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Conflicts between large сarnivores and humans have been common in mountainous regions, with the Carpathians being par-
ticularly affected. Recently, interest among researchers and wildlife managers in studying and managing these conflicts has grown 
significantly. Unfortunately, the coexistence between humans and wildlife and its implications for nature and society have been 
largely overlooked in Ukraine. This study analyzed conflicts between large carnivores (Canis lupus, Ursus arctos and Lynx lynx) 
and farmers/beekeepers within designated model territories in the Ukrainian Carpathians, focusing on the effectiveness of conflict 
prevention strategies implemented between 2018 and 2023. Among the stakeholders analyzed, 79.0% were farmers (livestock 
owners) and 21.0% were beekeepers. It was observed that 73.0% of farms and apiaries experienced conflicts with large carnivores 
during the study period; incidents included 64.8% with wolf attacks, 31.3% with bear attacks, and 24.2% with lynx attacks. Nota-
bly, conflicts involving livestock owners and large carnivores decreased nearly fivefold, from 54.9% in 2018 to 11.0% in 2023. 
Similarly, bear-related conflicts among beekeepers nearly halved, from 29.2% to 16.8%. The adoption of electric fences signifi-
cantly increased among farms and apiaries from none to 33.9%, and the proportion of farmers using dogs for livestock protection 
without experiencing large carnivore conflicts rose from 3.3% to 20.9%. These pilot findings highlight the effectiveness of such 
measures in reducing conflicts and improving coexistence quality. The results provide valuable insights into the structure, dynam-
ics, and spatial distribution of conflicts in the Ukrainian Carpathians, underscoring their importance for the conservation of rare 
species and the implementation of effective management strategies for wild animal populations, sustainable farming, and habitat 
conservation in regions inhabited by large carnivores. An integrated approach that considers the needs of both human communities 
and wildlife, involving collaboration among scientific bodies, public organizations, and government entities at various levels, is 
crucial for devising and executing effective conflict management strategies in diverse landscapes.  

Keywords: grey wolf; brown bear; Eurasian lynx; human-wildlife interactions; wildlife conservation; wildlife management; 
conflict mitigation; livestock and apiaries.  

Introduction  
 

Research on conflicts between humans and wild nature, especially 
with large carnivores, has increasingly captured the interest of scholars, as 
evidenced by the growing number of scientific publications on this topic 
in recent years (Nyhus, 2016; Qamer et al., 2023). Over the last decade, 
publications in some regions have increased by 57.0% (Sharma et al., 
2021). The need for effective landscape management, conservation of en-
dangered wildlife populations, and sustainable development of communi-
ties in natural and modified environments drives this surge in interest. 
Therefore, it is crucial to develop and implement management strategies 
based on robust qualitative and quantitative data regarding large carnivore 
populations and human-wildlife conflict across various regions (König 
et al., 2021; Narayan & Rana, 2023).  

Unfortunately, there is a significant lack of scholarly work addressing 
conflicts between large carnivores and humans within the territory of Uk-
raine (Vykhor et al., 2021). A number of recent studies have extensively 
analyzed the population structure, dynamics, and distribution of large car-
nivores in the Ukrainian Carpathians and Polissia (Dykyy & Shkvyria, 
2015; Zagorodniuk & Rizun, 2022; Kudrenko et al., 2023; Palmero et al., 
2023). Synchronizing the population counts of the grey wolf (Canis lupus 

Linnaeus, 1758), brown bear (Ursus arctos Linnaeus, 1758), and Eurasian 
lynx (Lynx lynx Linnaeus, 1758), hereafter referred to as wolf, bear, and 
lynx respectively, across regional, national, and international levels is cru-
cial for the effective monitoring of these large carnivores (Vykhor et al., 
2022; Cherepanyn et al., 2023). However, without a deep understanding 
of the interactions and conflicts between large carnivores – specifically 
wolves, bears, and lynxes – and humans, long-term programs aimed at 
managing landscapes and conserving populations of rare species in the 
region will likely be ineffective (Marchini et al., 2019, 2021).  

According to the IUCN SSC (International Union for Conservation 
of Nature Species Survival Commission) guidelines on human-wildlife 
conflict and coexistence, human-wildlife conflict is defined as a "struggle 
that emerges when the presence or behavior of wildlife poses actual, per-
ceived, direct and recurring threats to human interests or needs – leads to 
disagreements between groups of people and to negative impacts on people 
or wildlife". Conversely, human-wildlife coexistence is described as "cho-
ice is being made by humans at some level and in some form to share lan-
dscapes and natural resources with wildlife in sustainable ways through 
agreements and cooperations between different groups of people" (IUCN, 
2023). In recent years, many European countries have witnessed the reco-
lonization of their territories by large carnivores that had previously vani-
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shed (Trouwborst et al., 2017; Plaschke et al., 2021). For instance, as wolf 
populations recover and expand across Europe, conflicts with livestock 
owners are becoming increasingly common (Fedyń et al., 2022; Singer 
et al., 2023). An increase in conflicts and losses of sheep and goats has 
been correlated with a rising density of wolf populations in many Europe-
an countries, including Slovakia (Finďo et al., 2023). Unfortunately, Uk-
raine lacks a national system for collecting, preserving, and processing 
data on conflicts between large carnivores and humans, such as farmers 
and beekeepers, unlike many European countries where such incidents are 
systematically recorded annually (Berce et al., 2020). For instance, in Ger-
many, wolf attacks on sheep escalated from 39 cases in 2010 to 706 in 
2019, with injuries rising from 114 to 2559 sheep; similarly, in Austria, 
injuries from wolf attacks increased from 18 sheep in 2010 to 81 in 2019 
(Berce et al., 2020). In 2021, the total number of livestock lost to wolf at-
tacks reached 453 in Austria and 2538 in Germany, among other statistics 
(Marsden et al., 2023).  

