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Human–monkey conflict (HMC) represents an increasing socioecological challenge in Nepal’s midhill regions, 
where agricultural systems and community-managed forests coexist within highly fragmented landscapes. 
This study reinterprets HMC as an emergent property of a coupled socioecological system shaped by the 
interaction of habitat degradation, altered resource availability, primate behavioral adaptation, and human 
land-use dynamics. Drawing on a structured narrative review and concept-mapping approach, we synthesize 
heterogeneous ecological, behavioral, and socioeconomic evidence into an integrated analytical framework. 
Findings indicate that current mitigation strategies, including deterrence, physical barriers, and population 
control interventions (currently at the pre-implementation phase) are largely reactive, labor-intensive, and 
insufficient to address the structural drivers of conflict. In particular, forest regeneration processes, while 
increasing overall tree cover, often fail to restore trophic functionality, contributing to a dual-resource system 
in which anthropogenic food sources remain highly attractive to primates. This dynamics is reinforced by 
behavioral plasticity, habituation, and social learning in monkey populations, leading to persistent and 
self-reinforcing conflict patterns. To address these limitations, the study proposes an integrated ecosystem 
approach (IEA) as a conceptual and operational framework for HMC mitigation. The IEA integrates ecological 
restoration, behavioral ecology, and governance mechanisms through coordinated interventions targeting 
habitat functionality, spatial configuration of resources, reduction of anthropogenic food subsidies, adaptive 
monitoring, and community-based management. By shifting the focus from symptom-oriented mitigation 
to the modification of the underlying ecological incentives, the IEA aims to provide a more sustainable and 
scalable pathway for conflict reduction. Although developed within the context of Nepal, the framework has 
broader applicability to other human–wildlife conflict systems, provided that interventions are adapted 
to local ecological, agricultural, and institutional conditions. The study contributes to advancing both the 
theoretical understanding and practical management of HMC by bridging the gap between socioecological 
systems theory and applied conservation strategies.

Background

   Human–wildlife conflict (HWC) represents one of the main 
challenges at the interface between biodiversity conservation 
and human livelihoods, particularly in contexts characterized 
by rapid changes in land use and profound ecological shifts 
[  1 ,  2 ]. These conflicts arise from the spatial and functional over-
lap between human activities and the ecological needs of 
wildlife, manifesting as expressions of complex socioecological 
systems in which competition for limited resources, trade-
offs between conservation and production, and institutional 
dynamics interact in nonlinear ways [  3 ,  4 ]. In South Asia and 

the Himalayan region, these dynamics are particularly pro-
nounced due to the combination of high human population 
density, biological richness, and increasing landscape fragmen-
tation [  5 ,  6 ].

   Among the various wildlife taxa, nonhuman primates exhibit 
a particular propensity for conflict with human populations, 
owing to their high cognitive abilities, marked dietary flexibility, 
and capacity to adapt to anthropized environments [  7 –  9 ]. 
Nonhuman primates belonging to the genus Macaca exhibit 
high ecological plasticity, allowing them to exploit fragmented 
habitats, agricultural landscapes, and urbanized environments. 
While this adaptability facilitates their survival in rapidly changing 
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contexts, it also contributes to increasing the frequency and 
intensity of direct human–primate interactions [  10 ].

   In Nepal, human–monkey conflict (HMC) is a substantial 
and increasingly reported socioecological problem, particularly 
in the intermediate hill regions, where small-scale agriculture is 
closely integrated with community-managed forest systems [  11 ]. 
Crop raiding by rhesus monkeys (Macaca mulatta), Assamese 
monkeys (Macaca assamensis), and langurs (Semnopithecus hector 
and Semnopithecus schistaceus) represents the primary form of 
interaction, with measurable impacts on household economies 
and food security [  12 ]. Empirical evidence documents not only 
direct crop losses but also broader indirect effects, including 
changes in land-use practices and, in some cases, the abandon-
ment of cultivated land [  13 ]. Despite growing attention, inter-
preting the temporal dynamics of HMC remains methodologically 
complex. Much of the available evidence is based on observa-
tional data or short-term studies, limiting the ability to recon-
struct long-term trajectories [  14 ]. However, existing studies 
indicate that key drivers, including habitat degradation, food 
scarcity, and expanding human settlements, are associated with 
increased HMC [  15 ]. These processes may contribute to conflict 
dynamics in which wildlife increasingly depends on anthropo-
genic resources, potentially intensifying the problem over time. 
The mitigation strategies adopted to date include traditional 
deterrence methods (such as slingshots, stones, and loud sounds), 
physical barriers, and, in neighboring countries, sterilization 
programs [  16 ]. Many of these approaches are predominantly 
reactive and focused on managing the immediate symptoms of 
conflict. Community surveys indicate that physical barriers are 
often ineffective, while traditional deterrents are rated as only 
moderately effective. Existing mitigation efforts have not proven 
effective against the notorious crop raiders.

