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Abstract. [rwandi, Rauf A, Rahmawaty, Delvian, Harahap RH, Purwoko A. 2026. Risk analysis of human-wildlife conflict in Leuser
Ecosystem Area, Indonesia. Biodiversitas 27 (1): d270120. https.//doi.org/10.13057/biodiv/d270120. Over the past six years, the Aceh
Natural Resources Conservation Agency recorded 542 incidents of human-elephant conflict. In 2023 alone, 13 farmers and residents
were attacked by wild tigers and elephants, resulting in injuries and fatalities. Additionally, at least 19 tigers died in Aceh between 2019
and 2022. This study aims to assess the risk of wildlife conflict to community livelihoods in seven villages within the Leuser Ecosystem
Area. A mixed-methods approach was employed, combining quantitative and descriptive qualitative methods. Data collection involved
the distribution of questionnaires covering 10% of households from the total population. The combined population of the seven surveyed
villages is 2,673 households, from which 268 households (10%) were sampled using proportionate random sampling based on
population size in each village. In addition to questionnaires, the study also conducted Focus Group Discussions (FGDs). In addition to
questionnaires, the study also conducted Focus Group Discussions (FGDs). These were designed to validate survey findings and capture
deeper community perspectives on risk perception, conflict experiences, and local coping strategies. Data analysis followed the Miles
and Huberman model, consisting of three stages: data reduction, data display, and conclusion drawing. The study found that the
perceived risk of wildlife conflict to livelihoods was generally low. However, some villages reported a medium level of risk. Most
villages exhibited moderate vulnerability, with significant variation across dimensions of human, social, economic, physical, and
environmental vulnerability. From a risk assessment perspective, the combination of low vulnerability and low threat levels contributes
to a low overall risk of wildlife conflict for local government.
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INTRODUCTION 2025), India (Chakraborty and Paul 2021; Guru and Das

2021; Tripathy et al. 2021; Majumder et al. 2022; Nad et al.

Human-wildlife conflict (HWC) is an increasingly
critical challenge for conservation and sustainable
development worldwide (Gross et al. 2025). It threatens
human welfare and biodiversity conservation (Green et al.
2024) and affects both humans and wildlife (Gottert and
Starik 2022). The International Union for Conservation of
Nature (2020) defines HWC as a struggle arising when
wildlife presence or behavior poses real or perceived,
direct, and recurrent threats to human needs or interests,
leading to disputes among people and adverse
consequences for humans and/or wildlife. Such conflicts
are most severe for communities living near wildlife
habitats and often involve elephants (Elephas maximus),
tigers (Panthera tigris), orangutans (Pongo abelii), and
bears (Ursidae) (Konig et al. 2021; Meyer and Borner
2022; Nkansah-Dwamena 2023).

Human-elephant conflict is documented across Sri
Lanka (Gunawansa et al. 2023; Kamalrathne and Herath

2022; Baskaran et al. 2024; Shameer et al. 2024; Roy et al.
2025), China (Ba et al. 2023; Li et al. 2023; Liang et al.
2025), Thailand (Jarungrattanapong and Olewiler 2024),
Myanmar (Thant et al. 2021), Vietnam (Nguyen et al.
2021), and Bangladesh (Billah et al. 2021). As part of the
Oriental biogeographic region, Indonesia faces similar
pressures, with conflicts reported in Kalimantan (Serenari
et al. 2025), Barisan Selatan National Park (Febryano et al.
2024), Lampung (Kuswanda et al. 2022), Bengkulu
(Laksmitha et al. 2023), and Riau (Kuswanda et al. 2022;
Yoza et al. 2023). In Aceh, several studies also report
substantial conflict incidence (Diana et al. 2021; Wilson et
al. 2021; Efendi et al. 2023; Jakfar et al. 2023). The Aceh
Natural Resources Conservation Agency (2024) recorded
542 elephant-related incidents over the past 6 years, and in
2023 alone reported 13 attacks by Sumatran tigers and wild
elephants on humans, resulting in injuries and fatalities.
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Human-tiger conflict is also frequent, documented in
West Sumatra (Rahman et al. 2023), Riau (Kuswanda et al.
2022; Neo et al. 2023; Pudyatmoko et al. 2023), North
Sumatra (Patana et al. 2023), Bengkulu (Ekarini et al.
2022), and the Leuser Ecosystem area (Hadi et al. 2025;
Saputra et al. 2025). BKSDA Aceh reports 19 Sumatran
tiger deaths during 2019-2022, primarily due to poaching.
Human-sun bear conflict (Helarctos malayanus) is less
documented but reported (Widodo et al. 2022; Sibarani et
al. 2024). Negative human-orangutan interactions are
increasingly noted in Aceh (Suhardono et al. 2024), North
Sumatra (Sulistiyono et al. 2021; Purwoko et al. 2022;
Zaitunah et al. 2023; Harahap et al. 2024; Samsuri et al.
2024), Kalimantan (Santika et al. 2022; Schreer 2023), and
the Bukit Tiga Puluh landscape (Harianja et al. 2021).

Overall, HWC is primarily driven by habitat loss and
fragmentation that intensify encounters between people and
wildlife (Gross et al. 2021; Pamungkas and Jones 2021,
Wilson et al. 2021; Kuswanda et al. 2022; Syaban et al.
2024). This study was conducted from December 2023 to
February 2024 using factual data from the Aceh Natural
Resources Conservation Agency (2024) and surveys in
seven conflict-prone villages in the Leuser landscape:
Pucuk Lembang, Alur Dua Mas, Durian Kawan, Seuleukat,
Alue Keujrueng, Kapai Seusak (South Aceh Regency), and
Pasir Belo (Sultan Daulat Sub-district, Subulussalam City).
Building on Leuser-focused research on conflict
characteristics, drivers, impacts, and governance (Patana et
al. 2018; Qomariah et al. 2019; Lubis et al. 2020; Patana et
al. 2021; Rifaie et al. 2021; Patana et al. 2023; Sulistiyono
et al. 2023; Ridayani et al. 2024), this study provides a
village-level, multispecies assessment focusing on elephants,
tigers, orangutans, and sun bears through: i) Wildlife
Conflict Threat Risk Mapping (WCTRM); ii) Perceived
Probability of Wildlife Conflict (PPWC); iii) assessment of
vulnerability levels to human-wildlife conflict.
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MATERIALS AND METHODS

Study area

The study area was selected based on indicators of
regions affected by human-wildlife conflict, covering seven
villages: Seulekat, Durian Kawan, Kapai Seusak, Alue
Keujrueng, Alur Dua Mas, Pucok Lembang, and Pasir Belo
in South Aceh Regency, Indonesia. These villages represent
locations with a high level of interaction between
communities and wildlife, particularly elephants, tigers,
orangutans, and sun-bears key species within the Leuser
Ecosystem. The locations of the seven target survey
villages are illustrated in the map below (Figure 1).

These areas not only exhibit recurring conflict
frequency but also reflect significant variations in patterns
of economic, social, and ecological losses, thereby
providing a comprehensive overview of the dynamics of
impacts and coping mechanisms at the village level. The
selection of these villages was also based on ecological
relevance, their proximity to wildlife habitat corridors, and
their representativeness of the socio-economic conditions
of local communities that are highly dependent on
agriculture and forest resources.

