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The Daba Mountain area is recognized as one of the global biodiversity hotspots.
In recent years, human-wildlife conflicts (HWCs) in this region have intensified
significantly. Understanding and mitigating the damage caused by wildlife is
crucial for maintaining ecological balance and enhancing public welfare. We
analyzed the current status of HWCs in the southern foothills of the Daba
Mountains through semi-structured interviews and field surveys. Additionally,
using the collected data on HWC occurrences, we predicted HWC hotspots
using the maximum entropy (MaxEnt) model. The results: (1) A total of 449 cases
of actual HWC incidents were investigated, primarily involving wild boars (Sus
scrofa; 81.96%) and Asiatic black bears (Ursus thibetanus; 18.04%). The main
types of HWC included crop destruction and attacks on beehives. (2) Incidents of
damage caused by wild boars and Asiatic black bears were concentrated in the
summer months, particularly from June to August. (3) In the study area, 21 out of
25 townships reported HWC cases. Notably, the townships of Fuxing, Gaoyan
and Gaoguan were identified as the most affected, with Gaoyan and Fuxing
experiencing the highest amounts of loss. (4) The variable of DTP (Distance to
Protected Area) was found to have the greatest influence on the hotspot
distributions of HWCs. The hotspot zone exhibited a strip-like distribution
along the northwest—southeast axis in the central part of the study area. The
total area of the HWC hotspots was 1352.56 km?. The largest hotspot areas were
located in Xiugi Town, Gaoyan Town, and Houping Township, accounting for
13.26%, 12.01%, and 7.83% of the total hotspot area, respectively. HWC hotspots
require robust management measures to mitigate wildlife damage to local
communities and enhance indigenous people’s engagement in wildlife
conservation. Implementation of physical measures and compensation
schemes may be necessary in these hotspots to alleviate the financial burden
on indigenous populations. Our findings may provide valuable insights for the
future formulation of biodiversity conservation policies and HWC mitigation
strategies in the Daba Mountains.
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1 Introduction

Amidst intensifying human activities and the continuous
evolution of societies, the global panorama of biodiversity is
marked by persistent erosion (AdDiaz et al, 2019). Within this
contextual framework, the preservation of biodiversity, the pursuit
of sustainable development, and the establishment of an ecological
civilization have assumed paramount significance as strategic
imperatives for the present-day international community (Wei
et al, 2021). Therefore, recently, there has been a noticeable
increase in the efficacy of conservation efforts; however,
concurrently, instances of human-wildlife conflicts (HWCs) near
protected areas have surged (Gupta, 2013; Dai et al., 2020). These
incidents present specific challenges to the management of these areas
and the execution of biodiversity conservation initiatives. In view of
these unfolding dynamics, a comprehensive understanding of the
dynamic interplay between human entities and wildlife, coupled with
a proactive quest for modalities to ameliorate the prevalence of
HWGCs, stands as a pivotal linchpin in realizing a harmonious
coexistence between humanity and the natural realm (Gottert and
Starik, 2022; Wanghe et al., 2024). A report from the United Nations
Environment Programme explicitly emphasizes the integration of
HWC management into the strategies of sustainable development
goals, further underscoring the importance of mitigating HWCs for
biodiversity conservation (Gross et al., 2021). The convocation of the
15th Conference of the Parties to the Convention on Biological
Diversity (COP15) convened in Kunming during 2021 bore a
singular thematic focus on fortifying ecological civilization,
augmenting biodiversity conservation endeavors, and propelling
aspirations encompassing carbon emissions peaking and attaining
carbon neutrality. This assemblage not only served as a crucible for
infusing the international fraternity with conviction and momentum
towards coherently constructing a shared destiny for the entire
spectrum of life on Earth, and by extension, forging a pristine and
resplendent world. Moreover, it catalyzed an escalated discourse
surrounding the intricate interface between humankind and the
natural environment.

