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ABSTRACT
The decline of large carnivores and the overabundance of livestock practices contribute significantly to ecosystem degradation. 
Large carnivores, through livestock depredations, can cause substantial economic damage leading to resentment among herders 
and retaliatory killings. Understanding herders' attitudes toward large carnivores and implementing effective non-lethal preven-
tion measures is thus crucial to enhancing human-carnivore coexistence. Through structured interviews, we assessed attitudes 
of 58 herders toward the gray wolf Canis lupus and the snow leopard (Panthera uncia) in the Bayan-Ölgii province, Mongolia, 
where livestock practices form the mainstay of livelihood for local communities. Furthermore, we characterized carnivore dep-
redations and tested the use of Foxlights as carnivore deterrents at night. To achieve this goal, 20 herders were randomly selected 
as ‘treatment’ groups while 18 as ‘control’ groups. Herders' attitudes toward carnivores were explored using a Bayesian cumula-
tive logit mixed-effects model, while the effectiveness of Foxlights was assessed using Bayesian generalized linear mixed-effects 
models, as well as a Bayesian generalized linear model. Our findings revealed that attitudes toward the wolf were entirely nega-
tive, while those toward the snow leopard were more positive. In terms of livestock losses, sheep and goats were the most affected 
by both snow leopards and wolves. However, in relation to availability, yaks and horses were the preferred prey. When comparing 
‘treatment’ and ‘control’ groups, the use of Foxlights was associated with an approximately 30% reduction in night-time dep-
redation events on sheep and goats, that is, n = 11 in ‘treatment’ groups versus n = 31 in ‘control’ groups. To reduce the magni-
tude of human-carnivore conflict it is crucial to encourage collaboration among various institutions and stakeholder groups. 
Additionally, implementing non-lethal prevention measures alongside efficient husbandry practices should be encouraged.
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1   |   Introduction

Human-carnivore conflict represents one of the most pressing 
sustainable development challenges worldwide, threatening 
both carnivore persistence (Carter and Linnell 2016; Boronyak 
et al. 2020; König et al. 2020; Braczkowski et al. 2023) and the 
continuity of traditional human practices in conflict hotspot 
areas (Holmern et al. 2007). Reconciling wildlife conservation 
with the resource needs of a growing human population re-
mains a major global challenge (Woodroffe et al. 2005; Treves 
et al. 2006; Dickman et al. 2011). In this context, adopting in-
tegrated socio-ecological perspectives to better understand the 
interlinkages between people and wildlife, as well as the mech-
anisms that may weaken or strengthen these relationships, is of 
paramount importance (Carter et al. 2014).

Large carnivores (herein, carnivores), through top-down eco-
logical effects in the food chain, contribute to regulating the 
abundance of other species, thereby promoting biodiversity 
(Estes et  al.  2011; Ripple et  al.  2014). Likewise, sustainable 
extensive grazing practices provide ecosystem services to hu-
mans, mainly in the form of carbon storage in the soil, nutri-
ent recycling, food (e.g., milk, cheese, meat), and conservation 
of natural habitats (Battaglini et al. 2014; Salvador et al. 2017; 
Pachoud et al. 2020). However, the overabundance of livestock 
contributes to environmental degradation, and the threat posed 
by carnivores to local livelihoods may undermine conservation 
efforts (Bagchi and Mishra 2006; Wang and Macdonald 2006), 
particularly in developing countries, where livestock and agri-
cultural activities are among the primary sources of income for 
local inhabitants (e.g., Guerisoli et al. 2017; Mijiddorj et al. 2018; 
Augugliaro et al. 2020).

After the fall of Socialism in 1990, the Mongolian market 
system shifted from a centralized to an open one (Dorj and 
Yavuukhulan 2014). As a result, the cashmere trade increased 
steadily, and the number of livestock, particularly goats Capra 
hircus, followed the same upward trend (National Statistics 
Office of Mongolia 2022). This trend has led to (i) soil degra-
dation due to livestock trampling behaviors and overgrazing, 
as well as interspecific competition between wild and domes-
tic ungulates (Berger et al. 2013; Rovero et al. 2020), and (ii) 
increasing human-carnivore conflicts (Mijiddorj et  al.  2018; 
Augugliaro et  al.  2020). In Mongolia, livestock herding rep-
resents one of the mainstays for local communities, and live-
stock depredations may threaten livestock herders' (herein, 
herders) economic stability along with the long-term sur-
vival of carnivore populations (Augugliaro et  al.  2020). The 
two main carnivore species affected are the snow leopard 
(Panthera uncia) and gray wolf Canis lupus (herein, wolf). The 
snow leopard, with a fragmented distribution across 12 Asian 
Countries and 7446–7996 estimated individuals (McCarthy 
and Mallon 2023), is globally classified as “Vulnerable” on the 
International Union for Conservation of Nature (IUCN) Red 
List of Threatened Species (McCarthy et al. 2017). Conversely, 
the wolf, with a distribution covering much of the Holarctic 
region, is globally classified as a species of “Least Concern” 
(Boitani et  al.  2023). However, in Mongolia, the snow leop-
ard is classified as “Endangered” and protected under na-
tional legislation, whereas the wolf, despite being locally 
classified as “Near Threatened”, can still be legally hunted 

(Clark et  al.  2006). The government not only tolerates wolf 
hunting, including within protected areas, but in many cases 
also pays bounties to hunters for each wolf killed (Augugliaro 
et al. 2020; Werhahn et al. 2025). In Mongolia, the snow leop-
ard has a distribution ranging from Turgen (Uvs province) in 
the northwest to the Gobi Desert in the southwest (Augugliaro 
et  al.  2019; Bayandonoi et  al.  2021; Franchini et  al.  2023). 
Conversely, the wolf has a more homogeneous distribution 
across the whole country (Boitani et al. 2023). Snow leopards 
primarily inhabit higher elevations, whereas wolves occupy a 
broader range of habitats across varying elevation gradients, 
roaming from upper plateaus to valley bottoms. Both carni-
vore species contribute to livestock losses to varying degrees in 
the Mongolian Southern Gobi (Mijiddorj et al. 2018), the Tost 
Mountains (Samelius et  al.  2021), and Bayan-Ölgii Province 
(Augugliaro et al. 2020). For example, Mijiddorj et al.  (2018) 
reported that herders considered carnivores to be one of the 
main causes of livestock losses across seasonal periods during 
a one-year study (January–December 2010), with wolves be-
lieved to be responsible for 1141 losses and snow leopards for 
740 losses. Similarly, Augugliaro et al. (2020) found that, over 
the period October 2016 to September 2017, and after account-
ing for mortalities due to natural causes (e.g., disease and 
harsh winters; n = 3961 losses), carnivore depredation repre-
sented a major cause of livestock losses. Wolves were reported 
as responsible for 3583 losses, while snow leopards accounted 
for 167 losses, with no clear seasonal variation observed. The 
volume of these losses negatively influences people's attitudes 
and perceptions toward these species, thereby affecting the 
long-term prospects for coexistence.

Globally, local attitudes and perceptions of the impacts of carni-
vores on human activities are key drivers of human-carnivore 
conflicts (Dressel et al. 2015; Nyhus 2016; Franchini et al. 2021). 
Attitudes toward carnivores are influenced by factors such as 
the herder's sex, age, level of education, social and community 
attitudes, loss rates and direct experiences with carnivores 
(Dickman  2010; Alexander et  al.  2015; Dressel et  al.  2015; 
Franchini et al. 2021, Franchini, Sartor, et al. 2025; Franchini, 
Švajda, et  al.  2025), oral traditions and storytelling (Álvares 
et al. 2011; Krange et al. 2017), as well as religious beliefs (Li, 
Wang, et al. 2013). Furthermore, herders' attitudes toward car-
nivores can be influenced by the magnitude of damage these 
animals inflict on livestock (Mijiddorj et  al.  2018; Augugliaro 
et  al.  2020). Among affected livestock, sheep Ovis aries and 
goats, due to their smaller body size and limited antipredatory 
strategies, are more frequently targeted than other species (e.g., 
Mijiddorj et  al.  2018; Augugliaro et  al.  2020; Janeiro-Otero 
et  al.  2020; Parchizadeh et  al.  2024). Moreover, with respect 
to wolves, social status may significantly influence impacts on 
human livelihoods, as solitary individuals are more prone to 
attack livestock than pack-living wolves (Meriggi et  al.  1996; 
Meriggi and Lovari 1996; Linnell et al. 1999; Imbert et al. 2016; 
Mayer et  al.  2022). Given this conflictive scenario, further re-
search aimed at identifying the main conditions explaining 
herder attitudes toward carnivores in Mongolia and the imple-
mentation of proper prevention measures is paramount to prior-
itizing conservation interventions.

Non-lethal prevention measures can strike a good balance be-
tween preserving human activities and conserving carnivores 
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in shared landscapes (Van Eeden et al. 2018). In pastoral land-
scapes, livestock are exposed to carnivore depredations across 
both diel periods. However, night-time represents a particu-
larly vulnerable phase due to reduced human supervision. As 
a result, many preventive tools, including visual deterrents, 
are primarily designed to reduce risk during nocturnal hours 
when active herding is limited. Foxlights are solar-powered 
visual deterrents that activate at night, produce intermittent 
flashing lights of different colors projected at 360°, and are 
visible up to a km or so. The effectiveness of this method for 
deterring carnivores has already been explored in other coun-
tries (Lesilau et al. 2018; Ohrens et al. 2019; Naha et al. 2020). 
For example, Lesilau et  al. (2018) recorded a significant re-
duction in livestock depredations by lions (Panthera leo) 
following the implementation of Foxlights in Kenya, while 
Naha et al. (2020) observed a similar trend for livestock dep-
redations by common leopards (Panthera pardus) in the west-
ern Himalaya. However, the effectiveness of this method 
may vary depending on the carnivore species. For instance, 
Ohrens et  al.  (2019) found that visual deterrents were effec-
tive against pumas (Puma concolor) but less so for Andean 
foxes (Lycalopex culpaeus), suggesting that the light devices 
might have attracted foxes or, by deterring pumas, created 
opportunities for fox visitation. These findings indicate that 
the effectiveness of visual deterrents is context- and species-
dependent. The advantages of implementing Foxlights include 
their low cost, minimal maintenance compared to other pre-
vention measures (e.g., electrified fences), and ease of reloca-
tion, which is particularly useful given the nomadic livestock 
system adopted by herders in western Mongolia (Augugliaro 
et al. 2020). Nevertheless, to the best of our knowledge, this is 
the first time this method has been tested in this area.

The objectives of this research were thus to:

1.	 Investigate herder attitudes toward snow leopard and 
wolf. We hypothesized that factors such as age, level of 
education, number of small and/or large livestock owned, 
adopted livestock management system and direct expe-
riences with carnivores play a key role in shaping herder 
attitudes (e.g., Alexander et  al.  2015; Dressel et  al.  2015; 
Franchini et  al.  2021; Franchini, Sartor, et  al.  2025; 
Franchini, Švajda, et al. 2025). Considering the generally 
higher impact that wolves exert on livestock (Mijiddorj 
et al. 2018; Augugliaro et al. 2020), we predicted herders 
would display more negative attitudes toward wolves than 
toward snow leopards.

2.	 Characterize wolf and snow leopard depredation events 
and prey preference. We hypothesized that wolves, with 
their apparently greater ecological plasticity, are more 
inclined to approach and visit human areas in search 
of food by day or night (e.g., Di Bernardi et  al.  2025; 
Frangini et  al.  2025). Snow leopards, by contrast, are 
more secretive and rarely seen. Thus, we predicted to 
observe a carnivore-specific magnitude of conflict, with 
the frequency of livestock depredations by wolves being 
significantly greater than that by snow leopards. We 
further hypothesized that sheep and goats, given their 
smaller body size and limited antipredatory strategies 
(e.g., reduced vigilance), represent more easily catchable 

prey (e.g., Mijiddorj et  al.  2018; Augugliaro et  al.  2020; 
Janeiro-Otero et  al.  2020; Parchizadeh et  al.  2024). 
Therefore, relative to livestock availability, we predicted 
higher depredation rates on sheep and goats than on 
other livestock species.

3.	 Characterize wolf depredation events with regards to their 
social status (i.e., solitary, pair, pack). We hypothesized 
that wolf social status represents a key determinant in in-
fluencing livestock attacks (Meriggi et  al.  1996; Meriggi 
and Lovari  1996; Linnell et  al.  1999; Imbert et  al.  2016; 
Mayer et al. 2022). Accordingly, we predicted higher rates 
of livestock depredation by solitary wolves compared to 
pairs and/or packs.

4.	 Provide a preliminary assessment of the potential effec-
tiveness of Foxlights in the area, by comparing night-
time depredation events by carnivores in ‘treatment’ 
and ‘control’ groups. We hypothesized that visual de-
terrents are effective at deterring carnivores at night 
(Lesilau et al. 2018; Ohrens et al. 2019; Naha et al. 2020). 
Therefore, we predicted to observe significantly fewer 
livestock depredations by wolves and snow leopards in 
‘treatment’ groups.

2   |   Material and Methods

2.1   |   Study Area and Livestock Herding System

The Bayan-Ölgii province (~45,705 km2) is Mongolia's west-
ernmost province, bordering Russia to the north and China 
to the south (Figure  1). The area falls within the Altay-Sayan 
Ecoregion and hosts Mongolia's highest mountain, Khuiten 
peak, reaching 4374 m above sea level (a.s.l.). The landscape 
is primarily covered by steppe and alpine meadows, with only 
10% of the land covered by forest, mainly Siberian larch (Larix 
sibirica) (Augugliaro et  al.  2020). The carnivore community 
encompasses brown bear Ursus arctos, wolf, red fox (Vulpes 
vulpes), snow leopard, Eurasian lynx (Lynx lynx), Pallas's cat 
(Otocolobus manul), beech marten (Martes foina), and steppe 
polecat (Mustela eversmanii). Among these species, the wolf 
and the snow leopard mostly overlap across the western area 
(Figure 2). Conversely, the brown bear and Eurasian lynx occur 
at very low densities and thus have the sparsest distribution. 
Potential prey species for the mentioned carnivores are the ar-
gali sheep Ovis ammon, red deer Cervus elaphus, Siberian ibex 
Capra sibirica, Arctic hare Lepus timidus, marmots (Marmota 
spp.), pika (Ochotona spp.), and Tolai hare Lepus tolai (Shehzad 
et al. 2012; Batsaikhan et al. 2014).

