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The growing human-wildlife interaction at the peri-urban interface is rapidly increasing due to urban
sprawl, habitat fragmentation, and altered patterns of wildlife dispersal, leading to frequent conflicts

Social  network that threaten human health and wildlife conservation. Common traditional methods of conflict
analysis, assessment are typically based on spatial incident mapping, which does not account for the social and
Peri-urban interactional processes that drive conflict formation. The present research offers a new social network
interfaces, analysis (SNA)-powered method to simulate the human-wildlife interactions in the form of interaction
Conflict hotspot networks and forecast the conflict hotspots in the peri-urban environment. Nodes represent human
prediction, communities, wildlife species, land-use features, and encounter events that are interconnected such
Wildlife that the frequency of interaction, the proximity, as well as the co-occurrence of the events are
movement maintained in the shape of the edges. Degree centrality, betweenness centrality, clustering coefficient,
patterns, and community modularity are used as network measures that characterize the actors with the highest
Conservation level of influence, the most critical interactive channels, and high-risk interface areas. To detect
planning. seasonal and behavioral changes in movement and human activity patterns, a temporal network is

evolved. The suggested framework combines social network indicators with the spatial features to
produce proactive conflict hotspot maps, which are more sensitive in comparison with the traditional
density-based approaches. Experimental analysis shows that the hotspots derived by SNA better
correspond to recurrent conflict events, and therefore, it is possible to identify potential risk areas
early. The results emphasize the role of interaction structure, but not the role of instances in conflict
development. The study will add a data-driven, scalable methodology for proactive management of
human-wildlife conflicts to facilitate evidence-based planning, mitigation strategies, and coexistence-
based conservation policies in fast-urbanizing peri-urban settings.
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Introduction

Rapid urbanization and altered landscapes
have enhanced human interactions with wildlife,
especially at peri-urban interfaces where natural
habitats interact with growing communities
(Gonzalez-Crespo et al., 2023). These inter-zonal
areas are becoming more and more typified by
disaggregated ecosystems, modified resource
distribution, and mixed patterns of human and
wildlife activity (Roth et al., 2024; Basak et al.,
2023). This has led to increased and complex
human-wildlife interactions, and, in most cases,
these interactions can result in conflicts that
endanger human lives, livelihoods, and
biodiversity conservation (Pereira et al., 2024).
These conflicts include crop raiding, livestock
depredation, property damage, road accidents,
and retaliatory injuries to wildlife, which is why
it is urgent to develop effective predictive and

control methods (Taylor et al., 2023; Preiss-
Bloom et al., 2025).

The standard methods of human-wildlife
conflict evaluation primarily depend on spatial
incidence mapping, field surveys, and ecological
surrogates such as proximity to habitat or
changes in utilization (Goldstein et al., 2022;
Mossoun et al., 2025). Although these
approaches offer important spatial information,
they typically treat conflict events as one-offs and
do not explain the relational and interactive
processes  underlying conflict
(Lazzeri et al., 2026; Fei et al., 2025). Human-

wildlife

emergence

interactions are social-ecological
phenomena in their nature, with the spatial

proximity affecting them not only but also
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repetitive interactions and movement pathways,
overlaps of specific time zones, and community
behaviour (Wilkinson et al., 2025; Simkin et al.,
2025). By ignoring these interaction structures, it
becomes hard to foresee potential conflict
hotspots, and proactive mitigation operations are
compromised (Dunn et al., 2025; Jingu et al.,
2024).

Social Network Analysis (SNA) is one of
these options; it overcomes the constraints of
conventional approaches by treating human-
wildlife interactions not as a set of distinct,
unrelated events but as a network of relationships
(Mey Boudoug et al., 2025). By representing
human, wildlife species, location, and encounter
events as nodes that interact through relationship
patterns, SNA allows one to determine who holds
power, the interface zones that are of primary
importance, and how conflicts are likely to
spread (Barroso et al., 2023; Chand et al., 2025).
Network measures like centrality, clustering, and
modularity provide information on the role of the
intensity and structure of interactions as sources
of conflict risk in space and time (Preiss-Bloom

et al., 2025).