Partisipants

The population in this survey comprised all households
residing permanently in the target villages. The total
population across the seven surveyed villages was 2,673
households. For the purpose of descriptive analysis, a
sampling rate of 10% was applied, resulting in a total
sample size of 268 households. A proportional random
sampling technique was used, with sample distribution
adjusted according to the population size of each village.
The participants were native villagers, and the study was
conducted over four weeks. An explanation can be seen in
Table 1.
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Figure 1. Locations of the target survey villages. A. Alue Keujrung, B. Pucok Lembang, C. Durian Kawan, D. Alur Dua Mas, E. Seulekat,
F. Kapai Seusak, G. Pasir Belo, in South Aceh Regency, Aceh Province, Indonesia
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Table 1. Percentage distribution of respondents

Village Population Sample (10%) %
Seulekat 265 27 9.91
Durian Kawan 480 48 17.96
Kapa Seusak 543 54 20.31
Alue Keujrung 486 49 18.18
Alur Dua Mas 300 30 11.22
Pucok

Lembang 299 30 11.19
Pasir Belo 300 30 11.22
Total 2673 267 100

Data collection

The survey was conducted in 3 main phases: preparation,
implementation, and reporting. In the preparation phase,
enumerators received intensive training on technical
procedures, including data exploration and exploitation
techniques, as well as strategies for addressing potential
community-related dynamics during fieldwork. In the
implementation phase, the team leader first established
rapport with village authorities and key stakeholders to
minimize resistance and facilitate smoother data collection
by enumerators. The primary data collection instrument
was a structured questionnaire, developed based on
predefined research indicators. The questionnaire underwent
a pilot test on a limited sample population to validate its
reliability and construct validity. Data were collected in
person by trained enumerators to ensure respondent
comprehension and to minimize the risk of data entry
errors.

To complement the quantitative data and provide a
deeper contextual understanding, a triangulation phase was
conducted through Focus Group Discussions (FGDs).
These FGDs were designed to further explore key findings
from the household survey and field observations,
particularly issues that could not be fully captured through
structured questionnaires. Each FGD involved 10-15
participants representing key community groups, including
local leaders, farmers, women, and youth. Discussions were
conducted in a participatory manner, guided by a pre-
designed topic outline, facilitated by a trained moderator,
and documented through detailed note-taking and audio
recording.

The household survey itself was based on the
Sustainable Livelihoods Framework (SLF) which served as
a tool to assess perceived threats, probabilities, impacts,
and livelihood vulnerabilities. Respondents were selected
through proportionate random sampling from permanent
households in each village, with only adults knowledgeable
about household livelihoods included in the interviews.
Prior to full deployment, the questionnaire was piloted to
ensure reliability and validity. Data collection was carried
out face-to-face by trained enumerators to maximize
comprehension and accuracy.

In addition, secondary data on socio-demographic
conditions were obtained from official village profile
documents. Supplementary information from relevant
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government agencies was also utilized to enrich and
contextualize the analysis of the findings.

Data analysis

The data analysis in this study adopts the approach
proposed by Miles and Huberman (1994), which consists
of three interrelated and iterative stages: data reduction,
data display, and conclusion drawing or verification. These
components are carried out simultaneously throughout the
research process, rather than only after data collection is
complete. 1) The first stage, data reduction, involves selecting,
simplifying, and focusing raw data collected from
interviews, focus group discussions (FGDs), and document
reviews. During this process, the researcher identifies key
categories relevant to the research focus, discards irrelevant
information, and highlights recurring themes that emerge
from the data. ii) The second stage is data display, in which
the reduced data are organized into descriptive narratives,
tables, charts, or matrices. This visual and structured
presentation enables the researcher to better understand the
interconnections among categories or themes, and facilitates
the identification of emerging patterns or anomalies. iii)
The final stage is conclusion drawing and verification.
Initial conclusions are drawn provisionally and may evolve
as more data become available. Verification is carried out
through triangulation, repeated data examination, and
validation with key informants. This process ensures the
credibility and reliability of the research findings.

The data reduction and interpretation process in this
study is guided by the theoretical framework of the
Sustainable Livelihood Framework (SLF) developed by the
Department for International Development (DFID). The
SLF provides an analytical structure to understand and
assess the livelihood conditions of communities, and to
design interventions that promote sustainable development.
It helps identify the strengths, weaknesses, opportunities,
and constraints within livelihood systems, as well as how
different interventions can improve community capacity
and resilience in the face of economic, environmental, or
social pressures.

Livelihood assets are interrelated and collectively
influence the sustainability of household livelihoods.
Therefore, it is essential to understand the linkages between
livelihood assets and the vulnerability context, which are
shaped by structural and social processes. These include
access to governance, markets, institutions, regulations,
cultural norms, and practices. Understanding these access
dimensions is critical for analyzing livelihood strategies
and outcomes, such as increased income, enhanced well-
being, reduced vulnerability, improved food security, and
sustainable natural resource use. The sustainable livelihoods
framework can be seen in Figure 2.

Several key elements within the theoretical framework
of the Sustainable Livelihood Framework (SLF) include:
vulnerability context, transforming structures and processes,
livelihood strategies, livelihood outcomes and livelihood
assets. The vulnerability context typically refers to external
factors that drive change, such as seasonal variations,
trends, or shocks that affect a given region and its target
communities.
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Sustainable livelihoods framework
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Figure 2. Sustainable livelihoods frameworks
Transforming structures and processes relate to RESULT AND DISCUSSION
institutional or structural changes, whether initiated

through planned interventions or emerging organically over
time. Strategies encompass the approaches or methods
adopted within a program to achieve the intended
livelihood outcomes, which may include increased income,
improved well-being, or reduced vulnerability. Livelihood
assets are categorized into five groups, commonly referred
to as the Asset Pentagon, namely: i) Human capital: This
includes factors such as health, education, knowledge and
skills, the capacity to work, and the ability to adapt to
changing conditions. ii) Natural capital: This consists of
resources such as land and its productivity, water and
aquatic resources, trees and forest products, wild fibers and
food, biodiversity, and other environment-related resources.
iii) Financial capital: This includes household income
levels, savings, ownership of productive assets, ownership
of individual and/or group enterprises, and access to
transportation means. iv) Social capital: This encompasses
networks and connections, established patronage, neighborly
harmony, relationships based on mutual trust and support,
formal and informal groups, social norms and sanctions,
representation, participatory decision-making mechanisms,
and leadership. v) Physical capital: This includes infrastructure
such as transportation networks, vehicles, buildings and
housing, sanitation and clean water facilities, energy
supply, and communication networks. It also covers tools
and technologies used in production, such as farming tools,
seeds, fertilizers, pesticides, and traditional technologies.

Quantitative data from the household survey were
analyzed using descriptive statistics and risk scoring, while
qualitative data from FGDs were analyzed thematically.
The two datasets were not merged; instead, FGD findings
served as triangulation to validate and enrich the
quantitative results. In cases where group dynamics
produced different emphases compared to individual
survey responses, these divergences were reported as
complementary insights rather than aggregated into survey
measures.

Wildlife Conflict Threat Risk Mapping (WCTRM)

Wildlife Conflict Threat Risk Mapping (WCTRM) is a
spatially driven approach designed to identify, map, and
predict the vulnerability of human-wildlife conflicts (HWC)
by integrating habitat distribution, land-use dynamics, and
human activity patterns. Within the Leuser Ecosystem,
Aceh, risk mapping serves as a strategic tool to delineate
areas most exposed to negative human-wildlife
interactions. A growing body of research highlights the
utility of WCTRM across diverse ecological contexts.
Applications range from conflicts involving Sumatran
tigers, elephants, and orangutans in Gunung Leuser (Lubis
et al. 2020; Figel et al. 2021; Achmad et al. 2022;
Kuswanda et al. 2022; Purwoko et al. 2022; Lubis et al.
2023; Patana et al. 2023; Slater et al. 2024), to HWC in
Bengkulu (Ekarini et al. 2022), muntjacs (7ragulus
kanchil), leopard cats (Panthera pardus), and wild boars
(Sus scrofa) in the Merapi landscape (Sulaksono et al.
2023), elephant (Elephas maximus) - human interactions in
Johor, Peninsular Malaysia (Kaliyappan 2023), macaque
conflicts in Riau lowlands (Metananda et al. 2024), brown
bear (Ursus arctos) conflicts in Iran (Nayeri et al. 2022),
wildlife interactions in the Eastern Himalayas (Sharma et
al. 2020), and elephant distribution in Sri Lanka (Gunawansa
et al. 2024). Collectively, these studies reaffirm that risk
mapping is not only a diagnostic instrument but also a
cornerstone of evidence-based mitigation strategies in
conflict-prone landscapes. Building on these insights, this
study advances the discourse by generating conflict threat
maps for seven villages within the Leuser landscape
(Figure 3), offering spatially explicit insights into
community-level vulnerabilities and potential intervention
priorities.