In the Bayan-Ölgii province, 66,047 of its 105,090 inhabi-
tants live in rural areas (Lkhagvadorj et al. 2013; Augugliaro 
et  al.  2020). Herders are nomadic and relocate seasonally 
based on local customs, knowledge of pasture conditions, and 
forage availability. About 2,166,910 livestock are bred in the 
province, representing 3.3% of the total livestock in Mongolia 
(National Statistics Office of Mongolia  2022). This includes 
1,910,000 sheep and goats, 155,910 cattle Bos taurus and yaks 
Bos grunniens, 95,350 horses Equus ferus, and 5650 domestic 
Bactrian camels Camelus bactrianus. The herding practices 
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vary depending on the livestock species involved. Sheep and 
goats are guarded by herders and/or livestock guardian dogs 
(LGDs) during day-time and enclosed in corrals (i.e., walls 

made of stones about 1.3 m high) or kept close to the campsite 
at night to prevent carnivore attacks. Conversely, cattle, yaks, 
horses, and domestic Bactrian camels are left to graze freely 

FIGURE 1    |    Location of the study area (inset map) and localities (TB = Tolbo, CH = Chigertei, KS = Khokh Serkh) in which interviews (red 
squares) were conducted, and camera traps (black dots) were placed. In the localities of TB and KS only, red squares also indicate ‘control’ groups. 
Conversely, ‘treatment’ groups are highlighted with golden triangles.

FIGURE 2    |    Snow leopard (IUCN 2017) and wolf (IUCN 2023) range of distribution across Mongolia and in the Bayan-Ölgii province.
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and unattended both day and night (Augugliaro et al. 2020). 
As for the adopted LGDs, the Mongolian Bankhar dog is the 
most frequently used by herders (typically, one or two dogs per 
household). Mongolian Bankhar dogs are widely valued for 
their intelligence and perseverance, even under harsh weather 
conditions. In addition, they are loyal and affectionate toward 
their families, yet very effective against intruders, including 
humans, wolves, and snow leopards (Lieb et al. 2021).

2.2   |   Research Project and Data Collection

The overall purpose of the research project was to mitigate 
human-carnivore conflict in the Bayan-Ölgii province by fos-
tering long-term coexistence practices between people and 
carnivores, while also exploring the magnitude and charac-
teristics of livestock depredations and human attitudes toward 
both the snow leopard and wolf. The project officially began in 
September 2020 and concluded in October 2021. At the begin-
ning of the project, herders were asked to complete a weekly 
form reporting all information related to depredation events 
(Supporting Information  S1), and Foxlights were randomly 
distributed among herders. All herders (both equipped and 
not equipped with Foxlights) participated in livestock depreda-
tion data collection. Hereafter, the term “project period” refers 
exclusively to the 12-month Foxlights implementation phase 
(September 2020–October 2021), whereas “pre-project period” 
refers to the 12 months preceding implementation (September 
2019–August 2020).

2.2.1   |   Herders' Attitude Toward Snow Leopard 
and Wolf in the Pre-Project Period

We conducted structured face-to-face interviews using a stan-
dardized questionnaire administered to a randomly selected 
sample of herders (see Results) drawn from a complete list of 
households provided by local administrative records, ensuring 
balanced representation across the considered three localities: 
Chigertei, Khokh Serkh, and Tolbo (Figure 1). The structured 
questionnaire was developed and subsequently reviewed by 
local collaborators to ensure clarity and cultural appropriate-
ness. Minor adjustments were made after pilot testing with 
three local herders who were not included in the final sample to 
improve question clarity and cultural appropriateness. Herder 
attitudes toward carnivores were explicitly assessed as part of 
the third section of the questionnaire. The concept of “atti-
tude” was translated into Mongolian using locally meaningful 
expressions referring to personal evaluation and tolerance to-
ward the species, and interviewers ensured that respondents 
clearly understood the question before answering. Interviews 
were conducted in Mongolian by Yelik Nurbat of the Khokh 
Serkh Special Protected Area Administration, a trained local 
officer familiar with the socio-cultural context, which further 
minimized misinterpretation. The responses obtained from 
the interviews were subsequently translated into English. 
The questionnaire was divided into three main sections: (i) 
the first section, included general questions aimed at collect-
ing information on respondents' characteristics (e.g., age, sex, 
level of education, job); (ii) the second section, contained ques-
tions referring to the adopted livestock management system 

(e.g., number of livestock bred divided by species, number of 
days spent outdoor during a year, adopted grazing system), 
livestock losses (i.e., depredation, other causes), and imple-
mented preventive measures (e.g., presence and number of 
LGDs); (iii) the third section was dedicated to explore herder 
attitudes toward snow leopards and wolves (see Supporting 
Information  S2). To maximize the likelihood of obtaining 
honest, reliable and unbiased responses, the possibility of ac-
cessing visual deterrent tools was not mentioned during the 
interviews, and the interviews were conducted without the in-
terviewer expressing any personal opinions or judgments that 
could influence respondents' answers. Moreover, cameratrap-
ping, together with sign transects and expert knowledge, was 
used to support the identification of carnivore presence across 
the study area for interview targeting. Herder attitudes toward 
the wolf and the snow leopard (i.e., Please indicate your attitude 
toward the following species—Supporting Information S2) was 
initially assessed through a 5-point Likert-scale questionnaire 
(i.e., 1 = strongly dislike, 2 = slightly dislike, 3 = indifferent, 
4 = slightly like, 5 = strongly like). However, with regards to 
the snow leopard, extreme categories (“strongly dislike” and 
“strongly like”) were selected by very few respondents, with 
most answers concentrated in the intermediate categories (2, 
3, 4). Given the limited sample size (n = 58, see Results) and 
sparse frequencies in extreme levels, retaining all five cate-
gories would have resulted in unstable parameter estimates 
in ordinal models. We therefore collapsed adjacent categories, 
that is, 1 = dislike (combining strongly dislike and slightly dis-
like), 2 = indifferent, and 3 = like (combining slightly like and 
strongly like), to improve model stability, a commonly adopted 
practice in ecological modeling (Bolker  2008). Importantly, 
this recoding did not alter the overall pattern of responses. 
For wolves, responses were consistently negative across re-
spondents, indicating very limited variation in attitude. Thus, 
collapsing categories did not affect interpretation, as the over-
all pattern was unequivocally negative.

2.2.2   |   Livestock Depredations and Prey Preference 
Analyses in both the Pre-Project and Project Periods

Additionally, to assess herders' ability to recognize carnivores 
and identify signs of their presence, we adopted the approach 
proposed by Augugliaro et al. (2020). Specifically, at the begin-
ning of the project, herders were trained through field-based ac-
tivities and the use of visual materials, including photographs 
depicting typical signs such as footprints, scrapes, and scats, to 
enhance their capacity to detect carnivore presence. Regardless 
of whether depredation events occurred, herders were trained to 
conduct transect surveys from their campsites to grazing areas, 
with lengths varying from about 500 m to up to 3 km depending 
on the distance from the campsite to the grazing area. These 
surveys were designed to help herders identify signs of carni-
vore presence. When a depredation event occurred (during both 
day and night), herders were trained to inspect the surround-
ings of the kill point, searching for signs of carnivore presence. 
The data collected during in situ kill-site inspections included: 
(i) the locality, (ii) the date of observation, (iii) the killed live-
stock species, (iv) the age class of the attacked livestock, (v) the 
number of depredated individuals, (vi) the responsible carnivore 
(identified based on signs such as footprints or scrapes), and (vii) 
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the number of carnivores (identified by footprints, with wolves 
categorized as solitary individuals, pairs, or packs). Depredation 
events were distinguished from mortality due to other causes 
by examining carcasses for the presence of throat and/or limb 
bite marks. The age class of the attacked livestock species 
was classified as follows: sheep and goats (< 2 years = young/
sub-adults; ≥ 2 years = adults), yaks (< 4 years = young/sub-
adults; ≥ 4 years = adults), horses (< 6 years = young/sub-adults; 
≥ 6 years = adults). Based on camera trap data and information 
provided by local herders, feral dogs are either absent or pres-
ent at very low densities in the area. Moreover, the few roaming 
individuals are reportedly limited to preying on marmots and 
lagomorphs. Therefore, the potential bias in attributing depre-
dation events to wild carnivores, particularly wolves, is consid-
ered negligible.

2.2.3   |   Foxlights' Distribution between ‘Treatment’ 
and ‘Control’ Groups in the Project Period

In the project period, Foxlights were distributed by differenti-
ating between ‘treatment’ and ‘control’ groups. Of the three 
study localities (Figure 1), Chigertei, based on camera trap data, 
sign transects, local herders' experience, and protected area 
officers' knowledge, experienced the fewest carnivore depre-
dations, likely due to a lower density of carnivores in the area. 
Consequently, Tolbo and Khokh Serkh were those locations 
in which Foxlight ‘treatment’ vs. ‘control’ groups were placed. 
Overall, 20 herders were randomly selected as ‘treatment’ group 
and were each equipped with Foxlights (n = 12 in Khokh Serkh, 
and n = 8 in Tolbo), while 18 herders were randomly selected 
as ‘control’ group and then not equipped with Foxlights (n = 10 
in Tolbo, and n = 8 in Khokh Serkh). Each treatment site was 
equipped with one Foxlight device, which remained in place 
continuously throughout the entire study period (12 months). A 
randomized approach was chosen as it helps in mitigating the 
most common form of selection bias, which can occur when 
researchers unconsciously seek to observe desired effects of a 
‘treatment’ (Treves et al. 2019). In the area, all herders live in 
the valley at the same altitudinal gradient, and both the ‘treat-
ment’ and ‘control’ groups in either Tolbo or Khokh Serkh were 
located at an approximate average distance of 10 km from each 
other to guarantee the independence of each location. Foxlights 
were tested exclusively to protect sheep and goats, as these are 
the only livestock species that are enclosed into corrals or kept 
close to the campsite at night. Following other research proto-
cols (Ohrens et  al.  2019; Naha et  al.  2020), Foxlights were in-
stalled along the edges of livestock corrals or at the perimeter of 
campsites (for those herders not possessing corrals; see Table 1), 
typically placed at a height of 3–4 m from the ground to increase 
their visibility from a distance, and were rotated to another side 
of the corral approximately every three weeks to reduce carni-
vore habituation during the whole study period (i.e., September 
2020–October 2021). As part of the nomadic system, herders 
typically move between 1 and 5 km and reinstall Foxlights each 
time they relocate. The Foxlights, which randomly emit three 
different colored flashes, operated automatically each night 
from sunset to sunrise under pre-programmed settings. To con-
firm visitation by snow leopards and/or wolves during the night, 
each herder inspected the perimeter of corrals and the campsite 
each morning.

2.3   |   Statistical Analysis

Statistical analyses were conducted using the R Software (v. 
4.3.2) (R Core Team 2023) with the significance level set at 0.05 
for all frequentist statistical tests.

2.3.1   |   Herders' Attitude toward Snow Leopard 
and Wolf in the Pre-Project Period

Herder attitude toward the snow leopard were analyzed ex-
clusively, as all respondents exhibited a negative attitude to-
ward the wolf (see Results). To encourage better parameter 
estimates starting from a relatively small sample size (e.g., 
Filacorda et  al.  2022; Franchini et  al.  2022; Gelman and 
Hill 2006; Gelman et al. 2025; Bikembo et al. 2026), attitudes 

TABLE 1    |    Socio-economic characteristics of the herders interviewed 
in Chigertei (n = 20), Khokh Serkh (n = 20), and Tolbo (n = 18).

Socio-economic characteristics n %

Age class 20–40 12 20.7

41–60 38 65.5

61–80 7 12.1

> 80 1 1.7

Sex Male 57 98.3

Female 1 1.7

Education level (years in school) 1–5 22 37.9

6–10 34 58.6

> 10 2 3.4

Number of family members 1–5 17 29.3

6–10 38 65.5

> 10 3 5.2

Number of times the family moves 
in a year

2 1 1.7

3 9 15.5

4 47 81

6 1 1.7

Total small-sized livestock per 
family

1–250 19 32.8

251–500 33 56.9

> 500 6 10.3

Total large-sized livestock per 
family

1–25 27 46.6

25–50 23 39.7

> 50 8 13.8

Presence of corral Yes 54 93.1

No 4 6.9

Number of livestock guardian dogs 0 16 27.6

1 38 65.5

2 4 6.9
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were examined using Bayesian cumulative logit mixed-effects 
model (BCMM) with a cumulative (link = “logit”) family, using 
the ‘brms’ R package (Bürkner  2021). This model was run 
with 12,000 iterations, four chains, and 2000 warmups. Model 
convergence was thereafter assessed based on the Rhat value; 
a diagnostic measure commonly used for assessing the con-
vergence of Markov Chain Monte Carlo (MCMC) simulations 
(Gelman et al. 2004; Kruschke 2014). As the Rhat value was 
equal to 1, satisfactory convergence could be inferred (Gelman 
et al. 2004; Kruschke 2014). The goodness-of-fit of the BCMM 
was further evaluated using both the normal probability plot 
(QQ plot) of residuals and the chains' trace plot (Figures  S1 
and S2—Supporting Information S3) through the ‘bayesplot’ 
R package (Gabry and Mahr  2024). Covariates/predictors, 
that is, age (continuous variable), education level, number of 
small (sheep, goat) and large (cattle, yak, horse) livestock bred 
per family, number of LGDs, were included as fixed factor in 
the BCMM. The interview location was instead introduced 
as a random factor in the model to account for the variability 
among groups. We interpreted effects based on the posterior 
distribution of parameters. When the 95% credible interval 
did not overlap zero, we considered there to be strong evi-
dence for a directional effect (Gelman and Hill 2006; Gelman 
et  al.  2025). Specific hypotheses for the predicted effect of 
each covariate/predictor on herders' attitude toward the snow 
leopard were reported in Table 2.

Before being included in the model, covariates were standard-
ized using the mutate_at function implemented in the ‘dplyr’ R 
package (Wickham et al. 2026). Multicollinearity among covari-
ates/predictors was tested using the Variance Inflation Factor 

(VIF) (Fox and Monette  1992) implemented in the ‘usdm’ R 
package (Naimi et al. 2014). We considered VIF ≥ 3 (Hair 2014) 
as a threshold value to define high correlation among covariates/
predictors.

2.3.2   |   Livestock Depredations and Prey Preference 
Analyses in both the Pre-Project and Project Periods

Using the either the Chi-square test (Fisher 1922) or the one-
proportion z-test through either the binom.test function (when 
the sample size was ≤ 30) or the prop. test function (when the 
sample size was > 30) (Agresti  2013), we analyzed the main 
causes of livestock losses (i.e., depredation, other mortality 
causes such as disease, malnutrition, severe weather, etc.), 
the time of the day in which the attacks and depredations oc-
curred (i.e., day vs. night), and the differences with respect 
to attacks and depredations by solitary wolves, pairs and/or 
packs. In the analysis, we referred to ‘carnivore attacks’ to 
indicate the number of attacks on livestock (i.e., depredation 
events), and ‘carnivore depredations’ to indicate the number 
of depredated individuals. This distinction allows separating 
predation events from the number of livestock individuals af-
fected per event. For post-hoc pairwise comparisons between 
groups, the pairwise comparison of proportions with Holm cor-
rection (pcp) (Agresti 2013) was used. Because data referring 
to the pre-project period are less detailed with respect to (i) 
the main causes of livestock losses, and (ii) the difference in 
terms of number of livestock attacks and depredations by sol-
itary wolves, pairs and/or packs, these data were analyzed for 
the project period only.

