes were present during the same months and showed a peak in summer. In
contrast, grey wolves occurred in winter, but they were mainly active between June and August
(Figure 30). Among large carnivores, annual patterns showed that both grey wolves and red foxes

were mainly active in July.
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Figure 30: Annual activity patterns of Pallas’s cat (n=567), grey wolf (n=262), and red fox (n=259).
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S. DISCUSSION

5.1. Threats to small felids

A systematic analysis of threats to small wild felids allowed us to identify a broad range of both
perceived and observed threats. Our results suggest that the wildcat was perceived as more
endangered by all potential threats to small felids, which may represent its more vulnerable threat
status compared with the Pallas’s cat, although both are currently classified as Least Concern on
the [IUCN Red List (Gerngross et al., 2022; Ross et al., 2020). Nonetheless, the wildcat population
appears to be increasing in the current results, which were also confirmed by Otgontamir et al.
(2024) in Hungary while the Pallas’s cat population is more likely in decline. Moreover, the
participant who identified the Pallas’s cats correctly believed that the species face threats,
suggesting that it may be at a higher risk of extinction than currently recognized. Thus, species
like Pallas’s cats require further investigation to identify localized threats even if they are not
globally threatened. Both interview findings and literature survey results showed that the most
serious threats to Pallas's cats in Mongolia and Asia are predation by herding dogs and the lack of
prey due to secondary poisoning.

On the other hand, hybridization with domestic cats was identified as a serious threat to wildcats
in Europe, such as in Hungary, based on the literature and questionnaire survey. The species'
response to anthropogenic change is highly dependent on its behavioral characteristics, which vary
among species, populations, and even individual felids (Gartner & Weiss, 2013; Macdonald,

2016).

5.1.1. Literature survey: Threats and conservation behavior of small felids

5.1.1.1. Threats to Pallas’s cat

Based on a systematic literature review, the categories invasive and other problematic species, and
biological resource use were identified as the most critical threats to Pallas’s cats in Asia. In other
words, non-native animals have harmful effects, and the small felid faces danger from both
deliberate and unintentional hunting ({UCN, Threats Classification Scheme), when considered
within broader context.

The primary driver of the 'invasive and other problematic species' threat, ranked as serious for
Pallas’s cats, was predation by herding dogs. This threat was notably emphasized in the literature
review. Herding dogs and overgrazing by livestock are among the most serious threats to Pallas’s
cats and are consistent with anthropogenic threats related to land use, driven by the dramatic

expansion of animal husbandry throughout the species’ range (Barashkova et al., 2017;
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Damdinsuren et al., 2008; Ross et al., 2020). Increasing livestock numbers in Mongolia result in
an increasing number of herding dogs, which is one of the most important causes of human-related
mortality in Pallas’s cats (Barashkova et al., 2017; Barashkova & Smelansky, 2011; Ross, 2009;
Ross et al., 2012). Dog-caused mortality of the species has also been reported in other parts of its
range such as Russia (Barashkova & Smelansky, 2011) and Iran (Farhadinia et al., 2016).
Another threat category, ‘biological resource use,” which includes overgrazing by livestock, illegal
hunting, and illegal trade, was also identified as a significant threat in this classification.

Habitat loss, primarily due to the expansion of livestock numbers, infrastructure development,
mining activities, and the conversion of steppe grasslands into arable farmland, constitutes a major
threat to Pallas’s cats (Ross et al., 2019b). The species' populations are increasingly fragmenting,
and isolated subpopulations are likely to disappear without our knowledge as a consequence of
habitat loss and degradation (Ross et al., 2020). Increasing numbers of livestock can lead to habitat
loss and degradation for Pallas’s cats (Ross et al., 2020). Their habitat is largely used for domestic
livestock grazing across much of the species’ distribution range, including Mongolia, China, Iran,
and India, where studies have widely reported habitat degradation caused by grazing (Dhendup et
al., 2019; Pal et al., 2019). Traditional pastoralism is widespread, notably in Mongolia, where
livestock numbers have increased dramatically over the past two decades, reaching 57.6 million
free-ranging domestic animals (including goats, sheep, cattle, horses, and camels) as of 2024
(National Statistics Office of Mongolia, 2022). Herders in Mongolia move between camp sites less
frequently today compared to 30 years ago, and their lifestyle is becoming more sedentary. This
has likely led to increased grazing pressure around herder camps and watering holes, which, in
turn has affected grassland quality (Pringle & Landsberg, 2004). Additionally, Pallas’s cats shows
behavioral shifts, becoming more nocturnal to avoid livestock (Greco et al., 2022). The presence
of livestock can negatively impact Pallas’s cats by reducing the availability of main prey, such as
rodents, due to pasture exploitation (Ross et al., 2012).

Pallas's cats are susceptible to habitat loss and fragmentation, which is determined by their level
of habitat specialization, with those relying on one or a few habitat types (Devictor et al., 2008).
The species is a habitat specialist, selecting complex habitats with an area of rocky areas and
ravines that provide hiding cover for mating, feeding, giving birth, protection from predators, and
raising of young, which further limits habitat availability (Ross et al., 2010a, 2010b, 2012). Besides
the species is unable to dig their burrows and highly reliant on existing cavities such as burrows
of sympatric predators or marmot as its need of denning (Ross et al., 2020; Ross et al., 2010b).
However, the population of Siberian marmots, which overlaps the Pallas’s cat’s range in Mongolia
has declined sharply from 20 million (Wingard & Zahler, 2006) to 5 million due to overharvesting

over the last decade (Batbold, 2002). This severe drop of marmots may have a dramatic impact on
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Pallas’s cats ability to find critical shelter habitats (Ross et al., 2010b; Zielinski, 2015). Specialist
and highly selective species are more vulnerable to extinction (Purvis et al., 2000) like Pallas’s
cats.

Hunting and illegal hunting is another potentially important threat to Pallas’s cat although hunting
is prohibited in all range countries except Mongolia (Ross et al., 2020). Yet, the current study has
reported illegal hunting of Pallas’s cats as medium-level threat, whereas Murdoch et al. (2006)
confirmed illegal hunting occurred locally, with herders using their skin, fat, and body parts for
medical purposes (Murdoch et al., 2006; Ross et al., 2020). Pallas’s cats have been overhunted due
to its skin trade around the 1950s in Mongolia and Russia (Clark et al., 2006; Wingard & Zahler,
2006), but since 1980 the international trade in its pelts has ceased (Ross et al., 2020). However,
illegal trade still occurs from the species’ range countries (Kretser et al., 2012), and local people
have mistakenly shot them for marmots, which are commonly hunted in most of Pallas’s cats range
(Ross et al., 2020). Moreover, the species accidentally trapped snares set for other animals (Ross,
2009). The information of illegal hunting and illegal trade in Pallas’s cats and body parts and also
the effect on individual populations is poorly known in Mongolia.

Small mammal poisoning campaigns have led to prey loss for Pallas’s cats in Central Asian
strongholds (Ross et al., 2020), and this secondary poisoning is another concern for the species.
Small rodents, for example, Brandt’s vole (Lasiopodomys brandti) and pikas, have been targets of
extensive poisoning campaigns across Mongolia to reduce their populations (Zahler et al., 2004).
Unfortunately, the aerial application of bromadiolone has had serious negative impacts not only
on the targeted species but also on non-targeted wildlife, including predators, raptors, livestock,
and even human health (Winters et al., 2010). Pikas and Brandt’s voles are important prey for a
wide range of carnivores, such as Pallas’s cats (Samjaa et al., 2000) and predators are at a higher
risk of ingesting contaminated prey (Berny, 2007; Brakes & Smith, 2005). Besides, poisoning of
small mammals occurs on a local scale in China, Russia, and Kazakhstan. As a result, pika
populations have sharply declined, particularly in China, where the poisoning program is ongoing.
However, it is likely that instances of small mammal poisoning have decreased over recent decades
(Lai & Smith, 2003; Palden et al., 2016; Ross et al., 2019), but no information is available on the
current prevalence in Mongolia.

One large challenge to the Pallas’s cat is the lack of knowledge regarding population trend (Ross
et al., 2020). Although, understanding of the species’ ecology has improved continuously, we still
have limited knowledge of many aspects of its basic ecology (Ross et al., 2019). The species has
recently been observed for the first time in several countries, such as Nepal (Shrestha, 2014) and
Bhutan (Thinley, 2013), raising concerns about its continued presence (Ross et al., 2019). Except

for its historical range, Pallas’s cats may have disappeared from some former areas, posing a risk
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of continued local extinction without our knowledge (Ross et al., 2019). Monitoring and
population assessment of Pallas’s cats have received little attention, especially since data on the
species' population trends in Mongolia are lacking (Clark et al., 2006; Ross et al., 2020). The
literature survey on Pallas’s cat in Asia reveals a critical gap in regional research, highlighting that
the species remains severely understudied, especially concerning threat patterns and the underlying

causes.

5.1.1.2. Threats to wildcat

The most significant threat to the species is hybridization with feral and domestic cats, which leads
to a severe loss of genetic integrity (Daniels et al. 2001; Tiesmeyer et al. 2020). According to the
literature survey, hybridization poses the greatest threat to wildcats across Europe, indicating that
this phenomenon is a global concern for this small felid. The domestic cat does not derive from
the European wildcat; however, hybridization between the two species has been observed in
various part of its range, notably in Scotland and Hungary, where high levels of admixture were
found (Pierpaoli et al., 2003). While relatively low levels of introgressive hybridization have been
observed in Central and Southeastern Europe (Tiesmeyer et al., 2020), these variations in
admixture levels among regions can be attributed to factors such as population history, differences
in ecological barriers, and environmental conditions (Mattuci et al., 2016, Pierpaoli et al., 2003;
Gil-Sanchez, 2015). For example, cat keeping is common and shows an increasing trend in
Hungary, where cat owners believe that domestic cats have a less negative impact on wildcat
conservation than they actually might (Pongracz et al., 2024). This perception may also contribute
to the growing hybridization phenomenon in the country. Archaeozoological data suggest that
domestic cats first appeared in Central Europe during the Roman period and became more
widespread in medieval times, serving both as a valuable tool for controlling vermin and pests and
as a traded commodity for their pelts (Ewing, 1981; Faure & and Kitchener, 2009). The Roman
Empire played a key role in the expansion of the domestic cat throughout Europe, the
Mediterranean region, and North Africa, following its domestication journey that began
approximately 9,000 years ago in the Near East. Nieto-Blazquez et al. (2022) suggested that the
interbreeding between wildcats and domestic cats occurred around the time the domestic cat was
introduced during the Roman period.

Hybridization refers to the mating between two different taxonomic groups (Adavoudi & Pilot,
2021), and occurs when populations that have been reproductively isolated for some time meet
and interbreed (Futuyma, 2005). The rate of hybridization in wildcats may be increasing due to
decreasing wildcat population density, the widespread presence of domestic cats, and habitat loss

and fragmentation (Kilshaw, 2011; Nussberger et al., 2018).
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The wildcat is considered a habitat generalist and appears to use a wide range of habitats (Klar et
al., 2008), making it less susceptible to habitat loss. However, given the species' extremely
restricted range and alarmingly low number of remaining genetically pure individuals, habitat loss
is likely to rapidly separate its populations (Kilshaw, 2011). Additionally, behavioral differences
in habitat use between wildcats and hybrids play a significant role in the hybridization process,
potentially increasing opportunities for feline virus transmission (Macdonald, 2016). Disease,
another primary human-caused threat to wildcats, is likely exacerbated by domestic cats, which
raise the risk of transmission (Gerngross et al., 2022). It was also one of the most frequently
recorded serious threats to the wildcat in Europe in the current results. Studies have revealed that
wildcats, particularly in Western European countries such as Germany, Scotland, and the Iberian
Peninsula, are affected by lungworms, nematodes, feline leukemia virus, and other endoparasites.
Disease outbreaks frequently occur near human settlements due to the large populations of feral
and domestic cats. However, in some countries like Turkey, a certain percentage of domestic cats
are systematically eradicated (Gerngross et al., 2022). Nonetheless, behavioral insights can be
applied to support wildcat conservation efforts. For example, Miyazaki et al. (2017) used urinary
extract from domestic cats as a lure to manipulate the behavior of both wild and free-roaming cats,
which could be helpful for conservation and effective behavior-based management of small
endangered felids.

Among the human-related threats to wildcats, road and railway kills were the major causes of
mortality (Bastianelli et al., 2021; Gerngross et al., 2022), a finding that was also confirmed in our
results. Piechocki (1990) reported that most wildcat deaths in Central Europe due to road kills
occurred during the mating season. Around 130 wildcats were released into the wild for
reintroduction in Central Europe but 18 of them were killed by cars, mostly in Germany (Nowell
& Jackson, 1996; Stahl & Artois, 1994). It is possible that mainly young wildcats were involved
in the reintroduction, which may have made them more susceptible to road killings than resident
individuals. However, road kills are influenced by various factors, including species population
density, road density, and habitat types in the area (Barrientos & Bolonio, 2009; Grilo et al., 2009).