The evolution of societies has established a historical
continuum wherein humans and wildlife have shared existence
for millennia, entailing both periods of strife and harmony (Reid
et al., 2005; Jordan et al, 2020). During the nascent phases of
human civilization, engagements with wildlife often manifested as
reflexive reactions involving combat or evasion, prompted by the
imperative to sustain a perpetual state of vigilance in daily life to
elude being subsumed as prey by cohabiting wildlife (Hillman et al.,
2001; Bruford et al, 2003). This paradigm persisted as human
societies transitioned from a predominant hunter-gatherer mode to
an agrarian and pastoral way of life, amplifying the persistence of
HW(Cs. Owing to the detrimental impacts of wildlife on agricultural
crops and livestock, as well as the potential risks posed to human
safety, specific wildlife species were susceptible to lethal
interventions (Treves et al, 2009). At a global level, the interplay
between humans and wildlife presents a substantial conservation
quandary (Wanghe et al., 2020a). The depredation of livestock, the
obliteration of crops, and the menace to human property and well-
being frequently instigate retaliatory culls of wildlife by local
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communities (Dickman, 2010; Nyhus, 2016). This intricate
dynamic has fostered continual deliberations encompassing the
concomitant risks and intrinsic value associated with safeguarding
these species (Redpath et al., 2015). Over the past two decades, the
realm of HWC research has demonstrated an exponential surge
(Marchini et al, 2019). Contemporary investigations signify a
pronounced augmentation in the volume of scholarly endeavors
pertaining to the nuances of HWCs over the preceding decade, with
documented occurrences of such conflicts spanning across 99
nations. Evidently, the continents of Asia (encompassing records
from 33 counties) and Africa (embracing records from 19 counties)
notably emerge as the geographical realms characterized by the
highest incidence of reported conflict episodes (Torres et al., 2018).
Globally, the phenomenon of HWCs has emerged as a substantial
menace imperiling the persistence of numerous species at risk of
extinction. The intricacies inherent in these conflicts are underpinned
by a myriad of determinants, encompassing the categorization of
conflict, the specific species implicated, the extent of resultant
impairment, and the localized levels of acceptance towards wildlife.
Investigations underscore that within the milieu of developing
counties, particularly within the rural expanses of Asia and Africa,
the intricacies of coexisting with wildlife bear a heightened
socioeconomic burden, one engendered by the exigencies of
contending with heightened ecological competition for finite
natural resources (Seoraj-Pillai and Pillay, 2016). Illustratively, the
case of Africa serves to exemplify this multifaceted interaction. The
foremost catalysts for conflicts manifest as indigenous carnivores,
exemplified by lions (Panthera leo), African wild dog (Lycaon pictus)
and cheetah (Acinonyx jubatus). These apex predators recurrently
engage in livestock predation within traditional agricultural and
pastoral landscapes contiguous to protected enclaves (Butler, 2000;
Patterson et al, 2004). Concurrently, the herbivorous wildlife
contingent proffers substantial impact through crop depredation. In
the Yabello Protected Area of Ethiopia, instances are numerous
where zebras cause substantial damage to agricultural produce
(Fentaw and Duba, 2017). Analogously, the precincts neighboring
Uganda’s forest reserves witness prominent contributions to
agricultural and husbandry losses via the agency of primates (Hill,
1997). Even in India, where indigenous communities may express
more lenient perspectives on wildlife courtesy of deeply ingrained
cultural and religious ethos, occurrences of wildlife-induced
decimation of crops and livestock endure tenaciously (Karanth
et al., 2012). Previous studies have employed 3S technologies to
analyze the spatial distribution patterns of HWCs. Techniques such
as Hotspot Analysis and Kernel Density Estimation are commonly
used to identify high-conflict areas (Bagheriyan et al., 2023).
Additionally, Species Distribution Models (SDMs) are effective
tools for predicting potential conflict hotspots. These models
estimate the likelihood of conflict occurrence by analyzing the
relationship between environmental variables and conflict events.
In China, instances of HWCs have been extensively
documented (Liu et al, 2011; Alexander et al., 2015). However,
due to the ecological diversity found within the various regional
animal biogeographic zones, the types of conflicts experienced vary
significantly across locations (Zhang and Wang, 2003; Li et al,
2013). Across different geographical regions in China, the attributes

frontiersin.org


https://doi.org/10.3389/fevo.2024.1435811
https://www.frontiersin.org/journals/ecology-and-evolution
https://www.frontiersin.org

Wu et al.