TABLE 2    |    Hypotheses of the predicted effect of each covariate/predictor on herders' attitude toward the snow leopard.

Covariate/predictor

Predicted 
effect on 
attitude Rationale Supporting literature

Age − Increasing age is often associated with 
a negative attitude toward carnivores.

Suryawanshi et al. (2014); 
Piédallu et al. (2016); 

Franchini, Sartor, et al. 2025; 
Franchini, Švajda, et al. 2025

Education level (years in school) + Higher education is often associated with 
a positive attitude toward carnivores.

Smith et al. (2014); Bhatia 
et al. (2017); Franchini, 

Sartor, et al. 2025; Franchini, 
Švajda, et al. 2025

Total small-sized livestock per 
family

− The preferred weight range for the 
snow leopard's prey varies between 
36 to 76 kg. However, they are also 

capable of catching larger prey.

Lovari et al. (2013); 
Augugliaro et al. (2020)

Total large-sized livestock per 
family

−

Number of livestock guardian 
dogs

− Using prevention measures may 
contribute to reducing livestock losses 

and thereby influence herders' attitudes 
toward carnivores. However, adoption 

of such measures may also be more 
common among herders experiencing 
higher levels of conflict, making the 

relationship between prevention strategies 
and tolerance potentially complex.

Augugliaro et al. (2020); 
Filla et al. (2022); Franchini 

and Guerisoli (2023)
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With regards to prey selection by both snow leopard and wolf, 
potentially significant differences in livestock depredation rates 
between livestock species (i.e., sheep and goat, cattle, yak, horse) 
were first assessed using the Fisher's exact test (Fisher  1922). 
Subsequently, prey selection analysis was conducted using the 
Jacobs' selectivity index (Jacobs 1974). This index ranges from 
−1 (indicating complete avoidance) to +1 (indicating exclusive 
use), with preference or underuse declared only at values > 0.3 
or < −0.3, respectively (Laurenzi et al. 2016; Lovari et al. 2017; 
Rasphone et al. 2022; Franchini et al. 2024, 2026).

2.3.3   |   Foxlights' Effectiveness in Deterring Predators

To test the effectiveness of Foxlights as deterrents against snow 
leopards and wolves, the analysis was divided into two Bayesian 
generalized linear mixed models (BGLMMs) with a negative bi-
nomial distribution to account for overdispersion in the data, 
and one Bayesian generalized linear model (BGLM) with a 
zero-inflated negative binomial distribution to account for both 
excess zeros and overdispersion (Zuur et al. 2009). All models 
were fitted using the ‘brms’ R package (Bürkner 2021), which is 
particularly suitable for small sample sizes and improves param-
eter estimation stability (e.g., Filacorda et  al.  2022; Franchini 
et al. 2022; Gelman and Hill 2006; Gelman et al. 2025; Bikembo 
et al. 2026).

In the first BGLMM, we compared the same herders (marked 
with an ID) who suffered night-time depredations on sheep 
and goats in the pre-project and project periods and were not 
equipped with Foxlights. Conversely, in the second BGLMM, we 
compared the same herders who suffered night-time depreda-
tions on sheep and goats in the pre-project and project periods 
but were instead equipped with Foxlights. In both models, the 
total number of depredated livestock was used as the response 
variable, while the number of small livestock and the number 
of LGDs were included as fixed effects, with herder ID included 
as a random effect. In the second BGLMM, Foxlights presence/
absence was additionally included as a fixed effect to explicitly 
test its effectiveness in reducing depredation events.

The BGLM was used to compare total night-time depredation 
events between ‘treatment’ and ‘control’ groups in the project 
period. In this model, the number of depredated individuals 
was included as the response variable, and Foxlights presence/
absence as the sole predictor. The initial aim was to include a 
more complex model structure including small livestock num-
bers, number of LGDs, and Foxlights presence/absence as fixed 
effects, while herder ID as a random effect. However, given the 
low sample size and high number of zeros, more complex speci-
fications did not improve convergence diagnostics nor ecological 
interpretability, and resulted in unstable parameter estimates 
due to weak identifiability. Therefore, final inference was based 
on the hierarchical negative binomial model as the most parsi-
monious and ecologically coherent representation of the data-
generating process.

Effects were interpreted based on the posterior distribution of 
parameters, with a 95% credible interval excluding zero consid-
ered as evidence of a meaningful effect (Gelman and Hill 2006; 
Gelman et al. 2025). All models were run with 12,000 iterations, 

four chains, and 2000 warm-up iterations. Convergence was 
assessed using the Rhat statistic, a standard diagnostic for 
MCMC convergence (Gelman et al. 2004; Kruschke 2014), with 
values equal to 1 indicating satisfactory convergence. Model 
fit was further evaluated using normal Q-Q plots of residuals 
and trace plots of posterior chains (Figures S3–S8; Supporting 
Information  S3), implemented via the ‘bayesplot’ R package 
(Gabry and Mahr 2024).

Prior to modeling, multicollinearity among predictors was 
assessed using the VIF in the ‘car’ R package (Fox and 
Weisberg  2019), with VIF ≥ 3 indicating high collinearity 
(Hair 2014). Finally, all covariates were standardized using the 
mutate_at function from the ‘dplyr’ R package (Wickham et al. 
2026) to improve model convergence and parameter estimation.

3   |   Results

3.1   |   Households' Characteristics and Herders' 
Attitude toward the Snow Leopard and Wolf in 
the Pre-Project Period

Overall, n = 58 herders were interviewed (n = 20 in Chigertei, 
n = 20 in Khokh Serkh, and n = 18 in Tolbo), including one re-
spondent who also worked as a ranger. These herders collec-
tively owned n = 20,562 livestock: n = 18,767 (91.3%) sheep and 
goats, n = 1111 (5.4%) yaks, n = 658 (3.2%) horses, and n = 26 
(0.1%) cattle. The characteristics of the respondents are reported 
in Table 1.

All respondents showed a negative attitude toward the wolf. 
Conversely, for snow leopard, n = 24 respondents (41.4%) showed 
a positive attitude, another n = 14 (24.1%) were neutral, while 
n = 20 (34.5%) displayed a negative attitude. From the implemen-
tation of the BCMM, no clear directional effect was observed 
with regards to the considered covariates/predictors, that is, 
‘age’ (β = −0.3, SE = 0.4, 95% CI = −1.0 to 0.4), ‘education level’ 
(β = 0.02, SE = 0.3, 95% CI = −0.6 to 0.6), ‘number of small live-
stock bred per family’ (β = −0.5, SE = 0.4, 95% CI = −1.2 to 0.2), 
‘number of large livestock bred per family’ (β = 0.3, SE = 0.4, 95% 
CI = −0.5 to 1.1), and ‘number of LGDs’ (β = −0.03, SE = 0.3, 95% 
CI = −0.6 to 0.5).

3.2   |   Effect of Carnivores on Livestock Losses

3.2.1   |   Characterization of both Day-time 
and Night-time Depredation Events by Snow Leopard 
and Wolf in both the Pre-Project and Project Periods

The overall number of attacks and depredations on livestock by 
snow leopards and wolves, categorized by species and age class, 
during both day-time and night-time periods, is summarized in 
Table 3.

The differentiation between pre-project and project periods 
was provided for Tolbo and Khokh Serkh only, as no Foxlights 
were distributed in Chigertei (Table 3). Most livestock attacks 
and depredation events by snow leopards and wolves on sheep 
and goats involved adult and sub-adult/young individuals. In 
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contrast, the majority of attacks and depredation events in-
volving yaks and horses affected sub-adults and young ani-
mals (Table 3).

In the pre-project period, livestock attacks by snow leopards were 
significantly higher (one-proportion z-test, p < 0.001) during the 
day (n = 25, 83.3%) compared to night (n = 5, 16.7%). A similar 

significant trend (one-proportion z-test, p < 0.001) was observed 
for livestock depredations, with n = 49 (86%) depredations oc-
curred during the day and n = 8 (14%) in the night, accounting for 
0.4% of the total livestock owned. Similarly, livestock attacks by 
wolves were significantly higher (one-proportion z-test, p < 0.001) 
during the day (n = 49, 75.4%) compared to night (n = 16, 24.6%). 
This significant trend (one-proportion z-test, p < 0.001) was also 

TABLE 3    |    Number of attacks and depredated livestock individuals by snow leopards and wolves (both during day and night), divided by species 
and age class, within each area.

Locality
Project 
period Livestock Age class

Snow leopard Wolf

Attacks Depredations Attacks Depredations

n % n % n % n %

CH — Sheep/goat Adult 3 42.9 4 44.4 24 30.0 60 46.9

Young/sub-adult 0 0 0 0 26 32.5 32 25

NA 0 0 0 0 1 1.3 2 1.6

Yak Adult 0 0 0 0 0 0 0 0

Young/subadult 3 43 4 44 14 17.5 18 14.1

NA 0 0 0 0 1 1.3 2 1.6

Horse Adult 0 0 0 0 1 1.3 1 0.8

Young/sub-adult 1 14 1 11 13 16.3 13 10.2

NA 0 0 0 0 0 0 0 0

Total 7 100 9 100 80 100 128 100

KS Pre Sheep/goat Adult 13 56.5 32 72.7 17 51.5 152 83.1

Young/sub-adult 0 0 0 0 7 21.2 18 9.8

NA 0 0 0 0 0 0 0 0

Yak Adult 1 4.3 1 2.3 2 6.1 4 2.2

Young/subadult 8 34.8 10 22.7 2 6.1 3 1.6

NA 0 0 0 0 0 0 0 0

Horse Adult 1 4.3 1 2.3 2 6.1 3 1.6

Young/sub-adult 0 0 0 0 3 9.1 3 1.6

NA 0 0 0 0 0 0 0 0

Total 23 100 44 100 33 100 183 100

During Sheep/goat Adult 1 2.9 2 4.4 16 32.7 21 24.7

Young/sub-adult 0 0 0 0 15 30.6 28 32.9

NA 4 11.4 8 17.8 1 2 3 3.5

Yak Adult 0 0 0 0 0 0 0 0

Young/sub-adult 20 57.1 22 48.9 4 8.2 7 8.2

NA 0 0 0 0 0 0 0 0

Horse Adult 0 0 0 0 0 0 0 0

Young/sub-adult 9 25.7 11 24.4 10 20.4 20 23.5

NA 1 2.9 2 4.4 3 6.1 6 7.1

Total 35 100 45 100 49 100 85 100

(Continues)
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reflected in depredations, with n = 253 (65.2%) depredations reg-
istered during the day and n = 135 (34.8%) in the night, corre-
sponding to 2.9% of the total livestock owned.

In the project period, all livestock attacks by snow leopard oc-
curred during the day (n = 36) resulting in n = 46 depredated in-
dividuals, accounting for 0.3% of the total livestock owned. No 
attacks/depredations at night were registered. As for the wolf, 
livestock attacks were significantly higher (one-proportion z-
test, p < 0.001) during the day (n = 122, 96.1%) compared to night 
(n = 5, 3.9%). Similarly, a significant trend (one-proportion z-test, 
p < 0.001) was observed for livestock depredations, with n = 145 
(77.5%) depredations recorded during the day and n = 42 (22.5%) 
at night, corresponding to 1.4% of the total livestock owned.

In the pre-project period, for both the snow leopard and 
wolf, livestock depredations (both day and night) differed 
significantly from expected values (Fisher's test, p < 0.001). 
Specifically, the snow leopard exhibited a preference for both 
horses (D = 0.6) and yaks (D = 0.7), while sheep and goats 

were preyed upon according to their availability (D = −0.2). A 
complete avoidance was shown for cattle (D = −1) (Figure 3a). 
Similarly, in the pre-project period, the wolf displayed a pref-
erence for horses (D = 0.5), while yaks (D = −0.03) and sheep 
and goats (D = −0.04) were preyed upon according to their 
availability. A complete avoidance was also shown for cattle 
(D = −1) (Figure 3b).

In the project period, for both snow leopard and wolf live-
stock depredation patterns (both day and night) differed 
significantly from expected values (Fisher's test, p < 0.001). 
Specifically, the snow leopard appeared to exhibit a preference 
for horses (D = 0.8) and yaks (D = 0.8), while sheep and goats 
were underrepresented (D = −0.6) in stock lost from depre-
dation. A complete avoidance was shown for cattle (D = −1) 
(Figure 3c). Similarly, in the project period, the wolf displayed 
a preference for horses (D = 0.8) and yaks (D = 0.4), while 
sheep and goats were preyed upon according to their avail-
ability (D = −0.2). A complete avoidance was shown for cattle 
(D = −1) (Figure 3d).

Locality
Project 
period Livestock Age class

Snow leopard Wolf

Attacks Depredations Attacks Depredations

n % n % n % n %

TB Pre Sheep/goat Adult 1 14.3 2 15.4 14 43.8 149 72.7

Young/subadult 0 0 0 0 3 9.4 9 4.4

NA 0 0 0 0 0 0 0 0

Yak Adult 3 42.9 5 38.5 4 12.5 9 4.4

Young/subadult 0 0 0 0 1 3.1 2 1

NA 0 0 0 0 0 0 0 0

Horse Adult 2 28.6 5 38.5 7 21.9 29 14.1

Young/subadult 1 14.3 1 7.7 3 9.4 7 3.4

NA 0 0 0 0 0 0 0 0

Total 7 100 13 100 32 100 205 100

During Sheep/goat Adult 1 100 1 100 20 25.6 32 31.4

Young/sub-adult 0 0 0 0 29 37.2 39 38.2

NA 0 0 0 0 0 0 0 0

Yak Adult 0 0 0 0 0 0 0 0

Young/sub-adult 0 0 0 0 15 19.2 15 14.7

NA 0 0 0 0 0 0 0 0

Horse Adult 0 0 0 0 0 0 0 0

Young/sub-adult 0 0 0 0 14 17.9 16 15.7

NA 0 0 0 0 0 0 0 0

Total 1 100 1 100 78 100 102 100

Note: Period subdivision, that is, pre-project vs. project periods, was provided only for Tolbo (TB) and Khokh Serkh (KS) as no Foxlights were distributed in Chigertei 
(CH). NA (not available) was used for those cases in which the age class was not identified.