Decline in prey availability was considered a medium-level potential threat in these results, and
wildcats are facultative specialists that consume a variety of prey depending on availability (Malo
et al., 2004). In Hungary, the primary components of wildcat diet are small mammals such as
common vole and field mouse with occasional prey including birds, lagomorphs, and grass-like
plants (Bir6 et al., 2005). They have higher feeding flexibility and are considered selective
predators in the given habitat, making them potentially more adaptable to changes in prey

availability (Jose Maria, 1999; Ruta, 2018).
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Hunting and poisoning were considered less significant among the human-caused threats to
wildcats. Historically, the species was regarded as vermin and hunted across Eurasia to protect
livestock, while its pelage was a valuable resource for the fur market (Council of Europe, 1993;
Stahl & Artois, 1994). This direct persecution was the primary cause of the species' extinction in
countries like Austria, but there is no longer any interest in its fur trade today (Gerngross et al.,
2022).

Although primary and secondary poisoning were reported less frequently in this study, rodenticide
use is still present (Guitart et al., 2009) and has increased on farms in Great Britain (Garthwaite &

Thomas, 2003).

5.2. Field-based research

5.2.1. Distribution of Pallas’s cat

Key components of conservation planning for rare and elusive species include mapping their
distribution and identifying the biotic and abiotic factors that influence it (Kittle et al., 2018;
Greenspan et al., 2020). Range maps play a crucial role in understanding the distribution and
conservation needs of a species (Karanth et al., 2009). The Pallas’s cat is a widespread species
with a patchy distribution, ranging from western Iran to eastern Mongolia (Ross, et al., 2020).
Central Mongolia is thought to be a stronghold for Pallas's cats, based on the availability of suitable
habitat and its historical fur trade (Wingard and Zahler 2006; Ross et al., 2019a); however, only a
few studies have been performed and research in the region remains limited (Murdoch et al., 2006;
Ross etal., 2010, 2012). Despite previous studies on Pallas's cats, the distribution and conservation
status of the species in Hustai National Park are still unclear.

Our results showed that the distribution of the Pallas’s cat within the national park was
significantly and positively correlated with steppe habitats in this montane steppe region, which is
consistent with the species' typical habitat, comprising montane grasslands and steppe (Ross et al.,
2019a). Additionally, the Pallas's cat has also been documented in dry steppe areas (Bangjie, 1984)
and Dhendup et al. (2019) suggested that the species could be widespread across a range of diverse
steppe habitats. Our study also showed that the distribution of Pallas’s cats was associated as a
trend with terrain ruggedness. Earlier studies indicated that Pallas’s cats appear to prefer steep and
rugged areas with high coverage of rocky terrain and ravines (Greenspan and Giordano 2021; Ross
et al., 2020). Furthermore, Chimed et al. (2021) revealed that the distribution of the Pallas's cat
was positively correlated with terrain ruggedness and Greco et al. (2022) also found that Pallas’s
cats are associated with steeper slopes and natural vegetation. Studies on the Pallas's cat in Iran

have shown that they prefer lower altitudes and a diversity of topography (Lorestani et al., 2022).
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Hustai National Park is one of the most well-protected areas in Mongolia and serves as a key site
for biodiversity, particularly abundant in prey for Pallas’s cats (Batsaikhan et al., 2016; Tseren-
Ochir et al., 2018). Although an earlier study on Pallas’s cats in the national park found a limited
effect of prey availability on home range size (Ross et al., 2012), the species' distribution in our
study area may be influenced by prey availability, which is an important factor determining its
distribution (Greenspan and Giordano, 2021).

Monitoring the status of mammal species over large landscapes is time-consuming and costly using
methods such as camera traps, GPS telemetry, and non-invasive genetic sampling; therefore,
interviews based on local knowledge offer a relatively quick and cost-efficient alternative for
monitoring species occurrence and distribution on large scales (Zeller et al., 2011; Caruso et al.,
2017; Ghoshal et al., 2017; Madsen et al., 2020). Research has shown that interview-based study
is an effective methodology, not only for species conservation but also for assessing animal
distributions, particularly for mammals (Turvey et al., 2013; Parry and Peres 2015, Taubmann et
al., 2015; Sheppard et al., 2024).

Our data is consistent with the preliminary understanding of the distribution of Pallas’s cats in
HNP. However, we acknowledge that combining interview-based surveys with other research and
monitoring techniques could be more effective. Information on the occurrence of the Pallas’s cat
in our study is limited by local ecological knowledge, which may lead to overestimation in species
distribution and result in bias and inaccuracy (Gil-Sanchez and McCain 2011; Caruso et al., 2017).
To address this limitation, we aimed to reduce the potential for false positives by asking
interviewees to describe the study species and subsequently identify the target species from a set
of photos featuring four small felines, following Chimed et al. (2021). In our study, 79% of
respondents were able to correctly identify the Pallas’s cat in HNP, demonstrating a significantly
higher level of species recognition compared to the 44% of respondents who could accurately
identify the species in the herder communities of southern Mongolia (Chimed et al., 2023).
Nonetheless, interview-based data gathered from LEK may not always accurately provide the true
status of a species. The ability of locals to recognize the targeted species does not necessarily
ensure the reliability of the occurrence data they provide, particularly for elusive or rare species
(Frey 2006; McKelvey et al., 2008). Therefore, we advise caution when using LEK to assess the

distribution of small species.

5.2.2. Distribution of wildcat

The population of wildcats in Europe has recovered slowly, notably in Central Europe and Italy
(Anile et al., 2019; Klar et al., 2008), whereas in the Iberian Peninsula and in Scotland, the
population is declining (Gil-Sanchez et al., 2020; Lozano & Malo, 2012). Our study suggests that

the distribution area of wildcats in Hungary has increased over the past two decades, and the bulk
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of their distribution is across the Great Plain, the North Hungarian Mountains, and the
Transdanubian Mountains. These results are similar to earlier studies showing stable wildcat
populations in the forests of the floodplains in the Great Plain, as well as in the Drava Plain and
the Mecsek, Villanyi, Transdanubian, and North Hungarian Mountains (Heltai et al., 2006).
However, we found no occurrence of wildcats in the central and western parts of Hungary, or in
some areas of southern Hungary, across the three distinct time periods, which aligns with the
findings of Heltai et al. (2006), who recorded that the species had disappeared from many regions
of Hungary, in particular the central and north-western areas.

Wildcats are typically considered a forest species (Nowell & Jackson, 1996). Our results showed
that the occurrence of wildcats in Hungary was most strongly associated with broad-leaved forest
cover, with these forests significantly increasing the likelihood of wildcat detection. This result is
supported by previous studies, such as Mattucci et al. (2013) who found that the distribution of the
wildcat is closely linked to broad-leaved forests. On the other hand, the wildcat is considered a
habitat generalist (Silva et al., 2013), using various types of habitats. Studies, particularly in
western Europe (e.g., Germany and Scotland), have shown that their presence is linked to
coniferous forests, grasslands, and scrubland, while being limited by forests, forest ecotones, and
meadows (Corbett, 1979; Daniels et al., 1998; Klar et al., 2008). In contrast, in Mediterranean
countries, scrub areas are considered key habitats for their distribution (Lozano et al., 2003).
Nevertheless, we found that broad-leaved forests are the most important habitat for wildcats,
positively impacting their distribution at a broad scale. This finding is supported by an earlier
small-scale study conducted in Hungary (Bir6 et al., 2004).

Mixed and coniferous forests showed a negative association with wildcat occurrence, as previously
reported by Silva et al. (2013), for example in Scotland. The study suggested that this pattern might
result from classifying woodlands into separate categories such as coniferous and mixed forest
rather than treating woodland as a single land cover type. Similarly, in our study, we also used
these land cover types as independent variables to assess their impact on wildcat occurrence in
Hungary. This classification may have contributed to the observed negative correlation with the
species’ occurrence.

Wildcats avoid pasture areas because grassland-covered areas are often connected to agricultural
lands, where farmers are present, and these areas are less suitable for their prey due to intensive
grazing (Daniels et al., 2001). However, agricultural landscapes with diverse structures can be
suitable habitats for wildcats, even supporting their successful reproduction (Jerosch et al., 2018).
In contrast, wildcats use open pastures and cattle pastures for hunting, as these areas support higher
prey density, such as that of the montane water vole (Lozano et al., 2006; Rodriguez et al., 2020).

But we found no significant association between pasture areas and wildcat occurrence in Hungary.
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Wildcats avoid residential areas, including roads, rail networks, and adjacent land, which may
contribute to its absence (Klar et al., 2008). Likewise, Silva et al. (2013) found no evidence to
suggest that urban areas and roads have a significant impact on wildcat presence. They even
avoided human settlements, as shown by radiotelemetry data in Hungary (Bir¢ et al., 2004). This
may be due to the presence of dogs, and humans, as well as the combined effects of light and noise,

all of which can influence their spatial behavior (Klar et al., 2008).

5.2.3. Activity pattern of Pallas’s cat — Camera trapping

During the survey period, we detected Pallas's cats both during the day and at night, with activity
peaking around dusk. The species was consistently active at night, but we observed a slight
increase in crepuscular hours. Earlier studies revealed that the activity of Pallas’s cat was mainly
crepuscular, especially throughout summer (Anile et al., 2021; Ross, 2009), which is concordant
with our results, though the highest activity was observed in January. The activity peak in January
may be due to their mating season.

Besides that, Anile et al. (2021) also found that Pallas’s cats showed diurnal activity between
September and November, as captured by camera traps in Mongolia. Unfortunately, there was no
detection of Pallas’s cats in our survey during autumn because some cameras were lost, and others
failed due to dead batteries. Likewise, daytime activity of Pallas’s cats recorded in western
Mongolia (Greco et al., 2022), is consistent with our findings; in our study, Pallas’s cats were
active during the day but showed reduced activity around midday. Anile et al. (2021) and Ross et
al. (2012) corroborated that Pallas’s cats face the dilemma of avoiding predators while also
increasing the likelihood of a successful daytime hunt.

Species within the same group tend to exhibit similar activity patterns. For example, red foxes
showed temporal activity patterns comparable to those of Pallas’s cats. On the other hand, grey
wolves were typically nocturnal, with activity levels peaking at dawn and dusk (Merrill & Mech,
2003). Similarly, in our study, their peaks of activity pattern occurred during crepuscular hours.
This behavior may represent an adaptation to avoid competition or predation from other sympatric
species, resulting in temporal niche partitioning where one species shifts its activity to an opposite
phase (Noga & Tamar, 2003). The steppe polecat is strictly nocturnal and was detected only at
night, with activity highest at 00:00 and 05:00 according to our limited records. Likewise, the
beech marten was observed on several occasions, with all recorded activity occurring after
midnight and peaking at 8:00 in the morning.

As shown in Figure 30, the annual activity of the three species reflected the highest intensity in the
summer, showing a clear rise at that time of year. This pattern might be influenced by prey
availability, environmental conditions, and reduced human presence in the area, as herders move

to different camps in that season.
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6. CONCLUSIONS AND RECOMMENDATIONS

Based on the findings of our literature survey, we identified key geographical and threat-related
patterns for both the wildcat and Pallas’s cat across continents. Scientific articles on threats to
Pallas’s cats are limited, using the wildcat as an example, highlighting the need to bridge these
knowledge gaps. Although current data are insufficient to fully assess the scope and severity of
threats, this study represents an important first step. Our findings emphasize the distinct
conservation challenges faced by each species and how anthropogenic threats influence small felid
survival. In order to minimize negative impacts, monitoring and controlling feral and free-ranging
domestic cat populations, implementing Trap-Neuter-Return (TNR) programs, promoting indoor
cat keeping, and raising public awareness about the risks of allowing pet cats to roam freely are
essential. Additionally, herders should use trained livestock guardian dogs which are less
aggressive towards wildlife, while promoting controlled grazing practices that balance both
conservation and pastoral needs such as changing camps seasonally and reviving nomadic
traditions to prevent the unprecedented loss of the world’s most majestic predators, both big and

small.

Over the last two decades, the distribution of wildcats in Hungary appears to have expanded and
show a significant association with broad-leaved forest habitats. The country provides important
habitat for the species, in particular close to nature old-growth broad-leaved forests rather than
plantation forests. Further research is needed to fully understand its habitat use and distribution on
a broader scale. Conservation efforts should prioritize habitat management, including the
protection and maintenance of core areas with stable populations, to safeguard the wildcat and its

critical habitats in Hungary.

The distribution of Pallas’s cat in Hustai National Park was higher in areas with a greater
proportion of steppe habitat, underscoring the importance of this habitat as a key area for the
species in Central Mongolia. Its presence also tended to increase in more rugged habitats of the
study area. As the first preliminary estimate of the species’ distribution in the park, more research
using direct methods is required to better understand these processes. Despite any shortcomings,
we hope our findings will serve as a foundation for future conservation efforts targeting this elusive

cat.