Nevertheless, the correlation between the number of wolves on the 
territory and the negative impacts of conflicts is diminishing over time, 
suggesting that livestock owners and authorities are increasingly adapting 
to the presence of these carnivores through enhanced conflict prevention 
measures (Singer et al., 2023). Consequently, many European countries 
are implementing state programs to prevent and mitigate conflicts with lar-
ge carnivores and launch communication campaigns to shift societal atti-
tudes toward these animals amidst rising conflicts and wolf populations. 
However, fostering sustainable coexistence between humans and large 
carnivores in natural and modified environments is a significant challenge, 
necessitating comprehensive strategies (Papp et al., 2022).  

Ukraine is home to three types of large carnivores - wolf, bear and 
lynx. The wolf is a species allowed to be hunted in Ukraine (Salvatori 
et al., 2002). The bear and the lynx are listed in the Red Data Book of Uk-
raine (Akimov, 2009). All three species are also protected under the Berne 
Convention ratified in Ukraine (Convention, 1979). The country has also 
developed national action plans for the conservation of bears and lynxes in 
line with European standards (Order of the Ministry of Environmental 

Protection and Natural Resources of Ukraine No 595 of September 16, 
2021, approving the Action Plan for the Conservation of the Eurasian 
Lynx; and Order No 679 of October 20, 2021, approving the Action Plan 
for the Conservation of the Brown Bear). Following the national and inter-
national Action Plans for large carnivores conservation (Breitenmoser 
et al., 2000) and recommendations from the Secretariat of the Carpathian 
Convention and the International Council for Game and Wildlife Conser-
vation (Hackländer et al., 2021), key objectives include studying, under-
standing, and monitoring human-carnivore conflicts and developing effec-
tive prevention and mitigation strategies for such conflicts in targeted regi-
ons. Notably, the Carpathian Mountains, where these conflicts are most 
prevalent, have been the primary focus of our research.  
 
Materials and methods  
 

For our study on conflicts between large carnivores and farmers/ bee-
keepers in the Ukrainian Carpathians, the following districts were selected: 
Verkhovyna, Nadvirna, Kalush, and Kolomyia in Ivano-Frankivsk region; 
Rakhiv, Khust, and Tyachiv in Zakarpattia region; and Stryi in Lviv 
region (Fig. 1). These territories were chosen due to the presence of farms 
situated on highland mountain grazing meadows and apiaries within these 
districts, areas that overlap with the habitats of large carnivores and thus 
present a potential risk of conflicts.  

The distribution of the analyzed farms across the Ukrainian Carpathi-
ans is influenced by the region's ethnocultural and natural characteristics. 
Specifically, traditional farming practices involving free grazing of live-
stock on highland meadows are predominant in the Rakhiv and Khust dis-
tricts of the Zakarpattia region, as well as the Verkhovyna and Nadvirna 
districts of the Ivano-Frankivsk region. In other parts of the Carpathians, 
these traditional farming practices are less developed due to varying natu-
ral and ethnocultural conditions. Consequently, the primary focus areas for 
studying conflicts between farmers and large carnivores are in these speci-
fied districts of Zakarpattia and Ivano-Frankivsk regions (Fig. 1).  

  
Fig. 1. Map of the research territory showing selected farm and apiary locations used to analyze the structure, dynamics, consequences,  
and spatial distribution of conflicts between large carnivores and farmers/beekeepers in the Ukrainian Carpathians from 2018 to 2023  
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The selection of study sites for investigating conflicts with bears was 
primarily based on the location of apiaries. These apiaries are situated in 
high-mountain, remote regions within bear habitats, where the potential 
risk of conflicts with bears is significant. 115 locations were chosen, com-
prising 91 farms and 24 apiaries. These sites are spread across diverse eco-
nomic zones, including forestry areas, nature protection areas, and village 
council territories. Notably, 13 farms and 3 apiaries are within protected 
natural areas (Fig. 1). To analyze conflicts with large carnivores, an annual 
survey targeting farm and apiary owners was implemented, focusing on 
the occurrence and types of conflicts with wolves, bears, and lynxes, as 
well as the outcomes of these conflicts throughout each year. These sur-
veys were conducted consistently from 2018 to 2023. Additionally, where 
feasible, incidents resulting from carnivore attacks – such as killed or 
injured livestock and destroyed beehives – were directly documented with 
photographic evidence.  