TABLE 3    |    (Continued)
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3.2.2   |   Foxlights' Effectiveness in Reducing Night-time 
Livestock Depredations by Snow Leopard and Wolf

In the pre-project period, n = 17 night-time attacks on sheep and 
goats were recorded, including n = 1 (5.9%) attributed to snow 
leopards and n = 16 (94.1%) to wolves. These attacks resulted 
in the depredation of n = 3 (2.2%) livestock individuals by snow 
leopards and n = 135 (97.8%) by wolves. In the project period, the 
number of night-time attacks on sheep and goats decreased to 
n = 5, all attributed to wolves, resulting in n = 42 depredated in-
dividuals (Table 4).

From the comparison of night-time depredation events on sheep 
and goats among the same herders not equipped with Foxlights 
across the pre-project and project periods, results showed that 
n = 66 depredation events were recorded in the pre-project pe-
riod, whereas n = 31 events were observed in the project period 
(Figure 4). The BGLMM revealed no strong directional effects for 
the fixed factors ‘number of small livestock’ (β = −0.8, SE = 1.2, 
95% CI = −3.3 to 1.4) and ‘number of LGDs’ (β = −0.8, SE = 1.2, 
95% CI = −3.4 to 1.4). Conversely, from the comparison of night-
time depredation events on sheep and goats across the pre-
project and project periods among the same herders equipped 
with Foxlights, n = 72 depredation events were recorded before 
project implementation, whereas only n = 11 were observed af-
terwards (Figure  4). The corresponding BGLMM revealed no 
strong directional effects for the fixed factors ‘number of small 
livestock’ (β = 0.8, SE = 0.9, 95% CI = −0.7 to 2.9) and ‘number of 

LGDs’ (β = 0.8, SE = 1.0, 95% CI = −1.0 to 3.0). In contrast, a clear 
directional effect was observed for the fixed factor ‘presence/
absence of Foxlights’ (β = −3.6, SE = 1.4, 95% CI = −6.9 – −1.2). 
Specifically, Foxlights were associated with a substantial reduc-
tion in depredation risk (eβ), corresponding to an approximate 
30-fold decrease compared to the pre-project period.

As for the comparison between ‘treatment’ and ‘control’ groups in 
the project period only, among the n = 20 ‘treatment’ sites, n = 2 
(10.0%) experienced livestock attacks, resulting in n = 11 depre-
dated individuals. In contrast, among the n = 18 ‘control’ sites, 
n = 3 (16.7%) experienced attacks, with a total of n = 31 depredated 
individuals (Figure  4). The BGLM revealed a clear directional 
effect of the predictor ‘presence/absence of Foxlights’ (β = 1.0, 
SE = 0.1, 95% CI = 0.9–1.2). Specifically, the risk of depredation was 
approximately 2.7 times higher (eβ) in ‘control’ groups compared to 
‘treatment’ groups equipped with Foxlights.

3.2.3   |   Main Causes of Livestock Losses in 
the Project Period

Most small and large livestock losses were attributed to wolf 
depredation (n = 257, 46.6%) closely followed by other mor-
tality sources (e.g., disease, malnutrition, severe weather, 
climate) (n = 248, 45.0%) and lastly attributed to snow leop-
ard depredation (n = 46, 8.3%) (Figure  5a). A significant dif-
ference (χ2 = 155.0, p < 0.001) was found between categories. 

FIGURE 3    |    Prey selection (Jacobs' selectivity index) exhibited by (a, c) snow leopard and (b, d) wolf toward each livestock species (cattle, horse, 
sheep and goat, yak), during both day and night, in the pre-project period (a, b) as well as in the project period (c, d), in the localities of Tolbo and 
Khokh Serkh only. Horizontal red lines indicate a preference (> 0.3) or underuse (< −0.3) toward a certain species.
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Specifically, the total livestock losses due to wolf depredation 
and other causes were significantly higher (pcp, p < 0.001) 
than the total livestock losses due to snow leopard depreda-
tion (Figure 5a).

Most small-bodied livestock losses are associated with wolf dep-
redation (n = 165, 52.1%), followed by other causes (n = 141, 44.5%) 

and lastly snow leopard depredation (n = 11, 3.5%) (Figure 5b). A 
significant difference (χ2 = 129.9, p < 0.001) was found between 
categories, with small livestock losses due to both wolf depreda-
tion and other causes being significantly higher (pcp, p < 0.001) 
than losses attributed to snow leopard (Figure 5b).

Most large livestock loss is associated with other causes (n = 107, 
45.7%), followed by wolf (n = 92, 39.3%) and snow leopard depre-
dation (n = 35, 15.0%), respectively (Figure 5c). A significant dif-
ference (χ2 = 37.0, p < 0.001) was found between categories, with 
large livestock losses due to both wolf depredation and other 
causes being significantly higher (pcp, p < 0.001) compared to 
snow leopard depredation (Figure 5c).

3.2.4   |   Impact of Solitary Wolves, Pairs and Packs on 
Livestock in the Project Period

The number of wolf attacks and depredations (solitary individu-
als vs. pairs vs. packs) on livestock in each area (Chigertei, Tolbo 
and Khokh Serkh) according to species and age class are sum-
marized in Table 5.

The number of wolves involved in livestock attacks differed sig-
nificantly (χ2 = 106.7, p < 0.001) comparing solitary individuals, 
pairs, or packs. Specifically, the attacks by solitary individuals 
were significantly higher (pcp, p < 0.001) than those by pairs 
and/or packs (Figure 6a). A similar significant pattern (χ2 = 99.2, 
p < 0.001) was observed with regards to the number of wolves 
involved in livestock depredations. Namely, the number of dep-
redations by solitary individuals was significantly higher (pcp, 
p < 0.001) than the one by pairs and/or packs (Figure 6b).

FIGURE 4    |    Effectiveness of Foxlights in reducing night-time depre-
dation events on sheep and goats, in the localities of Tolbo and Khokh 
Serkh only. The chart shows depredation events experienced by the 
same herders by comparing the pre-project and project periods, as well 
as between ‘treatment’ and ‘control’ groups in the project period only.

FIGURE 5    |    Main causes of total (small livestock—sheep and goat, large livestock—cattle, yak, horse) (a), small (b), and large livestock losses (c) 
collected from 58 households in the Bayan-Ölgii province, in the project period. Livestock losses due to carnivore attacks include both day and night 
depredation events. The category ‘other’ refers to nonpredatory factors such as disease, malnutrition, severe weather, climate, etc.
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4   |   Discussion

This study marks the first direct involvement of Mongolian 
herders in field data collection, demonstrating the effective-
ness of this approach in generating high-resolution, weekly 
data on livestock depredation rates. The information gathered 

may aid in implementing management and conservation 
strategies to promote human–carnivore coexistence in shared 
landscapes. Additionally, the use of Foxlights has high poten-
tial in reducing night-time depredations on livestock kept in 
corrals or close to the campsite, thus enhancing conservation 
efforts.

TABLE 5    |    Number of livestock attacks and depredations (both day and night) by wolves (solitary individuals vs. pairs vs. packs) by species and 
age class, in the project period and across all localities (Chigertei, Tolbo, and Khokh Serkh).

Livestock Age class

Solitary Pairs Packs NA

Attacks Depredations Attacks Depredations Attacks Depredations Attacks Depredations

n % n % n % n % n % n % n % n %

Sheep/goat Adult 34 27.0 42 26.8 6 17.6 7 16.3 6 27.3 13 26.5 2 50.0 6 75.0

Young/
sub-adult

50 39.7 69 43.9 14 41.2 19 44.2 2 9.1 3 6.1 1 25.0 1 12.5

NA 1 0.8 3 1.9 0 0.0 0 0.0 1 4.5 2 4.1 0 0.0 0 0.0

Yak Adult 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0

Young/
sub-adult

21 16.7 21 13.4 7 20.6 10 23.3 3 13.6 7 14.3 0 0.0 0 0.0

NA 0 0.0 0 0.0 0 0.0 0 0.0 1 4.5 2 4.1 0 0.0 0 0.0

Horse Adult 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0

Young/
sub-adult

20 15.9 22 14.0 7 20.6 7 16.3 6 27.3 16 32.7 1 25.0 1 12.5

NA 0 0.0 0 0.0 0 0.0 0 0.0 3 13.6 6 12.2 0 0.0 0 0.0

Total 126 100 157 100 34 100 43 100 22 100 49 100 4 100 8 100

Abbreviation: NA = not available data.

FIGURE 6    |    Impact of solitary wolves, pairs and/or packs in terms of livestock attacks (a) and depredations (b), during both day and night, in the 
project period across all localities (Chigertei, Tolbo, and Khokh Serkh). Different letters indicate statistically significant differences between bars 
based on post-hoc comparisons.
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4.1   |   Herder Attitudes and Carnivores' Impact on 
Livestock Activities

None of the covariates/predictors considered in the analysis 
(i.e., age, education level, number of small and large livestock 
per family, and number of LGDs) explained attitudes toward the 
snow leopard. However, in line with our initial hypothesis, we 
observed a consistently negative attitude toward the wolf and 
a comparatively more positive one toward the snow leopard. 
Compared to snow leopards, wolves are responsible of the ma-
jority of livestock attacks and depredations (Mijiddorj et al. 2018; 
Augugliaro et al. 2020) in turn driving a more negative attitude 
toward the species. However, unmeasured factors, such as cul-
tural traditions and/or religious beliefs, may also explain the 
differences in tolerance toward these two carnivores. In areas 
where herders share the landscapes with more carnivore species, 
wolves often receive the most negative attitudes (e.g., Alexander 
et al. 2015; Dressel et al. 2015; Augugliaro et al. 2020). Across 
Asia, wolves are often hunted due to their real or perceived im-
pact on livestock, long-standing folklore and cultural narratives, 
whereas big cats are more charismatic and culturally valued 
(Werhahn et al. 2025). In Mongolia, prior to the establishment of 
Socialism in 1924, wolves were regarded with respect. However, 
in contemporary Mongolian society, they are heavily persecuted 
and are subject to intense wildlife trade involving wolf parts 
(Werhahn et  al.  2025). In most cases, the wolf is considered 
responsible for the majority of attacks on both small and large 
livestock, with all herders having negative attitudes toward 
this species (Augugliaro et  al.  2020). Conversely, according to 
other research conducted in Nepal (Kusi et  al.  2019), China 
(Li, Yin, et al. 2013; Alexander et al. 2015), India (Suryawanshi 
et al. 2013), and Mongolia (Augugliaro et al. 2020), and despite 
some records of attacks on livestock, local inhabitants generally 
show positive attitudes toward the snow leopard. Snow leopards 
have higher cultural and religious status compared to wolves 
(Kusi et al. 2019), and are frequently perceived as mystical and 
revered animals, particularly within Buddhist communities (Li, 
Wang, et  al.  2013). Consequently, attitudes toward snow leop-
ards are generally more positive than those toward wolves.

Considering the total livestock owned by the interviewed herd-
ers, the percentage of livestock lost to both day-time and night-
time depredation events during both the pre-project and project 
periods was 0.7% and 4.3% for snow leopards and wolves, respec-
tively. These findings support our initial hypothesis regarding 
the greater impact that wolves may have on livestock. For the 
snow leopard, this value falls within the range observed in other 
studies (Li, Yin, et al. 2013; Alexander et al. 2015; Augugliaro 
et  al.  2020). Conversely, the impact of the wolf was six times 
higher, aligning more closely with the results reported in China 
by Alexander et al. (2015) (3X greater) and Li, Yin, et al. (2013) 
(4X greater), but considerably lower compared to those reported 
in western Mongolia by Augugliaro et al. (2020) (20X greater). 
However, both research projects by Li, Yin, et  al.  (2013) and 
Augugliaro et al. (2020) were conducted on a larger spatial scale 
and involved more households, hence making results hard to 
compare.

According to other studies (e.g., Guerisoli et al. 2017; Janeiro-
Otero et  al.  2020; Franchini and Guerisoli  2023; Franchini, 
Sartor, et  al.  2025; Franchini, Raniolo, et  al.  2025; Frangini 

et al. 2025), sheep and goats turned out to be the most affected 
livestock category by carnivores likely because of their smaller 
size, absence of defensive weaponry (e.g., robust hooves 
and/or horns), and/or their poor antipredatory behaviors. 
Furthermore, despite sheep and goats being guarded by herd-
ers and/or LGDs during the day, most herders maintain many 
small-sized livestock. According to Vos  (2000), larger flocks 
are more challenging to monitor and protect. Additionally, 
goats tend to graze on steep slopes and/or farther from human 
settlements, which complicates protection efforts and makes 
them more susceptible to carnivore attacks (Torres et al. 2015). 
Nevertheless, when considering the number of actual depreda-
tion events in relation to livestock availability, both snow leop-
ard and wolf showed slight shifts in prey preferences in both 
the pre-project and project periods. Specifically, in contrast to 
our initial hypothesis, the snow leopard consistently preferred 
unattended yaks and horses in both periods, while sheep and 
goats were used in proportion to their availability in the pre-
project period, but were underutilized afterward. In the case of 
the wolf, the species showed a preference for horses in the pre-
project period, and for both yaks and horses afterward. Sheep 
and goats were instead used according to their availability 
in both periods, again contradicting our initial expectations. 
While both wolves and snow leopards are capable of prey-
ing upon species weighing as much as 200 kg (Janeiro-Otero 
et  al.  2020; Krofel et  al.  2021), the preference mostly shown 
for young/sub-adult yaks and/or horses further confirm their 
tendency to focus their attention on more easily subdued and 
unattended prey (Lovari et al. 2013; Janeiro-Otero et al. 2020). 
The complete avoidance shown for cattle does not align with 
the observations of Augugliaro et  al.  (2020), who noted that 
snow leopards also selected this livestock category. However, 
in our sample of interviewed herders, only four raised a small 
number of cattle, in turn potentially influencing the results 
achieved. Additionally, observed differences in livestock dep-
redation patterns among species are likely influenced by con-
trasting husbandry practices, with sheep and goats benefiting 
from active day-time patrolling and night-time enclosure, 
whereas larger livestock are continuously free-ranging and 
therefore more exposed to carnivore encounters.

4.2   |   Foxlights' Effectiveness in Reducing 
Night-time Livestock Attacks and Depredations by 
Snow Leopard and Wolf

Our findings revealed that, in the pre-project period, both groups 
of the same herders subsequently assigned to the ‘treatment’ and 
‘control’ categories experienced a high number of night-time 
depredation events. In the project period, the overall number of 
night-time depredations decreased in both groups, but the re-
duction was substantially greater among herders equipped with 
Foxlights. Moreover, model outputs identified Foxlights' pres-
ence as the only predictor exerting a clear directional effect on 
depredation risk. Nevertheless, parameter estimates were asso-
ciated with relatively large standard errors and wide credible in-
tervals, suggesting some uncertainty in model estimation. This 
likely reflects the limited sample size and the inclusion of mul-
tiple covariates within the same modeling framework, which 
may have reduced parameter identifiability. However, when 
comparing ‘treatment’ and ‘control’ groups using a simplified 
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model that included only Foxlights' presence/absence as a pre-
dictor, parameter estimates were more stable and confidence in-
tervals more precise. This approach provided clearer inference 
and more reliable effect estimation.