   In this context, HMC can be more appropriately understood 
as an emergent property of a coupled socioecological system in 
which ecological processes, primate behavioral responses, land-
use dynamics, and institutional frameworks interact through 
multiple, nonlinear feedback mechanisms. Landscape trans-
formations, including habitat fragmentation, agricultural 
expansion, and structural but functionally incomplete forest 
regeneration, alter the balance between natural and anthropo-
genic resources, thereby reshaping primates’ movement ecology, 
foraging strategies, and degree of habituation to human pres-
ence. These behavioral adaptations increase the frequency and 
intensity of crop incursions, amplifying socioeconomic impacts 
and eliciting predominantly localized and reactive human 
responses, which in turn contribute to the reinforcement of self-
sustaining feedback dynamics. In light of these considerations, 
there is a clear need for integrated approaches capable of simul-
taneously addressing the ecological, behavioral, and institutional 
dimensions of the system. To this end, we propose the integrated 
ecosystem approach (IEA) as an analytical and operational 
framework designed to identify recurrent mechanisms, concep-
tual gaps, and underexplored interactions. The IEA is structured 
around 4 interlinked components, i.e., ecological drivers, behav-
ioral responses, socioeconomic impacts, and governance and 
mitigation structures, which are not treated as discrete analyti-
cal categories but as functionally interdependent subsystems 
embedded within a coupled socioecological system, where feed-
back processes, cross-scale interactions, and nonlinear dynam-
ics govern the emergence and persistence of conflict patterns.

   This work aims to reinterpret HMC in Nepal as a coupled 
socioecological system shaped by the interaction between 

habitat quality, resource availability, and monkey population 
dynamics and to develop an explicit, operational conceptual 
framework that integrates ecological restoration, behavioral 
ecology, and community governance. In doing so, the study 
seeks to contribute both to advancing the scientific understand-
ing of HMC and to informing more effective and sustainable 
management strategies. Specifically, it contributes by (a) syn-
thesizing fragmented evidence into a unified conceptual struc-
ture, (b) explicitly linking ecological and behavioral mechanisms 
with governance processes, and (c) proposing an operational 
framework that can guide future empirical validation and applied 
management interventions.   

Materials and Methods

Search strategy and selection criteria
   The present study adopts a structured conceptual review with 
framework development rather than a systematic review or 
meta-analysis. Its primary output is the integration of hetero-
geneous evidence into an operational socioecological model 
aimed at hypothesis generation and policy interpretation rather 
than quantitative synthesis. Accordingly, the synthesis follows 
a structured narrative review design with an explicitly ana-
lytical and conceptual orientation, consistent with Grant and 
Booth [  17 ] and subsequent refinements on integrative synthesis 
approaches [  18 ]. Unlike systematic reviews and meta-analyses, 
which emphasize exhaustive retrieval and quantitative aggrega-
tion of evidence, structured narrative approaches are particu-
larly suited to complex socioecological systems characterized 
by heterogeneous and multidisciplinary evidence, where the 
primary objective is conceptual integration rather than statisti-
cal inference. To ensure transparency and reduce interpretative 
ambiguity, the synthesis was guided by an iterative concept-
mapping procedure through which key concepts were extracted, 
compared, and organized into a relational hierarchical structure 
linking ecological drivers, behavioral responses, socioeconomic 
impacts, and governance and mitigation processes. This proce-
dure enabled a transition from descriptive narrative synthesis 
to a structured conceptual architecture in which empirical evi-
dence is embedded within explicit causal and feedback relation-
ships, ensuring traceability between the literature base and the 
resulting framework.