The annual questionnaires conducted from 2018 to 2023 included a 
comprehensive set of questions for respondents, covering: the name and 
geographical details (district, region, coordinates) of the farms/apiaries; 
economic type (beekeeper, sheep, cattle, or aviary-type farm); presence or 
absence of conflicts within the year; species of large carnivores involved 
(wolf, bear, lynx); consequences of such conflicts (e.g., number of killed/ 
injured livestock, destroyed/damaged beehives); protective measures in 
place, including the presence of guard dogs (specific breeds like Alabai, 
Carpathian shepherd, German shepherd, Great Pyrenees), electric fences 
(installation year and effectiveness post-installation); and additional con-
text such as the operational status of the farm/apiary, the survival of con-
tact persons, and whether the owner has been mobilized for military 
service.  

Data collected from the respondents were processed using Microsoft 
Excel to analyze the structure and dynamics of conflicts involving large 
carnivores in designated model territories of the Ukrainian Carpathians 
from 2018 to 2023. Additionally, a suite of the Sensing Clues Platform 
online tools was utilized for further processing, data analysis, and repor-
ting. To assess the spatial distribution of these conflicts, a geodatabase in 
GDB format was established within the ESRI ArcGIS Pro 3.2.2 licensed 
software environment. This enabled the creation of a relational database 
that can be dynamically updated with new information.  

The geodatabase is structured into several key blocks. The 'Geolocati-
on' block is designated for the spatial positioning of objects, featuring an 
index field with a unique value for each location to maintain data integrity 
and enable connections within the geodatabase. The 'Economy' block 
holds attributes related to the management types at farms/apiaries, while 
the 'Species' block documents the large carnivores involved in conflicts at 
these economic sites. The 'Consequence of Conflicts' block records pre-
ventative measures like electric fences and herding dogs. Each block in-
cludes a temporal component, facilitating spatio-temporal analysis of con-
flicts and outcomes. Additionally, the geodatabase incorporates vector da-
tasets of Ukraine’s administrative divisions and protected area boundaries 
to pinpoint regions most impacted by conflicts. Heat maps visualizing 
conflicts as dynamic surfaces of varying densities and hot spot maps, ba-
sed on a standardized cartographic model, further analyze spatial conflict 
patterns (Andreichuk & Yamelynets, 2015; Elbakidze et al., 2017; Chas-
kovskyy et al., 2021).  
 
Results  
 

Structure and dynamics of conflicts. An analysis of respondent data 
categorized by their type of work activity revealed the following distributi-
on among stakeholders: 78.0% – cattle and sheep owners, 1.0% aviary 
farm and 21.0% beekeepers. Notably, 7.0% of farm owners were mobili-
zed into the army in 2023 to protect Ukraine from Russian armed aggres-
sion. The analysis of conflict dynamics with large carnivores from 2018 to 
2023 indicates significant changes in the model territories of the Ukrainian 
Carpathians. Specifically, the proportion of livestock owners reporting 
conflicts decreased from 54.9% to 11.0%. Concurrently, the adoption of 
electric fences for farm protection against these predators rose from 0 to 
23.1% (Fig. 2а). Additionally, the proportion of farmers who experienced 
conflicts while using herding dogs for protection also saw a notable 
decrease, mirroring the overall decline in conflicts, from 33.0% to 6.6%. 
The correlation coefficient between these two indicators is 0.9, suggesting 
a strong relationship. Notably, conflicts among farmers employing dogs 
for protection are 1.6 times lower than the general rate of conflicts with 
large carnivores.  

  
Fig. 2. Dynamics of conflicts between large carnivores and stakeholders and the corresponding protection measures (electric fences and herding dogs)  

in the Ukrainian Carpathians from 2018 to 2023: a – details conflicts between farmers and large carnivores (wolves, bears, lynxes);  
b – outlines conflicts between bears and beekeepers; c – tracks the adoption of herding dogs for livestock protection  
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The analysis of the dynamics of conflicts between bears and beekee-
pers from 2018 to 2023 reveals significant changes in the model territories 
of the Ukrainian Carpathians. The proportion of beekeepers experiencing 
conflicts with bears decreased from 29.2% to 16.7% by 2023. Concurrent-
ly, the use of electric fences by beekeepers to protect their apiaries from 
bear-related conflicts surged from 0% to 75.0% (Fig. 2b).  

This shift reflects a broader trend where the share of farmers and bee-
keepers experiencing conflicts with large carnivores has diminished in 
correlation with the increased adoption of electric fences for farm protecti-
on, highlighting the effectiveness of this preventative measure. Further 
analysis shows a growing proportion of stakeholders without conflicts: 
from 2018 to 2023, the percentage of farmers reporting no conflicts with 
large carnivores almost doubled, rising from 45.1% to 89.1%. Additional-
ly, there is an observable increase in the number of farmers who employ 
herding dogs or use electric fences, further supporting the trends in conflict 
mitigation.  