of HWCs manifest distinct regional disparities. Within the context
of the Qinghai-Tibet Plateau, primary participants in conflicts
encompass carnivorous animals, such as snow leopards (P.
uncia), brown bears, and wolves (Dai et al., 2020; Li et al., 2013).
In the southwestern and southern regions of China, HWCs
primarily revolve around species like Asian elephants (Elephas
maximus), Asiatic black bears (Ursus thibetanus), and wild boars
(Sus scrofa) (Zhang and Wang, 2003; Xu et al,, 2019). In proximity
to Xishuangbanna National Nature Reserve in Yunnan Province,
conflicts have arisen between local communities and Asian
elephants. These disputes stem from habitat degradation, which
in turn has led to incursions by Asian elephants into food crops,
including wheat, rice, and bananas (Zhang and Wang, 2003).
Conversely, within central and northern China, the spectrum of
HWC encompasses a wide range, spanning from carnivores to
primates and extending to ungulates. To exemplify, research
outcomes from Shanxi Province bring to light intense conflicts
between North China leopards (P. pardus japonensis) and residents,
with profound negative economic implications (Consolee et al.,
2020). Negative perceptions of this species, based on its perceived
threat to livestock, have given rise to significant calls for its
reduction or even eradication (Consolee et al., 2020). In the
northeastern region, Amur tigers (P. tigris ssp. altaica) are
identified as the predominant conflict species, followed by wild
boars, alongside the presence of Asiatic black bears (Soh et al., 2014;
Du et al,, 2022; Li et al., 2022). Prolonged surveys conducted over
years in Jilin Province underscore the significant crop losses
attributed to the activities of wild boars (Li et al., 2022).

Nestled at the southern foothills of the Daba Mountains in the
upper Yangtze River region, Chengkou County enjoys a strategically
advantageous geographical placement. Its diverse terrain encompasses
a variety of ecosystems, ranging from mountains and canyons to rivers
and forests, thereby providing extensive habitats conducive to
biodiversity. This exceptional ecological richness has earned it the
distinction of being recognized as a repository of biological treasures
within the Chongqing Municipality (The People’s Government of
Chengkou County; http://www.cqck.gov.cn). Nevertheless, in recent
times, occurrences of HWCs within Chengkou County have been
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on the rise (Wang et al,, 2017). The failure to promptly institute
effective management strategies could potentially trigger
widespread and irreparable negative sentiments, thereby
significantly hindering the conservation and management
endeavors related to wildlife and protected areas. Of notable
concern is the swift proliferation of Asiatic black bear and wild
boar populations in recent years (Figure 1), leading to considerable
economic losses for communities situated around protected areas.
Given this context, Chengkou County faces an urgent need for the
implementation of contingency plans dedicated to mitigating
HWGCs, with specific emphasis placed on the stringent regulation
of wildlife, particularly focusing on the wild boar population (Wang
et al,, 2017). Consequently, a comprehensive understanding of the
prevailing landscape of HWCs within Chengkou County becomes
indispensable. This should be coupled with the strategic
identification of priority regions for the implementation of
control measures, ultimately geared towards augmenting the
effectiveness and efficiency of conflict management initiatives.
Such interventions extend beyond safeguarding local biodiversity;
they also address wildlife-related challenges, facilitating sustainable
coexistence models between human populations and wildlife
species. Our study aims to understand the current status of
HWCs in the Daba Mountains, identify HWC hotspots, and
provide a basis for developing effective measures to mitigate
HWC in the future.

2 Materials and methods
2.1 Study area

Chengkou County is situated at the southern foothills of the
Daba Mountains, within the upper reaches of the Yangtze River
region and in the northeastern sector of Chongqing (Figure 2).
It shares borders with the provinces of Sichuan, Chongqing, and
Shaanxi, positioning itself geographically between 31°37" to
32°12" N, and 108°15" to 109°16" E. Chengkou falls within the
subtropical monsoon climate zone of the northern Sichuan Basin.

FIGURE 1

The Asiatic black bear (Ursus thibetanus) (A) and wild boars (Sus scrofa) (B) captured by our camera traps.
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FIGURE 2

Location of study area and household interviews

The biological diversity within Chengkou County is noteworthy,
exemplified by the Daba Mountains National Nature Reserve
located within its confines, hailed by biologists as a repository of
invaluable biological resources and genetic reservoir. The area is
home to a rich tapestry of wildlife, encompassing 706 species,
inclusive of six first-tier protected species like clouded leopard
(Neofelis nebulosa), golden eagle (Aquila chrysaetos), and forest
musk deer (Moschus berezovskii), as well as 35 second-tier protected
species, including Asiatic golden cat (Pardofelis temminckii), large
Indian civet (Viverra zibetha), and Asiatic black bear (The People’s
Government of Chengkou County; http://www.cqck.gov.cn).