   The literature base was developed through a comprehensive 
and iterative search strategy across major bibliographic data-
bases, including PubMed, Web of Science, Scopus, and Google 
Scholar, complemented by gray literature from governmental 
agencies, international organizations, and nongovernmental 
organizations, in line with established best practices in conserva-
tion science synthesis [  19 ]. The search strategy combined 
keywords and Boolean operators across 4 thematic domains: 
conflict-related terms (e.g., “human–wildlife conflict” and 
“human–monkey conflict”), taxonomic terms (e.g., “macaque” 
and “nonhuman primates”), geographic terms (e.g., “Nepal” and 
“South Asia”), and driver- and response-related terms (e.g., “crop 
raiding”, “habitat fragmentation”, “community forestry”, and 
“mitigation strategies”). Study selection followed a purposive, 
relevance-based inclusion strategy rather than rigid eligibility 
criteria, consistent with narrative and integrative synthesis meth-
odologies [  20 ], prioritizing conceptual contribution over meth-
odological homogeneity. Included studies provided empirical 
evidence or theoretical insight on ecological drivers (habitat 
degradation, resource availability, and landscape fragmentation), 
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behavioral responses (foraging flexibility, habituation, and spatial 
adjustment), socioeconomic impacts (crop loss, economic burden, 
and livelihood implications), mitigation strategies (deterrents, 
land-use interventions, and community-based management), and 
governance structures (community forestry systems and insti-
tutional arrangements shaping human–wildlife interactions). 
A snowballing strategy through reference list screening of key 
publications further ensured iterative refinement and thematic 
saturation. Despite its comprehensiveness, the evidence base 
remains highly heterogeneous in methodological design, spatial 
coverage, and reporting standards, limiting direct comparability 
and precluding quantitative synthesis.

Results of Conceptual Synthesis

Concept mapping and framework development
   The analytical framework underpinning the synthesis was the-
matic and mechanism oriented, aimed at identifying recurrent 
patterns, causal pathways, and feedback structures across 
socioecological dimensions of human–nonhuman primate 
conflict. Conflict is conceptualized as an emergent property of 
interactions between ecological processes, primate behavioral 
adaptation, and human decision-making systems. Ecological 
processes include habitat quality, spatial configuration of resources, 

landscape structure, and anthropogenic food provisioning; 
behavioral responses encompass foraging strategies, habitua-
tion, movement ecology, and spatial plasticity in nonhuman 
primates, while human dimensions include agricultural prac-
tices, land-use change trajectories, and mitigation behaviors 
operating across spatial and temporal scales. Particular emphasis 
is placed on the interaction between natural and anthropogenic 
food resources, conceptualized as a dual-resource environment 
shaping primate movement ecology, population dynamics, and 
conflict intensity. Rather than quantitative aggregation, the objec-
tive is the construction of an integrated explanatory framework 
linking structural ecological drivers to observed conflict patterns 
through explicit causal and feedback relationships, thereby 
extending the analysis toward a hypothesis-generating model 
suitable for future empirical validation and comparative socio-
ecological research.

   Figure  1  summarizes this conceptual framework, represent-
ing HMC as a socioecological system composed of 7 intercon-
nected components describing mechanisms of emergence, 
persistence, and mitigation. At the base (components 1 and 2), 
landscape-scale ecological drivers, including forest fragmenta-
tion, habitat degradation, agricultural expansion, and structur-
ally incomplete forest regeneration lacking trophic recovery, 
reshape resource availability by reducing access to natural food 

Fig. 1. Conceptual framework representing human–monkey conflict as a socioecological system composed of interconnected components. The figure was prepared using 
the software BioRender.
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sources while increasing the predictability of anthropogenic 
resources. Within this context, primate populations (component 
3), particularly rhesus monkeys and Assamese monkeys, respond 
through high behavioral plasticity, including dietary shifts toward 
crops, range expansion, and increased habituation to human pres-
ence. These dynamics drive conflict emergence (component 4), 
primarily in the form of crop raiding, with substantial socioeco-
nomic consequences. Human responses (component 5), generally 
reactive and localized, fail to address structural drivers and gener-
ate reinforcing feedback mechanisms (component 6), including 
increased habituation due to ineffective deterrence, persistent 
attractiveness of high-yield crops, and insufficient regeneration 
of natural forest food resources. Collectively, these processes lead 
to the formation of a socioecological trap (component 7), char-
acterized by a self-reinforcing and persistent state of conflict.           