Based on the survey findings, the overall perceived
threat of human-wildlife conflict (HWC) remains very low,
with particularly notable cases in Pucuk Lembang and Alur
Dua Mas, where 100% of respondents reported minimal or
non-existent levels of conflict risk. Among the seven
surveyed villages, a clear variation emerges in perceived
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threat levels. Both Pucuk Lembang and Alur Dua Mas
exhibit an exceptionally low perceived threat (100%),
suggesting relatively stable coexistence between humans
and wildlife in these areas. Similarly, Durian Kawan
demonstrates a predominantly low threat perception (98%),
reinforcing patterns of generally harmonious human-wildlife
interactions. Nonetheless, it is important to highlight that 2%
of respondents in Durian Kawan reported higher levels of
perceived threat, although this proportion remains statistically
minor within the overall community perception.

The survey results reveal substantial variation in the
perceived levels of human-wildlife conflict (HWC) threats
across the seven study villages. In Seuleukat, the majority
of respondents (85.2%) reported a low threat perception,
although 14.5% identified a moderate threat, indicating a
need for localized conflict management measures. Pasir
Belo similarly demonstrated a predominantly low threat
perception (83.3%); however, the presence of both
moderate and high threat responses suggests that potential
risks remain and warrant proactive monitoring. By contrast,
Alue Keujrueng presents a more concerning profile, with
only 52% of respondents perceiving a low threat. A
considerable proportion (40%) reported moderate threat
levels, and 8% reported high levels of perceived threat,
underscoring the urgency for intensified mitigation
strategies. Kapai Seusak represents the most critical case,
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recording the highest proportion of moderate threat
perception (61.7%), while 35% of respondents assessed the
threat as low and 3.3% as high. This distribution reflects
the pressing need for comprehensive and context-sensitive
planning to balance human activities with wildlife
conservation imperatives. Taken together, these findings
highlight the heterogeneous nature of HWC dynamics
across villages. While certain communities experience
relatively stable coexistence with wildlife, others exhibit
heightened vulnerability that requires tailored interventions to
safeguard both ecological integrity and human livelihoods.

Perceived Probability of Wildlife Conflict (PPWC)

Perceived Probability of Wildlife Conflict (PPWC)
reflects the subjective perceptions of local communities
regarding the likelihood of experiencing conflicts with
wildlife. In Indonesia and other regions, PPWC-related
studies have been conducted across various contexts. For
instance, Ardiantiono et al. (2021) examined community
attitudes and their willingness to coexist with Sumatran
elephants around Way Kambas National Park (TNWK),
Lampung. Similarly, Ardiantiono et al. (2023) integrated
socio-ecological information to identify high-risk areas for
human-saltwater crocodile (Crocodylidae) conflict in the
Indonesian archipelago.
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Beyond Indonesia, Pimid et al. (2022) highlighted the  of respondents reported a moderate level of perceived
role of social dimensions in wildlife conservation from threat. These findings suggest that, overall, communities in
multiple stakeholder perspectives in Kinabatangan, Sabah, the surveyed villages perceive wildlife conflict as relatively
Malaysia, while Karimullah et al. (2022) conducted a large-  unlikely. However, the presence of moderate to high
scale survey to understand potential conflicts between perceptions in specific locations underscores localized
humans and non-human primates (Primates) in Malaysia.  vulnerabilities and highlights the need for targeted
Other studies addressed human perceptions of conflict with ~ monitoring and context-specific mitigation strategies to
gorillas (Gorilla) and their implications for life satisfaction  prevent escalation and safeguard community livelihoods.
in the Virunga landscape of Africa (Sabuhoro et al. 2023), Based on respondents’ assessments of the impacts of
as well as situational factors driving leopard killings (P.  wildlife conflict across the seven surveyed villages (Figure
pardus) in South Africa (Viollaz et al. 2021). Collectively,  4), the majority (80.81%) perceived the impacts as low. In
these studies underscore the critical importance of this context, “low impact” denotes minimal observable
perception-based dimensions in understanding the risks of  consequences for both local communities and the
human-wildlife conflict. Building upon this body of work, surrounding environment. This was most evident in Durian
the present study investigates PPWC across seven conflict-  Kawan Village, where all respondents reported no impacts.
prone villages in the Leuser Ecosystem, with findings
presented in Figure 4.

The survey results reveal that the majority of
respondents perceived the probability of wildlife conflict to
be low. More than 80% of participants assessed the

Table 2. Perceived probability of conflict

. . . o . . 0,
likelihood of conflict as minimal, with Alur Dua Mas Category Frequency Yo
distinguished by unanimous responses (100%) indicating a Low 215 80.60
low level of threat. Only a very small proportion Moderate 46 17.10
approximately 2.33% perceived a high probability of ¥1gh] 228 2]38
conflict, and these were limited to three villages: Pasir ota
Belo, Alue Keujrueng, and Durian Kawan. A further 17.11%
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A smaller proportion of respondents identified
moderate impacts, particularly in Kapa Seusak and Alue
Keujrueng, reflecting limited but tangible consequences of
human-wildlife interactions. High-impact conflicts were
reported in three villages Pasir Belo (8.3%), Alue Keujrueng
(8%), and Kapa Seusak (5%) indicating localized areas of
heightened vulnerability. When viewed alongside the
wildlife conflict threat risk mapping, several villages,
including Seuleukat, Durian Kawan, Alur Dua Mas, Pucuk
Lembang, and Pasir Belo, were characterized by both low
threat probabilities and low impact levels. These findings
indicate that, overall, human-wildlife interactions across
the surveyed areas are largely non-confrontational and
present minimal risks to community well-being. However,
certain villages exhibit localized vulnerabilities, underscoring
the necessity for context-specific and adaptive mitigation
strategies.

In contrast, Alue Keujrueng Village presents a unique
case where the probability of wildlife conflict is
categorized as low, yet the resulting impacts are relatively
moderate. This indicates that while the overall risk of
conflict is limited, when such events do occur, they can still
pose considerable disruptions to local communities. Thus,
this village requires targeted management efforts to reduce
the negative consequences of wildlife conflict. Meanwhile,
Kapa Seusak Village is characterized by both moderate
conflict probability and moderate impact levels. This points

WILDLIFE CONFLICT THREAT RISK MAP - IMPACT
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to a higher overall risk compared to other surveyed
villages, both in terms of the likelihood of wildlife conflict
and its potential consequences. Therefore, this area
warrants increased attention and more comprehensive
mitigation strategies to minimize risks and safeguard
community well-being (Figure 5).

Based on the assessment of overall vulnerability levels,
the majority of respondents perceived the vulnerability
caused by wildlife conflict to be at a moderate level, with
an average percentage of 46.47%. Further analysis reveals
that three villages Pasir Belo (66.7%), Kapa Seusak (60%),
and Alur Dua Mas (54.8%) demonstrate relatively moderate
levels of vulnerability. Conversely, the villages reporting
the lowest levels of vulnerability include Durian Kawan
(62.7%), Alue Keujrueng (52%), and Alur Dua Mas (45.2%),
where a significant proportion of respondents categorized
vulnerability as low.

Table 3. Perceived impact of conflict

Category Frequency %
Low 216 80.80
Moderate 29 10.80
High 23 8.40
Total 268 100

WILDLIFE CONFLICT THREAT RISK MAP - PROBABILITY
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Interestingly, several respondents did indicate high
levels of vulnerability, with the most prominent reports
coming from Seuleukat, Pucuk Lembang, Durian Kawan,
Kapa Seusak, Pasir Belo, and Alue Keujrueng. Notably,
none of the respondents in Alur Dua Mas classified the
level of vulnerability as high. This may suggest that the
village has successfully implemented effective conflict
mitigation strategies or benefits from more stable
environmental  conditions,  thereby  reducing its
vulnerability to wildlife conflict.