61



The Pallas’s cat was active both day and night, with peak activity occurring around dusk (e.g.,
20:00) and the highest annual activity recorded in winter, notably in January. Winter, particularly
January, may be the best time for camera-trapping surveys to investigate its temporal activity

patterns, as Pallas’s cats tend to show peak activity during this season.
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7. NEW SCIENTIFIC RESULTS

Based on the literature review, hybridization with domestic cats emerged as the most
significant direct threat to wildcats across Europe, whereas predation by herding dogs
posed a serious threat to Pallas’s cats within their range countries. Additionally,
overgrazing by livestock is recognized as another major potential threat to Pallas’s cats in

Asia.

Hybridization with domestic cat was reported as a major local concern for wildcats, while
lack of prey emerged as the most frequently reported threat to Pallas’s cats. Drawing on
community knowledge, habitat loss was also emphasized as a shared challenge for both

species in Hungary and Mongolia.

Wildcat detections differed significantly between 2004 and 2022, with a clear increasing
trend observed over the broader time frame. In Hungary, wildcat presence was strongly
associated with broad-leaved forests among various land cover types, underscoring the

importance of these habitats as key areas for the species within the country.

This study provided the first assessment of Pallas’s cats in Hustai National Park, Central
Mongolia, revealing a significant correlation between their presence and steppe habitat. A
higher percentage of steppe cover was associated with a significantly greater probability
of species occurrence. Besides that, the species’ distribution showed a positive trend with

terrain ruggedness in the national park.
The annual activity pattern of the Pallas’s cat was most prominent in winter and summer,

with peak activity recorded in January. The species’ daily activity increased at dusk

(around 20:00-21:00), consistent with its crepuscular behavior.
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8. SUMMARY

Among mammals, felids are the most admired, paradoxically, the most endangered family, with
populations generally declining and some species at risk of extinction. Conservation and research
efforts have predominantly focused on larger cats, leaving many smaller felids with much less
attention. As a result, many smaller, highly threatened, and elusive wild felids are often overlooked
in comparison to their larger counterparts. The European wildcat (Felis silvestris) and Pallas’s cat
(Otocolobus manul) are examples of species severely hindered by a lack of detailed ecological
knowledge, with critical information regarding their presence, mortality, and threats lacking, thus
limiting effective conservation efforts. Studying felids in their natural habitat is notoriously
difficult due to their low population density, large spatial requirements, nocturnal behavior, and
shyness, particularly for small felids, whose small size renders them exceptionally challenging to
detect. This research is driven by the urgent need to address the declining populations of small
wild cats, the significant threats they face, and the lack of critical ecological knowledge regarding
these endangered species. Our research examines the threat patterns and current distribution of the
wildcat and Pallas’s cat across different regions using the same methodology. To achieve this, we
conducted our research using an integrated approach, which include 1) a broad literature survey to
assess regional-level threats to both cats, and 2) a technical, field-based study to meet the primary

objectives.

Firstly, in the broad literature survey, we aimed to: 1) reveal the geographical distribution of
published scientific articles that address 2) the potential threats to wildcats in Europe and Pallas’s
cat in Asia, and 3) quantify the most significant threats to both species across their ranges using
TUCN threat classification system, ranking these threats based on 88 scientific articles for wildcats
and 23 publications for Pallas’s cats. Our results showed that the geographic focus of research on
both species, with the majority of publications on wildcats originated from Germany (19%) and
Scotland (16%), whereas Mongolia (33%) and Iran (29%) lead the publications on Pallas’s cats.
For the Pallas’s cat, the most serious threats are predation by herding dogs and overgrazing by
livestock, while road kills and capture by snares or traps are deemed less critical. The wildcat faced
significant threats from hybridization with domestic cat and disease, whereas primary poisoning
and human disturbance are considered relatively minor. In conclusion, understanding the distinct
geographical distributions and threat profiles of wildcats in Europe and Pallas’s cats in Asia is
crucial. To mitigate the threats posed by domestic cats and herding dogs to both species, it is

essential to monitor and manage companion animals using effective methods such as Trap-Neuter-
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Return, promote indoor cat keeping, raise public awareness, and encourage herders to use trained

guardian dogs.

Secondly, our field-based research focused on the present distribution of wildcats in Hungary and
Pallas’s cats in Mongolia. We investigated the nationwide distribution of wildcats using online
questionnaire data collected from game management units (GMUSs). 1|) We evaluated the
distribution of wildcats in Hungary at a broad scale and analyzed changes between 2004 and 2022.
To achieve this, we collected species sightings as detections and evaluated them using the
Universal Transverse Mercator (UTM) coordinate system, with 10 x 10 km grid cells representing
the species' home range. We used a 6.25 km? coverage threshold for each grid cell, considering
wildcat presence confirmed if at least 6.25% of the UTM cell provided detection data. We created
detection histories for each grid cell and period, assigning a 1 for wildcat presence and O for
absence. Multiple detections of wildcats in the same grid cell were merged into one detection for
that grid cell and time period. 2) We examined the impact of land cover types on wildcat
occurrence nationwide. To fulfill this objective, we used the CORINE Land Cover (CLC) database
to assess which habitat types influenced the wildcat presence.

From GMUs, 551 respondents participated in 2004 and 354 in 2014, with a notable decline in
responsiveness in 2022 (n = 200). For the analysis, we used only these 200 respondents from same
GMUs in all survey years. The increase in wildcat detections was also reflected in the UTM grid
scale. The detection area increased from 1207 thousand ha in 2004 to 1.304 thousand ha in 2014,
reaching 1.688 thousand ha in 2022. Overall, nearly half of the studied UTM cells (51.1%) were
classified as 'occupied' by wildcats based on relevant detections from the corresponding GMUSs,
indicating stable presence. Our results further revealed a significant increasing trend in wildcat
detections over the extended period from 2004 to 2022. We found that among the various land
cover types, broad-leaved forest cover was found to be positively associated with wildcat
occurrence in Hungary. In each survey year, the area of broad-leaved forest was significantly
greater (p < 0.001) in UTM cells with wildcat presence, with the following averages: 2004: 2.215
+2.073 ha, 2014: 2.384 £ 1.967 ha, and 2022: 2.149 + 1.888 ha. A robust understanding of how
the species’ distribution changes over time and the variables that influence these changes provides
essential data for identifying priority areas for the long-term persistence and effective conservation

of this elusive species.

Using interview-based survey with local community, we estimated 1) the current distribution of
Pallas’s cats in Hustai National Park (HNP), Central Mongolia. To achieve this, we divided the

study area into sampling units of 8 x 8 km square, each approximating the average home range of
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the species. We gathered the observation data of Pallas’s cats, which were recorded using binary
values to indicate absence and presence. A 5 km circular radius was created for each respondent,
as herders reported rarely venturing more than 5 km from their households. To generalize Pallas’s
cat occurrence, we clipped the buffers with the 8 x 8 km grid cells, forming circular segments for
each cell, which were then used as observations for statistical modeling. 2|) We investigated
topographical and land cover variables influencing the Pallas’s cat’ distribution in the national
park. We calculated the average elevation and Terrain Ruggedness Index (TRI) for the segments,
along with the spatial extent of available land cover types. The most relevant land cover data from
2020 was obtained using publicly available datasets.

We conducted 107 interviews in HNP during the summer of 2023, with 86 male respondents and
21 female respondents. The majority of respondents were herders (85%) and rangers (12%). The
mean age of the interviewees was between 36 and 45 years, with ages ranging from 24 to 65 years.
A significant majority of respondents (74%) had lived in the area for over 20 years. We found that
steppe cover showed a significant positive association with Pallas’s cat occurrence, meaning that
a higher percentage of steppe cover was linked to a significantly greater likelihood of detecting
one or more individuals of the species. TRI, while near significance, may also play an important
positive role in the species' occurrence in the national park. These findings underscore the need
for monitoring and gathering information on the ecology of the species to inform conservation and

management strategies in the region.

Using camera trapping, we detected 567 captures of Pallas’s cat from four locations over 317 trap
days in Mongolia. The species was active both day and night, exhibiting the highest activity peaks
at dusk and being most active during winter, peaking in January. These activity patterns highlight
the importance of timing in monitoring efforts to improve detection and guide effective
conservation actions for this elusive cat. Winter, particularly January, may be the best time for
camera-trapping surveys to investigate its temporal activity patterns of Pallas’s cats, as they exhibit

peak activity during this season. For better camera-trapping results, we recommend collaborating

with local people or rangers to prevent camera loss or theft.
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9. OSSZEFOGLALAS

Az emldsok koziil a macskafélék a leginkabb csodalt, mégis a legveszélyeztetettebb csalad,
amelynek populacidi a Fold kiilonboz6 éldhelyein altalaban csokkennek, s6t egyes fajokat a
kihalas veszélye fenyeget. A természetvédelmi erdfeszitések és a kutatdsok tulnyomorészt a
nagyobb macskafélékre Osszpontositottak, igy sok kisebb macskafélének sokkal kevesebb
figyelmet szenteltek. Ennek eredményeképpen sok kistermetti, erésen veszélyeztetett és rejtett
¢letmodot folytatd macskafélét gyakran figyelmen kiviil hagynak nagyobb tarsaikhoz képest. Az
europai vadmacska (Felis silvestris) és a Pallas macska (Otocolobus manul) olyan fajok példai,
amelyek védelmét hatraltathatja a részletes dkologiai ismeretek hianya, mivel az elterjedéstikre,
haldlozasi okaikra ¢és az egyedek talélését veszélyeztetd tényezOkre vonatkozd kritikus
informéaciok nem feltétleniil allnak rendelkezésre mindenhol. A macskafélék természetes
¢l6helyiikon torténd tanulmanyozasa kozismerten nehézkes alacsony populacio siiriségiik, nagy
mozgaskorzet igényiik, éjszakai viselkedésiik ¢s félénkségiik miatt, kiilondsen a kismacskafélék
esetében, amelyeket kis méretiik miatt rendkiviil nehéz vizsgalni. Ezt a kutatdst a vadon ¢é16
kistermetli macskak csokkend populacidinak, az dket fenyegetd jelentds veszélyeknek és az e
veszélyeztetett fajokra vonatkozo kritikus Okologiai ismeretek hidnyanak kezelése indokolja.
Kutatasunk az eurdpai vadmacska ¢€s a Pallas macska potencidlis veszélyeztetettségét és jelenlegi
elterjedését vizsgalja kiilonb6zd régidokban, azonos modszertan alkalmazasaval. Ennek érdekében
kutatasunkat integralt megkdzelitéssel végeztiik, amely magaban foglalja 1) egy széleskorii
szakirodalmi felmérést a regionalis szintli veszélyeztetettség felmérésére mindkét faj esetében és
2) egy technikai, terepi vizsgalatot az elterjedési teriilet és ¢él6helyi viszonyok kapcsolatanak

becslésére.

Eldszor is, a széles kort szakirodalmi felmérés sordn a kdvetkezd célokat tiiztiik ki: 1) feltarni a
megjelent tudomanyos cikkek foldrajzi eloszlasat, 2) a vadmacskat Europaban és a Pallas macskat
Azsiaban fenyegetd potencialis veszélyeket, és 3) szamszeriisiteni a két fajra leselkedd
legjelentdsebb veszélyforrasokat a fajok elterjedési teriiletén beliill az TUCN veszélyességi
osztalyozasi rendszerének segitségével, rangsorolva ezeket a veszélyeket a vadmacskéra
vonatkoz6 88 tudomanyos cikk és a Pallas macskara vonatkozo 21 publikacié alapjan.
Eredményeink azt mutattdk, hogy a két fajra vonatkozo kutatdsok f6ldrajzi stlypontja, a
vadmacskarol sz616 publikacidk tobbsége Németorszagbol (19%) és Skociabol (16%) szarmazik,
mig a Pallas macskarol sz616 publikacidokat Mongolia (33%) és Irdn (29%) vezeti. A Pallas macska
esetében a legstlyosabb veszElyt az ,,invazids és egyéb problémas fajok™ (példaul a pasztorkutyak
altali ragadozas) és a ,,bioldgiai er6forrasok hasznalata™ (ideértve a legeltetd allattartds és az

illegdlis vadaszat hatasait) jelentette, mig az ¢l6hely elvesztését és a hurkokkal vagy csapdakkal
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valo befogast kevésbé tartjak kritikusnak. Az eurdpai vadmacskat jelentds veszély fenyegeti a
tartoznak, ¢s amelyek mindegyike ,,stlyos” veszélynek mindsiil, mig a populacio csokkenése és a
hurkokkal vagy csapdakkal val6 befogds viszonylag kisebb jelentdséglinek tekinthetd.
Osszefoglalva, az eurdpai vadmacska és az 4zsiai Pallas macska eltérd foldrajzi elterjedésének és
fenyegetd tényezOinek megértése alapvetd fontossagu. A hazi macskéak és a pasztorkutydk altal
mindkét fajra jelentett veszélyek enyhitése érdekében elengedhetetlen a haziallatok hatékony
modszerekkel torténd nyomon kovetése és kezelése. Ebbe beletartozik a ,.csapdéba ejtés-
ivartalanitas-visszaszallitas” (TNR) modszer és a macskak beltéri tartdsdnak Osztonzése, a
kozvélemény figyelmének felkeltése, valamint az, hogy ravegyiik a pasztorokat arra, hogy
kiképzett Orkutyakat hasznaljanak.Masodszor, terepi kutatdsaink a vadmacska jelenlegi
magyarorszagi ¢és a Pallas macska mongoliai elterjedésére Osszpontositottak. A vadmacska
orszagos elterjedését a vadgazdalkodasi egységekben (VGE) gylijtott online kérddives adatok
segitségével vizsgaltuk. 1|) Felmértiik a vadmacska jelenlegi magyarorszagi elterjedését, és
elemeztiik a vadmacska elterjedésének valtozasat 2004 és 2022 kozott. Ennek érdekében a faj
¢észleléseit gyljtottilk Ossze és értékeltiik az Univerzalis Transzverzalis Mercator (UTM)
koordinatarendszer segitségével, 10 x 10 km-es racshalds celldkkal, amelyek a faj elterjedési
teriiletét becsiilik. Az egyes racscellak esetében 6,25 km?-es lefedettségi kiiszobértéket
alkalmaztunk, és a vadmacska jelenlétét akkor tekintettiik megerdsitettnek, ha az UTM-cella
legalabb 6,25%-a szolgéltatott észlelési adatokat. Minden egyes racsmezdre és iddszakra
vonatkozoan észlelési torténetet készitettiink, a vadmacska jelenlétére 1, hianyara 0 értéket adva.
A vadmacskak tobbszoros észlelését ugyanabban a racsmezdben egyetlen észleléssé egyesitettiik
az adott racsmezdre és idOszakra vonatkozodan. 2) Megvizsgaltuk a felszinboritasi tipusok hatasat
a vadmacska el6forduldsara orszagszerte. E cél teljesitéséhez a CORINE Land Cover adatbazist

hasznaltuk annak felmérésére, hogy mely él6helytipusok befolyasoltak a vadmacska jelenlétét.