Thematic patterns emerging from the literature
   The synthesis of the included studies revealed 3 overarching the-
matic patterns that recur consistently across geographic contexts, 
taxa, and methodological approaches and that collectively 
informed the conceptual architecture of the IEA framework.

   The first and most pervasive pattern concerns the primacy of 
ecological drivers in shaping conflict dynamics. Across the evidence 
base, habitat degradation, landscape fragmentation, and the pro-
gressive depletion of natural food resources in structurally simpli-
fied forests emerge as the dominant structural conditions enabling 
and intensifying HMC. Importantly, the literature consistently 
distinguishes between tree cover expansion, which has increased 
across Nepal’s midhill regions due to community forestry programs, 
and functional trophic recovery, which remains largely absent from 
regenerating landscapes. This distinction is fundamental: increas-
ing forest cover does not translate into adequate food resource 
availability for frugivorous and omnivorous primates, thereby sus-
taining the attractiveness of anthropogenic food sources. This pat-
tern directly informed the emphasis placed within the IEA on 
functional forest restoration rather than mere afforestation.

   The second recurrent pattern concerns the role of behavioral 
plasticity and social learning as amplifying mechanisms of con-
flict. Studies across South and Southeast Asian macaque systems 
converge on the finding that crop-raiding behavior is not simply 
an opportunistic response to food scarcity but a socially transmit-
ted and cognitively reinforced strategy that can persist across 
generations even when ecological conditions change. In rhesus 
macaques (M. mulatta), the primary conflict species in Nepal, 
learned foraging traditions and rapid habituation to deterrence 
measures generate a form of behavioral inertia that conventional 
mitigation strategies are structurally unable to address. This pat-
tern highlighted the need for the IEA to explicitly incorporate 
behavioral ecology as an operational domain, rather than treating 
primate behavior as a fixed background variable.

   The third pattern relates to the structural inadequacy of 
existing mitigation approaches. Across all geographic con-
texts examined, current strategies, including guarding, noise 
deterrents, sterilization, and translocation, are consistently 
described as reactive, labor-intensive, and effective only in 
the short term. The literature reveals a persistent disconnect 
between the systemic, multidriver nature of HMC and the 
localized, symptom-focused character of management inter-
ventions. This pattern identified a structural gap that the IEA 
is explicitly designed to address, by shifting the intervention 
logic from conflict suppression to modification of the under-
lying ecological and behavioral incentives.   

Evidence gaps identified through concept mapping
   The iterative concept-mapping procedure applied during the 
synthesis identified 10 substantive evidence gaps across the 5 
thematic domains (see Table  S1 ). These gaps represent areas 
where the existing literature either lacks empirical grounding 
in the Nepalese context, relies on extrapolation from other geo-
graphic or taxonomic systems, or documents a phenomenon 
without providing a mechanistic explanation or management-
relevant insight.

   The most critical gaps cluster around 2 domains. In the 
domain of ecological drivers, the near-complete absence of 
quantitative data on the trophic quality of community-managed 
forests in Nepal represents a major constraint on management 
design. While the qualitative argument for functional restora-
tion is well supported theoretically, the species-specific dietary 
requirements of M. mulatta, M. assamensis, and S. schistaceus 
in relation to available forest food resources have not been 
empirically characterized in Nepal’s midhill landscapes. In 
the domain of governance and institutions, the absence of a 
coordinated national monitoring framework means that con-
flict data remain fragmented, locally collected, and method-
ologically inconsistent, severely limiting spatial and temporal 
inference at the landscape scale.

   These gaps are not merely academic limitations: they represent 
the operational uncertainties that any management framework 
must acknowledge and address through adaptive mechanisms.   

Recurrent causal mechanisms and construction  
of the IEA
   Beyond thematic patterns and evidence gaps, the synthesis 
identified 3 recurrent causal mechanisms that operate across 
geographic contexts and taxa and that collectively explain the 
emergence, persistence, and self-reinforcing nature of HMC as 
a socioecological phenomenon. These mechanisms constitute 
the structural logic underpinning the IEA.