2.2 Data collection and processing

2.2.1 Semi-structured interviews and wildlife
damage compensation record

Our study conducted on-site investigations in areas of Chengkou
County significantly impacted by HWCs (Appendix 1). The selection
of areas for household interviews was primarily based on the wildlife
damage compensation records provided by the Chengkou County
Forestry Bureau (from October 1, 2021 to September 30, 2022).
During the interviews, we focused on investigating the species
causing damage, representative damage type, occurrence times,
compensation amounts, and occurrence of wildlife damage. A total
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of 186 households were successfully surveyed (Figure 2). Since the
household interviews did not cover all townships, we analyzed the
economic losses caused by wildlife based on the data from the wildlife
damage compensation records. We summarized and analyzed
conflict incidents from each investigated region using Excel 2019,
categorizing them by region, the wildlife species involved, and the
respective months. Additionally, utilizing ArcGIS 10.6 (ESRI Inc.,
Redlands, CA, USA), we performed spatial vectorization and
reclassification of the damage cases to enhance the clarity of the
spatial distribution of identified wildlife cases.

2.2.2 Collection of HWC occurrences

Field surveys were conducted in Chengkou County to collect data
on wildlife damage occurrences from 2020 to 2023. The coordinates
of these HWC occurrences were recorded using GPS. The types of
damage primarily included crop destruction, livestock predation, and
damage to bechives. A total of 185 GPS coordinates corresponding to
wildlife damage were collected. Among these, 118 GPS coordinates
corresponded to crop damage, 65 GPS coordinates to beehive
damage, and the remaining 2 GPS coordinates to livestock
predation incidents. To mitigate spatial autocorrelation, we
followed model optimization recommendations and previous
research methods by randomly selecting one point from each
0.5 km® grid. Consequently, 106 valid points were obtained for
modeling analysis.
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2.2.3 Environmental variables

We selected environmental variables based on geographic
environmental characteristics, human disturbance, wildlife
ecology, and those used in previously published literature (Miller,
2015; Li et al,, 2018). Environmental variables were categorized into
three groups (Table 1). All spatial variables were resampled to 30 m
resolution, and unified projection coordinate system (WGS_1984)
in ArcGIS 10.6 (ESRI Inc., Redlands, CA, USA).

2.3 HWC hotspots modeling

To identify HWC hotspots, we employed the MaxEnt model,
configuring its parameters with a random test percentage of 25% and
a regularization multiplier of 1. Fifteen replicates were executed
alongside cross-validation. The significance of variables was
assessed using percent contribution. Utilizing the average logistic
threshold value of Maximum Training Sensitivity Plus Specificity
(MTSPS) output by MaxEnt, we generated a hotspot map (Dai et al.,
2019). Cells surpassing the MTSPS threshold were identified as HWC
hotspots. Model performance was evaluated through the area under
the receiver operating characteristic curve (AUC). AUC serves as an
independent threshold to gauge model accuracy, with values ranging
from 0 to 1. Higher AUC values indicate greater model accuracy, with
1 representing perfect accuracy (Phillips et al., 2006).

3 Results
3.1 Property losses caused HWC

From October 1, 2021 to September 30, 2022, a total of 449
successfully appraised HWC cases were collected, with a total loss
amounting to 160851 CNY (Table 2). Notably, incidents involving
wild boars were predominant, constituting 368 cases (81.96%),
resulting in an overall economic loss of 97717 CNY. Incidents
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attributed to Asiatic black bears numbered 81 (18.04%),
contributing to a total loss of 63134 CNY. Within this context,
wild boars emerged as the primary culprits for substantial
agricultural damage, notably affecting crops such as corn and
potatoes. Concurrently, Asiatic black bears exhibited a preference
for targeting beehives for destruction.

3.2 Seasonal variations in HWC

For incidents attributed to Asiatic black bears, the highest
frequency was observed in August, totaling 37 cases. July closely
followed with 32 incidents, while June recorded only 2 incidents,
indicating relatively lower numbers. In the case of incidents caused
by wild boars, August and July presented the highest incidence
rates, accounting for 159 and 138 cases respectively. Additionally,
September witnessed a substantial number of incidents, totaling 66.
June followed with a lower count of 4 incidents. Across the entire
dataset, the occurrences of wild boar-induced incidents notably
surpassed those attributed to Asiatic black bears. It is noteworthy
that both wild boars and Asiatic black bears exhibited heightened
activity levels during the summer months, specifically in June, July,
and August (Figure 3).