Although only one snow leopard night-time depredation event 
was observed in the pre-project period, the reduction in night-
time livestock depredation by wolves, together with the ab-
sence of night-time depredations by snow leopards following 
Foxlights' deployment, supports our initial hypothesis regard-
ing the deterrent effectiveness of the device. The observed 
reduction in night-time livestock depredations by wolves, to-
gether with the absence of recorded night-time depredations 
by snow leopards following Foxlights implementation, is con-
sistent with our initial hypothesis. Our findings are broadly 
in line with previous studies reporting reductions in livestock 
depredation associated with visual deterrents in different eco-
logical contexts, including lions, pumas, and common leop-
ards (Lesilau et al. 2018; Ohrens et al. 2019; Naha et al. 2020). 
However, contrasting results have also been reported, such as 
in the case of Andean foxes, where no clear treatment effect 
was detected (Ohrens et al. 2019).

In our study, Foxlights did not eliminate wolf depredation but 
were associated with a substantial reduction in recorded events. 
However, the evaluation was conducted over a single annual 
cycle, and longer-term monitoring across a larger number of 
sites and sampling units (both ‘treatment’ and ‘control’ herd-
ers) would be required to obtain more robust and generalizable 
estimates of effectiveness. Finally, potential spillover effects, 
whereby changes in predation risk may extend beyond treated 
households to neighboring non-treated ones, cannot be excluded 
and warrant further investigation. Such effects may arise from 
complex interactions between carnivore behavior and livestock 
management practices (Salerno et al. 2025), although they were 
not explicitly tested in the present study.

4.3   |   Main Causes of Livestock Losses and Impact 
of Solitary Wolves, Pairs and Packs on Livestock in 
the Project Period

The percentage of livestock losses from non-predatory factors 
(45%) represents a considerable portion of the overall live-
stock mortality in the study area. As elsewhere in Mongolia, 
livestock deaths due to non-predatory factors are frequently 
associated with temperature and related weather conditions im-
posed by harsh (Begzsuren et  al.  2004) or milder (Augugliaro 
et al. 2020) winters. This partially aligns with findings in Nepal 
by Filla et al. (2022) who documented most livestock losses in 
Upper Mustang resulted from accidents and diseases, while a 
smaller percentage was associated with carnivores. Conversely, 
in Nepal's Manang area, depredation by carnivores (especially 
snow leopards) was considered the main source of livestock 
mortality (Filla et al. 2022).

In line with our initial hypothesis, solitary wolves were re-
sponsible for the majority of livestock attacks and depreda-
tions compared to wolf pairs and/or packs. Following optimal 
foraging theory, animals adopt foraging strategies that pro-
vide the highest benefits at the lowest costs to maximize 

fitness (Werner and Hall 1974). As suggested by our findings, 
this may reflect a tendency of younger solitary wolves being 
more inclined to attack easily catchable prey, that is, livestock 
(Meriggi et al. 1996; Meriggi and Lovari 1996). This assump-
tion is also corroborated by other research (Linnell et al. 1999; 
Imbert et  al.  2016; Mayer et  al.  2022) showing that solitary 
dispersers in agricultural lands are more inclined to prey upon 
livestock.

4.4   |   Conservation and Management 
Recommendations

Our study relied on timely records collected daily by trained 
herders, supplemented by a form filled out on a weekly basis. 
This approach significantly enhanced the reliability and ac-
curacy of our findings. Community-based carnivore monitor-
ing represents a valuable tool, as it enables herders involved in 
data collection to improve their ability to distinguish between 
depredation events caused by different carnivore species and 
to differentiate true depredation from scavenging behavior. 
Additionally, a deep knowledge and understanding of carnivore 
biology and their involvement in conservation initiatives may 
ultimately lead to more positive attitudes toward these species 
(Werhahn et al. 2025).

However, despite being trained, erroneous identifications 
might have sometimes affected herders' reports. For example, 
scavenging behaviors on the carcass of an animal dying from 
other causes can be erroneously attributed to depredation (Oli 
et  al.  1994), especially for unguarded large-sized livestock. 
Even when detailed information is collected, some depredation 
claims are difficult to validate (Mishra  1997). Additionally, 
herders' stronger negative attitude exhibited toward wolves 
may influence their reported depredations attributed to this 
species. Indeed, the way carnivores interact with herders can 
significantly shape their attitudes, potentially leading wolves 
to be considered as responsible for more damage than they ac-
tually cause (Lescureux and Linnell  2010). Lastly, although 
herders were trained to follow the tracks further away from 
a carcass to improve accuracy in identifying the number of 
responsible carnivores, distinguishing between two or more 
wolves based on footprints near a carcass might be challeng-
ing in certain contexts, in turn leading to potential erroneous 
identifications. In spite of these considerations, Mongolian 
herders have a long-standing tradition of coexisting with car-
nivores and possess a remarkable ability to interpret environ-
mental signs, especially after receiving appropriate training 
(Augugliaro et  al.  2020). Therefore, despite such challenges, 
our study offers significant insights on human-carnivore con-
flict in the Bayan-Ölgii province. Additionally, although we 
are aware that the effectiveness of visual deterrents (and other 
prevention measures, more broadly) should be tested over a 
longer period, it provides the first important preliminary con-
tribution to assessing the effectiveness of Foxlights in reduc-
ing night-time carnivore depredations.

Our findings revealed that, compared to the total available live-
stock, impact from both snow leopards and wolves is relatively 
low in this study area. However, this finding needs to be inter-
preted with the understanding that some herders experienced 
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higher depredation rates than others. Single-case scenarios thus 
need to be considered. Despite some negative responses, the gen-
eral attitude toward the snow leopard was shown to be neutral/
positive. This suggests that local communities can play a pivotal 
role in conserving this threatened species. Conversely, urgent 
attention and special considerations are needed for developing 
conservation measures targeting wolves, as all respondents held 
negative attitudes toward this animal. Foxlights proved effec-
tive in deterring night-time carnivore attacks, with number of 
livestock depredations consistently reduced based on a compari-
son between ‘treatment’ and ‘control’ groups, as well as between 
pre-project and project periods. Although visual deterrents are 
known for their temporal effectiveness (Eklund et al. 2017), the 
nomadic behavior of herders in Mongolia helps slow the carni-
vores' habituation process. In these areas, herders relocate up 
to 5 km each season, and Foxlights are reinstalled after each 
movement. Although both wolves and snow leopards have 
large home-ranges (Mattisson et al. 2013 for wolves; Johansson 
et al. 2018 for snow leopards), relocating Foxlights along the pe-
rimeter of each newly erected stone corral or within the camp-
site (in the few cases where sheep and goats are not enclosed 
in corrals at night but kept near the campsite) may represent a 
novel stimulus for carnivores. Nevertheless, none of the attacks 
at the ‘treatment’ sites occurred in areas where sheep and goats 
were not enclosed within corrals during the night. Therefore, it 
is possible that the observed depredations are also linked to the 
improper placement of Foxlights along corral perimeters. For ef-
fectiveness, Foxlights must be carefully and properly set up. This 
assumes particular importance in late winter, coinciding with 
the wolf dispersal period (Jimenez et al. 2017; Morales-González 
et al. 2022), when solitary and/or young individuals may relay 
on the most easily catchable prey such as livestock (Linnell 
et al. 1999; Imbert et al. 2016; Mayer et al. 2022). Therefore, in-
creasing knowledge and understanding among herders regard-
ing optimal placement of these devices and raising awareness 
for the timely implementation of prevention measures, strength-
ens their sense of ownership, in turn leading to more positive 
results (Eklund et al. 2017).

In the pre-project period, LGDs were already in use in 65% of 
the treatment sites and in approximately 67% of the control 
sites. However, the results obtained from the model revealed 
that the presence or absence of Foxlights was the only factor 
significantly contributing to reduce night-time depredation 
events. However, despite this encouraging result, some night 
depredations by wolves at the expense of sheep and goats still 
occurred. The effectiveness of non-lethal interventions varies 
depending on several factors, such as local husbandry prac-
tices, environmental/ecological conditions, and social systems. 
Therefore, case-specific scenarios should be considered and 
applied. These findings highlight the importance of consider-
ing system complexity when evaluating prevention strategies. 
In our study area, carnivore behavior, livestock composition, 
herding practices, LGDs' presence, and spatial configuration 
of households interact within a socio-ecological system. The 
observed outcomes are therefore unlikely to reflect a simple 
treatment effect, but rather the interaction between deterrent 
devices and this broader ecological and social context. Long-
term studies incorporating a broader range of environmental, 
ecological, social, and livestock management factors are there-
fore needed to provide more comprehensive insights into the 

drivers of livestock depredations and the effectiveness of imple-
mented preventive measures.

Although achievable in certain contexts (Carter et  al.  2012; 
Schuette et  al.  2013), human-carnivore coexistence still rep-
resents a major global challenge (Woodroffe et al. 2005; Treves 
et al. 2006; Dickman et al. 2011). By coexistence, we refer to a 
sustainable yet dynamic state in which humans and wildlife 
coadapt to shared landscapes, and where human-wildlife in-
teractions are effectively governed to ensure the persistence of 
wildlife populations in socially legitimate ways that maintain 
tolerable levels of risk (Pooley et al. 2021). The implementation 
of prevention measures is pivotal to reducing carnivore impacts 
and fostering long-term human-carnivore coexistence in shared 
landscapes. Moreover, the involvement of local communities in 
carnivore monitoring is of paramount importance, as it serves 
the dual purpose of collecting reliable data and helping herders 
develop a more realistic perception of the actual impact carni-
vores have on livestock. Additionally, it plays a crucial role in 
increasing herders' sense of ownership, making them feel part 
of the solution rather than passive victims of carnivore presence. 
The role of herders as active decision-makers warrants greater 
attention. Adoption and sustained use of deterrent devices are 
shaped not only by perceived effectiveness, but also by labor re-
quirements, trust in conservation initiatives, prior depredation 
experience, and risk perception. Recognizing herders as agents 
within the system, rather than passive recipients of technical in-
terventions, is essential for designing coexistence strategies that 
are socially legitimate and durable.

Author Contributions

Marcello Franchini: data curation (equal), formal analysis (equal), 
investigation (equal), methodology (equal), validation (equal), visual-
ization (equal), writing – original draft (equal), writing – review and 
editing (equal). Charleen Gavette: conceptualization (lead), funding 
acquisition (lead), resources (lead), supervision (equal), validation 
(equal), visualization (equal), writing – review and editing (equal). 
Rodney Jackson: conceptualization (lead), funding acquisition (lead), 
resources (lead), supervision (equal), validation (equal), visualization 
(equal), writing – review and editing (equal). Kayley Bateman: fund-
ing acquisition (lead), resources (lead), supervision (equal), validation 
(equal), visualization (equal), writing – review and editing (equal). 
Ashleigh Lutz-Nelson: funding acquisition (lead), resources (lead), 
supervision (equal), validation (equal), visualization (equal), writ-
ing – review and editing (equal). Geraldine Werhahn: supervision 
(equal), validation (equal), visualization (equal), writing – review and 
editing (equal). Yelik Nurbat: data curation (equal), investigation 
(equal), validation (equal), visualization (equal), writing – review and 
editing (equal). Marco Zaccaroni: data curation (equal), validation 
(equal), visualization (equal), writing – review and editing (equal). 
Fabio Dartora: data curation (equal), validation (equal), visualization 
(equal), writing – review and editing (equal). Munkhtsog Bayaraa: 
validation (equal), visualization (equal), writing – review and editing 
(equal). Claudio Augugliaro: conceptualization (lead), data curation 
(equal), funding acquisition (lead), investigation (equal), methodology 
(equal), project administration (lead), resources (lead), supervision 
(equal), validation (equal), visualization (equal), writing – original draft 
(equal), writing – review and editing (equal).

Acknowledgments

A special thanks goes to the Snow Leopard Conservancy for funding 
this research. We are very grateful to the Khokh Serkh Strictly Protected 



19 of 22Ecology and Evolution, 2026

Area Administration, local herders and rangers who helped in data 
collection and shared their knowledge. Specifically, we would like to 
thank Sandigul Khupir, Asilbyek Dagis, Nurlan Mongolkhan, and 
Saulyetkhan Turdakhin. Finally, we are very grateful to the Ministry of 
Environment and Tourism of Mongolia for supporting our project. Open 
access publishing facilitated by Universita degli Studi di Udine, as part 
of the Wiley - CRUI-CARE agreement.

Funding

The project was funded by the Snow Leopard Conservancy.

Ethics Statement

This study did not involve animal experimentation or invasive proce-
dures on human participants. Participation by livestock herders was en-
tirely voluntary and based on informed consent obtained prior to data 
collection. The purpose of the study, the voluntary nature of participa-
tion, and the intended use of the data for scientific research and publi-
cation were clearly explained to all respondents. All procedures were 
conducted in accordance with the ethical guidelines for research involv-
ing human participants and were approved by the Institutional Review 
Board (IRB) of the University of Udine (protocol no. 0068948), in com-
pliance with the General Data Protection Regulation (EU) 2016/679. 
No personally identifiable or sensitive personal data were collected. 
All responses were anonymized prior to analysis, and no information 
enabling direct or indirect identification of individual respondents was 
retained. Given the nomadic lifestyle of herders, who relocate season-
ally across different areas, the geographic location of individual gers 
does not allow for the identification of participants, either directly or 
indirectly.

Conflicts of Interest

The authors declare no conflicts of interest.

Data Availability Statement

All the required data are uploaded as Supporting Information.

References

Agresti, A. 2013. Categorical Data Analysis. 3rd ed. Wiley.

Alexander, J., P. Chen, P. Damerell, et  al. 2015. “Human Wildlife 
Conflict Involving Large Carnivores in Qilianshan, China and the 
Minimal Paw-Print of Snow Leopards.” Biological Conservation 187: 
1–9. https://​doi.​org/​10.​1016/j.​biocon.​2015.​04.​002.

Álvares, F., J. Domingues, P. Sierra, and P. Primavera. 2011. “Cultural 
Dimension of Wolves in the Iberian Peninsula: Implications of 
Ethnozoology in Conservation Biology.” Innovation: The European 
Journal of Social Science Research 24: 313–331. https://​doi.​org/​10.​1080/​
13511​610.​2011.​592049.

Augugliaro, C., P. Christe, C. Janchivlamdan, H. Baymanday, and 
F. Zimmermann. 2020. “Patterns of Human Interaction With Snow 
Leopard and Co-Predators in the Mongolian Western Altai: Current 
Issues and Perspectives.” Global Ecology and Conservation 24: e01378. 
https://​doi.​org/​10.​1016/j.​gecco.​2020.​e01378.