Assessment of vulnerability levels to human-wildlife
conflict

The wvariability in vulnerability perceptions across
different villages underscores the need for diverse and
integrated approaches in managing human-wildlife conflict.
It also emphasizes the importance of in-depth understanding
of the contextual factors influencing vulnerability in each
village and the implementation of tailored interventions to
mitigate the negative impacts of such conflicts on local
communities (Figure 6).
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general, the level of human vulnerability was reported as
very low in nearly all villages, with the exception of
Seulekat. In detail, nearly half of the respondents in
Seulekat (44.4%) reported a moderate level of human
vulnerability, and approximately one-quarter of the total
respondents indicated a relatively high level. Additionally,
three other villages Pucuk Lembang, Durian Kawan, and
Kapa Seusak also showed a notable proportion of
respondents  perceiving higher levels of human
vulnerability. These findings underscore the need for a
holistic and context-sensitive approach to managing
human-wildlife conflict, recognizing the significant
variation in human vulnerability levels across different
locations. This emphasizes that conflict management
strategies must account for local factors that specifically
influence human vulnerability in each village (Figure 7).

Table 4. Vulnerability levels (Overall)
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Figure 7. Assessment of human vulnerability

Based on the analysis of social vulnerability, each
village under study exhibits a unique context in terms of
social vulnerability levels. In Alur Dua Mas, the majority
of residents (74.2%) reported a low level of social
vulnerability. However, 16.1% indicated a moderate level
of vulnerability, and 9.7% reported experiencing high
social vulnerability. Similarly, the village of Seulekat
showed comparable characteristics, with 25.9% of
respondents indicating a high level of social vulnerability.
The highest level of perceived social vulnerability was
reported in Pasir Belo, where half of the respondents
claimed to experience significant social vulnerability.
Elevated levels of social vulnerability were also reported in
the villages of Kapa Seusak, Pucuk Lembang, Alue
Keujrueng, and Durian Kawan. Among all surveyed villages,
Alur Dua Mas demonstrated the lowest proportion of
respondents reporting high social vulnerability (Figure 8).

In this context, it is important to recognize that social
vulnerability is closely linked to the strength of community
social institutions, including kinship, mutual care, trust,
social norms, and security. The observed variation in social
vulnerability levels necessitates tailored approaches to
community management, including initiatives for community

Sub-¢ atrict Boundary & Duran Kawen Seuledkst

empowerment and the provision of relevant resources. In
conclusion, effective and sustainable resolution of human-
wildlife conflict in each village must consider the unique
social dynamics and conditions of the local population
(Figure 9).

Based on the assessment of economic assets, household-
level economic vulnerability across all surveyed villages is
generally high. Durian Kawan shows relatively better
economic resilience, with more than half of respondents
(54.9%) reporting low levels of economic vulnerability,
while 31.4% indicated moderate vulnerability and 13.7%
reported high vulnerability. The highest levels of economic
vulnerability were found in households in Pucuk Lembang
(40%), followed by Kapa Seusak (30%), Seulekat (29.6%),
Alue Keujrueng (20%), Alur Dua Mas (16.1%), and Durian
Kawan (13.7%). In Pasir Belo, the majority of households
(66.7%) reported moderate economic vulnerability.
Therefore, wildlife conflict management in these areas
should take into account its impact on local economic
vulnerability, with an emphasis on strengthening household
economic capacity and protecting resources for
communities at risk (Figure 10).
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Figure 8. Assessment of social vulnerability

Based on the assessment of physical vulnerability, the
community in Pucuk Lembang exhibits a significantly
higher level of vulnerability related to physical aspects
such as roads, bridges, housing, educational facilities, and
healthcare services, with 70% of respondents indicating a
moderate level of vulnerability and 16.7% reporting a high
level. This suggests that the village faces considerable
challenges in terms of physical vulnerability to wildlife
conflict, potentially due to factors such as topography,
wildlife population density, area accessibility, and the
condition of local infrastructure, which may be inadequate
or damaged. Conversely, respondents from Durian Kawan
and Pasir Belo reported a higher capacity of physical
infrastructure in their respective areas. Overall, physical
vulnerability across all surveyed villages is generally low.
However, four villages were identified a higher degree of
physical vulnerability, ranked from highest to lowest as
follows: Pucuk Lembang, Alur Dua Mas, Durian Kawan,
and Seulekat. These findings highlight the need for targeted
management strategies focusing on risk mitigation and
infrastructure improvement in areas with elevated physical
vulnerability (Figure 11).

Based on the analysis of environmental vulnerability,
there appears to be a degree of complexity in the interaction

Sut-district Boundary & Duriar Kawsn Se.lsuket

between environmental factors and human activity across
the surveyed villages. Overall, environmental vulnerability
in these areas can be categorized as moderate, although
some variations were observed in respondents’ assessments.
For instance, in Alur Dua Mas, the majority of respondents
(67.7%) indicated a moderate level of environmental
vulnerability. This finding provides a deeper understanding
of the ecological challenges faced by local communities,
particularly in maintaining ecological balance in areas
susceptible to human-wildlife interactions. In contrast,
Durian Kawan stood out as a positive example, where
58.8% of respondents reported low environmental
vulnerability. This suggests that effective efforts have been
made to preserve environmental sustainability in this village,
which could serve as a model for similar conservation
efforts elsewhere. Nevertheless, greater challenges remain
in certain locations, such as Pucuk Lembang, where a
significant portion of respondents (23.3%) perceived high
environmental vulnerability. This highlights the need for
enhanced awareness and the implementation of appropriate
management strategies to mitigate the negative impacts of
wildlife conflict on the natural environment in these areas.
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Figure 9. Assessment of financial vulnerability

From a scientific perspective, these findings underscore
the complexity of understanding the human-environment
interface, especially in the context of wildlife conflict. The
variation in environmental vulnerability levels among
villages emphasizes the need for an integrated and locally
informed approach to natural resource management and
environmental protection. In conclusion, only by recognizing
local diversity and applying tailored strategies can we
ensure environmental sustainability and community well-
being in regions affected by human-wildlife conflict. Based
on the data presented above, it can be concluded that the
relatively moderate to high levels of social, human,
physical, financial, and natural capital among communities
in the seven villages contribute to a lower overall risk of
human-wildlife conflict and its impact on local livelihoods.
Furthermore, with continuous improvement and management
of these livelihood capitals, risk mitigation efforts can be
carried out more effectively.

Discussion

Wildlife Conflict Threat Risk Mapping (WCTRM) has
been emphasized in recent studies as a critical tool for
identifying areas vulnerable to human-wildlife conflict
(Naha et al. 2019; Sharma et al. 2020; Stoldt et al. 2020;
Abrahms 2021). This mapping approach does not merely
focus on the spatial distribution of wildlife but also
integrates key causal drivers such as land-use change
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(Bharathy et al. 2022), habitat loss (Braczkowski et al.
2023), and increased human activities in forest-adjacent
areas (Hahn et al. 2023). For instance, Lubis et al. (2023)
examined spatial patterns of forest conversion and the
population status of several threatened mammal species
within the Leuser Ecosystem. Similarly, Haidir et al.
(2021) investigated the tropical rainforest landscape of
Kerinci, mapping dispersal corridors for the Sunda clouded
leopard (Neofelis diardi diardi), the Asian golden cat
(Catopuma temminckii), and the marbled cat (Pardofelis
marmorata), while simultaneously modeling future forest
loss and fragmentation and its implications for landscape
connectivity of these endangered populations. Together,
these studies from Sumatra highlight the significance of
risk mapping in elucidating the interplay between
environmental conditions and anthropogenic pressures on
wildlife.