The analysis of the effectiveness of the herding dogs used for live-
stock protection reveals a strong negative linear correlation between the 
number of farmers who have conflicts with large carnivores and do not 
use dogs for herd protection and those who do not have conflicts but use 
dogs. The correlation coefficient for these variables is –0.8. In 2018, 
22.0% of livestock owners who did not have dogs reported conflicts, 
while only 3.3% of those using dogs for herd protection reported no con-
flicts (Fig. 2c). By contrast, in 2023, the share of livestock owners who 
had conflicts and did not use dogs decreased to 4.4%, while the proportion 
of farmers without conflicts who used dogs increased to 20.9% (Fig. 2c). 
This analysis specifically excluded farmers who use electric fences to iso-
late the impact of dogs as the sole protective measure. Despite a general 
reduction in human-large carnivore conflicts across the model territories in 
the Ukrainian Carpathians, these findings underscore the high effective-
ness of employing herding dogs in conflict prevention. Farmers who use 
herding dogs exhibit significantly lower conflict rates with large carnivo-
res. Further, an analysis of the breeds of dogs used by livestock owners in 
the Ukrainian Carpathians shows that the Carpathian Shepherd Dog is the 
most prevalent, accounting for 58.1% of the dogs used. The Alabai is the 
next most common breed, used by 27.9% of farmers. The German She-
pherd and the Great Pyrenees Mountain Dog are less common, represen-
ting 7.5% and 6.5% of the dogs used, respectively. There were 93 dogs 
across all farms analyzed in the model territories.  

The distribution of dogs used for livestock protection among farmers 
varies widely. While the number of dogs per farm ranges from 1 to 6, the 
breakdown is as follows: 29.4% of farmers keep 2 dogs, 20.6% have 
3 dogs, 17.7% use 4 dogs, another 17.7% maintain just 1 dog, 8.8% 
employ 5 dogs, and the smallest group, 5.9%, manage 6 dogs.  

Further analysis specifically focusing on farmers who do not use 
electric fences illustrates the effectiveness of shepherd dogs in preventing 
wildlife conflicts. For instance, in 2018, shepherd dogs helped 11.0% of 
livestock owners avoid conflicts with wolves, 4.4% avert conflicts with 
lynxes, and 1.1% fend off bear attacks.  

The use of electric fences and herding dogs has proven to be substan-
tially effective in protecting herds and preventing conflicts with large car-
nivores in the model territories of the Ukrainian Carpathians. These effec-
tive and reliable methods make them valuable for future farm protection 
strategies.  

Conflict consequences. The impacts of conflicts following attacks by 
specific species of large carnivores – wolves, bears, and lynxes – have va-
ried significantly across the model territories of the Ukrainian Carpathians 
from 2018 to 2023. Notably, the majority of conflicts involve wolf attacks. 
In 2018, 51.6% of farms reported wolf attacks on their livestock. By 2023, 
however, this figure had decreased sharply to 6.6%, indicating a signifi-
cant reduction in wolf-related conflicts (Table 1). These percentages far 
exceed those of farms affected by lynxes and bears.  

A breakdown of the affected farms by type of economic activity reve-
als that sheep owners experience the highest incidence of wolf attacks. 
Specifically, 26.4% of sheep farms were attacked in 2018, which decrea-
sed to 6.6% by 2023. Farms engaged in other economic activities reported 
much lower rates of wolf attacks (Table 1). This disparity is largely due to 
the vulnerability of sheep as prey and their prevalence in the highland 
areas of the model territories.  

Table 1  
Dynamics of conflicts between large carnivores and farmers/beekeepers 
on model territories of the Ukrainian Carpathians during 2018–2023  

Proportion of 
farmers/beekeepers, % 

Years 
2018 2019 2020 2021 2022 2023 

Conflicts with grey wolf 
Farmers in total 51.6 38.5 29.7 13.2 7.7 6.6 
Cattle owners 13.2 7.7 9.9 1.1 0 0 
Sheep owners 26.4 17.6 17.6 12.1 5.5 6.6 
Horse owners 2.2 1.1 3.3 0 0 0 
Goat owners 1.1 0 0 0 1.1 0 
Pig owners 1.1 1.1 1.1 0 0 0 
Dog owners 1.1 1.1 1.1 1.1 1.1 1.1 

Conflicts with Eurasian lynx 
Farmers in total 16.5 15.4 7.7 3.3 0 2.2 
Cattle owners 3.3 3.3 2.2 0 0 0 
Sheep owners 7.7 7.7 5.5 3.3 0 2.2 
Horse owners 0 0 0 0 0 0 
Goat owners 0 0 0 1.1 0 0 
Pig owners 0 0 0 0 0 0 
Dog owners 1.1 0 0 0 0 0 

Conflicts with brown bear 
Farmers in total 15.4 11.0 13.2 4.4 0 2.2 
Cattle owners 7.7 2.2 5.5 2.2 0 1.1 
Sheep owners 7.7 5.5 6.6 2.2 0 0 
Horse owners 1.1 1.1 1.1 0 0 0 
Goat owners 0 0 0 0 0 0 
Pig owners 1.1 1.1 1.1 0 0 0 
Dog owners 0 0 0 0 0 1.1 
Beekeepers 29.2 20.8 16.7 4.2 8.3 16.8 