Augugliaro, C., C. Paniccia, C. Janchivlamdan, I. E. Monti, T. Boldbaatar, 
and B. Munkhtsog. 2019. “Mammal Inventory in the Mongolian Gobi, 
With the Southeasternmost Documented Record of the Snow Leopard, 
Panthera uncia (Schreber, 1775), in the Country.” Check List 15: 565–
568. https://​doi.​org/​10.​15560/​​15.4.​565.

Bagchi, S., and C. Mishra. 2006. “Living With Large Carnivores: 
Predation on Livestock by the Snow Leopard (Uncia uncia).” Journal 
of Zoology 268: 217–224. https://​doi.​org/​10.​1111/j.​1469-​7998.​2005.​
00030.​x.

Batsaikhan, N., R. Samyra, S. Shar, D. Lkhavagsuren, and S. R. B. King. 
2014. A Field Guide to the Mammals of Mongolia. second ed. Zoological 
Society of London.

Battaglini, L., S. Bovolenta, F. Gusmeroli, S. Salvador, and E. Sturaro. 
2014. “Environmental Sustainability of Alpine Livestock Farms.” 
Italian Journal of Animal Science 13: 3155. https://​doi.​org/​10.​4081/​ijas.​
2014.​3155.

Bayandonoi, G., K. Sharma, J. S. Alexander, et al. 2021. “Mapping the 
Ghost: Estimating Probabilistic Snow Leopard Distribution Across 
Mongolia.” Diversity and Distributions 27: 2441–2453. https://​doi.​org/​
10.​1111/​ddi.​13412​.

Begzsuren, S., J. E. Ellis, D. S. Ojima, M. B. Coughenour, and T. 
Chuluun. 2004. “Livestock Responses to Droughts and Severe Winter 
Weather in the Gobi Three Beauty National Park, Mongolia.” Journal of 
Arid Environments 59: 785–796. https://​doi.​org/​10.​1016/j.​jarid​env.​2004.​
02.​001.

Berger, J., B. Bayarbaatar, and M. Charudutt. 2013. “Globalization of the 
Cashmere Market and the Decline of Large Mammals in Central Asia.” 
Conservation Biology 27: 679–689. https://​doi.​org/​10.​1111/​cobi.​12100​.

Bhatia, S., S. M. Redpath, K. Suryawanshi, and C. Mishra. 2017. “The 
Relationship Between Religion and Attitudes Toward Large Carnivores 
in Northern India.” Human Dimensions of Wildlife 22: 30–42. https://​
doi.​org/​10.​1080/​10871​209.​2016.​1220034.

Bikembo, L. G., C. Augugliaro, I. E. Monti, V. F. Isaja, and M. Franchini. 
2026. “Persistence and Perceptions: Forest Elephants and Farmer 
Attitudes in the Democratic Republic of Congo.” Tropical Conservation 
Science 19: 1–11. https://​doi.​org/​10.​1177/​19400​82926​1420.

Boitani, L., M. Phillips, and Y. Jhala. 2023. “Canis lupus (Amended 
Version of 2018 Assessment).” The IUCN Red List of Threatened Species 
2023: e.T3746A247624660. Accessed July 19, 2024. https://​doi.​org/​10.​
2305/​IUCN.​UK.​2023-​1.​RLTS.​T3746​A2476​24660.​en.

Bolker, B. M. 2008. Ecological Models and Data in R. Princeton 
University Press.

Boronyak, L., B. Jacobs, and A. Wallach. 2020. “Transitioning 
Towards Human–Large Carnivore Coexistence in Extensive Grazing 
Systems.” Ambio 49: 1982–1991. https://​doi.​org/​10.​1007/​s1328​0-​020-​
01340​-​w.

Braczkowski, A. R., C. J. O'Bryan, C. Lessmann, et  al. 2023. “The 
Unequal Burden of Human-Wildlife Conflict.” Communications Biology 
6: 182. https://​doi.​org/​10.​1038/​s4200​3-​023-​04493​-​y.

Bürkner, P. 2021. “Bayesian Item Response Modeling in R With Brms 
and Stan.” Journal of Statistical Software 100: 1–54. https://​doi.​org/​10.​
18637/​​jss.​v100.​i05.

Carter, N. H., and J. D. C. Linnell. 2016. “Co-Adaptation Is Key to 
Coexisting With Large Carnivores.” Trends in Ecology & Evolution 31, 
no. 8: 575–578. https://​doi.​org/​10.​1016/j.​tree.​2016.​05.​006.

Carter, N. H., B. K. Shrestha, J. B. Karki, N. M. B. Pradhan, and J. Liu. 
2012. “Coexistence Between Wildlife and Humans at Fine Spatial 
Scales.” Proceedings of the National Academy of Sciences of the United 
States of America 109, no. 38: 15360–15365. https://​doi.​org/​10.​1073/​
pnas.​12104​90109​.

Carter, N. H., A. Viña, V. Hull, et al. 2014. “Coupled Human and Natural 
Systems Approach to Wildlife Research and Conservation.” Ecology and 
Society 19, no. 3: 43. https://​doi.​org/​10.​5751/​ES-​06881​-​190343.

Clark, E. L., J. Munkhbat, S. Dulamtseren, et al. 2006. Mongolian Red 
List of Mammals, Regional Red List Series. Vol. 1. Zoological Society of 
London.

Di Bernardi, C., G. Chapron, P. Kaczensky, et  al. 2025. “Continuing 
Recovery of Wolves in Europe.” PLOS Sustainability and Transformation 
4, no. 2: e0000158. https://​doi.​org/​10.​1371/​journ​al.​pstr.​0000158.

https://doi.org/10.1016/j.biocon.2015.04.002
https://doi.org/10.1080/13511610.2011.592049
https://doi.org/10.1080/13511610.2011.592049
https://doi.org/10.1016/j.gecco.2020.e01378
https://doi.org/10.15560/15.4.565
https://doi.org/10.1111/j.1469-7998.2005.00030.x
https://doi.org/10.1111/j.1469-7998.2005.00030.x
https://doi.org/10.4081/ijas.2014.3155
https://doi.org/10.4081/ijas.2014.3155
https://doi.org/10.1111/ddi.13412
https://doi.org/10.1111/ddi.13412
https://doi.org/10.1016/j.jaridenv.2004.02.001
https://doi.org/10.1016/j.jaridenv.2004.02.001
https://doi.org/10.1111/cobi.12100
https://doi.org/10.1080/10871209.2016.1220034
https://doi.org/10.1080/10871209.2016.1220034
https://doi.org/10.1177/19400829261420
https://doi.org/10.2305/IUCN.UK.2023-1.RLTS.T3746A247624660.en
https://doi.org/10.2305/IUCN.UK.2023-1.RLTS.T3746A247624660.en
https://doi.org/10.1007/s13280-020-01340-w
https://doi.org/10.1007/s13280-020-01340-w
https://doi.org/10.1038/s42003-023-04493-y
https://doi.org/10.18637/jss.v100.i05
https://doi.org/10.18637/jss.v100.i05
https://doi.org/10.1016/j.tree.2016.05.006
https://doi.org/10.1073/pnas.1210490109
https://doi.org/10.1073/pnas.1210490109
https://doi.org/10.5751/ES-06881-190343
https://doi.org/10.1371/journal.pstr.0000158


20 of 22 Ecology and Evolution, 2026

Dickman, A. J. 2010. “Complexities of Conflict: The Importance of 
Considering Social Factors for Effectively Resolving Human-Wildlife 
Conflict.” Animal Conservation 13, no. 5: 458–466. https://​doi.​org/​10.​
1111/j.​1469-​1795.​2010.​00368.​x.

Dickman, A. J., E. A. Macdonald, and D. W. Macdonald. 2011. “A 
Review of Financial Instruments to Pay for Predator Conservation 
and Encourage Human–Carnivore Coexistence.” Proceedings of the 
National Academy of Sciences of the United States of America 108, no. 34: 
13937–13944. https://​doi.​org/​10.​1073/​pnas.​10129​72108​.

Dorj, L., and D. Yavuukhulan. 2014. “Mongolian economic development 
strategy.” Mongolian Journal of International Affairs 8: 63–69. https://​
doi.​org/​10.​5564/​mjia.​v0i8-​9.​129.

Dressel, S., C. Sandström, and G. Ericsson. 2015. “A Meta-Analysis of 
Studies on Attitudes Toward Bears and Wolves Across Europe 1976–
2012.” Conservation Biology 29: 565–574. https://​doi.​org/​10.​1111/​cobi.​
12420​.

Eklund, A., J. López-Bao, M. Tourani, G. Chapron, and J. Frank. 2017. 
“Limited Evidence on the Effectiveness of Interventions to Reduce 
Livestock Predation by Large Carnivores.” Scientific Reports 7: 2097. 
https://​doi.​org/​10.​1038/​s4159​8-​017-​02323​-​w.

Estes, J. A., J. Terborgh, J. S. Brashares, et  al. 2011. “Trophic 
Downgrading of Planet Earth.” Science 333, no. 6040: 301–306. https://​
doi.​org/​10.​1126/​scien​ce.​120510.

Filacorda, S., A. Comin, M. Franchini, et  al. 2022. “Cortisol in Hair: 
Do Habitat Fragmentation and Competition With Golden Jackal (Canis 
aureus) Measurably Affect the Long-Term Physiological Response in 
European Wildcat (Felis silvestris)?” Annales Zoologici Fennici 59: 1–16. 
https://​doi.​org/​10.​5735/​086.​059.​0101.

Filla, M., R. Phunjok Lama, T. Filla, et al. 2022. “Patterns of Livestock 
Depredation by Snow Leopards and Effects of Intervention Strategies: 
Lessons From the Nepalese Himalaya.” Wildlife Research 49: 719–737. 
https://​doi.​org/​10.​1071/​WR21169.

Fisher, R. A. 1922. “On the Interpretation of χ2 From Contingency 
Tables, and the Calculation of P.” Journal of the Royal Statistical Society 
Series A (Statistics in Society) 85: 87–94. https://​doi.​org/​10.​1111/j.​2397-​
2335.​1922.​tb007​68.​x.

Fox, J., and G. Monette. 1992. “Generalized Collinearity Diagnostics.” 
Journal of the American Statistical Association 87: 178–183. https://​doi.​
org/​10.​1080/​01621​459.​1992.​10475190.

Fox, J., and S. Weisberg. 2019. An R Companion to Applied Regression. 
Third ed. Sage.

Franchini, M., L. Atzeni, S. Lovari, et al. 2023. “Spatiotemporal Behavior 
of Predators and Prey in an arid Environment of Central Asia.” Current 
Zoology 69: 670–681. https://​doi.​org/​10.​1093/​cz/​zoac093.

Franchini, M., M. Corazzin, S. Bovolenta, and S. Filacorda. 2021. “The 
Return of Large Carnivores and Extensive Farming Systems: A Review 
of Stakeholders' Perception at an EU Level.” Animals 11: 1735. https://​
doi.​org/​10.​3390/​ani11​061735.

Franchini, M., L. Frangini, A. Viviano, S. Filacorda, G. Stockel, and E. 
Mori. 2024. “Get Out From My Field! The Role of Agricultural Crops 
in Shaping the Habitat Selection by and Suitability for the Crested 
Porcupine in Central Italy.” Mammal Research 69: 411–421. https://​doi.​
org/​10.​1007/​s13364-​024-​00744-​3.

Franchini, M., and M. M. Guerisoli. 2023. “Interference Competition 
Driven by Co-Occurrence With Tigers Panthera tigris May Increase 
Livestock Predation by Leopards Panthera pardus: A First Step Meta-
Analysis.” Mammal Review 53: 271–286. https://​doi.​org/​10.​1111/​mam.​
12323​.

Franchini, M., G. Mazza, and E. Mori. 2022. “First Assessment of 
Ectoparasite Load in Apennine Populations of Eurasian Red Squirrel: 
Does Habitat Fragmentation Affect Parasite Presence?” Ethology 

Ecology and Evolution 34, no. 5: 1–17. https://​doi.​org/​10.​1080/​03949​370.​
2021.​1967458.

Franchini, M., S. Raniolo, M. Corazzin, et  al. 2025. “Environmental 
Factors Influencing the Odds of Livestock Predations by Wolves in 
North–Eastern Italy Across 10 Years: A Network Analysis Approach.” 
Italian Journal of Animal Science 24: 842–858. https://​doi.​org/​10.​1080/​
18280​51X.​2025.​2477752.

Franchini, M., S. Raniolo, M. Corazzin, P. Zanghellini, N. Bragalanti, 
and S. Bovolenta. 2026. “Patterns of Brown Bear Damages to Agro-
Livestock Activities in North-Eastern Italy Across 15 Years.” Scientific 
Reports 16: 7212. https://​doi.​org/​10.​1038/​s41598-​026-​38371-​4.

Franchini, M., P. Sartor, A. Zuliani, et  al. 2025. “Insights Into Large 
Carnivore Predations and Extensive Farming Practices in the Italian 
Alps: Current Issues and Future Perspectives.” Italian Journal of 
Animal Science 24, no. 1: 2600–2620. https://​doi.​org/​10.​1080/​18280​51X.​
2025.​2591442.

Franchini, M., J. Švajda, M. Uhrín, and P. Prokop. 2025. “People 
and Bears: Evaluating Public Attitudes to Foster Human-Carnivore 
Coexistence in Slovakia.” Hystrix the Italian Journal of Mammalogy 36, 
no. 1: 1–9. https://​doi.​org/​10.​4404/​hystr​ix-​00774-​20.

Frangini, L., G. Marzano, A. Comuzzi, et al. 2025. “The Boss Is Back in 
Town: Insights Into the Wolf Recolonization of a Highly Anthropized 
and Low-Ungulate-Density Environment.” Animals 15: 1958. https://​
doi.​org/​10.​3390/​ani15​131958.

Gabry, J., and T. Mahr. 2024. “bayesplot: Plotting for Bayesian Models.” 
R Package Version 1.11.0. https://​mc-​stan.​org/​bayes​plot/​.

Gelman, A., J. B. Carlin, H. S. Stern, D. B. Dunson, A. Vehtari, and D. B. 
Rubin. 2025. Bayesian Data Analysis Third Edition (With Errors Fixed 
as of 20 February 2025). CRC Press.

Gelman, A., J. B. Carlin, H. S. Stern, and D. B. Rubin. 2004. Bayesian 
Data Analysis. 2nd ed. Chapman and Hall/CRC.

Gelman, A., and J. Hill. 2006. Data Analysis Using Regression and 
Multilevel/Hierarchical Models. Cambridge University Press.