A VGE-k koziil 2004-ben 551, 2014-ben 354 vélaszado vett részt a felmérésben, mig 2022-ben
jelentésen csokkent a valaszadasi hajlandésag (n = 200). Csak ezen 200 valaszadd adatait
elemeztiik ugyanazon vadgazdalkodasi egységekbdl minden évben. A vadmacska észlelések
szaméanak novekedését az UTM halo jol érzékeltette. Az észlelési teriilet a 2004-es 1 207 000
hektarrél 2014-ben 1 304 000 hektarra nétt, és 2022-ben eléri az 1 688 000 hektart. Osszességében
a vizsgalt UTM-celldk kozel felét (51,1%) a megfeleld6 VGE-k vonatkozo észlelései alapjan a
vadmacskak altal ,elfoglaltnak” mindsitették, ami stabil jelenlétet jelez. Eredményeink azt is
kimutattak, hogy a vadmacska észlelések jelentds ndvekedési tendenciat mutatnak a 2004 és 2022

kozotti hosszabb idészakban. Megallapitottuk, hogy a kiilonbozd felszinboritasi tipusok koziil a
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lombhullaté erddk jelenléte pozitivan kapcsolodik a vadmacska el6forduldsi gyakorisdgdhoz
Magyarorszagon. Minden egyes felmérési évben a lombhullatd erddk teriilete szignifikdnsan
nagyobb volt (p < 0,001) a vadmacska jelenlétét mutaté UTM-celldkban, a kdvetkezd atlagokkal:
2004: 2.215 £ 2.073 ha, 2014: 2.384 + 1.967 ha és 2022: 2.149 + 1.888 ha. A faj elterjedésének
iddbeli valtozasardl és az ezeket a valtozasokat befolyasolo tényezdkrdl kapott megbizhat6 adatok
jO alapot szolgéaltatnak e rejt6zkodo életmodot folytatd faj hosszu tdva fennmaradésa és hatékony

védelme szempontjabol kiemelt fontossagu teriiletek meghatarozéasahoz.

A helyi kozosség tagjaival készitett interjukon alapuld felmérés segitségével megbecsiiltiik 1) a
Pallas macska jelenlegi elterjedését a Hustai Nemzeti Parkban, Ko6zép-Mongoliaban. Ennek
érdekében a vizsgalati teriiletet 8 x 8 km-es mintavételi egységekre osztottuk, amelyek kozelitdleg
megfelelnek a faj egyedei 4tlagos mozgaskorzet méretének. Osszegyiijtottiik a Pallas macska
megfigyelési adatait, amelyeket bindris értékek segitségével rogzitettiink a hidny és a jelenlét
jelolésére. Minden egyes vélaszadd szdmara egy 5 km-es korsugarat hoztunk létre, mivel a
pasztorok arrdl szamoltak be, hogy ritkan merészkednek 5 km-nél messzebbre a haztartasuktol. A
Pallas macska eléforduldsanak altalanositasa érdekében a puffereket a 8 x 8 km-es racscellakkal
metszettik el, kor alaki szegmenseket képezve minden egyes celldhoz, amelyeket aztan
megfigyelésként hasznaltunk a statisztikai modellezéshez. 2) Megvizsgaltuk a Pallas macska
nemzeti parkban vald elterjedését befolyasold topografiai és felszinboritasi valtozokat. A
szegmensekre kiszamitottuk az atlagos tengerszint feletti magassagot és a domborzati tagoltsagi
indexet (TRI), valamint a rendelkezésre allo éldhely tipusok térbeli kiterjedését. A 2020-ra
vonatkoz6 legrelevansabb foldfelszin boritasi adatokat nyilvanosan elérheté adatallomanyokbol

szereztik be.

A Hustai Nemzeti Parkban 2023 nyaran 107 interjat készitettiink, 86 férfi és 21 ndi valaszadoval.
A valaszadok tobbsége pasztor (85%) és vador (12%) volt. A megkérdezettek atlag €letkora 36 és
45 év kozott volt, a koruk 24 €s 65 év kozott mozgott. A vélaszadok jelentds tobbsége (74%) tobb
mint 20 éve ¢élt a teriileten. Megallapitottuk, hogy a sztyepp él6helytipus boritasi aranya
szignifikans pozitiv 0sszefiiggést mutatott a Pallas macska eléfordulési gyakorisagaval, ami azt
jelenti, hogy a sztyeppék nagyobb szazalékos boritasa a faj egy vagy tobb egyedének észlelésének
szignifikdnsan nagyobb valosziniiségével jart egyiitt. A Pallas macska elterjedése a nemzeti
parkban gyenge, majdnem szignifikdns Osszefliggést mutatott a terep egyenetlenségével. Ezek az
informaciogytjtésre, hogy a régi6 természetvédelmi ¢és kezelési stratégiainak alapjaul

szolgalhasson.
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Kamera csapdazas segitségével Kozép-Mongolidban 317 csapdazasi nap alatt négy helyszinrdl
567 Pallas macska észlelést gytijtottiink. A faj nappal és éjszaka is aktiv volt, a legnagyobb
aktivitasi csticsot napnyugtakor mutatta, és télen volt a legaktivabb, ami januarban tet6zott. Ezen
a viselkedési mintazat ismerete azért fontos, hogy a faj monitorozdsat megfeleléen iddzitsék
novelve e ritka macskafaj észlelésének valdsziniiségét és ezaltal segitve hatékonyabb védelmi
intézkedések kidolgozasat. A tél, kiilondsen a janudr, lehet a legjobb iddszak a kameracsapdakkal
végzett felmérésekre, amelyekkel a Pallas macska idébeli viselkedési mintdit lehet vizsgélni, mivel
ebben a szezonban mutatjak a legnagyobb aktivitast. A kameracsapdakkal végzett felmérések
eredményességének javitdsa érdekében javasoljuk a helyi lakosokkal vagy vaddrokkel vald

egylittmiikddést, hogy megeldzziik a kamerdk elvesztését vagy ellopasat.

70



10. LIST OF PUBLICATIONS

e Publication (Journal Article: Q1 — IF = 1.9) — Peer reviewed
Otgontamir, C., Fehér, A., Heltai, M., Lkhagvasuren. D., Batzaya, Ts., Biro, Z. (2025). A

preliminary approximation to determine the distribution of Pallas’s cats in Hustai National Park,
Mongolia. Mammalian Biology. 10.1007/s42991-025-00496-w

e Publication (Journal Article: Q1 — IF = 2.7) — Peer reviewed
Otgontamir, C., Fehér, A., Schally, G., Heltai, M., Szabd, L., Lehoczki, R., Lkhagvasuren, D., &

Biro, Z. (2024). Assessing changes in the distribution patterns of the European wildcat in Hungary.
Animals, 14(5). 10.3390/ani14050785

e Publication (Journal Article: Q3 — IF = 1.1) — Peer reviewed
Otgontamir, C., Lkhagvasuren, D., Alexander, J. S., Barclay, D., Bayasgalan, N., Lkhagvajav,

P., Nygren, E., Robinson, S. L., & Samelius, G. (2023). Delivery of educational material increased
awareness of the elusive Pallas’s cat in Southern Mongolia. Applied Environmental Education &
Communication, 22(1), 1-12. 10.1080/1533015X.2023.2169785

e Publication (Journal Article: Q1 — IF = 1.9) — Peer reviewed
Otgontamir, C., Alexander, J. S., Samelius, G., Lkhagvajav, P., Davaa, L., Bayasgalan, N., &

Sharma, K. (2021). Examining the past and current distribution of Pallas’s cat in Southern
Mongolia. Mammalian Biology, 101(6), 811-816. 10.1007/s42991-021-00132-3

e Oral presentation

Otgontamir, C., Zsolt, B., (2023). The Grand Master of Stealth in Endangerment III - The
Situation of the Wildcat (Felis silvestris) in the Pilis-Buda Mountains, Hungary. 8" December
2023.

e Conference Abstract (published only abstract)

Otgontamir, C., Zsolt, B. (2024). Crossing the border of a small felid conservation: A case study

to investigate the threats to the European wildcat in Hungary and Pallas’s cat in Mongolia, The
lth

3rd International Electronic Conference on Diversity session Biodiversity Conservation. 1
November 2024.

e Poster (Conference Abstract)

Otgontamir, C., Zsolt, B., Lkhagvasuren, D., Alexander, J. S., Sharma, K., Samelius, G.,
Lkhagvajav, P., Bayasgalan, N. (2022). Examining the past and current distribution of Pallas’s cat
in Southern and Central Mongolia, 29th Poster Day. Bratislava, Slovakia. 9" November 2022.

e Poster (Conference Abstract)

Otgontamir, C., Lkhagvasuren, D., Purevjav, L., Barclay, D. (2017). Understanding and
developing community awareness of Pallas’s cat in Mongolia, Biodiversity Research of Mongolia,
Mongolia. 2017.

71


http://dx.doi.org/10.1007/s42991-025-00496-w
http://dx.doi.org/10.3390/ani14050785
http://dx.doi.org/10.1080/1533015X.2023.2169785
http://dx.doi.org/10.1007/s42991-021-00132-3
https://sciforum.net/event/IECD2024
https://sciforum.net/event/IECD2024
https://sciforum.net/event/IECD2024#sections

Other publications

e Conference Article

Otgontamir. C, Zsolt. B, Lkhagvasuren. D, Justine. S.A, Koustubh. S, Gustaf. S, Purevjav. Lk,
Narangarav. B. (2022). Examining the past and current distribution of Pallas’s cat in Southern and
Central Mongolia. In: Vitkova, J., Botyanszkd, L. (eds.). Interdisciplinary Approach in Current
Hydrological Research. IH SAS, E-Book, Bratislava, p. 242. ISBN: 978 80-89139-53-8.

72



11. ACKNOWLEDGEMENTS

I would like to express my sincere gratitude to a range of individuals and organizations
who have played a pivotal role in the completion of my Ph.D. thesis:

I am truly grateful to my supervisor, Dr. Zsolt Bird, Associate Professor from the
Hungarian University of Agriculture and Life Sciences, Hungary for his unwavering source of
support, valuable comments, and expert guidance throughout my academic journey.

I would like to extend my sincere thanks to my local supervisor Dr. Prof. Davaa
Lkhagvasuren at the National University of Mongolia, for his unvaluable feedback, continuous
guidance since my bachelor’s studies and for managing and organizing fieldwork in Mongolia,
particularly setting up camera traps and replacing batteries.

Thanks to my department, especially Prof. Dr. Miklés Heltai, Prof. Dr. Sandor Csanyi for
the permission to use the additional data for my research. Also, thanks go to Dr. Adam Fehér and
Dr. Gergely Schally for their valuable assistance and support in the publication of this work.

I would like to thank the Hungarian Game Management Units and local people of Hustai
National Park for their participation in the surveys and for sharing their knowledge, as well as the
national park for providing research permissions. Thank you to my friend, Ms. Tsogt Batzaya from
HNP, for assisting with the fieldwork, collecting data during the summer, and bravely putting up
with the herders’ dogs, who barked endlessly and chased the motorbike. It was one of the hardest
fieldwork experiences of my life.

I am profoundly thankful to the Tempus Public Foundation for granting me the Stipendium
Hungaricum Scholarship and making my dream of studying in Europe come true.