 

The assessment of the consequences of conflicts resulting from wolf 
attacks on farms shows that sheep are the most commonly targeted do-
mestic animals by wolves. In 2018, 194 sheep were killed or injured by 
wolves, which decreased to 14 in 2023 (Table 2). Cattle were also victims 
of wolf attacks, with incidents declining from 24 in 2018 to none in 2023. 
This sharp reduction in sheep and cattle casualties can be attributed to se-
veral factors. Firstly, the increased implementation of electric fences 
among farmers experiencing conflicts has likely played a significant role. 
Changes in wildlife populations, including wolves and ungulates, may 
have influenced these dynamics. Notably, the imposition of a hunting ban 
in Ukraine starting in 2022 during martial law could have altered the un-
gulate populations in the Ukrainian Carpathians, indirectly affecting wolf 
behavior. Together with protective measures like electric fences and her-
ding dogs, these changes are believed to have contributed significantly to 
the decrease in the negative impacts of wolf conflicts on farms.  

Among the various large carnivores, lynx attacks on farms are less 
frequent than those by wolves and bears. In 2018, 16.5% of farms repor-
ted conflicts resulting from lynx attacks. However, this rate has significant-
ly declined, with only 2.2% of livestock owners reporting such incidents 
in 2023 (Table 1). This represents a notable decrease, indicating that con-
flicts involving lynxes are becoming increasingly rare. The incidence of 
lynx attacks is almost three times lower than that of wolf attacks.  

The proportion of farms affected by the type of management was 
analyzed, revealing that sheep owners experienced the highest number of 
conflicts with lynxes. Specifically, 7.7% of sheep farms reported lynx at-
tacks in 2018, which decreased to 2.2% by 2023. Other economic activiti-
es saw considerably fewer lynx attacks, as indicated in Table 1. This dis-
parity is attributed to sheep being particularly vulnerable prey for lynxes 
and the prevalence of sheep farming in the highland areas of the model 
territories in the Ukrainian Carpathians.  

The assessment of conflict consequences from lynx attacks on farms 
indicates that sheep are the most frequently targeted domestic animals by 
lynxes. In 2018, 19 reported incidents of sheep being killed or injured 
decreased to 4 by 2023 (Table 2). Cattle attacks also diminished, from 7 in 
2018 to none in 2023. The impact of conflicts involving lynxes is signifi-
cantly less severe than those with wolves, with the number of domestic 
animals killed or injured by lynxes being 4–9 times lower, varying by 
year. The notable reduction in the number of sheep and cattle affected sin-
ce 2021 can be attributed to more widespread use of electric fences and 
potential changes in the populations of lynxes, ungulates, and other wild-
life in the region.  
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The share of farms faced with bear attacks is uneven. In 2018, 15.4% 
of farmers reported bear attacks on their livestock. However, there has 
been a notable decline in such conflicts; by 2023, only 2.2% of livestock 
owners reported bear attacks (Table 1). The frequency of bear attacks on 
livestock is comparable to conflicts with lynxes. Moreover, bear-related 
conflicts are 3.0 to 3.5 times less frequent than conflicts involving wolves, 
depending on the year analyzed.  

Table 2  
Conflicts consequences with large carnivores among farmers/beekeepers 
on model territories in the Ukrainian Carpathians during 2018–2023  

Number of killed/injured 
domestic animals/destroyed 

beehives, pcs. 

Years 

2018 2019 2020 2021 2022 2023 

Attacks by grey wolf 
Cattles 24 12 12 1 0 0 
Sheep 194 131 151 35 12 14 
Horses 2 1 4 0 0 0 
Goats 3 0 0 0 2 0 
Pigs 1 1 1 0 0 0 
Dogs 1 2 2 1 1 2 

Attacks by Eurasian lynx 
Cattles 7 6 2 0 0 0 
Sheep 19 14 16 5 0 4 
Horses 0 0 0 0 0 0 
Goats 0 0 0 1 0 0 
Pigs 0 0 0 0 0 0 
Dogs 1 0 0 0 0 0 

Attacks by brown bear 
Cattles 15 2 8 2 0 1 
Sheep 21 17 22 6 0 0 
Horses 1 1 2 0 0 0 
Goats 0 0 0 0 0 0 
Pigs 1 1 1 0 0 0 
Dogs 0 0 0 0 0 1 
Beehives 107 33 16 4 26 13 

 

The incidence of bear attacks on farms varies by the type of livestock 
management. In 2018, 7.7% of sheep and cattle-owned farms reported 
conflicts with bears, which decreased to 1.1% by 2023. Notably, cattle 

owners experience more conflicts with bears than with lynxes. This diffe-
rence is attributed to the bear's larger size and biological traits, which make 
it more likely to target cattle. Conversely, the lynx, being smaller, more 
frequently preys on sheep, which are easier for it to hunt.  

Bear attacks have notably impacted beekeepers as well. In 2018, 
29.2% of apiaries reported conflicts with bears, a rate that decreased to 
16.8% by 2023. Notably, bear attacks on apiaries are substantially higher 
than on livestock farms, as detailed in Table 1.  