Guerisoli, M. M., E. Luengos Vidal, M. Franchini, N. Caruso, E. 
B. Casanave, and M. Lucherini. 2017. “Characterization of Puma–
Livestock Conflicts in Rangelands of Central Argentina.” Royal Society 
Open Science 4: 170852. https://​doi.​org/​10.​1098/​rsos.​170852.

Hair, J. F. 2014. Multivariate Data Analysis. 7th ed. Pearson New 
International Edition.

Holmern, T., J. Nyahongo, and E. Røskaft. 2007. “Livestock Loss Caused 
by Predators Outside the Serengeti National Park, Tanzania.” Biological 
Conservation 135, no. 4: 518–526. https://​doi.​org/​10.​1016/j.​biocon.​2006.​
10.​049.

Imbert, C., R. Caniglia, E. Fabbri, et  al. 2016. “Why Do Wolves Eat 
Livestock? Factors Influencing Wolf Diet in Northern Italy.” Biological 
Conservation 195: 156–168. https://​doi.​org/​10.​1016/j.​biocon.​2016.​01.​003.

IUCN (International Union for Conservation of Nature). 2017. Panthera 
uncia The IUCN Red List of Threatened Species. Version 6.3. https://​
www.​iucnr​edlist.​org. Downloaded on 13 May 2025.

IUCN (International Union for Conservation of Nature). 2023. Canis 
lupus (Amended Version of 2018 Assessment) The IUCN Red List 
of Threatened Species. Version 6.3. https://​www.​iucnr​edlist.​org. 
Downloaded on 13 May 2025.

Jacobs, J. 1974. “Quantitative Measurement of Food Selection: A 
Modification of the Forage Ratio and Ivlev's Electivity Index.” Oecologia 
14: 413–417. https://​doi.​org/​10.​1007/​BF003​84581​.

Janeiro-Otero, A., T. M. Newsome, L. M. Van Eaden, W. J. Ripple, and 
C. F. Dormann. 2020. “Grey Wolf (Canis lupus) Predation on Livestock 
in Relation to Prey Availability.” Biological Conservation 243: 108433. 
https://​doi.​org/​10.​1016/j.​biocon.​2020.​108433.

https://doi.org/10.1111/j.1469-1795.2010.00368.x
https://doi.org/10.1111/j.1469-1795.2010.00368.x
https://doi.org/10.1073/pnas.1012972108
https://doi.org/10.5564/mjia.v0i8-9.129
https://doi.org/10.5564/mjia.v0i8-9.129
https://doi.org/10.1111/cobi.12420
https://doi.org/10.1111/cobi.12420
https://doi.org/10.1038/s41598-017-02323-w
https://doi.org/10.1126/science.120510
https://doi.org/10.1126/science.120510
https://doi.org/10.5735/086.059.0101
https://doi.org/10.1071/WR21169
https://doi.org/10.1111/j.2397-2335.1922.tb00768.x
https://doi.org/10.1111/j.2397-2335.1922.tb00768.x
https://doi.org/10.1080/01621459.1992.10475190
https://doi.org/10.1080/01621459.1992.10475190
https://doi.org/10.1093/cz/zoac093
https://doi.org/10.3390/ani11061735
https://doi.org/10.3390/ani11061735
https://doi.org/10.1007/s13364-024-00744-3
https://doi.org/10.1007/s13364-024-00744-3
https://doi.org/10.1111/mam.12323
https://doi.org/10.1111/mam.12323
https://doi.org/10.1080/03949370.2021.1967458
https://doi.org/10.1080/03949370.2021.1967458
https://doi.org/10.1080/1828051X.2025.2477752
https://doi.org/10.1080/1828051X.2025.2477752
https://doi.org/10.1038/s41598-026-38371-4
https://doi.org/10.1080/1828051X.2025.2591442
https://doi.org/10.1080/1828051X.2025.2591442
https://doi.org/10.4404/hystrix-00774-20
https://doi.org/10.3390/ani15131958
https://doi.org/10.3390/ani15131958
https://mc-stan.org/bayesplot/
https://doi.org/10.1098/rsos.170852
https://doi.org/10.1016/j.biocon.2006.10.049
https://doi.org/10.1016/j.biocon.2006.10.049
https://doi.org/10.1016/j.biocon.2016.01.003
https://www.iucnredlist.org
https://www.iucnredlist.org
https://www.iucnredlist.org
https://doi.org/10.1007/BF00384581
https://doi.org/10.1016/j.biocon.2020.108433


21 of 22Ecology and Evolution, 2026

Jimenez, M. D., E. E. Bangs, D. K. Boyd, et al. 2017. “Wolf Dispersal in the 
Rocky Mountains, Western United States: 1993–2008.” Journal of Wildlife 
Management 81, no. 4: 581–592. https://​doi.​org/​10.​1002/​jwmg.​21238​.

Johansson, Ö., G. Koehler, G. R. Rauset, et  al. 2018. “Sex-Specific 
Seasonal Variation in Puma and Snow Leopard Home Range 
Utilization.” Ecosphere 9, no. 8: e02371. https://​doi.​org/​10.​1002/​
ecs2.​2371.

König, H. J., C. Kiffner, S. Kramer-Schadt, C. Fürst, O. Keuling, and 
A. T. Ford. 2020. “Human–Wildlife Coexistence in a Changing World.” 
Conservation Biology 34, no. 4: 786–794. https://​doi.​org/​10.​1111/​cobi.​
13513​.

Krange, O., C. Sandström, T. Tangeland, and G. Ericsson. 2017. 
“Approval of Wolves in Scandinavia: A Comparison Between Norway 
and Sweden.” Society and Natural Resources 30: 1127–1140. https://​doi.​
org/​10.​1080/​08941​920.​2017.​1315652.

Krofel, M., C. Groff, V. Oberosler, C. Augugliaro, and F. Rovero. 2021. 
“Snow Leopard Panthera uncia Predation and Consumption of an Adult 
Yak in the Mongolian Altai.” Ethology Ecology and Evolution 33: 636–
643. https://​doi.​org/​10.​1080/​03949​370.​2021.​1872709.

Kruschke, J. K. 2014. Doing Bayesian Data Analysis: A Tutorial With R, 
JAGS and Stan. 2nd ed. Elsevier.

Kusi, N., C. Sillero-Zubiri, D. W. Macdonald, P. J. Johnson, and G. 
Werhahn. 2019. “Perspectives of Traditional Himalayan Communities 
on Fostering Coexistence With Himalayan Wolf and Snow Leopard.” 
Conservation Science and Practice 2: e165. https://​doi.​org/​10.​1111/​
csp2.​165.

Laurenzi, A., N. Bodino, and E. Mori. 2016. “Much Ado About Nothing: 
Assessing the Impact of a Problematic Rodent on Agriculture and 
Native Trees.” Mammal Research 61: 65–72. https://​doi.​org/​10.​1007/​
s1336​4-​015-​0248-​7.

Lescureux, N., and J. D. C. Linnell. 2010. “Knowledge and Perceptions 
of Macedonian Hunters and Herders: The Influence of Species Specific 
Ecology of Bears, Wolves, and Lynx.” Human Ecology 38: 389–399. 
https://​doi.​org/​10.​1007/​s1074​5-​010-​9326-​2.

Lesilau, F., M. Fonck, M. Gatta, et  al. 2018. “Effectiveness of a LED 
Flashlight Technique in Reducing Livestock Depredation by Lions 
(Panthera leo) Around Nairobi National Park, Kenya.” PLoS One 13: 
e0190898. https://​doi.​org/​10.​1371/​journ​al.​pone.​0190898.

Li, J., D. Wang, H. Yin, et  al. 2013. “Role of Tibetan Buddhist 
Monasteries in Snow Leopard Conservation.” Conservation Biology 28: 
87–94. https://​doi.​org/​10.​1111/​cobi.​12135​.

Li, J., H. Yin, D. Wang, Z. Jiagong, and Z. Lu. 2013. “Human-Snow 
Leopard Conflicts in the Sanjiangyuan Region of the Tibetan Plateau.” 
Biological Conservation 166: 118–123. https://​doi.​org/​10.​1016/j.​biocon.​
2013.​06.​024.

Lieb, Z., B. Tumurbaatar, B. Elfström, and J. Bull. 2021. “Impact of 
Livestock Guardian Dogs on Livestock Predation in Rural Mongolia.” 
Conservation Science and Practice 3, no. 19: e509. https://​doi.​org/​10.​
1111/​csp2.​509.

Linnell, J. D. C., J. Odden, M. E. Smith, R. Aanes, and J. E. Swenson. 
1999. “Large Carnivores That Kill Livestock: Do “Problem Individuals” 
Really Exist?” Wildlife Society Bulletin 27: 698–705. https://​www.​jstor.​
org/​stable/​3784091.

Lkhagvadorj, D., M. Hauck, C. Dulamsuren, and J. Tsogtbaatar. 2013. 
“Pastoral Nomadism in the Forest-Steppe of the Mongolian Altai 
Under a Changing Economy and a Warming Climate.” Journal of Arid 
Environments 88: 82–89. https://​doi.​org/​10.​1016/j.​jarid​env.​2012.​07.​019.

Lovari, S., M. T. Corsini, B. Guazzini, G. Romeo, and E. Mori. 2017. 
“Suburban Ecology of the Crested Porcupine in a Heavily Poached 
Area: A Global Approach.” European Journal of Wildlife Research 63: 
10. https://​doi.​org/​10.​1007/​s1034​4-​016-​1075-​0.

Lovari, S., M. Ventimiglia, and I. Minder. 2013. “Food Habits of Two 
Leopard Species, Competition, Climate Change and Upper Treeline: 
A Way to the Decrease of an Endangered Species?” Ethology Ecology 
and Evolution 25: 305–318. https://​doi.​org/​10.​1080/​03949​370.​2013.​
806362.

Mattisson, J., H. Sand, P. Wabakken, et  al. 2013. “Home Range Size 
Variation in a Recovering Wolf Population: Evaluating the Effect of 
Environmental, Demographic, and Social Factors.” Oecologia 173: 813–
825. https://​doi.​org/​10.​1007/​s0044​2-​013-​2668-​x.

Mayer, M., K. Olsen, B. Schulz, et al. 2022. “Occurrence and Livestock 
Depredation Patterns by Wolves in Highly Cultivated Landscapes.” 
Frontiers in Ecology and Evolution 10: 783027. https://​doi.​org/​10.​3389/​
fevo.​2022.​783027.

McCarthy, T., and D. Mallon. 2023. Snow Leopards. 2nd ed. Elsevier.

McCarthy, T., D. Mallon, R. Jackson, P. Zahler, and K. McCarthy. 2017. 
“Panthera uncia. The IUCN Red List of Threatened Species 2017:e.
T22732A50664030.” Accessed July 19, 2024. https://​doi.​org/​10.​2305/​
IUCN.​UK.​2017-​2.​RLTS.​T2273​2A506​64030.​en.

Meriggi, A., A. Brangi, C. Matteucci, and O. Sacchi. 1996. “The Feeding 
Habits of Wolves in Relation to Large Prey Availability in Northern 
Italy.” Ecography 19: 287–295. https://​doi.​org/​10.​1111/j.​1600-​0587.​1996.​
tb012​56.​x.

Meriggi, A., and S. Lovari. 1996. “A Review of Wolf Predation in 
Southern Europe: Does the Wolf Prefer Wild Prey to Livestock?” Journal 
of Applied Ecology 33: 1561–1571. https://​doi.​org/​10.​2307/​2404794.

Mijiddorj, T. N., J. S. Alexander, G. Samelius, R. Badola, G. S. Rawat, 
and S. Dutta. 2018. “Livestock Depredation by Large Carnivores in the 
South Gobi, Mongolia.” Wildlife Research 45: 237. https://​doi.​org/​10.​
1071/​WR18009.

Mishra, C. 1997. “Livestock Depredation by Large Carnivores in the 
Indian Trans-Himalaya.” Environmental Conservation 24: 338–343. 
https://​doi.​org/​10.​1017/​S0376​89299​7000441.

Morales-González, A., A. Fernández-Gil, M. Quevedo, and E. Revilla. 
2022. “Patterns and Determinants of Dispersal in Grey Wolves (Canis 
lupus).” Biological Reviews 97: 466–480. https://​doi.​org/​10.​1111/​brv.​
12807​.

Naha, D., P. Chaudhary, G. Sonker, and S. Sathyakumar. 2020. 
“Effectiveness of Non-Lethal Predator Deterrents to Reduce Livestock 
Losses to Leopard Attacks Within a Multiple-Use Landscape of the 
Himalayan Region.” PeerJ 8: e9544. https://​doi.​org/​10.​7717/​peerj.​9544.

Naimi, B., N. A. S. Hamm, T. A. Groen, A. K. Skidmore, and A. G. 
Toxopeus. 2014. “Where Is Positional Uncertainty a Problem for Species 
Distribution Modelling?” Ecography 37: 191–203. https://​doi.​org/​10.​
1111/j.​1600-​0587.​2013.​00205.​x.

National Statistics Office of Mongolia. 2022. Accessed June 23, 2024. 
https://​1212.​mn/​en/​about​-​us/​home.

Nyhus, P. J. 2016. “Human–Wildlife Conflict and Coexistence.” Annual 
Review of Environment and Resources 41: 143–171. https://​doi.​org/​10.​
1146/​annur​ev-​envir​on-​11061​5-​085634.

Ohrens, O., C. Bonacic, and A. Treves. 2019. “Non-Lethal Defense of 
Livestock Against Predators: Flashing Lights Deter Puma Attacks in 
Chile.” Frontiers in Ecology and the Environment 17: 32–38. https://​doi.​
org/​10.​1002/​fee.​1952.

Oli, M. K., I. R. Taylor, and M. E. Rogers. 1994. “Snow Leopard Panthera 
uncia Predation of Livestock: An Assessment of Local Perceptions in 
the Annapurna Conservation Area, Nepal.” Biological Conservation 68: 
63–68. https://​doi.​org/​10.​1016/​0006-​3207(94)​90547​-​9.