   The first mechanism is the dual-resource system. In all docu-
mented contexts, HMC intensifies when anthropogenic food 
sources, i.e., crops, waste, and intentional provisioning, become 
energetically competitive with or superior to natural forest 
resources. This is not simply a consequence of forest loss but of a 
shift in the relative predictability, energy density, and spatial acces-
sibility of food sources available to primates. When crops offer 
higher energy returns per unit foraging effort than degraded for-
est patches, the ecological incentive structure fundamentally 
favors conflict behavior, regardless of deterrence efforts. The dual-
resource framing is not novel in isolation, but its explicit integra-
tion as a driver of population-level foraging decisions, rather than 
an incidental background factor, is a conceptual contribution of 
the present synthesis.

   The second mechanism is the feedback loop between crop-
land abandonment and habitat expansion. Multiple studies docu-
ment that persistent crop raiding drives progressive abandonment 
of agricultural parcels, particularly those located near forest 
edges. Abandoned fields undergo secondary forest regeneration, 
which increases structurally available habitat for macaques and 
other synanthropic wildlife, potentially intensifying conflict at a 
spatial scale that extends beyond the originally affected parcels. 
This positive feedback loop, i.e., conflict → abandonment → 
regeneration → expanded macaque habitat → intensified con-
flict, represents self-reinforcing dynamics that is invisible to 
single-site, short-term management approaches and that can be 
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addressed only through landscape-scale intervention frame-
works such as the IEA.

   The third mechanism concerns reactive management rein-
forcing habituation. The literature consistently shows that inef-
fective or inconsistently applied deterrents, including noise 
devices, guarding, and projectile-based scaring, contribute to 
accelerated habituation in macaque populations, paradoxically 
reducing the effectiveness of subsequent interventions. Because 
management responses are typically reactive and localized, they 
are rarely sustained long enough or applied at a sufficient inten-
sity to modify behavior durably. This creates a ratchet effect in 
which each round of deterrence produces diminishing returns 
while simultaneously selecting for bolder, less deterrable indi-
viduals within conflict-prone troops. This mechanism high-
lights the behavioral and evolutionary dimensions of management 
failure and directly informs the IEA’s emphasis on reducing the 
ecological incentives for crop raiding rather than relying on 
direct behavioral suppression.

   These 3 mechanisms, i.e., the dual-resource system, the 
abandonment–regeneration feedback loop, and the habituation 
ratchet, define the structural logic of HMC as a socioecological 
trap. Their explicit identification through the concept-mapping 
synthesis provided the empirical and theoretical basis for 
the construction of the IEA, whose 6 operational domains 
are each designed to interrupt or modify one or more of these 
mechanisms.   

Quantifiable impacts on livelihoods
   HMC in South Asian agroecosystems represents a multiscalar 
socioeconomic stressor that affects rural livelihoods through 
direct crop losses, indirect management costs, and long-term 
land-use restructuring, as shown in Fig.  2 .        

   Across the Himalayan foothills and midhill landscapes of 
Nepal, India, and Sri Lanka, rhesus monkeys and other com-
mensal primates have been consistently identified as key agents 
of agricultural damage, particularly in maize-, rice-, wheat-, 
and vegetable-based subsistence systems.

   At the household level in Nepal, Koirala et al. [  21 ] provided 
a precise monetary estimate of crop-raiding impacts in the 
Kavrepalanchok District, reporting an average direct loss of 
approximately US$14.9 per household, corresponding to 4.2% 
of income derived from maize and rice production. Similar 
household-level quantification has been reported in India, 
where studies on rhesus monkeys in Himachal Pradesh and 
Uttarakhand document historically variable but often severe 
crop losses. Saraswat et al. [  22 ] reported that farmers in Bilaspur 
District, Himachal Pradesh, experience substantial yield losses 
from crop raiding by monkeys, with prior accounts from 
Uttarakhand indicating that losses that were approximately 
10% in earlier decades had escalated to 50% to 90% in some 
localities over the following 5 to 10 years, particularly in villages 
adjacent to forest corridors or near pilgrimage routes that 
increase food provisioning and animal habituation. Although 

Fig. 2. Summary of the socioecological drivers, responses, and feedbacks in human–monkey conflict (HMC) across South Asian agroecosystems. Forest fragmentation and 
anthropogenic landscapes increase human–monkey overlap; crop availability drives monkey habituation and crop use; and direct agricultural losses generate labor costs, 
income reduction, and cropland abandonment. Abandoned fields undergo forest regeneration, creating a positive feedback loop that sustains or intensifies conflict. Health 
dimensions arise from increased interspecific contact. The figure was prepared using the software BioRender.
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exact monetary conversions vary depending on market price 
fluctuations, these yield-loss ranges confirm that economic 
impacts can be considerably higher than those observed in less 
fragmented Nepalese landscapes. Crop depredation by mon-
keys is eroding public support for their conservation and, in 
some areas, provoking retaliatory killings [  23 –  25 ].