The impact of bear attacks on apiaries and farms has been assessed. 
Sheep have been identified as the most commonly targeted domestic ani-
mal by bears. In 2018, 21 sheep were reported killed or injured, but by 
2023, no such incidents were recorded (Table 2). Bears also attacked cat-
tle, with incidents declining from 15 in 2018 to just 1 in 2023. The conse-
quences of bear attacks on farms are considerably less severe than wolf 
attacks – the number of domestic animals killed or injured by bears is 4–
8 times lower than those by wolves, varying by year.  

The impact of bear conflicts on beekeeping was assessed by tracking 
the number of destroyed or damaged beehives. In 2018, bear attacks resul-
ted in 107 damaged or destroyed beehives, decreasing to 13 by 2023 
(Table 2). This significant reduction in bear-related damage and conflicts 
since 2021 correlates with increased use of electric fences at the apiaries. 
Post-installation, bears approached 16.8% of the apiaries but were deterred 
by the electric shocks and left the area. In one instance, a bear attempted to 
dig under a fence but was similarly repelled by the electric shock. These 
incidents demonstrate that electric fences effectively prevent bear attacks 
and safeguard apiaries.  

Spatial distribution of conflicts. From 2018 to 2023, 73.0% of the sur-
veyed farms and apiaries experienced conflicts with large carnivores at 
least once. These incidents and their geographic patterns are detailed on a 
map (Fig. 3), which illustrates the distribution of conflicts across the Uk-
rainian Carpathians, marked by the type of economic activity (apiary, cat-
tle ownership, etc.) and the presence or absence of electric fences. Additio-
nally, the map highlights the outcomes of conflicts post-electric fence in-
stallation. Notably, of all the farms employing electric fences for protecti-
on, only one incident was recorded where a lynx successfully breached the 
fence and fatally attacked a goat.  

 

  
Fig. 3. Spatial distribution of conflicts between large carnivores and farmers/beekeepers in the Ukrainian Carpathians in the period from 2018 to 2023  
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Fig. 4. Spatial distribution of conflicts between wolves and farmers in the Ukrainian Carpathians in the period from 2018 to 2023  

Except for this solitary case, electric fences have proven highly effec-
tive in preventing wildlife conflicts, underscoring their utility as a reliable 
deterrent. 33.9% of analysed farms and apiaries use electric fences, with 
31.3% of these installations facilitated by WWF-Ukraine.  

The analysis revealed that 64.8% of farmers experienced at least one 
wolf attack from 2018 to 2023. These incidents and their spatial distributi-
on and density are illustrated on the map (Fig. 4), covering specific Ukrai-
nian Carpathian regions. This map also details the deployment of electric 
fences on farms as a protective measure against wolf attacks. Currently, 

electric fences are installed on 23.1% of the farms surveyed among live-
stock owners. Between 2018 and 2023, 31.3% of the analyzed farms ex-
perienced bear conflicts. Notably, 70.8% of beekeepers and 20.9% of live-
stock owners reported at least one bear attack during this period. Beekee-
pers face more than three times the risk of bear conflicts than livestock 
owners. Electric fences are used by 75.0% of analyzed beekeepers (the 
share of electric fences among farmers is 23.1%). The spatial distribution 
of conflicts with bears and their density in certain Ukrainian Carpathian re-
gions are shown on the map (Fig. 5).  

 

  
Fig. 5. Spatial distribution of conflicts between bears and farmers/beekeepers in the Ukrainian Carpathians in the period from 2018 to 2023  
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Fig. 6. Spatial distribution of conflicts between lynxes and farmers in the Ukrainian Carpathians in the period from 2018 to 2023  

24.2% of farms faced lynx attacks at least once during 2018–2023. 
The spatial distribution of conflicts with lynxes and their density in certain 
regions of the Ukrainian Carpathians is shown on the map (Fig. 6). As can 
be seen from the results, conflicts with lynxes occur in a significantly 
smaller number of farms compared to conflicts with wolves and bears in 
the Ukrainian Carpathians. Instead, conflicts with the wolf are the most 
frequent.  
 
Discussion  
 

Our study's findings are aligned with other conflict studies across the 
Carpathians. For instance, in Slovakian model territories, wolves are re-
ported to cause 4–6 times more damage than bears (Rigg et al., 2011), 
while in the Ukrainian Carpathians, this ratio ranges from 4–8 times. Ad-
ditionally, livestock losses from lynx in Ukraine and Slovakia are compa-
ratively minimal (Rigg et al., 2011).  

When livestock losses from large carnivore attacks are compared to 
the total livestock population in the Ukrainian Carpathians, the impact ap-
pears minimal. In the Verkhovyna and Rakhiv regions, for instance, there 
are 17,000 sheep. The loss of sheep due to large carnivore attacks in these 
regions during the peak years of conflict was merely 1.0%. Similarly, with 
a total cattle population of 9,000 in the same regions, the loss of cattle du-
ring the highest conflict years was just 0.3%.  

