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Human-large carnivore conflict, particularly involving the brown bear (Ursus arctos),
represents a complex conservation challenge that seriously threatens both species survival
and rural livelihoods in the Northern Zagros. Utilizing a social network analysis approach,
this study systematically examined the causal-relational structure of conflict drivers and
participatory management strategies based on the perspectives of 183 local stakeholders
in Kermanshah Province. Network analysis revealed that "bear provocation” and "sudden
encounters” function as central nodes with the highest degree and betweenness centrality,
playing a pivotal role in escalating conflicts. Drought, habitat destruction, and insufficient
local knowledge were identified as underlying factors that reinforce the conflict network.
From the local community's viewpoint, "compensation payment" and "education"
emerged as the strategies with the greatest centrality and influence within the conflict
mitigation network, whereas punitive measures such as lethal removal garnered the least
acceptance. These findings underscore the necessity for designing an integrated
management model based on three pillars:  “"community empowerment,”
"institutionalizing a compensation system,” and "implementing non-lethal preventive
measures. Integrating local and scientific knowledge through participatory programs can
not only mitigate conflicts but also foster sustainable coexistence and effective
conservation of this umbrella species in the ecosystems of the Northern Zagros.
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Introduction

Human-large carnivore conflict, particularly involving the brown bear (Ursus arctos), poses a complex
conservation challenge, threatening both species survival and local livelihoods in the sensitive
ecosystems of the Zagros Mountains. The mountainous forests of Kermanshah province play an
important role in protecting and connecting brown bear populations in the central and northern Zagros.
Overgrazing of domestic livestock, expansion of the road network, expansion of human settlements and
capital resources (cities, villages, gardens, agricultural lands, etc.), dam construction, harvesting of wild
fruits and medicinal plants, irrational tourism, and illegal hunting are among the most important factors
threatening brown bear populations in this province. The lack of an integrated, participatory
management framework has exacerbated this conflict in the northern Zagros regions, including
Kermanshah Province. This study aimed to systematically analyze the causal-interactive structure of
conflict-escalating factors and identify the most effective mitigation strategies from the perspective of
local communities, employing the innovative Social Network Analysis (SNA) methodology.

Material and Methods

This applied research utilized a survey-analytical approach. This study was conducted in Kermanshah
Province, with an area of 24,361 Km?, in the west of Iran, in the middle of the Zagros Mountain Range.
In this study, in order to investigate the attitude of local people towards brown bears, 183 people from
local nomadic and rural communities (gardeners, farmers, livestock keepers and beekeepers) living
within the brown bear habitats of Kermanshah province were randomly interviewed. Field studies were
conducted from the summer of 2018 to the summer of 2019. After identifying nine primary conflict
factors and nine management strategies, the internal and external relational structures of these
components were analyzed using centrality measures (degree, betweenness, closeness), power index,
and the E-1 index in UCINET software.

Results

More than 95% of the interviewees were men. Most interviewees (28.2%) were in the age group of 40
to 50 years. More than 70% of those interviewed said they had seen brown bears in the wild many times.
Brown bears have attacked 43.1% of respondents or their family members or relatives. Attacks occurred
most frequently in the spring and fall seasons. In addition, bears have damaged the orchards of 51.9%
of respondents. Also, based on interviews, brown bears attacked livestock in about 14.4% of cases.
Among the participants, 85.6% believe that habitat destruction is a major factor in bear attacks on
humans. Also, 91.7% of local people considered bear provocation as a major factor in bear attacks.
About 80.1% of those questioned considered the lack of knowledge and awareness of local people about
bear behavior as a major factor in bear attacks. About 85.1% of local people considered drought as an
important factor in bear attacks. About 91.2% of local people considered sudden encounters with bears
as an important factor in the formation of such attacks. About 81.8% of local people considered the
presence of dense vegetation around orchards, agricultural fields and beehives as an important factor in
the formation of bear attacks. The network analysis revealed the complex and intertwined structure of
the conflict. The nodes "Provoking the bear" (degree centrality: 0.874) and "Sudden encounter” (degree
centrality: 0.868) were identified as pivotal factors with the highest direct impact and mediating roles
within the conflict network. These two factors, closely linked to underlying drivers such
as drought, habitat destruction, and insufficient local knowledge, form the core of the crisis. Conversely,
within the mitigation strategies network, "Prompt and fair compensation payment" (power: 0.667)
and "Implementing participatory educational-extension programs™ (power: 0.634) possessed the highest
centrality and power to influence other solutions. In stark contrast, the punitive strategy of "Physical
removal of bears" had the lowest acceptance (74%) and the least significant role in the conflict mitigation
network.