Pachoud, C., R. Da Re, M. Ramanzin, S. Bovolenta, D. Gianelle, and 
E. Sturaro. 2020. “Tourists and Local Stakeholders' Perception of 
Ecosystem Services Provided by Summer Farms in the Eastern Italian 
Alps.” Sustainability 12: 1095. https://​doi.​org/​10.​3390/​su120​31095​.

https://doi.org/10.1002/jwmg.21238
https://doi.org/10.1002/ecs2.2371
https://doi.org/10.1002/ecs2.2371
https://doi.org/10.1111/cobi.13513
https://doi.org/10.1111/cobi.13513
https://doi.org/10.1080/08941920.2017.1315652
https://doi.org/10.1080/08941920.2017.1315652
https://doi.org/10.1080/03949370.2021.1872709
https://doi.org/10.1111/csp2.165
https://doi.org/10.1111/csp2.165
https://doi.org/10.1007/s13364-015-0248-7
https://doi.org/10.1007/s13364-015-0248-7
https://doi.org/10.1007/s10745-010-9326-2
https://doi.org/10.1371/journal.pone.0190898
https://doi.org/10.1111/cobi.12135
https://doi.org/10.1016/j.biocon.2013.06.024
https://doi.org/10.1016/j.biocon.2013.06.024
https://doi.org/10.1111/csp2.509
https://doi.org/10.1111/csp2.509
https://www.jstor.org/stable/3784091
https://www.jstor.org/stable/3784091
https://doi.org/10.1016/j.jaridenv.2012.07.019
https://doi.org/10.1007/s10344-016-1075-0
https://doi.org/10.1080/03949370.2013.806362
https://doi.org/10.1080/03949370.2013.806362
https://doi.org/10.1007/s00442-013-2668-x
https://doi.org/10.3389/fevo.2022.783027
https://doi.org/10.3389/fevo.2022.783027
https://doi.org/10.2305/IUCN.UK.2017-2.RLTS.T22732A50664030.en
https://doi.org/10.2305/IUCN.UK.2017-2.RLTS.T22732A50664030.en
https://doi.org/10.1111/j.1600-0587.1996.tb01256.x
https://doi.org/10.1111/j.1600-0587.1996.tb01256.x
https://doi.org/10.2307/2404794
https://doi.org/10.1071/WR18009
https://doi.org/10.1071/WR18009
https://doi.org/10.1017/S0376892997000441
https://doi.org/10.1111/brv.12807
https://doi.org/10.1111/brv.12807
https://doi.org/10.7717/peerj.9544
https://doi.org/10.1111/j.1600-0587.2013.00205.x
https://doi.org/10.1111/j.1600-0587.2013.00205.x
https://1212.mn/en/about-us/home
https://doi.org/10.1146/annurev-environ-110615-085634
https://doi.org/10.1146/annurev-environ-110615-085634
https://doi.org/10.1002/fee.1952
https://doi.org/10.1002/fee.1952
https://doi.org/10.1016/0006-3207(94)90547-9
https://doi.org/10.3390/su12031095


22 of 22 Ecology and Evolution, 2026

Parchizadeh, J., M. G. Arias, and J. L. Belant. 2024. “Livestock Predation 
Patterns by Gray Wolves and Persian Leopards in Iran.” Scientific 
Reports 14: 26899. https://​doi.​org/​10.​1038/​s4159​8-​024-​78117​-​8.

Piédallu, B., P.-Y. Quenette, C. Mounet, et al. 2016. “Spatial Variation 
in Public Attitudes Toward Brown Bears in the French Pyrenees.” 
Biological Conservation 197: 90–97. https://​doi.​org/​10.​1016/j.​biocon.​
2016.​02.​027.

Pooley, S., S. Bhatia, and A. Vasava. 2021. “Rethinking the Study of 
Human-Wildlife Coexistence.” Conservation Biology 35, no. 3: 784–793. 
https://​doi.​org/​10.​1111/​cobi.​13653​.

R Core Team. 2023. R: A Language and Environment for Statistical 
Computing. R Foundation for Statistical Computing. https://​www.​R-​
proje​ct.​org/​.

Rasphone, A., A. Bousa, C. Vongkhamheng, J. F. Kamler, A. Johnson, 
and D. W. Macdonald. 2022. “Diet and Prey Selection of Clouded 
Leopards and Tigers in Laos.” Ecology and Evolution 12, no. 7: e9067. 
https://​doi.​org/​10.​1002/​ece3.​9067.

Ripple, W. J., J. A. Estes, R. L. Beschta, et al. 2014. “Status and Ecological 
Effects of the World's Largest Carnivores.” Science 343: 1241484. https://​
doi.​org/​10.​1126/​scien​ce.​1241484.

Rovero, F., C. Augugliaro, R. W. Havmøller, et al. 2020. “Co-Occurrence 
of Snow Leopard Panthera uncia, Siberian Ibex Capra sibirica and 
Livestock: Potential Relationships and Effects.” Oryx 54: 118e124. 
https://​doi.​org/​10.​1017/​S0030​60531​7001685.

Salerno, J., R. Warrier, S. W. Breck, et  al. 2025. “Beneficial Spillover 
Effects of Antipredation Interventions Support Human-Carnivore 
Coexistence.” Conservation Letters 18, no. 2: e13085. https://​doi.​org/​10.​
1111/​conl.​13085​.

Salvador, S., M. Corazzin, A. Romanzin, and S. Bovolenta. 2017. 
“Greenhouse Gas Balance of Mountain Dairy Farms as Affected 
by Grassland Carbon Sequestration.” Journal of Environmental 
Management 196: 644–650. https://​doi.​org/​10.​1016/j.​jenvm​an.​2017.​
03.​052.

Samelius, G., K. Suryawanshi, J. Frank, et al. 2021. “Keeping Predators 
Out: Testing Fences to Reduce Livestock Depredation at Night-Time 
Corrals.” Oryx 55, no. 3: 466–472. https://​doi.​org/​10.​1017/​S0030​60531​
9000565.

Schuette, P., S. Creel, and D. Christianson. 2013. “Coexistence of 
African Lions, Livestock, and People in a Landscape With Variable 
Human Land Use and Seasonal Movements.” Biological Conservation 
157: 148–154. https://​doi.​org/​10.​1016/j.​biocon.​2012.​09.​011.

Shehzad, W., T. M. McCarthy, F. Pompanon, et al. 2012. “Prey Preference 
of Snow Leopard (Panthera uncia) in South Gobi, Mongolia.” PLoS One 
7: e32104. https://​doi.​org/​10.​1371/​journ​al.​pone.​0032104.

Smith, J. B., C. K. Nielsen, and E. C. Hellgren. 2014. “Illinois Resident 
Attitudes Toward Recolonizing Large Carnivores.” Journal of Wildlife 
Management 78, no. 5: 930–943. https://​doi.​org/​10.​1002/​jwmg.​718.

Suryawanshi, K. R., S. Bhatia, Y. V. Bhatnagar, S. Redpath, and C. 
Mishra. 2014. “Multiscale Factors Affecting Human Attitudes Toward 
Snow Leopards and Wolves.” Conservation Biology 28: 1657–1666. 
https://​doi.​org/​10.​1111/​cobi.​12320​.

Suryawanshi, K. R., Y. V. Bhatnagar, S. Redpath, and C. Mishra. 2013. 
“People, Predators and Perceptions: Patterns of Livestock Depredation 
by Snow Leopards and Wolves.” Journal of Applied Ecology 50: 550–560. 
https://​doi.​org/​10.​1111/​1365-​2664.​12061​.

Torres, T. R., N. Silva, G. Brotas, and C. Fonseca. 2015. “To Eat or Not to 
Eat? The Diet of the Endangered Iberian Wolf (Canis lupus Signatus) in 
a Human-Dominated Landscape in Central Portugal.” PLoS One 10, no. 
6: e0129379. https://​doi.​org/​10.​1371/​journ​al.​pone.​0129379.

Treves, A., M. Krofel, O. Ohrens, and L. M. van Eeden. 2019. “Predator 
Control Needs a Standard of Unbiased Randomized Experiments With 

Cross-Over Design.” Frontiers in Ecology and Evolution 7: 462. https://​
doi.​org/​10.​3389/​fevo.​2019.​00462​.

Treves, A., R. B. Wallace, L. Naughton-Treves, and A. Morales. 2006. 
“Co-Managing Human–Wildlife Conflicts: A Review.” Human 
Dimensions of Wildlife 11, no. 6: 383–396. https://​doi.​org/​10.​1080/​10871​
20060​0984265.

Van Eeden, L. M., A. Eklund, J. R. B. Miller, et  al. 2018. “Carnivore 
Conservation Needs Evidence-Based Livestock Protection.” PLoS 
Biology 16, no. 9: e2005577. https://​doi.​org/​10.​1371/​journ​al.​pbio.​
2005577.

Vos, J. 2000. “Food Habits and Livestock Depredation of Two Iberian 
Wolf Packs (Canis lupus Signatus) in the North of Portugal.” Journal of 
Zoology 251, no. 4: 457–462. https://​doi.​org/​10.​1111/j.​1469-​7998.​2000.​
tb008​01.​x.

Wang, S. W., and D. W. Macdonald. 2006. “Livestock Predation by 
Carnivores in Jigme Singye Wangchuck National Park, Bhutan.” 
Biological Conservation 129, no. 4: 558–565. https://​doi.​org/​10.​1016/j.​
biocon.​2005.​11.​024.

Werhahn, G., C. Augugliaro, M. Kabir, et al. 2025. “Asia's Wolves and 
Synergies With Big Cats.” Conservation Letters 18: e13094. https://​doi.​
org/​10.​1111/​conl.​13094​.

Werner, E. E., and D. J. Hall. 1974. “Optimal Foraging and the Size 
Selection of Prey by the Bluegill Sunfish (Lepomis macrochirus).” 
Ecology 55, no. 5: 1042–1052. https://​doi.​org/​10.​2307/​1940354.

Wickham, H., R. François, L. Henry, K. Müller, and D. Vaughan. 2026. 
dplyr: A Grammar of Data Manipulation R package version 1.2.1. 
https://​CRAN.​R-​proje​ct.​org/​packa​ge=​dplyr​.

Woodroffe, R., S. Thirgood, and A. Rabinowitz. 2005. People and 
Wildlife: Conflict or Co-Existence? Cambridge University Press.

Zuur, A. F., E. N. Ieno, N. J. Walker, A. A. Saveliev, and G. M. Smith. 
2009. Mixed Effects Models and Extensions in Ecology With R. Springer.

Supporting Information

Additional supporting information can be found online in the 
Supporting Information section. Supporting Information: S1. Track 
Survey Form. Supporting Information: S2. Livestock depredations 
and prevention strategies to foster human–carnivore coexistence in 
Western Mongolia's high mountain systems. Figure S1: Normal proba-
bility plot (QQ plot) of residuals of the Bayesian cumulative logit mixed-
effects model (BCMM). Figure S2: Chains' trace plot of the Bayesian 
cumulative logit mixed-effects model (BCMM). Figure S3: Normal 
probability plot (QQ plot) of residuals of the first Bayesian generalized 
linear mixed model (BGLMM). Figure S4: Chains' trace plot of the 
first Bayesian generalized linear mixed model (BGLMM). Figure S5: 
Normal probability plot (QQ plot) of residuals of the second Bayesian 
generalized linear mixed model (BGLMM). Figure S6: Chains' trace 
plot of the second Bayesian generalized linear mixed model (BGLMM). 
Figure S7: Normal probability plot (QQ plot) of residuals of the 
Bayesian generalized linear model (BGLM). Figure S8: Chains' trace 
plot of the second Bayesian generalized linear model (BGLM). Data S1: 
ece374124-sup-0004-supinfo-dataset.xlsx. 

https://doi.org/10.1038/s41598-024-78117-8
https://doi.org/10.1016/j.biocon.2016.02.027
https://doi.org/10.1016/j.biocon.2016.02.027
https://doi.org/10.1111/cobi.13653
https://www.r-project.org/
https://www.r-project.org/
https://doi.org/10.1002/ece3.9067
https://doi.org/10.1126/science.1241484
https://doi.org/10.1126/science.1241484
https://doi.org/10.1017/S0030605317001685
https://doi.org/10.1111/conl.13085
https://doi.org/10.1111/conl.13085
https://doi.org/10.1016/j.jenvman.2017.03.052
https://doi.org/10.1016/j.jenvman.2017.03.052
https://doi.org/10.1017/S0030605319000565
https://doi.org/10.1017/S0030605319000565
https://doi.org/10.1016/j.biocon.2012.09.011
https://doi.org/10.1371/journal.pone.0032104
https://doi.org/10.1002/jwmg.718
https://doi.org/10.1111/cobi.12320
https://doi.org/10.1111/1365-2664.12061
https://doi.org/10.1371/journal.pone.0129379
https://doi.org/10.3389/fevo.2019.00462
https://doi.org/10.3389/fevo.2019.00462
https://doi.org/10.1080/10871200600984265
https://doi.org/10.1080/10871200600984265
https://doi.org/10.1371/journal.pbio.2005577
https://doi.org/10.1371/journal.pbio.2005577
https://doi.org/10.1111/j.1469-7998.2000.tb00801.x
https://doi.org/10.1111/j.1469-7998.2000.tb00801.x
https://doi.org/10.1016/j.biocon.2005.11.024
https://doi.org/10.1016/j.biocon.2005.11.024
https://doi.org/10.1111/conl.13094
https://doi.org/10.1111/conl.13094
https://doi.org/10.2307/1940354
https://cran.r-project.org/package=dplyr

	Livestock Depredations and Prevention Strategies to Foster Human-Carnivore Coexistence in Western Mongolia's High Mountain Systems
	ABSTRACT
	1   |   Introduction
	2   |   Material and Methods
	2.1   |   Study Area and Livestock Herding System
	2.2   |   Research Project and Data Collection
	2.2.1   |   Herders' Attitude Toward Snow Leopard and Wolf in the Pre-Project Period
	2.2.2   |   Livestock Depredations and Prey Preference Analyses in both the Pre-Project and Project Periods
	2.2.3   |   Foxlights' Distribution between ‘Treatment’ and ‘Control’ Groups in the Project Period

	2.3   |   Statistical Analysis
	2.3.1   |   Herders' Attitude toward Snow Leopard and Wolf in the Pre-Project Period
	2.3.2   |   Livestock Depredations and Prey Preference Analyses in both the Pre-Project and Project Periods
	2.3.3   |   Foxlights' Effectiveness in Deterring Predators


	3   |   Results
	3.1   |   Households' Characteristics and Herders' Attitude toward the Snow Leopard and Wolf in the Pre-Project Period
	3.2   |   Effect of Carnivores on Livestock Losses
	3.2.1   |   Characterization of both Day-time and Night-time Depredation Events by Snow Leopard and Wolf in both the Pre-Project and Project Periods
	3.2.2   |   Foxlights' Effectiveness in Reducing Night-time Livestock Depredations by Snow Leopard and Wolf
	3.2.3   |   Main Causes of Livestock Losses in the Project Period
	3.2.4   |   Impact of Solitary Wolves, Pairs and Packs on Livestock in the Project Period


	4   |   Discussion
	4.1   |   Herder Attitudes and Carnivores' Impact on Livestock Activities
	4.2   |   Foxlights' Effectiveness in Reducing Night-time Livestock Attacks and Depredations by Snow Leopard and Wolf
	4.3   |   Main Causes of Livestock Losses and Impact of Solitary Wolves, Pairs and Packs on Livestock in the Project Period
	4.4   |   Conservation and Management Recommendations

	Author Contributions
	Acknowledgments
	Funding
	Ethics Statement
	Conflicts of Interest
	Data Availability Statement
	References