However, spatial data alone are insufficient, as
community experiences and perceptions may diverge from
the outcomes of spatial mapping. This is where the
Perceived Probability of Wildlife Conflict (PPWC)
becomes particularly relevant, as it captures how local
communities assess the likelihood of conflict. For instance,
in a case study on human attitudes toward coexistence with
Sumatran elephants, a survey of 660 respondents revealed
that 62% were unwilling to live alongside elephants
(Ardiantiono et al. 2021). Similarly, a study conducted in
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South Aceh reported that 70% of respondents agreed that
elephants should be driven away when entering farmland
(Nurmaliah et al. 2024). Moving beyond elephants,
research in Langkat District highlighted that communities
perceived Sumatran tigers as having no direct benefit to
their livelihoods, instead viewing them as a threat to public
order (Patana and Rahmatika 2024). Perceptions of fear
and anxiety toward the presence of tigers were further
substantiated by Figel et al. (2023), who documented 96
cases of human-tiger conflict (HTC) in the lowlands of
Aceh. Collectively, these studies suggest that community
perceptions of wildlife conflicts whether with elephants or
tigers are predominantly negative, framing these species as
threats to safety and daily life. This underscores that
conflict mitigation efforts require more than spatial
mapping; they must also integrate community perceptions
and lived social experiences.

Wildlife Conflict Threat Risk Mapping (WCTRM)
provides insights into where human-wildlife conflicts are
most likely to occur, while the Perceived Probability of
Wildlife Conflict (PPWC) reflects how communities
perceive the potential risks of such conflicts. Vulnerability
analysis complements both approaches by addressing the
critical question of who is most affected. For instance,
studies have demonstrated that high livelihood vulnerability
may compel communities to adopt coping strategies that
inadvertently increase the risk of negative human-wildlife
interactions (HWI), as observed in Quirimbas National Park,
Mozambique (Pereira et al. 2021). Similarly, vulnerability
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assessments have been applied to map human-wildlife
conflicts in the Hirpora Wildlife Sanctuary, Western
Himalaya, Kashmir, using geospatial techniques, offering
valuable insights for both local communities and
conservation initiatives (Bharathy et al. 2022). Moreover,
vulnerability analysis has proven particularly relevant in
the context of climate change a global challenge that
intensifies ecological pressures by identifying pathways for
developing mitigation strategies and proactive policies
aimed at minimizing the impacts of human-wildlife conflict
on biodiversity conservation and human well-being
(Abrahms et al. 2023).

The three complementary dimensions of WCTRM,
PPWC, and vulnerability analysis provide an integrated
framework for designing more effective mitigation
strategies. Spatial risk mapping (WCTRM) can serve as a
basis for establishing buffer zones and identifying
ecological hotspots. PPWC captures local perceptions,
thereby strengthening risk communication and community
engagement. Vulnerability analysis, in turn, highlights
which groups should be prioritized in terms of protection
and support. The integration of these three tools ensures
that the proposed solutions are not only technically sound
but also socially inclusive. By combining WCTRM, PPWC,
and vulnerability assessments, this study contributes to a
more holistic understanding of human-wildlife conflict and
offers policy-relevant recommendations that can be applied
at the regional scale as mitigation efforts, particularly for
the seven villages studied in designing future applications.
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Figure 10. Assessment of physical vulnerability
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Figure 11. Assessment of environmental vulnerability

Figure 12. The presence of wild animals entering anthropogenic activities in the study area. A: Sumatran elephant (Elephas maximus
sumatranus), B: Sumatran tiger (Panthera tigris sumatrae), C: Sun bear (Helarctos malayanus), D: Sumatran orangutan (Pongo abelii)



14/16

In conclusion, this study highlights that human-wildlife
conflict (HWC) in the Leuseur ecosystem, Aceh, primarily
involves key species such as the Sumatran elephant and the
Sumatran tiger, bears, and wild boar. It assesses the risks of
wildlife conflict to community livelihoods, with conflict
hotspots concentrated at forest edges, plantation areas, and
community agricultural lands. Key risks identified include
crop damage, loss of household income, and increased fear
and social insecurity at the community level. These impacts
disproportionately affect smallholder farmers who rely
heavily on subsistence agriculture, making them the most
vulnerable group in the HWC context. In this context, of
the seven villages we studied, Kapa Sesak and Alue
Keujrung villages with level medium (as hotspot) were
found to be more vulnerable than others.

These findings have significant implications for
conservation management and sustainable development.
Wildlife Conflict Threat Risk Mapping (WCTRM) provides
a spatial basis for prioritizing intervention zones, while the
Perceived Probability of Wildlife Conflict (PPWC) highlights
the need for socially contextualized risk communication.
Vulnerability analysis complements these dimensions by
identifying population groups most in need of protection
and support. Therefore, mitigation strategies should
integrate technical approaches such as establishing wildlife
corridors and patrols, along with social interventions,
including the development of alternative livelihoods,
compensation schemes, and building community capacity
for conflict management. From a policy perspective, cross-
sectoral coordination between government agencies,
conservation organizations, and local communities is
crucial. Evidence-based compensation policies, livelihood
diversification programs, and educational initiatives on
ecosystem balance are strategic steps to reduce conflict
risk. At the community level, active participation in local
conflict response units (e.g., Elephant Response Units) can
enhance local management in mitigation. Through this
integrated approach, HWC is reframed not simply as an
ecological issue, but as a socio-ecological challenge requiring
collaborative, adaptive, and context-sensitive solutions.

REFERENCES

Abrahms B. 2021. Human-wildlife conflict under climate change. Science
373 (6554): 484-485. https://doi.org/10.1126/science.abj4216.

Abrahms B, Carter NH, Clark-Wolf TJ, Gaynor KM, Johansson E,
Mclnturff A, West L. 2023. Climate change as a global amplifier of
human-wildlife conflict. Nat Clim Change 13 (3): 224-234. .
https://doi.org/10.1038/s41558-023-01608-5.

Aceh Natural Resources Conservation Agency [BKSDA Aceh]. 2024.
Laporan Survei Sosial Ekonomi Desa Terdampak Konflik antara Manusia
dengan Satwa Liar. BKSDA Aceh, Banda Aceh. [Indonesian]

Achmad A, Ramli I, Nizamuddin N. 2022. Monitoring Land Use and
Land Cover Changes in Aceh Province, Indonesia for Sustainable
Spatial Planning. 14th Aceh International Workshop and Expo on
Sustainable Tsunami Disaster Recovery (AIWEST-DR 2022). Sydney
University, Australia, 29-30 September 2022.

Ardiantiono, Henkanaththegedara SM, Sideleau B, Anwar Y, Haidir IA,
Amarasinghe AT. 2023. Integrating social and ecological information
to identify high-risk areas of human-crocodile conflict in the Indonesian
Archipelago. Biol Conserv 280: 109965.
https://doi.org/10.1016/j.biocon.2023.109965.

BIODIVERSITAS 27 (1): d270120, January 2026

Ardiantiono, Sugiyo, Johnson PJ, Lubis MI, Amama F, Zimmermann A.
2021. Towards coexistence: Can people’s attitudes explain their
willingness to live with Sumatran elephants in Indonesia? Conserv
Sci Pract 3 (10): €520. https://doi.org/10.1111/csp2.520.

Ba F, Li X, Zhang Y, Shi W, Zhang P. 2023. How human-elephant
relations are shaped: A case study of integrative governance process
in Xishuangbanna, China. For Policy Econ 156: 103051.
https://doi.org/10.1016/j.forpol.2023.103051.

Baskaran N, Sathishkumar S, Vanitha V, Arjun M, Keerthi P, Bandhala
NG. 2024. Identifying the drivers of human-elephant conflict in
Nilgiri Biosphere Reserve, India. Animals 14 (22): 3193.
https://doi.org/10.3390/ani14223193.

Bharathy P, Wijeyamohan S, Suthakar K, Surendran SN. 2022. Vulnerability
of land use/cover associated with human-wildlife conflicts in
Mullaitivu District, Sri Lanka. Geocarto Intl 37 (27): 15378-15391.
https://doi.org/10.1080/10106049.2022.2097480.