3.3 Spatial distribution of HWC

In the study area, 21 out of 25 townships reported HWC cases.
Among these, incidents involving both wild boars and Asiatic black
bears occurred in 15 townships. The top five townships in terms of
reported and successfully assessed cases were Fuxing, Gaoyan,
Gaoguan, Xiuqi, and Shuanghe, with 73, 58, 44, 35, and 32 cases
respectively (Figure 4). In terms of monetary losses, the leading
townships were Gaoyan, Fuxing, Dong’an, Beiping, and Gaoguan,
with respective compensations of 20460, 20120, 17587, 12417, and
12350 CNY (Table 2).

TABLE 1 The environmental variable information used for predicting HWC hotspots.

Variables Spatial Data source
resolution
Geographic environmental factors DEM 30 m http://www.gscloud.cn/
Slope (SLO) 30 m http://www.gscloud.cn/
Aspect (ASP) 30 m http://www.gscloud.cn/
Distance to rivers (DTR) / OpenStreetMap; https://www.openstreetmap.org/
Human factors Human population 1 km Resource and Environment Data Cloud Platform;
density (HPD) http://www.resdc.cn/
Human influence index (HII) 1 km NASA (Last of the Wild,v2); http://sedac.ciesin.columbia.edu/
Factors associated with wildlife ecology Distance to protected / National Forestry and Grassland Administration of China
area (DTP)
Land use type (LUCC) 30 m U.S. Geological Survey; https://www.usgs.gov/
Normalized Difference 1 km Resource and Environment Data Cloud Platform;
Vegetation Index (NDVI) http://www.resdc.cn/
Frontiers in Ecology and Evolution 05 frontiersin.org
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TABLE 2 The varying economic losses incurred due to different wild
animal interactions within distinct locations.

Location Number The The

economic economic

losses losses

caused by caused by

Asiatic wild boars

o] F-Tel ¢

bears
Beiping 19 7865 4552 12417
Dong’an 15 15567 2020 17587
Fuxing 73 0 20120 20120
Gaoguan 44 3500 8850 12350
Gaonan 14 2000 2950 4950
Gaoyan 58 6200 14260 20460
Gecheng 6 0 1300 1300
Heyu 21 2252 4370 6622
Houping 23 6200 3750 9950
Jiming 5 1400 900 2300
Liaozi 29 3000 6270 9270
Longtian 2 800 300 1100
Miaoba 31 4200 7400 11600
Mingtong 23 4400 4500 8900
Mingzhong 2 0 485 485
Pingba 9 0 2200 2,200
Shuanghe 32 4,600 4,590 9190
Xiugi 35 650 7050 7700
Yanhe 2 0 600 600
Zhiping 2 0 350 350
Zhouxi 4 500 900 1400
Total 449 63134 97717 160851

3.4 Prediction of HWC hotspots

3.4.1 Model performance

The percent contribution of model variables ranked from
highest to lowest were distance to protected area (54.8%), DEM
(14.9), human influence index (14.6%), distance to rivers (9.3%),
aspect (2.5%), Normalized Difference Vegetation Index (1.7%),
slope (1.2%), land use type (0.6%), and human population density
(0.3%). Distance to protected area was found to have the greatest
influence on the hotspot distributions of HWCs. The cross
validation value illustrated sufficient performance for model
outputs (average testing AUC was 0.735 + 0.073; Figure 5).

3.4.2 Distributions of the HWC hotspots

The possible distribution probabilities of HWCs were shown in
Figure 6 (MTSPS=0.3954). The total area of the HWC hotspots was
1352.56 km?. Spatially, the hotspot zone exhibited a strip-like
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distribution along the northwest-southeast axis in the central part
of the study area. The largest hotspot areas were located in Xiugqi
Town, Gaoyan Town, and Houping Township, with distribution
areas of 179.30 km? 162.38 km?, and 105.85 km?, respectively,
accounting for 13.26%, 12.01%, and 7.83% of the total hotspot area
(Figure 6; Table 3).