Discussion

The results of this study, consistent with previous studies in Iran, show that brown bears are in conflict
with local people by feeding on garden and agricultural crops, breaking fruit trees, damaging beekeepers'
hives, and in some cases attacking livestock and, in some rare cases, attacking humans. Mainly for these
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reasons, a significant number of brown bears are killed annually in various regions of the country with
the aim of taking revenge on the species for actual or perceived damage. Increased visits by local
communities within or around brown bear habitats, including protected areas, is one of the most
important factors in increasing conflict between this species and humans. On the other hand, most of the
damages claimed by interviewees are attributed to the bear's hyperphagia period. This research
demonstrates that managing human-brown bear conflict in the Zagros requires a paradigm shift from
reactive, one-dimensional approaches to a participatory and systemic governance model. The success of
this model hinges on the simultaneous implementation of three macro-strategies: (1) Empowering local
communities through institutionalized education and participation in decision-making, (2) Establishing
a transparent and sustainable financial mechanism for compensation to enhance social tolerance, and
(3) Deploying non-lethal, ecology-based preventive measures such as targeted fencing and waste
management. The systematic integration of indigenous and scientific knowledge is fundamental to
achieving sustainable coexistence and effective conservation of this keystone umbrella species in the
northern Zagros ecosystem.
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Figure 2. Factors influencing attacks and damages caused by the brown bear to humans and human property
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Figure 3. A network representation of factors influencing human-brown bear conflict in local
Communities. Numerical labels correspond to individual interviewee identifiers. Colored squares denote
the variables or determinants shaping the conflict, with their respective labels presented within the figure.
The size of each square is proportional to the centrality of the associated variable within the network
structure. Bear provocation (red square) demonstrates the highest centrality, indicating its predominant
role in the network
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Table 1. Centrality of variables within the vulnerability network of local communities to human—brown bear conflict

sl ST CuiS o> e 41 5350 Jolgs
0.032 2.281 0.816 o) 5

0.039 2.502 0.874 o Koy

0.028 2112 0.763 oy 2y50 33 pdye (B il pas
0.007 1.438 0.732 Alj ool g e

0.031 2.263 0.811 Slsas

0.012 1.609 0.542 g )5S Ly (alail SIS
0.018 1.759 0.621 el b §) oalizl pas

0.038 2.480 0.868 BRI

0.028 2.160 0.779 g g8 dngly Glbl oSl yze alS ids,

@35 (ad b bl ) GLail b (glogrd (s 02,05 Cu pide paliiods (sl 8 5 Ciliseo (gl puite ©)8 =Y Jgaar
o258 Do 5 ©0)a8 (s g (42 3)
Table 2. Strength of variables within the vulnerability network for managing human-brown bear conflict, based on
the strength index (degree) and freeman’s normalized strength centrality index
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Table 3. Internal and external links and the e-i index in the vulnerability network of local communities experiencing
human-brown bear conflict
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Figure 4. Network of strategies influencing the mitigation of brown bear attacks and associated damages. numerical
labels correspond to interviewee identifiers. Colored squares represent the variables (i.e., mitigation strategies)
affecting the reduction of bear attacks, as labeled in the figure. The size of each square is proportional to the
centrality of the respective variable within the network structure. Overall, all variables demonstrate relatively high

centrality, with community education exhibiting the highest centrality, indicating its predominant role within the
network of mitigation strategies
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Table 4. Strength of various strategies for reducing human—brown bear conflicts, based on the strength index (degree)
and freeman’s normalized strength centrality index
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