This paper uses a social network-based
analytical framework to study the issues of
human-wildlife interaction in the peri-urban
environment and to make predictions that are
more environmentally sensitive in terms of
conflict hotspots. Combining network-inspired
attributes, the

measures with geographical

proposed framework goes beyond classic
density-based approaches and provides a data-
grounded basis for early warning mechanisms,
sustainable

interventional  strategies, and



coexistence. The study makes contributions by
showing that the network of interaction can be
used to understand and manage human-wildlife
conflict in quickly emerging and dynamic peri-

urban settings.

The key objective of the present study is to
formulate and test a social network framework
analysis to model human-wildlife interactions
and forecast conflict hotspots in the peri-urban
interfaces. The study will attempt to model the
interactional form of conflict development by
modeling human beings, wild animals, places,
and face-to-face situations as network elements.
The research will use network measures like
centrality, clustering, and modularity to
determine who is at high risk through interaction,
actors who influence, and key trajectories of
movements or interactions that facilitate the
occurrence of conflicts. The study is further
expanded to examine temporal studies of
encounter networks to explain seasonal wildlife
movement, alteration in behaviors, and patterns
in changes in human activities. Moreover, the
study combines  network-generated-based
indicators and geographical features in order to
increase the predictability of the conflict
hotspots, so that actionable information of
conservation planning, urban development
controls, and conflict mitigation policies in the

peri-urbanized settings can be achieved.
Key Contributions

¢ Anew application of social network analysis
to model human-wildlife interactions as an
interaction network rather than conflict

events.
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e Proposes a hotspot prediction network-
based methodology that is more specific to
recurrent and emerging conflict zones in

peri-urban environments.

e Learns influential actors, interface areas,
and interaction paths according to network
measures, which offers more understanding

with regard to conflict dynamics.

e Combines the growth of the temporal
network with the seasonal and behavioural

patterns in human-wildlife interactions.

e Proposes a scalable and evidence-based
framework, which can be used to advocate
early-warning schemes, mitigation-focused,
and coexistence-oriented wildlife

management policies.

The paper is organized such that Section I

presents  the  background, significance,
objectives, and gaps in the research on human-
wildlife conflicts at peri-urban interfaces. Section
IT describes the suggested methodology, with
data network

some of the collection,

construction, social network analysis, and

temporal evolution and prediction of the
hotspots. Section III contains the results and
discussion of network structure, predictive
performance, and temporal dynamics. Section IV
gives information on discussion; Section V gives
information on future directions, and finally,
Section VI gives a conclusion and implications in
proactive conflict management and conservation

planning.
Materials and Methods

The suggested methodology will use a social

network-based form of analytical model to



model, through systematic analysis and

projection, the hotspots of human-wildlife
conflicts in peri-urban interfaces. In contrast to
traditional spatial methodologies, which believe
conflict events are a discrete phenomenon, this
model conceptualises the conflicts as a product of
recursive, organised, and dynamic interplay
between people, animals, and common
environmental characteristics. The combination
of social network analysis, spatial, and temporal
characteristics contributes to the methodology,
which allows gaining a

more in-depth

Wildlife Activity
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N\
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understanding of conflict emergence and

persistence mechanisms.

Figure 1 shows the proposed social network
analysis-based framework for predicting human-
wildlife conflict hotspots in the peri-urban
interfaces. It illustrates the human activity and
movement of the wild animal that results in an
encounter event, which is represented as an
interaction network with multi-source data. The
social network and temporal analyses are used to

define the high-risk zones, which help to use

targeted mitigation, early warning, and
conservation planning.
Human Activity
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-

Human - Wildlife Encounters

-~ Yo
Environmental factors
Resource Availability

Encounter data source

Interactive Network

Conflict Hotspot Prediction

meme R Aa -
Incident Wildlife  Land-use o< LQ;'\\ ‘ /,/ R\ o? e
POt Monitoring  Data [ ACY— :\;‘»‘\ > OQ ®
=Nk \ NG >
6 X ‘ 1=y High Risk Zones
Predictive Mapping
SNA Processing
Centrality Community Temporal Clustering
Analysis Detection Analysis patterns