4 Discussion

In recent years, the global consciousness regarding wildlife
conservation has witnessed a significant surge, prompting nations
worldwide to redouble their efforts in safeguarding wild fauna (Dai
et al., 2019; Corlett, 2020). This impetus has led to the
implementation of a series of substantial conservation measures
across numerous countries (Manfredo et al., 2020; Wanghe et al,,
2020b, Wanghe et al., 2022). Initiatives encompassing natural forest
preservation, reforestation of former agricultural land, and
afforestation in restricted zones have been pursued with the
overarching objective of enhancing wildlife habitats. These
endeavors have yielded noteworthy outcomes, progressively
contributing to the recuperation and proliferation of wildlife
populations, while also broadening their territorial expanse
(Tuanmu et al., 2016; Akcakaya et al., 2018). Notably, the
populations of species such as wild boars, tigers, and black bears
have demonstrated annual increments, reflective of the
amelioration in their natural habitats within the wild. Wildlife
instinctively extends the boundaries of their territories in pursuit
of adequate sustenance and habitation. However, this positive trend
is accompanied by a suite of adverse repercussions, among which is
a pronounced escalation in conflicts between wildlife and human
activities and production (Nyhus, 2016). As wildlife populations
rebound, the demarcations between their habitats and human
settlements become increasingly indistinct (Gurung et al., 2008).
Consequently, wildlife increasingly encroach upon human
residential areas in quest of sustenance or shelter, culminating in
a surge of direct interactions between wildlife and humans. This
proximity poses a threat not solely to human assets and agricultural
yields, but also harbors the potential to instigate a succession of
HWCs, thereby presenting a latent hazard to human well-being.
Hence, the escalating prevalence of wildlife-induced harm has
emerged as a matter of profound concern.

The variations in HWC across different spatial regions are
influenced by a multifaceted interplay of factors, encompassing
the geographical environment, natural conservation policies,
geographic features, and human activity patterns (Nyhus, 2016;
Dai et al., 2020). These combined elements collectively shape the
dynamic interaction between wildlife and human populations in
each area, consequently exerting a direct impact on the frequency of
damage incidents (Nyhus, 2016). In the central zone of the study
area, particularly in locales like Fuxing and Gaoyan, there is a
conspicuously higher incidence of reported wildlife-induced
damage cases. However, it is imperative to approach this
phenomenon with circumspection, as it may not unequivocally
signify a heightened prevalence of wildlife-induced damage in this
area compared to others. This observation may be attributed to the
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FIGURE 3
Seasonal variations in damage caused by different wild animals.

fact that the administrative hub of Chengkou County is situated in
the central part of the study area, enjoying accessible transportation
and a relatively concentrated population. This ease of accessibility
and population density could facilitate local farmers in reporting
cases of wildlife-induced damage and conducting assessments of
losses, consequently leading to a greater number of reported cases
(Dai et al,, 2020). Conversely, remote areas, exemplified by regions
like Yanhe and Zhouxi in the western part of the study area, tend to
host more abundant wildlife populations. However, due to their
considerable distance from the county seat and less convenient
transportation, conducting assessments for insurance claims
assessors may pose relative challenges. This factor may contribute

Sichuan province

Legend
=== Province boundary
— River
0 37575 15

22.5 30

FIGURE 4
The spatial disparity in damage cases caused by wild animals.
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to a lower inclination among local farmers to report cases, resulting
in a reduced incidence of wildlife-induced damage cases in these
remote areas. Therefore, when considering the broader context, one
of the primary factors contributing to the relatively limited number
of reported cases in remote areas may be attributed to the
geographical remoteness of these regions. This factor hinders the
ease with which insurance claims assessors can conduct assessments
and, concurrently, diminishes the proactive reporting tendencies of
local farmers.

Seasonal variations exert a profound influence on the life
strategies and behavioral patterns of numerous wildlife species.
Spring, functioning as the reproductive season for many animals,
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FIGURE 5
Statistical graphs of MaxEnt model output results. (A) Receiver operating characteristic (ROC) curve and average test AUC for accuracy analysis of
hotspot prediction. (B) Analysis of test omission rate and predicted area, where values indicate the training gain only with variables

signifies the period during which they procreate (Metz et al,, 2011).  the incidence of harm incidents (Dai et al, 2019). In contrast,
During this phase, animals display heightened activity levels,  autumn prompts certain animals to intensify their activities, driven
actively foraging for food and constructing nests to furnish by the need to amass winter food resources (Li et al., 2013). In this
abundant sustenance and secure habitats for the next generation interval, they may adopt more proactive behaviors to ensure
(Crupi, 2004). However, this heightened activity may also lead to a  sufficient reserves for enduring the cold season. This heightened
rise in interactions with human activities, consequently elevating  activity may culminate in increased contact with human activities,
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Spatial identification of HWC hotspots.
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TABLE 3 Distribution area of HWC hotspots in different
administrative regions.