Lastly, I would like to express my heartfelt thanks to my dear mother, Davaadagva
Mijiddorj, for her strength in allowing me to be thousands of miles away from home and for taking
care of my cat, Nogoonoo. I also extend my gratitude to my only brother, Chimed Zorigtbaatar,
for looking after mom while I was abroad, and to my sisters for their continuous support and love.
Your presence made this journey lighter - special thanks to Istvan Hejja (a draga baratom).

Last but certainly not least, I would like to thank myself for staying consistent with my

goals and dreams and pushing through the rough days along the journey.

73



12. APPENDICES
Appendix A: Bibliography

Adavoudi, R., & Pilot, M. (2021). Consequences of Hybridization in Mammals: A Systematic
Review. Genes, 13(1), 50.

Agresti, A. (2019). An Introduction to Categorical Data Analysis. John Wiley & Sons Inc, NJ,
USA.

Anile, S., Augugliaro, C., Munkhtsog, B., Dartora, F., Vendramin, A., Bombieri, G., & Nielsen,
C. K. (2021). Density and activity patterns of Pallas’s cats, Otocolobus manul, in central
Mongolia. Wildlife Research, 48(3), 264-272.

Anile, S., Devillard, S., Ragni, B., Rovero, F., Mattucci, F., & Valvo, M. L. (2019). Habitat
fragmentation and anthropogenic factors affect wildcat Felis silvestris silvestris occupancy
and detectability on Mt Etna. Wildlife Biology, (1), 1-13.

Bangjie, T. (1984). The status of felids in China. In Proceedings from the Cat Specialist Group
Meeting in Kanha National Park, 34-48.

Barashkova, A., Kirilyuk, V., & Smelansky, 1. (2017). Significance of Protected Areas for the
Pallas’s cat (Otocolobus manul: Felidae) conservation in Russia. Nature Conservation
Research, 2(1), Article [Ipunoxenue 1.

Barashkova, A., & Smelansky, I. (2011). Pallas’s cat in the Altai Republic, Russia. Cat News
Special Issue, 54, 4—7.

Barashkova, A., Smelansky, 1., Kirilyuk, V., Naidenko, S., Antonevich, A., Gritsina, M.,
Zhumabai Uulu, K., Koshkin, M., Nasanbat, B., Baatargal, O., Grachev, A., & Lissovsky,
A. (2019). Distribution and status of the manul in Central Asia and adjacent areas 13,14—
23.

Barrientos, R., & Bolonio, L. (2009). The presence of rabbits adjacent to road increases polecat
road mortality. Biodiversity and Conservation, 18, 405-418.

Bastianelli, M. L., Premier, J., Herrmann, M., Anile, S., Monterroso, P., Kuemmerle, T., Dormann,
C. F., Streif, S., Jerosch, S., G6tz, M., Simon, O., Moledén, M., Gil-Sanchez, J. M., Biro,
Z., Dekker, J., Severon, A., Krannich, A., Hupe, K., Germain, E., Heurich, M. (2021).
Survival and cause-specific mortality of European wildcat (Felis silvestris) across Europe.
Biological Conservation, 261, 109-239.

Batbold, J. (2002). The problems of Management of Marmots in Mongolia, in: Abstracts.
Presented at the Holarctic Marmots as a Factor of Biodiversity, Proceedings of the Third
International Conference on Marmots. ABF Publishing House, 69—75.

Batsaikhan, N., Uuganbayar, G., & Lkhagvasuren, D. (2016). 4 field guide to the fauna of Hustai
National Park, Mongolia (1st ed.). Admon printing.

Beaumont, M., Barratt, E. M., Gottelli, D., Kitchener, A. C., Daniels, M. J., Pritchard, J. K., &
Bruford, M. W. (2001). Genetic diversity and introgression in the Scottish wildcat.
Molecular Ecology, 10(2), 319-336.

Berny, P. (2007). Pesticides and the intoxication of wild animals. Journal of Veterinary
Pharmacology and Therapeutics, 30, 93—100.

Biro, Z., Lanszki, J., Szemethy, L., & Heltai, M. (2005). Feeding habits of feral domestic cats
(Felis catus), wild cats (Felis silvestris) and their hybrids: Trophic niche overlap among
cat groups in Hungary. Journal of Zoology, 266(2), 187-196.

74



Biro, Z., Szemethy, L., & Heltai, M. (2004). Home range sizes of wildcats (Felis silvestris) and
feral domestic cats (Felis silvestris f. Catus) in a hilly region of Hungary. Mammalian
Biology, 69(5), 302-310.

Biro, Zs., Lanszki, J., Szemethy, L., Heltai, M., & Randi, E. (2005). Feeding habits of feral
domestic cats (Felis catus), wild cats (Felis silvestris) and their hybrids: Trophic niche
overlap among cat groups in Hungary. Journal of Zoology, 266(2), 187—-196.

Bonfil, R., Melina, R., Mendoza-Vargas, O. U., Méndez-Loeza, 1., Pérez-Jiménez, J., Bolaio
Martinez, N., & Barreto, P. (2018). Tapping into local ecological knowledge to assess the
former importance and current status of sawfishes in Mexico. Endangered Species
Research, 36, 213-228.

Brakes, C., & Smith, R. (2005). Exposure of non-target small mammals to rodenticides: Short-
term effects, recovery and implications for secondary poisoning. Journal of Applied
Ecology, 42, 118—-128.

Brodie, J. F. (2009). Is research effort allocated efficiently for conservation? Felidae as a global
case study. Biodiversity and Conservation, 18(11), 2927-2939.

Brooks, M. E., Kristensen, K., van Benthem, K. J., Magnusson, A., Berg, C. W., Nielsen, A.,
Skaug, H. J., Machler, M., & Bolker, B. M. (2017). Glmm TMB balances speed and
flexibility among packages for zero-inflated generalized linear mixed modeling. 7he R
Journal, 9(2), 378—400.

Cardillo, M., Purvis, A., Sechrest, W., Gittleman, J. L., Bielby, J., & Mace, G. M. (2004). Human
Population Density and Extinction Risk in the World’s Carnivores. PLoS Biology, 2(7),
el97.

Caruso, N., Vidal, E. L., Guerisoli, M., & Lucherini, M. (2017). Carnivore occurrence: Do
interview-based surveys produce unreliable results? Oryx, 51(2), 240-245.

Chimed, O., Alexander, J. S., Samelius, G., Lkhagvajav, P., Davaa, L., Bayasgalan, N., & Sharma,
K. (2021). Examining the past and current distribution of Pallas’s cat in Southern
Mongolia. Mammalian Biology, 101(6), 811-816.

Chimed, O., Lkhagvasuren, D., Alexander, J. S., Barclay, D., Bayasgalan, N., Lkhagvajav, P.,
Nygren, E., Robinson, S. L., & Samelius, G. (2023). Delivery of educational material
increased awareness of the elusive Pallas’s cat in Southern Mongolia. Applied
Environmental Education & Communication, 22(1), 1-12.

Clark, E. L., Munkhbat, J., Dulamtseren, S., Baillie, J. E. M., Batsaikhan, N., Samiya, R., &
Stubbe, M. (2006). Mongolian Red List of Mammals. Regional Red List Series 1.
Zoological Society of London.

Corbett, L. K. (1979). Feeding ecology and social organization of wildcats (Felis silvestris) and
domestic cats (Felis Catus) in Scotland [PhD Thesis]. University of Aberdeen, Aberdeen,
UK.

CORINE Land Cover. (2006). https://land.copernicus.eu/en/products/corine-land-cover/clc-2006

CORINE Land Cover. (2012). https://land.copernicus.eu/en/products/corine-land-cover/clc-2012

CORINE Land Cover. (2018). https://land.copernicus.eu/en/products/corine-land-cover/clc2018

Council of Europe. (1993). Seminar on the Biology and Conservation of the Wildcat (Felis
Silvestris). Council of Europe.

Crooks, K. R., & Soul¢, M. E. (1999). Mesopredator release and avifaunal extinctions in a
fragmented system. Nature, 400(6744), 563-566.

75



Csanyi, S., Lehoczki, R., & Sonkoly, K. (2010). National Game Management Database of
Hungary. International Journal of Information Systems and Social Change, 1(4), 34—43.

Damdinsuren, B., Herrick, J. E., Pyke, D. A., Bestelmeyer, B. T., & Havstad, K. M. (2008). Is
Rangeland Health Relevant to Mongolia? Rangelands, 30(4), 25-29.

Daniels, M. J., Balharry, D., Hirst, D., Kitchener, A. C., & Aspinall, R. J. (1998). Morphological
and pelage characteristics of wild living cats in Scotland: Implications for defining the
‘wildcat.” Journal of Zoology, 244(2), 231-247.

Daniels, M. J., Beaumont, M. A., Johnson, P. J., Balharry, D., MacDonald, D. W., & Barratt, E.
(2001). Ecology and Genetics of Wild-Living Cats in the North-East of Scotland and the
Implications for the Conservation of the Wildcat. Journal of Applied Ecology, 38(1), 146—
161.

Daniels, M. J., Wright, T. C. M., Bland, K. P., & Kitchener, A. C. (2002). Seasonality and
reproduction in wild-living cats in Scotland. Acta Theriologica, 47(1), 73—84.

Davidson, A. D., Hamilton, M. J., Boyer, A. G., Brown, J. H., & Ceballos, G. (2009). Multiple
ecological pathways to extinction in mammals. Proceedings of the National Academy of
Sciences, 106(26), 10702—10705. https://doi.org/10.1073/pnas.0901956106

Devictor, V., Julliard, R., & Jiguet, F. (2008). Distribution of specialist and generalist species
along spatial gradients of habitat disturbance and fragmentation. Oikos, 117, 507-514.

Dhendup, T., Shrestha, B., Mahar, N., Kolipaka, S., Regmi, G. R., & Jackson, R. (2019).
Distribution and status of manul in the Himalayas and China. Cat News Special Issue, 13,
31-36.

Dickman, A. J., Hinks, A. E., Macdonald, E. A., Burnham, D., & Macdonald, D. W. (2015).
Priorities for global felid conservation. Conservation Biology, 29(3), 854—864.

Estes, J. A., Terborgh, J., Brashares, J. S., Power, M. E., Berger, J., Bond, W. J., Carpenter, S. R.,
Essington, T. E., Holt, R. D., Jackson, J. B. C., Marquis, R. J., Oksanen, L., Oksanen, T.,
Paine, R. T., Pikitch, E. K., Ripple, W. J., Sandin, S. A., Scheffer, M., Schoener, T. W.,
Wardle, D. A. (2011). Trophic Downgrading of Planet Earth. Science, 333(6040), 301—
306.

Ewing, E. (1981). Fur in dress (168th ed.). Batsford.

Farhadinia, M., Moganaki, E., & Adibi, M. A. (2016). Baseline information and status assessment
of the Pallas’s cat (Otocolobus manul Pallas, 1776) in Iran. Cat News Special Issue, 10,
38-42.

Faure, E., & and Kitchener, A. C. (2009). An Archaeological and Historical Review of the
Relationships between Felids and People. Anthrozods, 22(3), 221-238.

Ferretti, F., Lazzeri, L., & Sforzi, A. (2022). Spatio-temporal patterns of the European wildcat in
a Mediterranean coastal area. Mammalian Biology, 102(5), 2035-2043.

Frey, S., Fisher, J. T., Burton, A. C., & Volpe, J. P. (2017). Investigating animal activity patterns
and temporal niche partitioning using camera-trap data: Challenges and opportunities.
Remote Sensing in Ecology and Conservation, 3(3), 123—-132.

Futuyma, D. (2005). Evolution. Sinauer Associates, Sunderland. 49(6):722-723.

Garcia, V. P., Vazquez, V. M., Hartasanchez, A., Pando, D., Alambiaga, 1., & Monr¢s, J. S. (2025).
Activity patterns of the European wildcat in the Cantabrian Mountains (NW Spain),
interactions with sympatric carnivores and factors affecting its presence. Mammalian
Biology. https://doi.org/10.1007/s42991-025-00500-3

76



Garcia-Alaniz, N., Naranjo, E., & Mallory, F. (2010). Human-Felid Interactions in Three Mestizo
Communities of the Selva Lacandona, Chiapas, Mexico: Benefits, Conflicts and
Traditional Uses of Species. Human Ecology, 38, 451-457.

Garthwaite, D., & Thomas, M. (2003). Pesticide use in arable farm crops in Great Britain 2000.
UK.

Gartner, M. C., & Weiss, A. (2013). Personality in felids: A review. Applied Animal Behaviour
Science, 144(1-2), 1-13.

Gerngross, P., Ambarli, H., M, A., Anile, S., Campbell, R., P, F., Jose Maria, G., Gotz, M., Jerosch,
S., Mengiilliioglu, D., Monterroso, P., & D, Z. (2022). Felis silvestris. The IUCN Red List
of Threatened Species. TUCN, Red List.

Ghoshal, A., Bhatnagar, Y., Pandav, B., Sharma, K., Mishra, C., Raghunath, R., & Suryawanshi,
K. (2017). Assessing changes in distribution of the Endangered snow leopard Panthera
uncia and its wild prey over 2 decades in the Indian Himalaya through interview-based
occupancy surveys. Oryx, 53, 1-13.