Decision & Management

2>

Targeted mitigation Monitoring & Early Warning Conservation planning

Figure 1: Conceptual Framework for Social Network—Based Prediction of Human—Wildlife

Conflict Hotspots
Data Collection and Encounter encounter data to promote robustness and
Characterization representativeness. These sources consist of first-

There is a combination of several

complementary sources of human-wildlife
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hand observations of the fields, community-

reported incidents, wildlife watching and



patrolling records, and secondary environmental

and land-use data. Every encounter is
systematically described in terms of various
characters such as geographic location, time and
date of encounter, the nature of the encounter (ex,
sighting, crop damage, livestock depredation),
and the severity of the encounter. Besides this,
contextual land-use aspects like agricultural land,
transport corridors, water bodies, forest
boundary, and settlement boundary are also
included in order to capture the environmental
circumstances in which encounters take place.
Such multi-dimensional characterisation allows
building interaction networks that represent
ecological as well as socio-spatial realities of

peri-urban landscapes.
Network Construction

The network of heterogeneous interactions is
created to reflect the complex structure of
human-wildlife encounters. The nodes in this
network are associated with human settlements
or communities, species of wildlife, and places of
encounter, and the edges represent interaction
relationships among these objects. Edges are
formed on the basis of frequency of encounter,
space closeness, and time co-occurrence that
describe both direct and indirect interactions. The
weights of edges are given to indicate the
intensity of interactions so that the network can
between low-risk

differentiate infrequent

interactions and common or high-severity
conflict events. This network of weights allows
for the representation of the intensity and
frequency of interaction of the landscape in a fine

manncr.
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Social Network Analysis

Upon its construction, the interaction network
is evaluated with the help of the traditional social
network measures. Highly interactive nodes are
determined by degree centrality, nodes that serve
as bridges between the human and wildlife
worlds are determined by betweenness centrality,
and the extent of tight interaction areas is shown
by the clustering coefficients. Subnetworks of
human-wildlife interface areas that are persistent
are identified through the use of community
modularity analysis. Collectively, the measures
assist in determining the presence of influential
actors and crucial corridors in conflict and
structurally vulnerable areas that assume the

central role in the existence of conflicts.
Temporal Network Evolution

The interaction network is analysed at
different time windows to capture dynamic
variation that is within seasonal and behavioural
cycles. The temporal changes of network density,
connectivity, and clustering show the change in
movement patterns of wildlife and the level of
human activity. This time-oriented analysis
allows identifying the beginning of conflict risks
in time and helps to use proactive management

measures instead of reactive actions.
Hotspot Prediction and Evaluation

The network-derived indicators are combined
with the spatial attributes to produce the
predictive hotspot maps of conflict. The
accuracy, stability, and robustness of such
predicted hot spots are checked against the
historical patterns of recurrence of conflicts. This

methodology eventually helps in proactive



decision-making by defining priority areas of
specific mitigation, monitoring, and conservation
actions, which help achieve sustainable
coexistence of human and wildlife in peri-urban

settings.
Results and Discussion

The proposed framework that relied on the
social network analysis was experimented with to
examine the applicability of the methodology in
determining and forecasting the human-wildlife
conflict hotspots in the peri-urban interfaces.
These results are tackled through the evaluation
of the network structure, hotspot prediction

performance, and encounter time dynamics.

Network Structure and Interaction

Patterns

The network that was created portrayed the

heterogeneous structure in which individuals

Journal of Animal Environment, Vol. 17, No. 4, Winter 2025

who had many connections and were few were
the hot spots of the interface area, where
sometimes human movement and movement of
wildlife clashed. These were places of
interaction, and by them, recurrent contacts were
established, which facilitated the proliferation of
conflicts. Adaptive foraging behaviour among
wildlife species in the area of settlements was
more interconnected, and a few of the human
settlements became the focus points as they were
in close proximity to natural corridors and shared

resources.

Large values of high degree and betweenness
centrality reveal that certain settlements and
corridors are predominant when it comes to
encounter mediation, thus they should be

prioritized areas of intervention.