Location A Gy HW% Percentage
hotspot (km<)

Xiuqi 179.30 13.26
Gaoyan 162.38 12.01
Fouping 105.85 7.83
Liaozi 99.76 7.38
Gaoguan 92.54 6.84
Miaoba 87.67 6.48
Bashan 82.72 6.12
Yanhe 72.48 5.36
Pingba 72.38 5.35
Fuxing 70.69 523
Jiming 70.33 5.20
Zhiping 63.81 4.72
Mingtong 55.52 4.10
Zuolan 37.30 2.76
Longtian 34.82 2.57
Gecheng 23.14 1.71
Shuanghe 20.07 1.48
Xianyi 14.94 1.10
Gaonan 2.33 0.17
Dongan 1.90 0.14
Heyu 1.88 0.14
Mingzhong 0.78 0.06

thereby amplifying the frequency of harm incidents (Dai et al., 2020).
The seasonal fluctuation in resource availability constitutes a pivotal
factor influencing animal behavior. Particularly in winter, food
resources in the wild become comparatively scarce, compelling some
wildlife to increasingly rely on resources within human-inhabited areas
(Dai et al., 2020). This renders human residential areas pivotal locales
for their food acquisition, consequently heightening interactions with
humans and resulting in a surge of harm incidents during the cold
season. In our study area, we noted that incidents involving wild boars
and Asiatic black bears are predominantly concentrated in the
summer. This phenomenon can be ascribed to the bountiful harvest
of summer crops in the local vicinity, encompassing corn and honey,
which furnish a plentiful source of sustenance for wildlife.
Additionally, it is noteworthy that the hibernation behavior of
Asiatic black bears also influences their activity patterns, rendering
summer their period of heightened activity.

In predicting hotspots of HWCs, we found that the variable
“distance to protected area” contributed the most significantly in the
model. The proximity of protected areas to target regions may have a
substantial impact on the population density and diversity of wildlife in
those areas. When areas are closer to protected areas, wildlife is
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generally more susceptible to influences, as they may traverse these
regions in search offood, habitat, or migration routes. Additionally, the
management policies and measures implemented in protected areas
may also influence the behavior and migration patterns of wildlife in
surrounding areas. For instance, wildlife within protected areas may
receive stricter protection, leading them to migrate to surrounding
areas in search of food or habitat, thereby increasing the likelihood of
HW(GCs. Consequently, it is recommended to enhance awareness of
wildlife conservation and strategies for mitigating HWCs in
communities closer to protected areas, and to implement additional
physical measures in these areas to prevent occurrences of HWCs.
Preventive measures and protective actions for wild boars and
Asiatic black bears should be meticulously designed and executed in a
scientifically rigorous and all-encompassing manner to mitigate conflicts
with human activities and uphold ecological equilibrium. First, the
establishment of a robust monitoring system is imperative (Yin et al,
2021). Leveraging cutting-edge technologies like infrared cameras and
satellite tracking, real-time monitoring and documentation of the
movements and migration routes of targeted species, such as wild
boars and Asiatic black bears, should be undertaken to acquire a
foundation of scientifically precise data. Subsequently, a heightened
focus on habitat protection and restoration is warranted (Distefano,
2005). Specifically for wild boars, paramount importance should be
accorded to the preservation of their critical natural habitats,
encompassing wetlands and forests, to ensure an abundant supply of
sustenance and appropriate living environments. As for Asiatic black
bears, special consideration should be given to conserving their wintering
and breeding grounds, thus safeguarding their distinctive life history
requisites. Furthermore, the development of scientifically-grounded
habitat management strategies is essential (Dai et al., 2019). Through
prudent land-use planning and the demarcation of zones for wildlife
conservation and human activities, the convergence and clashes between
the two realms can be curtailed, thereby furnishing secure habitats for
both wild boars and black bears. In terms of farmland protection,
physical measures are the most effective, such as electric fences. It is
particularly necessary to use physical measures to enhance the protection
of high-yield crops inside HWC hotspots. In addition, an ecological
compensation mechanism ought to be instituted. This mechanism can
establish a rational system for compensating groups, such as farmers,
impacted by wildlife intrusions. It serves to incentivize the adoption of
corresponding protective measures while concurrently promoting
community engagement in endeavors for environmental preservation.
In response to the current scenario characterized by low insurance
payouts and a passive approach to reporting incidents among farmers,
the following strategies are proposed: Firstly, a thorough assessment
and fine-tuning of the existing insurance framework are imperative.
Collaborative efforts with insurance companies should be undertaken
to evaluate the scope of coverage and payout thresholds of current
insurance schemes. This evaluation aims to ensure their alignment
with the actual needs of stakeholders. Subsequent adjustments can
then be implemented to augment the level of coverage, thereby
guaranteeing farmers receive adequate financial protection in the
event of wildlife-induced incidents. Secondly, the exploration of
spatial differentiated premium policies is advised. Tailoring premium
standards based on the HWC hotspots and historical data across
different regions is a viable approach. For areas characterized by higher
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risk factors, moderate increases in premiums can be implemented. This
strategic move seeks to incentivize insurance companies to offer higher
payouts, consequently fostering a greater inclination among farmers to
invest in insurance coverage. Additionally, the introduction of
government subsidy policies to mitigate the financial burden on
farmers in procuring insurance warrants consideration. The
provision of a specified percentage of insurance premium subsidies
or exemptions by the government can serve as a powerful catalyst. This
measure effectively encourages farmers to engage in insurance,
subsequently elevating their awareness of the scope and benefits of
insurance coverage. Simultaneously, there is a pressing need to bolster
communication and education between insurance entities and
farmers. Regularly organizing seminars or training sessions focused
on disseminating essential insurance knowledge is pivotal. This
initiative serves to underscore the significance of insurance and
elucidate the pertinent claims procedures to farmers. Ultimately, it
fortifies farmers’ comprehension and trust in insurance, consequently
amplifying their propensity to report incidents. Lastly, it is strongly
recommended to establish a robust insurance claims mechanism,
streamlining the claims process to heighten efficiency. Ensuring that
farmers promptly receive insurance payouts following wildlife-
induced incidents substantially enhances the tangible efficacy of
insurance coverage. This, in turn, bolsters farmers’ confidence and
proactive engagement in acquiring insurance.