A comparison of research results on using electric fences to protect 
against bear attacks shows a damage reduction ranging from 79.2% to 
100% (Khorozyan & Waltert, 2019, 2020). In our study, after the imple-
mentation of electric fences – which increased from 0.0% to 75.0% cove-
rage – the frequency of conflicts in the analyzed apiaries nearly halved, 
and the incidents of bear-related damages to beehives decreased by eight-
fold from 2018 to 2023. In the Romanian Carpathians, research highligh-
ted a correlation between the proximity of livestock to forests and the inci-
dence of bear conflicts: closer distances significantly increase the likeli-
hood of conflicts involving bears and livestock such as cows or sheep. 
Similar proximity to villages was also linked to heightened bear conflicts 
(Pop et al., 2022). However, this aspect has not been thoroughly resear-
ched in the Ukrainian Carpathians, pointing to a gap in the local studies 
that demands a more detailed investigation.  

The effectiveness of species conservation and sustainable coexistence 
between humans and large carnivores depends on societal perceptions, 

attitudes toward these animals in various social contexts, and community 
behavior (Lescureux et al., 2010, 2011; Dorresteijn et al., 2014; Azevedo 
et al., 2024). There exists a noticeable reluctance among herders and 
hunters to alter their practices in ways that could lessen their impact on 
large carnivores (Hovardas, 2018; Glikman et al., 2023). Occasionally, 
hunters view carnivores as "pests" encroaching on "their" game (Linnell 
et al., 2008). Nevertheless, adopting adaptive management strategies is 
crucial for conserving large carnivores, especially wolves, tailored to 
their specific habitats (Mech, 2017). Furthermore, shifting public attitu-
des towards these predators is essential to recognize their ecological be-
nefits and potential to boost tourism and enhance the region's internatio-
nal appeal (Kavčič et al., 2022).  

Globally, electric fences are acknowledged as highly effective for 
promoting coexistence with large carnivores and protecting farms from 
attacks, with a success rate exceeding 75.0% (Oliveira et al., 2021). These 
systems remain operational from three months to three years (Khorozyan 
& Waltert, 2021). Similarly, herd guard dogs also demonstrate a substanti-
al efficacy range of 26.0–75.0%. Conversely, lethal measures, such as cul-
ling wolves, show low efficiency as they do not cease the attacks (Khoro-
zyan & Waltert, 2021; Oliveira et al., 2021). Studies have indicated that 
lethal predator control methods yield inconsistent outcomes, at times para-
doxically leading to increased livestock losses. In contrast, non-lethal stra-
tegies have consistently benefitted wildlife populations, livestock safety, 
and human communities (Treves et al., 2024).  

A recent study in Slovakia reveals no correlation between the number 
of wolves killed and decreased livestock losses (Kutal et al., 2023). Predo-
minantly, wolves in Slovakia consume wild ungulates, accounting for 
98.9% of their diet, with sheep and goats only comprising 0.5% (Kutal 
et al., 2020, 2023). Research on lynx attacks mirrors these findings, under-
scoring the effectiveness of electric fences and shepherd and guard dog 
oversight. However, selective culling and hunting have not significantly 
curtailed sheep losses, as new individuals typically replace those removed 
(Khorozyan & Waltert, 2021). Additionally, due to lynxes' minimal sheep 
predation, hunting proves to be an impractical solution (Khorozyan & 
Waltert, 2021). Similarly, in Latvia, wolves primarily target wild prey and 
conflicts with livestock owners are infrequent and localized, as verified 
through dietary biomass studies and analysis of wolves' stomach contents 
(Andersone & Ozoliņš, 2004). A study of the effectiveness of electric 
fences in Germany has demonstrated that electric fences significantly 
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reduce the risk of negative outcomes from wolf conflicts, with effective-
ness ranging from 50.0% to 100.0%. Consequently, electric fences are 
recommended as a highly effective strategy for mitigating farmer-wolf 
conflicts (Bruns et al., 2020). The role of herding dogs in protecting 
livestock from large carnivore attacks also receives significant scholarly 
attention, including studies on their effectiveness against wolf attacks on 
dogs (Yilmaz et al., 2015; Khorozyan et al., 2017; Tikkunen, 2019). 
According to some studies, having between 3 to 9 herding dogs is optimal 
for defending livestock from large carnivores (Iliopoulos, 2009). How-
ever, in our research, most farmers (29.4%) used only 2 dogs for protec-
tion, 20.6% used 3 dogs, and a small fraction (5.9%) employed 6 dogs to 
guard their herds.  

Conflicts between humans and large carnivores, especially bears, can 
increase due to natural factors, such as periods of shortage of natural food 
resources for the animal. Research in the Bieszczady region of the Polish 
Carpathians shows that human-bear conflicts during the hyperphagia peri-
od (September to December, when bears bulk up for hibernation) were 
significantly more frequent in years with poor beech nut yields compared 
to years with normal or abundant yields (Bautista et al., 2023). Climate 
change also rapidly alters environmental conditions in many high-altitude 
areas, exacerbating human-wildlife conflicts globally (Cherepanyn, 2019; 
Abrahms, 2023). Further studies indicate that changes in climate and pre-
cipitation patterns also contribute to the escalation of these conflicts by in-
creasing disease incidence among farm animals and livestock (Khorozyan 
et al., 2015).  