Billah MM, Rahman MM, Abedin J, Akter H. 2021. Land cover change
and its impact on human-elephant conflict in Bangladesh. SN Appl
Sci 3: 649. https://doi.org/10.1007/s42452-021-04625-1.

Braczkowski A, O’Bryan CJ, Lessmann C. 2023. The unequal burden of
human-wildlife conflict. Commun Biol 6: 182.
https://doi.org/10.1038/542003-023-04493-y.

Chakraborty S, Paul N. 2021. Efficacy of human-elephant conflict
prevention techniques in West Bengal. Not Sci Biol 13 (3): 11017.
https://doi.org/10.15835/nsb13311017.

Diana CE, Abdullah A, Efendi E, Supriatno S, Hambal M, Andayani K.
2021. Risk level analysis of human-elephant conflict in Peusangan
watershed, Aceh. IOP Conf Ser Earth Environ Sci 922: 012052.
https://doi.org/10.1088/1755-1315/922/1/012052.

Efendi E, Zuhri M, Tarmizi T, Hadi A, Yunanda R. 2023. Animal
protection in the perspective of positive law and Islamic law: A study
of elephant-human conflict in Aceh, Indonesia. Samarah Jurnal
Hukum Keluarga ~ Hukum  Islam 7 (1): 175-194.
https://doi.org/10.22373/sjhk.v7i1.15381.

Ekarini DF, Setiawati S, Gawi JM. 2022. Sustainable community-based
human-tiger conflict management in Bengkulu. Biodiversitas 23 (12):
6404-6412. https://doi.org/10.13057/biodiv/d231238.

Febryano IG, Pratiwi P, Iswandaru D, Hilmanto R. 2024. Mitigation
strategies for managing human-elephant conflict in Bukit Barisan
Selatan National Park. Jurnal Belantara 7 (2): 218-231.
https://doi.org/10.29303/jbl.v7i2.1062.

Figel JJ, Hambal M, Krisna I, Putra R, Yansyah D. 2021. Malignant snare
traps threaten megafauna communities. Trop Conserv Sci 14:
1940082921989187. https://doi.org/10.1177/1940082921989187.

Figel JJ, Safriansyah R, Baabud SF, Herman Z. 2023. Clustered conflicts
in disturbed lowlands characterize human-tiger interactions in Aceh,
Indonesia. Wildl Lett 1 (2): 83-91.
https://doi.org/10.1002/wl112.12016.

Gottert T, Starik N. 2022. Human-wildlife conflicts across landscapes:
General applicability vs. case specificity. Diversity 14 (5): 380.
https://doi.org/10.3390/d14050380.

Green AR, Chakrabarti S, Shivakumar S, Hughes C, Banerjee S, Kinyanjui
MW, Mbizah MM, Ohrens O, Thiemkey AR. 2024. Creating
constellations of coexistence through connections between people in
human-wildlife conflict areas. Conserv Biol 38 (6): e14402.
https://doi.org/10.1111/cobi.14402.

Gross EM, Jayasinghe N, Dahal S, Klenzendorf S, Vannelli K, Boron V,
Martens S, Moore JF, Bhatia S, Cattoen EM, Hilderink-Koopmans F.
2025. C2C conflict to coexistence: A global approach to manage
human-wildlife conflict for coexistence. Conserv Sci Pract 7 (2):
¢13292. https://doi.org/10.1111/csp2.13292.

Gross E, Jayasinghe N, Brooks A, Polet G, Wadhwa R, Hilderink-
Koopmans F. 2021. A Future for All: The Need for Human-wildlife
Coexistence. WWF, Gland, Switzerland.

Gunawansa TD, Perera K, Apan A. 2023. Human-elephant conflict in Sri
Lanka: History and present status. Biodivers Conserv 32 (10): 3025-
3052. https://doi.org/10.1007/s10531-023-02650-7.

Gunawansa TD, Perera K, Apan A, Hettiarachchi NK. 2024. Identifying
human-elephant conflict hotspots through satellite remote sensing and
GIS to support conflict mitigation. Remote Sens Appl Soc Environ
35:101261. https://doi.org/10.1016/j.rsase.2024.101261.

Guru BK, Das A. 2021. Cost of human-elephant conflict and perceptions
of compensation: Evidence from Odisha, India. J Environ Plan Manag
64 (10): 1770-1794. https://doi.org/10.1080/09640568.2020.1838264.

Hadi AN, Mardhiah U, Suryometaram SS, Hussein S, Ginting Y,
Trihangga A, Rinaldo R, Puspita OR, Tarmizi T, Rumapea EE,



IRWANDI et al. — Risk analysis of human-wildlife conflict

Ramadiyanta E, Giyanto G, Supriatna J, Imansyah MJ, Adhiasto DN,
Marthy W, Susyafrianto J, Andayani N. 2025. Evaluating the efficacy
of an integrated law enforcement approach to safeguarding Sumatran
tigers and their prey. J Environ Manag 378: 124759.
https://doi.org/10.1016/j.jenvman.2025.124759.

Hahn NR, Wall J, Denninger-Snyder K, Sairowua W, Goss M, Ndambuki,
S, Eblate E. 2023. Staging behaviours identify spatial and temporal
risk of human-wildlife conflict. J Appl Ecol 60 (7): 1495-1506.
https://doi.org/10.1111/1365-2664.14428.

Haidir TA, Kaszta Z, Sousa LL, Lubis MI, Macdonald DW, Linkie M.
2021. Felids, forest and farmland: Identifying high-priority conservation
areas in  Sumatra. Landsc Ecol 36 (2): 475-495.
https://doi.org/10.1007/s10980-020-01146-x.

Harahap HA, Yonariza, Maynard S, Ridwan E, Yuerlita. 2024. Our
hungry neighbor: Self-reported data from farmers’ perspective on
Tapanuli orangutans in the Batang Toru Forest, Indonesia. Trop
Conserv Sci 17: 19400829241226932.
https://doi.org/10.1177/19400829241226932.

Harianja AH, Kuswanda W. 2021. Mitigation of human-orangutan
conflict in orangutan reintroduction area at Suo-Suo Village, buffer
zone of Bukit Tigapuluh National Park. IOP Conf Ser Earth Environ
Sci 715: 012076. https://doi.org/10.1088/1755-1315/715/1/012076.

International Union for Conservation of Nature [[TUCN]. 2020. [UCN SSC
Position Statement on the Management of Human-Wildlife Conflict.
IUCN Species Survival Commission Human-Wildlife Conflict Task
Force, Gland, Switzerland.

Jakfar TM. 2023. Animal protection in the perspective of positive law and
Islamic law: A study of elephant-human conflict in Aceh, Indonesia.
Samarah Jurnal Hukum Keluarga Hukum Islam 7 (1): 15381.
https://doi.org/10.22373/sjhk.v7i1.15381.

Jarungrattanapong R, Olewiler N. 2024. Ecosystem management to reduce
human-elephant conflict in Thailand. Environ Dev Sustain 27: 15005-
15024. https://doi.org/10.1007/s10668-024-04485-w.

Kaliyappan G. 2023. Asian Elephant Movement Ecology within Human-
Elephant Conflict Landscape in Johor, Peninsular Malaysia. [Thesis].
University of Nottingham, United Kingdom.

Kamalrathne T, Herath D. 2025. Mitigation strategies for human-elephant
conflicts: Two case studies on built environment solutions in Sri
Lanka. In: Malalgoda C, Amaratunga D, Haigh R, Nissanka S,
Fernando N, Borg RP, Hamza M (eds). Climate Change Adaptation in
the Built Environment. Springer, Cham.

Karimullah K, Widdig A, Sah SAM, Amici F. 2022. Understanding
potential conflicts between human and non-human primates: A large-
scale survey in Malaysia. Biodivers Conserv 31 (4): 1249-1266.
https://doi.org/10.1007/s10531-022-02386-w.

Kénig HJ, Ceausu S, Reed M. 2021. Integrated framework for stakeholder
participation: Methods and tools for identifying and addressing
human-wildlife conflicts. Conserv Sci Pract 3 (3): 399.
https://doi.org/10.1111/csp2.399.