The issue of HWC in the Daba Mountains presents a complex
environmental challenge influenced by multiple interacting factors.
Key challenges include the limited availability of long-term monitoring
data, which constrains our understanding of the historical trends in
HWC dynamics across the region. Additionally, precise identification
of specific locations where HWC incidents occur remains incomplete,
thereby limiting the accuracy of predicting hotspots of conflict risk.
Our study acknowledges several limitations inherent in our modeling
approach. Notably, our models did not comprehensively incorporate
variables such as climate dynamics, animal behavior, and human
activities, all of which can influence HWC dynamics. For instance,
climate change impacts on phenomena like black bear hibernation and
plant phenology indirectly affect bear food sources, potentially altering
their spatial distribution and interactions with humans. While we
integrated climate factors into our study design, obtaining high-
precision current and future climate data at the local scale within the
study area remained challenging. Furthermore, the scarcity of primary
research data on HWC in the Daba Mountains necessitated reliance on
survey data and simulated modeling approaches based on available
data accessibility and utility. Despite these limitations, our scientific
simulations provide valuable insights into the current status of HWC
and identify critical hotspot areas of HWC. This foundational analysis
is crucial for informing evidence-based strategies aimed at mitigating
HWC in the Daba Mountains, offering a pathway for future research
and conservation efforts in similar contexts.

5 Conclusions

Our study provided an in-depth analysis of HWCs in the
southern foothills of the Daba Mountains, highlighting the
significant impact of wild boars and Asiatic black bears on local
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agriculture, particularly during the summer months. The findings
underscored the urgent need for targeted mitigation strategies, as
evidenced by 449 documented cases primarily involving crop
destruction and beehive attacks. The identification of Fuxing,
Gaoyan, and Gaoguan townships as hotspots, with substantial
economic losses, indicates a need for prioritized intervention.
Using the MaxEnt model, we found that proximity to protected
areas is a critical factor influencing HWC hotspots, which exhibit a
strip-like distribution along the northwest-southeast axis in the
central part of the study area. To address these conflicts, we
recommend enhancing community awareness, improving land-
use planning, and developing compensation schemes. This study
not only enhances our understanding of HWC dynamics in the
Daba Mountain area but also provides a foundation for developing
effective mitigation strategies, with future research focusing on
long-term monitoring and the effectiveness of these measures to
ensure sustainable coexistence between humans and wildlife.
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