   Beyond direct crop loss, indirect economic burdens signifi-
cantly increase the total cost of HMC. In multiple Himalayan 
case studies, households report allocating substantial daily labor 
time during peak cropping seasons to guarding fields, represent-
ing a substantial opportunity cost in labor-constrained agrarian 
systems. These labor costs are rarely monetized but are consis-
tently identified as a major determinant of perceived conflict 
severity and agricultural decision-making, including reduced 
cultivation intensity and abandonment of agricultural parcels. 
Regmi et al. [  26 ] documented this pattern specifically for Nepal’s 
midhill communities, noting that crop guarding constitutes one 
of the primary household responses to monkeys’ incursions in 
Langtang National Park and surrounding areas. Baral et al. [  27 ] 
further demonstrated that HMC in Nepal’s community forestry 
landscapes is strongly shaped by landscape configuration, with 
higher crop loss rates observed in villages located closer to regen-
erating forest mosaics and forest edges. In these systems, rhesus 
monkeys represent a major crop-raiding species, contributing 
substantially to reported agricultural damage and reinforcing 
spatial heterogeneity in conflict intensity across sites. Multi-site 
comparisons consistently confirm that proximity to forest edges 
is a key predictor of crop-raiding frequency and associated yield 
reductions relative to more interior settlements.

   One of the most consequential outcomes of chronic crop 
raiding is cropland abandonment. Bista et al. [  28 ] examined 
cropland abandonment in Nepal’s midhill community forestry 
landscapes and demonstrated that parcels located near forest 
edges are markedly more likely to be abandoned, with HWC 
identified as an important contributing factor alongside out-
migration and agricultural labor shortages. Other studies in 
Nepal’s hill regions similarly report substantial variability in 
abandonment rates across districts and elevations, with land 
being progressively withdrawn from cultivation in areas expe-
riencing persistent wildlife pressure [  29 ]. Once abandoned, 
agricultural plots frequently undergo secondary forest regen-
eration, which may increase habitat suitability for monkeys and 
other synanthropic wildlife, thereby reinforcing spatial feed-
back mechanisms that can contribute to sustained or recurrent 
HWC risk over time.

   In Sri Lanka, long-term studies on toque monkeys (Macaca 
sinica) consistently document substantial agricultural losses 
across both perennial and annual crops, with toque monkeys 
frequently identified as the principal crop-raiding primate spe-
cies and a major source of agricultural damage [  30 ]. A broad 
range of crops is affected, including coconuts, paddy, vegetables, 
maize, and bananas. Recent quantitative survey-based evidence 
from rural agricultural settings in the Kurunegala District con-
firms the economic relevance of this conflict, reporting substan-
tial household crop losses and deterrence costs attributable to 
monkeys’ crop raiding [  31 ]. Although ecological conditions 
differ from Himalayan systems, these findings reinforce the 
broader pattern that commensal monkeys can impose high 
localized economic burdens in fragmented agricultural mosaics. 
At a broader South Asian scale, assessments of primate crop 
raiding indicate that conflict is not only economically damaging 
but also behaviorally transformative, contributing to changes in 

cropping patterns and landscape-level management strategies 
[  32 ,  33 ]. Koirala et al. [  34 ] further showed that nearly 15% of 
Nepal’s land area where human settlements are permitted is 
characterized by moderate or high rates of human–rhesus mon-
key conflict and that the ongoing fragmentation of forests is the 
primary ecological driver of this intensification. These adapta-
tions often reduce long-term agricultural efficiency even when 
short-term losses are partially mitigated.