Gil-Sanchez, J. M., Barea-Azcon, J. M., Jaramillo, J., Herrera-Sanchez, F. J., Jiménez, J., &
Virgos, E. (2020). Fragmentation and low density as major conservation challenges for the
southernmost populations of the European wildcat. Plos one, 15(1), €0227708.

Gil-Sanchez, J. M., & McCain, E. B. (2011). Former range and decline of the Iberian lynx (Lynx
pardinus) reconstructed using verified records. Journal of Mammalogy, 92(5), 1081-1090.

Greco, L., Oberosler, V., Monti, L. E., Augugliaro, C., Barashkova, A., & Rovero, F. (2022). Spatio-
temporal occurrence and sensitivity to livestock husbandry of Pallas’s cat in the Mongolian
Altai. The Journal of Wildlife Management, 86(1), €22150.

Greenspan, E., & Giordano, A. J. (2021). A rangewide distribution model for the Pallas’s cat
(Otocolobus manul): Identifying potential new survey regions for an understudied small
cat. Mammalia, 85(6), 574-587.

Greenspan, E., Montgomery, C., Stokes, D., Wantai, S., & Moo, S. (2020). Prioritizing areas for
conservation action in Kawthoolei, Myanmar using species distribution models. Journal
for Nature Conservation, 58, 125918.

Grilo, C., Bissonette, J., & Santos-Reis, M. (2009). Spatial-temporal patterns in Mediterranean
carnivore road casualties: Consequences for mitigation. Biological Conservation, 142,
301-313.

Gross, M. (2012a). Felids fighting for survival. Current Biology, 22(21), R893-5.
https://doi.org/10.1016/j.cub.2012.10.033

Gross, M. (2012b). Protected areas-protected species? Current Biology, 22(9), 287-289.

Guitart, R., Sachana, M., & Caloni, F. (2009). Animal poisoning in Europe. Part 3. Wildlife, 183,
260-265.

Hayward, M. W. (2009). The need to rationalize and prioritize threatening processes used to
determine threat status in the [IUCN Red List. Conservation Biology, 23(6), 1568—1576.

Heltai, M., Biro, Z., & Szemethy, L. (2006). The changes of distribution and population density
of wildcats Felis silvestris Schreber, 1775 in Hungary between 1987-2001. Nature
Conservation, 62, 37-42.

Henle, K., Davies, K. F., Kleyer, M., Margules, C., & Settele, J. (2004). Predictors of Species
Sensitivity to Fragmentation. Biodiversity & Conservation, 13(1), 207-251.

77



Ishikawa, M., Sharkhuu, N., Zhang, Y., Kadota, T., & Ohata, T. (2005). Ground thermal and
moisture conditions at the southern boundary of discontinuous permafrost, Mongolia.
Permafrost and Periglacial Processes, 16,209-216.

IUCN. Threats Classification Scheme (2025). Version 3.3.

Janecka, J. E., Munkhtsog, B., Jackson, R. M., Naranbaatar, G., Mallon, D. P., & Murphy, W. J.
(2011). Comparison of noninvasive genetic and camera-trapping techniques for surveying
snow leopards. Journal of Mammalogy, 92(4), 771-783.

Jerosch, S., Kramer-Schadt, S., Gotz, M., & Roth, M. (2018). The importance of small-scale
structures in an agriculturally dominated landscape for the European wildcat (Felis
silvestris silvestris) in central Europe and implications for its conservation. Journal for
Nature Conservation, 41, 88-96.

Johnson, W. E., Eizirik, E., Pecon-Slattery, J., Murphy, W. J., Antunes, A., Teeling, E., & O’Brien,
S. J. (2006). The late Miocene radiation of modern Felidae: A genetic assessment. Science,
311(5757), 73-717.

Jose Maria, G. (1999). Iberian wild cat Felis silvestris tartessia predation on rabbit Oryctolagus
cuniculus: Functional response and prey age selection. Acta Theriologica, 44, 421-428.

Karanth, K. K., Nichols, J. D., Hines, J. E., Karanth, K. U., & Christensen, N. L. (2009). Patterns
and determinants of mammal species occurrence in India. Journal of Applied Ecology,
46(6), 1189-1200.

Karanth, K. U., Srivathsa, A., Vasudev, D., Puri, M., Parameshwaran, R., & Kumar, N. S. (2017).
Spatio-temporal interactions facilitate large carnivore sympatry across a resource gradient.
Proceedings of the Royal Society B: Biological Sciences, 284(1848), 20161860.
https://doi.org/10.1098/rspb.2016.1860

Kassambara, A. (2020). ggpubr: “ggplot2” Based Publication Ready Plots (Version 0.4.0)
[Computer software]. https://CRAN.R-project.org/package=ggpubr

Kilshaw, K. (2011). The Scottish Wildcat: Naturally Scottish Series.UK.

Kitchener, A. C., & Rees, E. E. (2009). Modelling the dynamic biogeography of the wildcat:
Implications for taxonomy and conservation. Journal of Zoology, 279(2), 144—155.
Kitchener, A. C., Yamaguchi, N., Ward, J. M., & Macdonald, D. W. (2005). A diagnosis for the
Scottish wildcat (Felis silvestris): A tool for conservation action for a critically-endangered

felid. Animal Conservation, 8(3), 223-237.

Kittle, A., Watson, A., Cushman, S., & Macdonald, D. (2018). Forest cover and level of protection
influence the island-wide distribution of an apex carnivore and umbrella species, the Sri
Lankan leopard (Panthera pardus kotiya). Biodiversity and Conservation, 27, 235-263.

Klar, N., Fernandez, N., Kramer-Schadt, S., Herrmann, M., Trinzen, M., Biittner, 1., & Niemitz,
C. (2008). Habitat selection models for European wildcat conservation. Biological
Conservation, 141(1), 308-319.

Kretser, H., Johnson, M., Hickey, L., Zahler, P., & Bennett, E. (2012). Wildlife trade products
available to U.S. military personnel serving abroad. Biodiversity and Conservation, 21,
967-980. https://doi.org/10.1007/s10531-012-0232-3

Lai, C., & Smith, A. (2003). Keystone status of plateau pikas (Ochotona curzoniae): Effect of
control on biodiversity of native birds. Biodiversity and Conservation, 12, 1901-1912.

Lamberski, N. (2015). Felidae. Fowler's zoo and wild animal medicine, 8(8), 467—476.

Langley, P. J. W., & Yalden, D. W. (1977). The decline of the rarer carnivores in Great Britain
during the nineteenth century. Mammal Review, 7(3—4), 95-116.

78



Lawler, J. J., Aukema, J. E., Grant, J. B., Halpern, B. S., Kareiva, P., Nelson, C. R., Ohleth, K.,
Olden, J. D., Schlaepfer, M. A., Silliman, B. R., Z. dic, P., Lawler, J. J., Aukema, J. E.,
Grant, J. B., Halpern, B. S., Kareiva, P., Nelson, C. R., Ohleth, K., Olden, J. D., Z. dic, P.
(2006). Conservation science: A 20 year report card. Frontiers in Ecology and the
Environment, 4(9), 473-480.

Lazzeri, L., Fazzi, P., Lucchesi, M., Mori, E., Velli, E., Cappai, N., Ciuti, F., Ferretti, F., Fonda,
F., Paniccia, C., Pavanello, M., Pecorella, S., Sangiuliano, A., Sforzi, A., Siclari, A., &
Spada, A. (2022). The rhythm of the night: Patterns of activity of the European wildcat in
the Italian peninsula. Mammalian Biology, 102(5), 1769-1782.

Li, G., Davis, B. W., Eizirik, E., & Murphy, W. J. (2016). Phylogenomic evidence for ancient
hybridization in the genomes of living cats (Felidae). Genome Research, 26(1), 1-11.

Li, J., Schaller, G., McCarthy, T., Wang, D., Jiagong, Z., Cai, P., Basang, L., & Lu, Z. (2013). A
Communal Sign Post of Snow Leopards (Panthera uncia) and Other Species on the Tibetan
Plateau, China. [International  Journal of  Biodiversity, 2013,  370905.
https://doi.org/10.1155/2013/370905

Li, S., McShea, W., Wang, D., Shao, L., & Shi, X. (2010). The use of infrared-triggered cameras
for surveying phasianids in Sichuan Province, China. Ibis, 152, 299-309.
https://doi.org/10.1111/5.1474-919X.2009.00989.x

Lorestani, N., Hemami, M.-R., Rezvani, A., & Ahmadi, M. (2022). Ecological niche models reveal
divergent habitat use of Pallas’s cat in the Eurasian cold steppes. Ecology and Evolution,
12(12), €9624.

Lozano, J., & Malo, A. (2012). Conservation of the European wildcat (Felis silvestris) in
Mediterranean environments: A reassessment of current threats. Dynamics, Management
and Conservation (pp. 1-31).

Lozano, J., Moledn, M., & Virgoés, E. (2006). Biogeographical patterns in the diet of the wildcat,
Felis silvestris Schreber, in Eurasia: Factors affecting the trophic diversity. Journal of
Biogeography, 33(6), 1076-1085.

Lozano, J., Virgos, E., Malo, A., & Huertas, D. (2003). Importance of scrub-pastureland mosaics
for wild-living cats occurrence in a Mediterranean area: Implications for the conservation
of the wildcat (Felis silvestris). Biodiversity and Conservation, 12,921-935.

Liidecke, D., Bartel, A., Schwemmer, C., Powell, C., Djalovski, A., & Titz, J. (2024). sjPlot: Data
Visualization for Statistics in Social Science. R package version 2.8.16. https://CRAN.R-
project.org/package=sjPlot.https://cran.rproject.org/web/packages/sjPlot/index.html

Liidecke, D., Ben-Shachar, M. S., Patil, I., Waggoner, P., & Makowski, D. (2021). performance:
An R Package for Assessment, Comparison and Testing of Statistical Models. Journal of
Open Source Software, 6(60), 3139.

Lunney, D., Crowther, M., Shannon, 1., & Bryant, J. (2009). Combining a map-based public survey
with an estimation of site occupancy to determine the recent and changing distribution of
the koala in New South Wales. Wildlife Research, 36, 262-273.

Macdonald, D. (2016). Animal behaviour and its role in carnivore conservation: Examples of
seven deadly threats. Animal Behaviour, 120, 197-209.

Macdonald, D., Loveridge, A., & Nowell, K. (2010). Dramatis personae: An introduction to the
wild felids. Biology and Conservation of Wild Felids, 3-58.

Macdonald, D. W., & Loveridge, A. J. (2010). Biology and conservation of wild felids. Oxford
University Press.

79



Macdonald, D., Yamaguchi, N., Kitchener, A., Daniels, M., Kilshaw, K., & Driscoll, C. (2010).
Reversing cryptic extinction: The history, present, and future of the Scottish wildcat. In
Biology and Conservation of Wild Felids (D.W. Macdonald and A.C. Loveridge, pp. 471—
492). Oxford University Press, UK.

Macdonald, E. A., Burnham, D., Hinks, A. E., Dickman, A. J., Malhi, Y., & Macdonald, D. W.
(2015). Conservation inequality and the charismatic cat: Felis felicis. Global Ecology and
Conservation, 3, 851-866. https://doi.org/10.1016/j.gecco.2015.04.006

Madsen, E. K., Elliot, N. B., Mjingo, E. E., Masenga, E. H., Jackson, C. R., May, R. F., Roskaft,
E., & Broekhuis, F. (2020). Evaluating the use of local ecological knowledge (LEK) in
determining habitat preference and occurrence of multiple large carnivores. Ecological
Indicators, 118, 106-737.

Malo, A., Lozano, J., & Huertas, D. (2004). A change of diet from rodents to rabbits (Oryctolagus
cuniculus). Is the wildcat (Felis silvestris) a specialist predator? Journal of Zoology, 263,
401-407. https://doi.org/10.1017/S0952836904005448

Mattucci, F., Oliveira, R., Bizzarri, L., Vercillo, F., Anile, S., Ragni, B., Lapini, L., Sforzi, A.,
Alves, P. C., Lyons, L. A., & Randi, E. (2013). Genetic structure of wildcat (Felis
silvestris) populations in Italy. Ecology and Evolution, 3(8), 2443-2458.

McKelvey, K. S., Aubry, K. B., & Schwartz, M. K. (2008). Using anecdotal occurrence data for
rare or elusive species: The illusion of reality and a call for evidentiary standards.
BioScience, 58, 549-555.

Merrill, S., & Mech, L. (2003). The Usefulness of GPS Telemetry to Study Wolf Circadian and
Social Activity. Wildlife Society Bulletin, 31, 947-960.

Migli, D., Astaras, C., Boutsis, G., Diakou, A., Karantanis, N.-E., & Youlatos, D. (2021). Spatial
Ecology and Diel Activity of European Wildcat (Felis silvestris) in a Protected Lowland
Area in Northern Greece. Animals, 11(11), 3030.

Mitchell-Jones, A. J., Amori, G., Bogdanowicz, W., Krystufek, B., Reijnders, P. J. H.,
Spitzenberger, F., Stubbe, M., Thissen, J. B. M., Vohralik, V., & Zima, J. (1999). The Atlas
of European Mammals. Academic Press.