Conflicts with large carnivores are frequently exacerbated by human 
actions such as unmanaged landfills, improper waste disposal in natural 
habitats, and feeding wild animals. These practices increase wildlife pre-
sence in human-dominated landscapes and their habituation to human 
proximity (Kuszlewicz et al., 2023; Cimpoca et al., 2024). Additionally, 
poaching presents another significant cause of conflict. Illegal and unregu-
lated hunting depletes wildlife populations, compelling large carnivores to 
venture beyond their traditional ranges in search of food, often targeting 
domestic livestock (Singh & Singh, 2023). Moreover, the recent prohibiti-
on of hunting in Ukraine, initiated with the onset of martial law, might 
complement the effectiveness of electric fences in mitigating conflicts in 
the Ukrainian Carpathians. This hunting ban could potentially lead to a re-
bound in the populations of ungulates and other natural prey, thereby redu-
cing carnivores' reliance on domestic animals. However, this hypothesis 
warrants further investigation within Ukraine.  

For instance, studies conducted in Poland have demonstrated that as 
populations of wild boar (Sus scrofa Linnaeus, 1758) and roe deer (Capre-
olus capreolus Linnaeus, 1758) increase, the incidence of wolf attacks on 
livestock decreases. Conversely, significantly reducing natural prey incre-
ases livestock predation (Klich et al., 2021). Additionally, a study on lynx 
predation in northern Norway, involving 17 individuals, indicated that 
lynx are more likely to prey on sheep in areas where reindeer are scarce 
and sheep populations are dense. Over a six-year summer period, the 
number of sheep killed (47) was substantially lower than the number of 
deer taken (274) (Mattisson et al., 2014). These findings underscore the 
importance of considering the availability and density of natural prey in 
managing livestock predation by large carnivores.  

One of the important processes capable of changing human attitudes 
towards large carnivores and wildlife, in general, is the mitigation of the 
consequences of conflicts, for example, by compensating for the damage 
caused by large carnivores by the state (Bautista et al., 2019; Leslie, 2019). 
Ukraine lacks a governmental program for compensating individuals for 
losses incurred due to large carnivore activities. Developing and imple-
menting such a compensation scheme would benefit from an in-depth 
study of practices employed in European countries and regions like the 
Carpathians and the Alps.  

Addressing conflicts with large carnivores requires monitoring and 
understanding the issues and developing and implementing proactive 
conflict management strategies at the state level. This includes measures to 
mitigate the impacts of these conflicts on people (Boronyak et al., 2022). 
In Europe, there is a trend towards prioritizing compensatory mechanisms 
to address the aftermath of conflicts rather than focusing on conflict pre-
vention or adapting management practices in areas inhabited by large car-
nivores (Bautista et al., 2019). However, compensation programs alone 

are often insufficient to foster tolerant attitudes towards large carnivores. 
Effective conflict resolution also demands proactive and preventive mea-
sures (Gross et al., 2021).  
 
Conclusions  
 

Monitoring conflicts between large carnivores and farmers/beekee-
pers on model territories in the Ukrainian Carpathians has started. 
The structure of conflicts, dynamics, spatial distribution and use of co-
existence strategies employed by stakeholders from 2018 to 2023 have 
been analyzed.  

The frequency and severity of conflicts between large carnivores and 
farmers are declining. The most frequent encounters involve wolves, with 
livestock owners reporting a significant decrease in attacks, from 225 
domestic animals killed/injured in 2018 to 16 in 2023. Lynx-related inci-
dents are fewer, with attacks dropping from 27 in 2018 to 4 in 2023. Bear 
attacks also decreased markedly from 38 domestic animals and 107 de-
stroyed beehives in 2018 to 2 animals and 13 beehives in 2023.  

The proportion of farms targeted by large carnivores has similarly de-
creased. Attacks by wolves dropped from 51.6% in 2018 to 6.6% in 2023; 
by lynxes, from 16.5% to 2.2%; and by bears, from 15.4% to 2.2%. For 
beekeepers, bear attacks reduced from 29.2% to 16.8%.  

Concurrently, the adoption of electric fences among farmers has risen 
sharply from zero in 2018 to 23.1% in 2023 and among beekeepers from 
zero to 75.0%. The percentage of farmers using dogs for herd protection 
without experiencing conflicts increased from 3.3% in 2018 to 20.9% in 
2023. These trends suggest that electric fences and guard dogs are highly 
effective at preventing attacks from large carnivores.  

In the future, continued data collection and monitoring of large carni-
vore populations and conflict incidents in the Ukrainian Carpathians are 
essential. Establishing this monitoring systematically across the region will 
aid in implementing and promoting comprehensive conflict mitigation 
strategies. Decisions concerning the management and conservation of rare 
species and the use, protection, and restoration of both natural and modifi-
ed landscapes should rely on robust data.  
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