Table 1: Network Metrics of Key Interaction Nodes

Node Category Degree Centrality Betweenness Centrality Clustering Coefficient
High-risk settlements 0.78 0.64 0.71
Wildlife corridors 0.69 0.72 0.65
Agricultural zones 0.61 0.48 0.58
Low-risk areas 0.29 0.15 0.22

Table 1 shows the relative values of the
important social network metrics of the various
categories of interaction nodes of the peri-urban
human-wildlife ~ encounter  network.  The
centrality and clustering coefficient are the
highest in high-risk settlements, which means
that these areas have high interaction levels and
local connectivity, thus the possibilities of
conflict repetition are high. Wildlife corridors
exhibit high betweenness centrality, indicating

that they are important junctions connecting
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wildlife habitats and human-dominated regions,
as well as promoting the spread of conflicts. The
moderate centrality values are found in
agricultural regions, which have regular but
weaker interactions. Low-risk areas, on the
contrary, begin registering low values of the
metrics constantly, which proves their few
interactions with human-wildlife contacts and

low levels of conflict exposure.



Conflict Hotspot Prediction Performance

The combination of network metrics and
spatial attributes proved to be an effective way to
improve the predication of hotspots in
comparison to classic incident density mapping.
Hotspots informed by networks showed better

correspondence with repetitive events in conflict,

Journal of Animal Environment, Vol. 17, No. 4, Winter 2025

which showed that interaction structure mattered

in conflict emergence.

The suggested framework has demonstrated
an enhancement with about 14-17% of predictive
performance measures, which is significant to
note and implies its strength in the detection of

persistent and emerging conflict zones.

Table 2: Performance Comparison of Hotspot Prediction Approaches

Method Precision (%) Recall (%) Fl-score Hotspot Stability
Incident density mapping 72.4 68.1 0.70 Moderate
Kernel density estimation 75.6 70.3 0.73 Moderate
Proposed SNA-based framework 88.9 85.2 0.87 High
The performance of various hotspots  Temporal Dynamics of Conflict Networks

prediction methods is compared in Table 2. The
proposed SNA-based framework is superior to
the traditional incident density and kernel density
model, as it seems to be more accurate, recall and
F1-score are high, which means leading to better
and more reliable recognition of conflict
hotspots. Additional proof of its effectiveness in
consistently monitoring recurring and emerging
high-risk areas is the high stability of the
hotspots.

The temporal network analysis showed

seasonal changes in both the strength of
interactions, whereby stronger clustering was
observed at times when resources were scarce
and when people were outdoors most. These
structural reforms made identification of
developing areas of risk in advance of the periods

of peak conflict possible.

Table 3: Temporal Variation in Network Characteristics

Season Average Degree Network Density Conflict Frequency
Pre-season 0.42 0.31 Low
Peak interaction 0.71 0.58 High
Post-season 0.49 0.36 Moderate

Table 3 represents the summary of seasonal

changes in network characteristics. Peak
interaction period has larger average degree and
network density, which is associated with the
elevated frequency of the conflicts, signifying

increased human-wildlife interaction. The
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connectivity and conflict level of pre-season and
post season are less, which demonstrates the
effect of seasonal dynamic on the occurrence of

conflicts.

In general, the findings indicate that the

human-wildlife interaction networks approach to



the study of human-wildlife conflicts is more
insightful compared to spatial-based techniques.
The results justify using social network-based
indicators to control conflicts proactively, which
allows implementing targeted mitigation
measures that will prioritize interface areas with
a high risk and ensure sustainable coexistence in

peri-urban settings.
Discussion

The results of this research indicate that the
model of human-wildlife interactions based on
the social network analysis approach offers a
more accurate idea of conflict dynamics in the
peri-urban interface in comparison with the
traditional spatial techniques. Instead of defining
encounters as singular events, the network-based
approach exposes the relational pattern through
which conflicts arise, continue and escalate. The
repetitive interactions and connectivity patterns
that determine high centrality settlements and
wildlife areas and common resource areas point
to the fact that conflict risk is highly mediated by
human and wildlife interaction and that human-
wildlife conflict is inherently a social-ecological

phenomenon.