Miyazaki, M., Nishimura, T., Hojo, W., Miyazaki, T., Laine, R. A., & Yamashita, T. (2017).
Potential use of domestic cat (Felis catus) urinary extracts for manipulating the behavior
of free-roaming cats and wild small felids. Applied Animal Behaviour Science, 196, 52—
60.

Monterroso, P., Alves, P. C., & Ferreras, P. (2014). Plasticity in circadian activity patterns of
mesocarnivores in Southwestern Europe: Implications for species coexistence. Behavioral
Ecology and Sociobiology, 68(9), 1403—1417.

Monterroso, P., Brito, J. C., Ferreras, P., & Alves, P. C. (2009). Spatial ecology of the European
wildcat in a Mediterranean ecosystem: Dealing with small radio-tracking datasets in
species conservation. Journal of Zoology, 279(1), 27-35.

Morales, M. M., & Giannini, N. P. (2010). Morphofunctional patterns in Neotropical felids:
Species co-existence and historical assembly. Biological Journal of the Linnean Society,
100(3), 711-724.

Msoffe, F., Mturi, F. A., Galanti, V., Tosi, W., Wauters, L. A., & Tosi, G. (2007). Comparing data
of different survey methods for sustainable wildlife management in hunting areas: The case
of Tarangire-Manyara ecosystem, northern Tanzania. European Journal of Wildlife
Research, 53, 112—-124.

80



Munkhtsog, B., Ross, S., & Brown, M. A. (2004a). Home Range Characteristics and Conservation
of Pallas’ Cat in Mongolia. unpublished article.

Murdoch, J., Tserendorj, M., & Reading, R. (2006). Pallas’ Cat ecology and Conservation in the
Semi-desert Steppes of Mongolia. Cat News Special Issue, 45, 18—19.

National Statistics Office of Mongolia. (2022). General Statistical Database. National Statistics
Office of Mongolia, Ulan Bator, Mongolia. https://www.1212.mn/en

Nieto-Blazquez, M. E., Schreiber, D., Mueller, S. A., Koch, K., Nowak, C., & Pfenninger, M.
(2022). Human impact on the recent population history of the elusive European wildcat
inferred from whole genome data. BMC Genomics, 23(1), 709.

Noga, kronfeld-schor, & Tamar, D. (2003). Partitioning of Time as an Ecological Resource. Annu.
Rev. Ecol. Evol. Syst, 34, 153—181.

Noonan, P., Baker, Z., & Hayssen, V. (2024). Otocolobus manul (Carnivora: Felidae). Mammalian
Species. https://doi.org/10.1093/mspecies/seac004

Nowell, K., & Jackson, P. (1996). Wild Cats. Status Survey and Conservation Action Plan.
International Union for Nature Conservation - Cat Specialist Group, Gland, Switzerland.

Nussberger, B., Currat, M., Quilodran, C., Ponta, N., & Keller, L. (2018). Range expansion as an
explanation for introgression in European wildcats. Biological Conservation, 218, 49-56.

Nyamsuren, B., Ravchig, S., Setev, S., Davaa, L., & Sarah, R. B. K. (2022). 4 field guide to the
Mammals of Mongolia (3rd ed.). Munkhiin Useg Press.

O’Brien, S. J., & Johnson, W. E. (2007). The evolution of cats. Scientific American, 297(1), 68—
75. https://doi.org/10.1038/scientificamerican0707-68

Oksanen, J., Blanchet, F. G., Kindt, R., Legendre, P., Minchin, P., O’Hara, R., Simpson, G.,
Solymos, P., Stevenes, M., & Wagner, H. (2020). Vegan: Community Ecology Package. R
package version 2.5-6.

Otgontamir, C., Fehér, A., Schally, G., Heltai, M., Szabd, L., Lehoczki, R., Lkhagvasuren, D., &
Biro, Z. (2024). Assessing Changes in the Distribution Patterns of the European Wildcat
in Hungary. Animals, 14(5). https://doi.org/10.3390/ani14050785

Pal, R., Bhattacharya, T., & Sathyakumar, S. (2019). First record of Pallas’s cat in Uttarakhand,
Nelang Valley, Gangotri National Park, India. Cat News Special Issue, 69, 25.

Palden, B., Smith, A., Senko, J., & Siladan, M. (2016). Plateau Pika Ochotona curzoniae Poisoning
Campaign Reduces Carnivore Abundance in Southern Qinghai, China. Mammal Study, 41,
1-8. https://doi.org/10.3106/041.041.0102

Parry, L., & Peres, C. (2015). Evaluating the use of local ecological knowledge to monitor hunted
tropical forest wildlife over large spatial scales. Ecology and society, 20(3).
https://doi.org/10.5751/ES-07601-200315

Pecon-Slattery, J., Eizirik, E., Murphy, W. J., Johnson, W. E., Teeling, E. C., Antunes, A., &
O’Brien, S. J. (2006). The Late Miocene Radiation of Modern Felidae: A Genetic
Assessment. https://doi.org/10.1126/science.1122277

Piechocki, R. (1990). Die Wildkatze.

Pierpaoli, M., Biro, Z., Herrmann, M., Hupe, K., Fernandes, M., Ragni, B., Szemethy, L., & Randi,
E. (2003). Genetic distinction of wildcat (Felis silvestris) populations in Europe, and
hybridization with domestic cats in Hungary. Molecular Ecology, 12, 2585-2598.

Pillay, R., Johnsingh, A. J. T., Raghunath, R., & Madhusudan, M. D. (2011). Patterns of
spatiotemporal change in large mammal distribution and abundance in the southern
Western Ghats, India. Biological Conservation, 144(5), 1567-1576.

81



Pongracz, P., Turi, L., Dobos, P., Buranyi, V., Schally, G., & Biro, Z. (2024). Do as I say, not as
I do — The paradoxical relationship between actual cat keeping practices and knowledge
about wildcat conservation among Hungarian cat owners. Biological Conservation, 293,
110586.

Pringle, H. J. R., & Landsberg, J. (2004). Predicting the distribution of livestock grazing pressure
in rangelands. Austral Ecology, 29(1), 31-39. https://doi.org/10.1111/j.1442-
9993.2004.01363.x

Purvis, A., Gittleman, J., & GC, C. (2000). Predicting extinction risk in declining species.
Proceedings. Biological Sciences, 267, 1947—-1952.

R Core Team. (2021). A Language and Environment for Statistical Computing. R Foundation for
Statistical Computing. https://www.r-project.org/

Ripple, W. J., Estes, J. A., Beschta, R. L., Wilmers, C. C., Ritchie, E. G., Hebblewhite, M., Berger,
J., Elmhagen, B., Letnic, M., Nelson, M. P., Schmitz, O. J., Smith, D. W., Wallach, A. D.,
& Wirsing, A. J. (2014). Status and ecological effects of the world’s largest carnivores.
Science, 343(6167), 1241484.

Robinson, N., Regetz, J., & Guralnick, R. P. (2014). EarthEnv-DEM90: A nearly-global, void-
free, multi-scale smoothed, 90m digital elevation model from fused ASTER and SRTM
data. ISPRS Journal of Photogrammetry and Remote Sensing, 87, 57-67.

Rodriguez, A., Urra, F., Jubete, F., Roman, J., Revilla, E., & Palomares, F. (2020). Spatial
Segregation between Red Foxes (Vulpes vulpes), European Wildcats (Felis silvestris) and
Domestic Cats (Felis catus) in Pastures in a Livestock Area of Northern Spain. Diversity,
12,268.

Ross, S. (2009). Providing an ecological basis for the conservation of the Pallas’s cat (Otocolobus
manul) [PhD thesis]. University of Bristol.

Ross, S., Barashkova, A., Farhadina MS., Appeal A., Riordan P., Sanderson J., Munkhtsog, B.,
(2016). Otocolobus manul. The IUCN Red List of Threatened Species.

Ross, S., Barashkova, A., Dhendup, T., Munkhtsog, B., Smelansky, I., Barcley, D., & Moqanaki,
E. (2020). Otocolobus manul. The IUCN Red List of Threatened Species.

Ross, S., Barashkova, A., Kirilyuk, V., & Naidenko, S. (2019a). The behaviour and ecology of the
manul. Cat News Speciel Issue, 13, 1-13.

Ross, S., Kamnitzer, R., Munkhtsog, B., & Harris, S. (2010b). Den-site selection is critical for
Pallas’s cat (Otocolobus manul). Canadian Journal of Zoology, 88, 905-913.

Ross, S., Moqanaki, E., Barashkova, A., Dhendup, T., Smelansky, 1., Naidenko, S., Antonevich,
A., & Samelius, G. (2019ba). Past, present and future threats and conservation needs of the
Pallas’s cat. Cat News Special Issue, 13,46-51.

Ross, S., Moqanaki, E., Barashkova, A., Dhendup, T., Smelansky, 1., Naidenko, S., Antonevich,
A., & Samelius, G. (2019b). Threats and conservation needs of Pallas’s cats. Cat News
Special Issue, 13, 46-51.

Ross, S., Moqanaki, E. M., Barashkova, A., Dhendup, T., Smelansky, I., Naidenko, S.,
Antonevich, A., & Samelius, G. (2019a). Past, present and future threats and conservation
needs of Pallas’s cats. Cat News Special Issue, 13, 46-51.

Ross, S., Munkhtsog, B., & Harris, S. (2012). Determinants of mesocarnivore range use: Relative
effects of prey and habitat properties on Pallas’s cat home-range size. Journal of
Mammalogy, 93(5), 1292—-1300.

82



Ross, S., Munkhtsog, B., & Harris, S. (2010a). Dietary composition, plasticity, and prey selection
of Pallas’s cats. Journal of Mammalogy, 91(4), 811-817.

Rossa, M., Lovari, S., & Ferretti, F. (2021). Spatiotemporal patterns of wolf, mesocarnivores and
prey in a Mediterranean area. Behavioral Ecology and Sociobiology, 75(2), 32.

Rushton, S. P., Ormerod, S. J., & Kerby, G. (2004). New paradigms for modelling species
distributions? Journal of Applied Ecology, 41(2), 193-200.

Ruta, K. (2018). Crossing borders of small felid conservation- investigation of threats to the
Pallas’s cat (Otocolobus manul) and to the Scottish Wildcat (Felis silvestris silvestris) in
relation to conservation behaviour. University of Edinburgh.

Rutina, L. P., Mogwera, K. M., Seonyatseng, E., Mpofu, C., & Ntloyathuto, D. (2017). Herders’
ecological knowledge and carnivore predation on livestock investigations in Makgadikgadi
and Nxai national parks, Botswana. Koedoe, 59(2), 9.

Samjaa, R., Zophel, U., & Peterson, J. (2000). The impact of the vole Microtus brandti on
Mongolia steppe ecosystems. Marburger Geographische Schriften, 135, 346-360.
Sanderson, E. W., Jaiteh, M., Levy, M. A., Redford, K. H., Wannebo, A. V., & Woolmer, G.

(2002). The Human Footprint and the Last of the Wild. BioScience, 52(10), 891-904.

Sharkhuu, N. (2003). Recent changes in the permafrost of Mongolia. Proceedings of the Sth
International Conference on Permafrost, 1029-1034.

Sheppard, D. J., Stark, D. J., Muturi, S. W., & Munene, P. H. (2024). Benefits of traditional and
local ecological knowledge for species recovery when scientific inference is limited.
Frontiers in Conservation Science, 5(1383611).
https://www.frontiersin.org/journals/conservation-
science/articles/10.3389/fcosc.2024.1383611/full

Shrestha, B. (2014). Nepal’s first Pallas’s cat. Cat News Special Issue, 60, 23—14.

Silva, A. P., Kilshaw, K., Johnson, P. J., Macdonald, D. W., & Rosalino, L. M. (2013). Wildcat
occurrence in Scotland: Food really matters. Diversity and Distributions, 19(2), 232-243.

Sommer, R. S., & Benecke, N. (2006). Late Pleistocene and Holocene development of the felid
fauna (Felidae) of Europe: A review. Journal of Zoology, 269(1), 7-19.

Stahl, P., & Artois, M. (1994). Status and conservation of the wildcat (Felis silvestris) in Europe
and around the Mediterranean rim. Council of Europe Press.

Taubmann, J., Sharma, K., Uulu, K. Z., Hines, J. E., & Mishra, C. (2015). Status assessment of the
Endangered snow leopard Panthera uncia and other large mammals in the Kyrgyz Alay,
using community knowledge corrected for imperfect detection. In Oryx (Vol. 50, Issue 2,
p. 220230).

Taubmann, J., Sharma, K., Uulu, K. Z., Hines, J. E., & Mishra, C. (2016). Status assessment of the
Endangered snow leopard Panthera uncia and other large mammals in the Kyrgyz Alay,
using community knowledge corrected for imperfect detection. Oryx, 50(2), 220-230.