Kuswanda W, Garsetiasih R, Gunawan H, Situmorang ROP, Hutapea FJ,
Kwatrina RT, Karlina E, Atmoko T, Zahrah M, Takandjandji M. 2022.
Can humans and elephants coexist on Sumatra Island? Diversity 14
(6): 420. https://doi.org/10.3390/d14060420.

Laksmitha N, Santosa Y, Rahman DA. 2023. Factors affecting movement
pattern of Sumatran elephant in Bengkulu. Biodiversitas 24 (10):
5539-5546. https://doi.org/10.13057/biodiv/d241035.

Li W, Liu P, Yang N, Pan H, Chen S, Zhang L. 2023. Spatio-temporal
trend and mitigation of human-elephant conflict in Xishuangbanna,
China. J Wildl Manag 87 (8): €22485.
https://doi.org/10.1002/jwmg.22485.

Liang X, Chen T, Xiao H, Xie Y. 2025. The impact of human-elephant
conflicts on farm households’ land lease behavior: The case of
Yunnan Province, China. Land Use Policy 153: 107532.
https://doi.org/10.1016/j.landusepol.2025.107532.

Lubis MI, Lee JSH, Rahmat UM, Tarmizi, Ramadiyanta E, Melvern D,
Linkie M. 2023. Planning for megafauna recovery in the tropical
rainforests of Sumatra. Front Ecol Evol [11: 1174708.
https://doi.org/10.3389/fevo.2023.1174708.

Lubis MI, Pusparini W, Prabowo SA, Marthy W, Tarmizi, Andayani N,
Linkie M. 2020. Unraveling the complexity of human-tiger conflicts
in the Leuser Ecosystem, Sumatra. Anim Conserv 23 (6): 741-749.
https://doi.org/10.1111/acv.12591.

Majumder R. 2022. Human-elephant conflict in West Bengal, India:
Present status and mitigation measures. Eur J Wildl Res 68 (3): 33.
https://doi.org/10.1007/s10344-022-01583-w.

15/16

Metananda AA, Sutopo, Gunawan G, Nurjaman N, Dani R, Ruhyat Y,
Afrianto WF. 2024. Human-macaque conflicts at a human settlement
in Riau Province, Indonesia. Biodiversitas 25 (9): 2950-2958.
https://doi.org/10.13057/biodiv/d250915.

Meyer M, Borner J. 2022. Rural livelihoods, community-based conservation,
and human-wildlife conflict: Scope for synergies? Biol Conserv 272:
109666. https://doi.org/10.1016/j.biocon.2022.109666.

Miles MB, Huberman AM. 1994. Qualitative Data Analysis: An
Expanded Sourcebook. Sage Publications, Inc., California.

Nad C, Roy R, Roy TB. 2022. Human-elephant conflict in changing land-
use land-cover scenario in and adjoining region of Buxa Tiger
Reserve, India. Environ Chall 7 100384.
https://doi.org/10.1016/j.envc.2021.100384.

Naha D, Sathyakumar S, Dash S, Chettri A, Rawat GS. 2019. Assessment
and prediction of spatial patterns of human-elephant conflicts in
changing land cover scenarios of a human-dominated landscape in
North Bengal. PLoS One 14 (2): ¢0210580.
https://doi.org/10.1371/journal.pone.0210580.

Nayeri D, Mohammadi A, Hysen L, Hipélito D, Huber D, Wan HY. 2022.
Identifying human-caused mortality hotspots to inform human-wildlife
conflict  mitigation. ~Glob  Ecol Conserv = 38:  e02241.
https://doi.org/10.1016/j.gecco0.2022.¢02241.

Neo WHY, Lubis MI, Lee JSH. 2023. Settlements and plantations are
sites of human-tiger interactions in Riau, Indonesia. Oryx 57 (4): 476-
480. https://doi.org/10.1017/S0030605322000667.

Nguyen VV, Phan TTT, Ferdin AE, Lee CH. 2021. Conducting importance-
performance analysis for human-elephant conflict management
surrounding a national park in Vietnam. Forests 12 (11): 1458.
https://doi.org/10.3390/f12111458.

Nkansah-Dwamena E. 2023. Lessons learned from community
engagement and participation in fostering coexistence and minimizing
human-wildlife conflict in Ghana. Trees For People 14: 100430.
https://doi.org/10.1016/j.tfp.2023.100430.

Nurmaliah C, Putri GY, Abdullah A, Andayani D, Munandar A, Muarrif
S. 2024. Examining People’s Perceptions of Elephants in the Context
of Human-Elephant Conflict in Aceh Selatan, Aceh, Indonesia. 2nd
Annual International Conference on Mathematics, Science and
Technology Education (AICMSTE 2023). Aceh, 18-19 September
2023.

Pamungkas W, Jones TE. 2021. Indonesia’s Mountainous Protected
Areas: National Parks and Nature-Based Tourism. In: Jones TE, Bui
HT, Apollo M (eds). Nature-Based Tourism in Asia’s Mountainous
Protected Areas. Springer, Cham.

Patana P, Rahmatika WA. 2024. Community perceptions of the Sumatran
tiger (Panthera tigris sumatrae) in Besitang District, Langkat
Regency: Case study of Bukit Mas Village. Glob For J 2 (1): 73-82.
https://doi.org/10.32734/gfj.v2i01.15559.

Patana P, Alikodra HS, Mawengkang H, Harahap RH. 2021. Mitigation
strategy of human-tiger conflict in Leuser Ecosystem using SWOT
matrix. IOP Conf Ser Earth Environ Sci 782 (3): 032034.
https://doi.org/10.1088/1755-1315/782/3/032034.

Patana P, Alikodra HS, Mawengkang H, Harahap RH. 2023. State of
human-tiger conflict around Gunung Leuser National Park in Langkat
Landscape, North Sumatra, Indonesia. Biodiversitas 24 (2): 37-846.
https://doi.org/10.13057/biodiv/d240220.

Patana P, Mawengkang H, Lydia MS. 2018. Conceptual model for
mitigating human-wildlife conflict based on system thinking. IOP
Conf Ser Mater Sci Eng 300 (1): 012052.
https://doi.org/10.1088/1757-899X/300/1/012052.

Pereira J, Rosalino LM, Mucova S, Massangue Y, Abdulrazak M, Vahossa
S, Santos MIJ. 2021. Livelihood vulnerability increases human-
wildlife interactions. Environ Conserv 48 (4): 301-309.
https://doi.org/10.1017/S037689292100028X.

Pimid M, Mohd Nasir MR, Krishnan KT, Chambers GK, Ahmad AG,
Perijin J. 2022. Understanding social dimensions in wildlife
conservation: Multiple stakeholder views. Animals 12 (7): 811.
https://doi.org/10.3390/ani12070811.

Pudyatmoko S, Budiman A, Siregar AH. 2023. Habitat suitability of a
peatland landscape for tiger translocation on Kampar Peninsula,
Sumatra, Indonesia. =~ Mamm  Biol 103  (4): 375-388.
https://doi.org/10.1007/342991-023-00361-8.

Purwoko A, Kuswanda W, Situmorang ROP, Hutapea FJ, Saputra MH,
Pasaribu PHP. 2022. Orangutan ecotourism on Sumatra Island:
Current conditions and a call for further development. Sustainability
14 (18): 11328. https://doi.org/10.3390/sul41811328.



16/16

Qomariah IN, Rahmi T, Said Z, Wijaya A. 2019. Conflict between
humans and wild Sumatran elephants in Aceh Province. Biodiversitas
20 (1): 77-84. https://doi.org/10.13057/biodiv/d2001 10.

Rahman H, Hidayat RA, Nofrizal AY, Wilastra I, Nasution AFR. 2023.
Priority corridor zone for human-tiger conflict mitigation: A
landscape connectivity approach in West Sumatra Region, Indonesia.
J Nat Conserv 76: 126501. https://doi.org/10.1016/j.jnc.2023.126501.