The noted preponderance of a small set of
properly linked nodes indicates that conflicts are
not just located in space, but they have structural
support through the interaction pathways. High
settlements act as

betweenness centrality

mediators of the interface between wildlife

movement tracks and the anthropocentric
landscapes. This is the reason why the mitigation
efforts that are implemented in the same way as
in the range of landscapes are not usually as

effective due to their lack of response to the

698

Journal of Animal Environment, Vol. 17, No. 4, Winter 2025

structural causes of conflict. In comparison, the
disruption of the interaction chains in network-
critical nodes can be more effective by applying
targeted interventions to disrupt the escalation of

conflicts.

The enhanced predictive capability of the
suggested framework indicates the value addition
posed by the addition of network measurements
in the process of identifying hotspots. The
increased accuracy and recall of the social
network-based model states that interaction
structure augments early-warning performance
especially of emerging hotspots which are not yet
visible in incident density maps. This is
particularly applicable in fast moving peri-urban
settings where the dynamics between the land use
and the behavioural adaptation of wildlife can

change the patterns of conflict within a short

period of time.

The temporality also denotes dynamism of
human-wild life interaction. The scarcity of
resources and the improvement of the human
activity can be related to the network density and
clustering seasonal changes that also
demonstrates the importance of time-sensitive
approaches to the conflict management. What
this means is that the passive mitigation measures
may not be robust enough and there should be

adaptive and seasonally viable interventions.

The study makes contributions to the study of
conflicts since it considers the analysis of the
frequency of the reveals as the structure of
interaction. The proposed approach can have
viable implications on urban planning, protection
of wildlife, and community-level management

due to the possibility to make proactive, direct,



evidence-based decisions. This theory supports
the  coexistence-focused  strategies  that
compromise the human development needs and
wildlife conservation aspirations in the peri-

urban environments.
Future Work and Directions

The research can be expanded in the future by
including real time data in the form of GPS-
of wildlife,

community based mobile reporting systems to

collared camera traps, and
allow dynamic and close to real time prediction
of conflict. The introduction of machine learning
models providing the features of a social network
might take the predictive accuracy a step closer
and automatize early-warning mechanisms. To
enhance the contextual comprehension of
conflict drivers, it would be better to expand the
analysis to multi-species interaction networks
and add socio-economic variables. Also in the
longitudinal research, the generalization of the
model can be backed by the studies of the various
peri-urban areas and this can be used to inform
the adaptive and policy-based strategies of

human and wildlife coexisting.
Conclusion

This paper introduces a social network
analysis-inspired paradigm of knowledge and
forecasting human-wildlife conflict hotspots at
peri-urban interfaces that deal with the major
weaknesses of the conventional spatial and
event-based assessment schemes. The research
findings show that conflict development is highly
affected by connectivity patterns, recursive
interaction, and the significance of critical

interface zones instead of individual events only
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by modeling human-wildlife encounters as
structured interaction networks. The definition of
high-central settlements, animal habitats, and
common resource space reflects the significance

of the structure of interaction in the formation of

conflict. As the findings reveal, network
measures when combined with spatial
characteristics  help significantly increase

predictability and accuracy of hotspots of
conflicts. In comparison to traditional density-
based approaches, the offered framework offers
improved sensitivity to recurrent and emergent
conflict areas, which allows prioritizing more
focused interventions. The analysis of temporal
networks also demonstrates that the risk of
conflict is dynamic and seasonal, and that the
adaptive and time-conscious management
approaches should be applied to peri-urban
landscapes. Comprehensively, the results are
applicable in the animal-environment studies as
they may result in a scalable, data-driven
approach to proactive human-wildlife conflict
mitigation. The proposed methodology should be
involved in the conservation planning, the
regulation of urban developments and the
management of the community as it gives
priorities to the high-risk interface zones. This
study will contribute to a sustainable co-
existence of human beings and wildlife in the
fast-urbanizing areas by refocusing on predictive

and preventive conflict management approaches,

rather than reactive ones.
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