Terborgh, J., Lopez, L., Nufiez, P., Rao, M., Shahabuddin, G., Orihuela, G., Riveros, M., Ascanio,
R., Adler, G. H., Lambert, T. D., & Balbas, L. (2001). Ecological Meltdown in Predator-
Free Forest Fragments. Science, 294(5548), 1923-1926.
https://doi.org/10.1126/science.1064397

Thinley, P. (2013). First photographic evidence of a Pallas’s cat in Jigme Dorji National Park,
Bhutan. Cat News Special Issue, 58, 27-28.

Tiesmeyer, A., Ramos, L., Canovas, J. M., Steyer, K., Alves, P., Astaras, C., Brix, M., Cragnolini,
M., Domokos, C., Hegyeli, Z., Janssen, R., Kitchener, A., Clotilde, L., Mestdagh, X.,

&3



Migli, D., Monterroso, P., Mulder, J., Schockert, V., Youlatos, D., & Nowak, C. (2020).
Range-wide patterns of human-mediated hybridisation in European wildcats. Conservation
Genetics, 21. https://doi.org/10.1007/s10592-019-01247-4

Tseren-Ochir, T., Uudus, B., Batlai, O., & Wesche, K. (2018). The vascular plant flora of Hustai
National Park, Mongolia: Composition, life forms, ecological groups and geographical
elements. Feddes Repertorium, 129, 137-160.

Tsunoda, H., Newman, C., Peeva, S., Raichev, E., Buesching, C. D., & Kaneko, Y. (2020). Spatio-
temporal partitioning facilitates mesocarnivore sympatry in the Stara Planina Mountains,
Bulgaria. Zoology, 141, 125801. https://doi.org/10.1016/j.2001.2020.125801

Turvey, S., Risley, C., Moore, J., Barrett, L., Hao, Y., Zhao, X., Zhou, K., & Wang, D. (2013).
Can local ecological knowledge be used to assess status and extinction drivers in a
threatened freshwater cetacean? Biological Conservation, 157, 352—-360.

Turvey, S., Ferndndez-Secades, C., Nuiiez-Mifio, J. M., Hart, T., Martinez, P., Brocca, J. L., &
Young, R. P. (2014). Is local ecological knowledge a useful conservation tool for small
mammals in a Caribbean multicultural landscape? Biological Conservation, 169, 189—-197.

van der Hoeven, C. A., de Boer, W. F., & Prins, H. H. T. (2004). Pooling local expert opinions for
estimating mammal densities in tropical rainforests. Journal for Nature Conservation,
12(4), 193-204.

Wallis de Vries, M. F., Manibazar, N., & Diigerlham, S. (1996). The vegetation of the forest-
steppe region of Hustain Nuruu, Mongolia. Vegetatio, 122(2), 111-127.

Wang, J., Wei, H., Cheng, K., Ochir, A., Shao, Y., Yao, J., Wu, Y., Han, X., Davaasuren, D.,
Chonokhuu, S., Zhou, Y., Zhang, M., Cao, X., Gao, M., Zhu, J., Li, Y., Li, Q., Liang, X.,
& Li, K. (2022). Updatable dataset revealing decade changes in land cover types in
Mongolia. Geoscience Data Journal, 9(2), 341-354.

White, P. C. L., Jennings, N. V., Renwick, A. R., & Barker, N. H. L. (2005). Review:
Questionnaires in ecology: a review of past use and recommendations for best practice.
Journal of Applied Ecology, 42(3), 421-430.

Wickham, H. (2016). Data Analysis. In H. Wickham (Ed.), Ggplot2: Elegant Graphics for Data
Analysis (pp. 189-201). Springer International Publishing. https://doi.org/10.1007/978-3-
319-24277-4 9

Wingard, J., & Zahler, P. (2006). Silent Steppe: The Illlegal Wildlife Trade Crisis in Mongolia.
World Bank, Washington D.C.

Winters, A., Rumbeiha, W., Winterstein, S., Fine, A., Munkhtsog, B., & Hickling, G. (2010).
Residues in Brandt’s voles (Microtus brandti) exposed to bromadiolone-impregnated baits
in Mongolia. Ecotoxicology and Environmental Safety, 73, 1071-1077.

Woodroffe, R., & Ginsberg, J. R. (1998). Edge Effects and the Extinction of Populations Inside
Protected Areas. Science, 280(5372), 2126-2128.

Yamaguchi, N., Kitchener, A., Driscoll, C., & Nussberger, B. (2015). Felis silvestris. The IUCN
Red List of Threatened Species.

Zahler, P., Dolgormaa, L., Hinds, L., & Smith, A. (2004). The management of Brandt’s vole in
Mongolia: Toward an ecologically based means of control. Mongolian Journal of
Biological Sciences, 2, 51-55.

Zanin, M., Palomares, F., & Brito, D. (2015). What we (don’t) know about the effects of habitat
loss and fragmentation on felids. Oryx, 49, 96—106.

84



Zeller, K. A., Nijhawan, S., Salom-Perez, R., Potosme, S. H., & Hines, J. E. (2011). Integrating
occupancy modeling and interview data for corridor identification: A case study for jaguars
in Nicaragua. Biological Conservation, 144, 892-901.

Zielinski, B. (2015). When prey provide more than food: Mammalian predators appropriating the
refugia of their prey. Mammal Research. 60, 285-292. https://doi.org/10.1007/s13364-
015-0236-y

85



Appendix B: Interview questions used in Pallas’s cat survey (Mongolian version)

Manyyun (Otocolobus manul) canan acyynrslH cyaanraa

OBor Hap: Xyiic: TepceH oH:
Mbpraxu: la3pbiaHADp:
Hyrarraa ampnapcan >xun? Yptpar: Opreper:
Cynanraan erceH eep: 2022
Manyyn
1. Aunp Hb MaHyyn 0637 Har Xxapuynt COHTOHO Yyy.
Al BO c DO Mbpmexryit O

2. CyynuiiH XUIYYZ3A MaHyyJIbIH MOMYJISIUIH YUT XaHAJIara eepuieraex Oaitna yy? Har xapuynr

COHTOHO YYy.
Nxacean (| baraccan (|
Oepunergeeryi O Mbmaxryit O
3. Manyyna simap aroyn 3aHal TyJarapd 0aiiHa rax 6070k OaiiHa? OJOH XapHyiT COHTOK OOJHO.
An (| AMBpax OpUHBI XOMCIOI (|
Wmpm ta:331muiH XOMCA0IT (| I"azap Tapuanan O
VYyn yypxait O Bycan maxunan 6apuynax. O
OBuMH (| Atoyn 3aHan Tyarapaaryi (|
Xopayynax O Other O

4. CyynuitH >KMITYYIA YXCIH MaHyylTal TaapcaH yy? Har xapuyaT COHTOHO Yy .
Tuiim O Yryi O
Mbmpxryi O X5p3B Tuiitm 00 XxaaHa xapcaH 037

5. YXC3H mantraaHeIr Hb MK OaitHa yy?
Tuiim

Hoxoiin 6apuyncan
OBuuH
Bycan maxunan 6apuysican

Xop

AH (yc)

Bycax Max4uH aMbTIBIH YPXUH]] OPTCOH

OOoOo0o0OoonO
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Yryit
Bycan
Xauonaewin cyoaneaa

6. Manyyn TaHbl aMbJap4 Oyl HyTTHIAH HAT 4yXaJl X3COT IIBTTIN caHall HUMIDK OaifHa yy 5CBaJ YIYH

10y? Har xapuynrt coHroso yy?

Canan HuiioK OaitHa
3apuM Tanaap caHall HUHIDK OaiiHa
AJb 4 Tanaap caHai HUHIDXTYH OaifHa
3apuM Tanaap caHasl HUHIDK OaiiHa
Ort caHan HUHIAXTYH OaliHa

Toxuondoywvin cyoaneaa
1.0 Cyynuiin KUITYYAD XaaHa

goOooOo0oano

HyTarjaax

Oaiiraa 03? (T"ap3bir

HAD Baiipmmn:

)

1.1 Tyxaiin razpaa MaHyys xapxx Oalicat yy?
Tuiim [ Yryi O

1.2 TyxaiiH razpaa MaHyyJbIH yJI Mep Xap:k OaiicaH yy?
Tuiim O Yryu O

1.3 SImap Tepnuiin yn Mep xapixk Oaiican 637?
CapByynst Mep 0 Gaac 0 yxcom O yyp

2.0 Tanaiix HOXOHTOH 10y, X3[13H HOXOHTOI 637
Tuitm  Yry#t

VYTacHsl nyraap
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Appendix C: Survey questionnaire used in wildcat study (Hungarian version)

Vadmacska eléfordulas felmérd kérdoiv

Tisztelt Vadgazdalkodo!

Kérem segits¢k a doktorandusz hallgatom kutatasat azzal, hogy az eurdpai vadmacska (Felis silvestris
silvestris) el6fordulasaval kapcsolatos kérdésekre valaszolnak! A kérdések megvalaszolasa maximum
5-10 percet vesz igénybe.

A valaszokat név nélkiil kezeljiik, csak a VGE koédokhoz kotjiik azokat. Ezért az elsé kérdés pontos
megvalaszolasa alapvetd fontossdgu a vizsgalat szempontjabol, mert csak igy tudjuk az aktualis
elterjedési térképet elkésziteni. Azonban a feldolgozas soran nem a vadgazdalkodasi egységek lesznek
megjelenitve, hanem UTM térképet fogunk eléallitani, igy a kozolt informaciok a vadgazdalkodasi
egység érdekeivel szemben nem hasznalhatok fel.

Koszonettel

Dr. Bir6  Zsolt

egyetemi docens

MATE Vadgazdalkodasi és Természetvédelmi Intézet Vadbiologiai és
Vadgazdalkodasi Tanszék

*Kotelezd

Vadgazdalkodasi egység kodja *13-572850-201

1.

A kitolt6 életkora *

Soronként csak egy ovalist jel6ljon be.

18-25 év
26-35 év
36-45 év
46-55 ¢év
56-65 év
65 évnél idésebb

2. Melyik az eur6pai vadmacska? Jelolje meg az egyik képet! *

Soronként csak egy ovalist jel6ljon be.

Opcid 4
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) Opci6: 3 ) Opcié: 4

3.  Eléfordul a teriiletiikdn az eurdépai vadmacska? *

Soronként csak egy ovalist jel6ljon be.

Q Igen

Q Nem Ugrdas a(z) 9. kérdésre
O Talan, nem vagvok biztos a faj meghatarozasaban

4. Ha el6fordul, akkor az eléfordulasi gyakorisaga: *

Soronként csak egy ovalist jel6ljon be.

C ) Neha
O Rendszeresen

5. Véleménye szerint hogyan valtozott az eurépai vadmacska populaciojaa * terliletiikon az elmult
10 évben? Jel6ljon egy valaszt!
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Soronként csak egy ovalist jel6ljon be.

Q Csokkent
@ Novekedett
@ Nem valtozott

Q Nem tudom megitélni

6. Az el6fordulasra mibdl kovetkeztet? Tobb valaszt is megadhat. *

Valassza ki az dsszeset, amely érvényes.

nyomait lattam tiriilékét lattam
odut/kotorékot talaltam
elpusztult egyedet talaltam €16
példanyt lattam Egyéb:

O oot

7. On szerint eléfordul a teriiletiikon vadmacska-hazi macska hibrid? *

Soronként csak egy ovalist jel6ljon be.

(") Nem tudom megitélni

Veszélyeztetd tényezok

8. Mit gondol melyek lehetnek az eurdpai vadmacska populaciot veszélyeztetd tényezok? Tobbet
jelolhet.

Valassza ki az dsszeset, amely érvényes.
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Vadaszat
Zsékmany hiany
Hibridizacié a hazi macskaval

Betegségek

Meérgezés

Eléhely hiany

Mezogazdasag

Az erddk pusztulasa

Eliitések

Mas vadfajok

A vadmacskat nem veszélyezteti semmi Egy¢b:

10.  Azelmult 10 évben latott/talalt elpusztult eurdpai vadmacskat a teriiletiikon? *

Soronként csak egy ovalist jel6ljon be.

Igen

Nem Ugras a(z) 14. kérdésre
Nem vagyok biztos benne

11. Az elpusztult egyedekbdl mennyi volt him/ndstény illetve kolyok? *

12. Halatott/talalt elpusztult vadmacskat, hol talalta, milyen ¢l6helyen? Ha tudja a koordinatakat, kérem
adja meg!

13. ' Ha talalt elpusztult vadmacskat/vadmacskakat, mi lehetett a halal oka? Tobb *  valaszt  is
jelolhet.

Valassza ki az osszeset, amely érvényes.
Eliités
Betegség
Mas allat 6lhette meg

Meérgezés
Csapdaban pusztult el
Orvvadaszat Egyéb:
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14.

A vadmacska jelentOsége

Egyetért az alabbi allitassal? 1-5-ig osztalyozhat. A vadmacska fontos szdmomra, mert annak a
tajnak a része, ahol ¢lek.

Soronként csak egy ovalist jeloljon be.

Egyaltalan nem értek egyet ezzel

Nk W=

Ezt a tartalmat nem a Google hozta létre, és nem is hagyta azt jova.

Urlapok
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