Ridayani R, Sautunnida L, Utami AR, Bagolong SP, Yusuf R. 2024.
Examining the impact of adat law on forest preservation in the Leuser
Ecosystem, Aceh: An analytical approach. Educ Environ Soc Res 1
(1): 8-23.

Rifaie F, Sulistyadi E, Fitriana YS. 2021. A review of patterns and
geographical distribution of human-wildlife conflicts in Indonesia.
Berkala Penelitian Hayati 27 (1): 41-50.
https://doi.org/10.23869/bphjbr.27.1.20217.

Roy K, Pandey RK, Athira NG, Dutta A, Mittal D, Nigam P, Habib B.
2025. Long-term trends in human fatalities from human-elephant
conflict in Chhattisgarh, India. Sci Rep 15 (1): 27360.
https://doi.org/10.1038/s41598-025-13005-3.

Sabuhoro E, Ayorekire J, Munanura IE. 2023. The quality of life and
perceived human-wildlife conflicts among forest communities around
the mountain gorilla’s Virunga Landscape in Africa. Sustainability 15
(3): 2248. https://doi.org/10.3390/su15032248.

Samsuri S, Zaitunah A, Kuswanda W, Ashari RH. 2024. The human and
Tapanuli orangutan (Pongo tapanuliensis) conflict in the tropical
mountain rainforest ecosystem, Indonesia. Floresta Ambiente 31 (1):
€20230019. https://doi.org/10.1590/2179-8087-FLORAM-2023-0019.

Santika T, Sherman J, Voigt M, Ancrenaz M, Wich SA, Wilson KA,
Meijaard E. 2022. Effectiveness of 20 years of conservation
investments in protecting orangutans. Curr Biol 32 (8): 1754-1763.
https://doi.org/10.1016/j.cub.2022.02.051.

Saputra MH, Widyastuti S, Kuswanda W, Nugraha RTP, Helmanto H,
Anugrah N, Patana P. 2025. Tracking Sumatran tiger (Panthera tigris
sumatrae Pocock, 1929) distribution in Gunung Leuser National Park:
The influence of prey presence and environmental variables on
habitat selection. Nat Conserv 59: 43-64.
https://doi.org/10.3897/natureconservation.59.144262.

Schreer V. 2023. The absent agent: Orangutans, communities, and
conservation in Indonesian Borneo. Conserv Soc 21 (1): 17-27.
https://doi.org/10.4103/cs.cs_120 _21.

Serenari C, Othman NB, Yadav K, Rubino E, Goossens B. 2025.
Investigating blame for human-wildlife conflict: Reason conditions
for human-elephant conflict in Borneo. Trop Conserv Sci 18:
19400829251375307. https://doi.org/10.1177/19400829251375307.

Shameer TT, Routray P, Udhayan A, Ranjan N, Ganesan MG, Manimozhi
A, Vasanthakumari D. 2024. Understanding the patterns and
predictors of human-elephant conflict in Tamil Nadu, India. Eur J
Wildl Res 70 (5): 95. https://doi.org/10.1007/s10344-024-01848-6.

Sharma P, Chettri N, Uddin K, Wangchuk K, Joshi R, Tandin T, Sharma
E. 2020. Mapping human-wildlife conflict hotspots in a transboundary
landscape, Eastern Himalaya. Glob Ecol Conserv 24: e01284.
https://doi.org/10.1016/j.gecco.2020.01284.

Sibarani MC, Ekanasty I, Surya RA. 2024. Using bycatch data to model
sun bear Helarctos malayanus occupancy in Bukit Barisan Selatan
National Park, Sumatra. Oryx 58 (4): 493-501.
https://doi.org/10.1017/S0030605323001631.

Slater HD, Gillingham PK, Pratt V, Eaton B, Fletcher S, Abdullah A,
Korstjens AH. 2024. Living on the forest edge: Effects of forest edges

BIODIVERSITAS 27 (1): d270120, January 2026

on microclimate and terrestrial mammal activity in disturbed lowland
forests of Sumatra, Indonesia. Oryx 58 (2): 228-239.
https://doi.org/10.1017/S0030605323000212.

Stoldt M, Goéttert T, Mann C, Zeller U. 2020. Transfrontier conservation
areas and human-wildlife conflict: The case of the Namibian
component of the Kavango-Zambezi (KAZA) TFCA. Sci Rep 10 (1):
7964. https://doi.org/10.1038/s41598-020-64537-9.

Suhardono S, Fitria L, Septiariva IY, Sari MM, Ulhasanah N, Prayogo W,
Suryawan IWK. 2024. Community-centric importance and performance
evaluation of human-orangutan conflict management in Aceh,
Indonesia. Trees For People 15: 100510.
https://doi.org/10.1016/.tfp.2024.100510.

Sulaksono N, Pudyatmoko S, Sumardi S, Wardhana W, Budiman A. 2023.
The effects of anthropogenic disturbances on the spatiotemporal
patterns of medium-large mammals in tropical volcanic landscapes.
Animals 13 (20): 3217. https://doi.org/10.3390/ani13203217.

Sulistiyono N, Marsudi S, Ahda M, Asmanijar W, Tobing GL, Zahirah A.
2023. Economic loss value of human-wildlife conflict at the
management section of national park VI Besitang, Gunung Leuser
National Park. IOP Conf Ser Earth Environ Sci 1188 (1): 012011.
https://doi.org/10.1088/1755-1315/1188/1/012011.

Sulistiyono N, Maulana MI, Pramuja I, Patana P, Purwoko A. 2021.
Spatial model of human-Sumatran orangutan (Pongo abelii) conflict
vulnerability in Besitang, Indonesia. IOP Conf Ser Earth Environ Sci
912 (1): 012055. https://doi.org/10.1088/1755-1315/912/1/012055.

Syaban ASN, Appiah-Opoku S. 2024. Unveiling the complexities of land
use transition in Indonesia’s new capital city IKN Nusantara: A
multidimensional ~ conflict analysis. Land 13 (5): 606.
https://doi.org/10.3390/1and13050606.

Thant ZM, May R, Reskaft E. 2021. Pattern and distribution of human-
elephant conflicts in three conflict-prone landscapes in Myanmar.
Glob Ecol Conserv 25: e01411.
https://doi.org/10.1016/j.gecc0.2020.e01411.

Tripathy BR, Liu X, Songer M, Kumar L, Kaliraj S, Chatterjee ND,
Mahanta KK. 2021. Descriptive spatial analysis of human-elephant
conflict distribution and mapping HEC hotspots in Keonjhar Forest
Division, India. Front Ecol Evol 9: 640624.
https://doi.org/10.3389/fevo.2021.640624.

Viollaz JS, Thompson ST, Petrossian GA. 2021. When human-wildlife
conflict turns deadly: Comparing the situational factors that drive
retaliatory leopard killings in South Africa. Animals 11 (11): 3281.
https://doi.org/10.3390/anil 1113281.

Widodo FA, Imron MA, Sunarto S, Giordano AJ. 2022. Carnivores and
their prey in Sumatra: Occupancy and activity in human-dominated
forests. PLoS One 17 3): ¢0265440.
https://doi.org/10.1371/journal.pone.0265440.

Wilson G, Gray RJ, Radinal R. 2021. Terrain features and human
disturbance affect Sumatran elephant behavior. Biodivers Conserv 30
(3): 597-618. https://doi.org/10.1007/s10531-020-02105-3.

Yoza D, Saputra R, Pebriandi P. 2023. Human-elephant conflict and
mitigation techniques in Pinggir District, Bengkalis Regency. E3S
Web Conf 373: 05003.
https://doi.org/10.1051/e3sconf/202337305003.

Zaitunah A, Ashari RH, Kuswanda W. 2023. Biophysical and anthropogenic
factors affecting human and Tapanuli orangutan (Pongo tapanuliensis)
conflict in Sumatran tropical rainforest, Indonesia. Environ Socio-
Econ Stud 11 (4): 77-91. https://doi.org/10.2478/environ-2023-0025.