   From a systems perspective, the socioeconomic burden of 
HMC extends beyond agriculture into risk perception and live-
lihood insecurity. Households in high-conflict zones report 
increased uncertainty regarding farm investment decisions and 
a tendency toward risk-averse cropping strategies, which can 
reduce the overall productivity and resilience of rural econo-
mies [ 34 ]. While these effects are not always quantified in mon-
etary terms, their recurrence across studies suggests a consistent 
structural impact of wildlife pressure on rural decision-making. 
Increasing spatial overlap between humans and monkeys in 
anthropogenic landscapes introduces additional ecological and 
public health dimensions. Studies on primate infectious disease 
ecology at human–monkey interfaces demonstrate that greater 
contact in human-modified environments alters space use and 
increases the potential for interspecific transmission of para-
sites and other infectious agents [  35 –  37 ].    

Drivers of Human–Monkey Conflict in Nepal

Species-specific ecology and conflict drivers
   Three monkey species, i.e., rhesus monkeys, Assamese mon-
keys, and Nepal gray langurs, account for the majority of crop-
raiding incidents in Nepal, and their differing ecological and 
behavioral traits are fundamental to understanding variation 
in HWC intensity across landscapes. HWC is increasingly con-
ceptualized as a coupled socioecological system shaped by 
interacting ecological processes, wildlife behavioral responses, 
land-use transformation, and human decision-making, rather 
than as a phenomenon driven solely by wildlife behavior 
[  38 –  40 ]. Within this framework, primate crop raiding repre-
sents a particularly dynamic case because primates possess high 
cognitive abilities, behavioral plasticity, and complex social 
learning systems, which facilitate rapid adaptation to anthro-
pogenic environments and novel food sources [  8 ,  41 ,  42 ].

   Rhesus monkeys are the dominant conflict species in Nepal, 
largely due to their extreme behavioral plasticity and synan-
thropic tendencies [ 34 ]. Across South and Southeast Asia, rhesus 
monkeys are widely documented as highly adaptable generalist 
primates capable of exploiting a wide spectrum of anthropogenic 
resources, including crops, refuse, and direct provisioning by 
humans [  43 ,  44 ]. Their ecological success in disturbed landscapes 
is driven by several interacting traits: an omnivorous and oppor-
tunistic diet, large multimale multifemale social groups, flexible 
ranging behavior, and high levels of social learning. Importantly, 
crop-raiding behavior is often socially transmitted within groups, 
with experienced individuals facilitating the spread of innovative 
foraging strategies among troop members. Such socially medi-
ated behavioral diffusion can generate persistent foraging tradi-
tions that persist across generations and may prove resistant to 
conventional deterrence strategies [  45 ].

   Assamese monkeys exhibit a more forest-dependent ecologi-
cal profile, with comparatively lower synanthropy and stronger 
reliance on forest interior habitats [  46 ]. Studies on their feeding 
ecology indicate a stronger dependence on seasonal fruit and 
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forest plant resources and relatively smaller troop sizes com-
pared to those of rhesus monkeys [  47 ]. These ecological char-
acteristics reduce their capacity to exploit highly fragmented 
agricultural mosaics. Consequently, crop-raiding behavior tends 
to occur primarily along forest–agriculture edges where forest 
patches directly adjoin cultivated land. This edge-dependent 
spatial pattern suggests that Assamese monkeys are more sensi-
tive to habitat configuration and forest connectivity than to 
agricultural expansion alone, reinforcing the importance of 
landscape structure in mediating conflict intensity.

   Nepal gray langurs display yet another ecological strategy. 
Langurs are predominantly folivorous colobines with digestive 
adaptations enabling them to process fibrous plant material, and 
their foraging ecology is closely tied to forest canopy structure 
and plant species composition [  24 ]. Compared with monkeys, 
they generally exhibit lower behavioral plasticity in anthropogenic 
environments. Although crop consumption can occur, particu-
larly during periods of seasonal food scarcity, their involvement 
in crop-raiding events tends to be more opportunistic and less 
systematically destructive than that of monkeys. Because langurs 
rely heavily on arboreal travel routes and canopy continuity, habi-
tat fragmentation that disrupts canopy connectivity may strongly 
constrain their movement patterns and reduce the frequency with 
which they access agricultural landscapes.

   Across all 3 taxa, variation in home-range size, dietary 
breadth, and social learning capacity strongly mediates both 
the frequency and intensity of crop-raiding behavior. Rhesus 
monkeys typically exhibit flexible and relatively large home 
ranges in fragmented landscapes, enabling frequent incursions 
into agricultural matrices, while Assamese monkeys and lan-
gurs tend to show movement patterns more tightly linked to 
forest habitat structure. These interspecific differences align 
with broader theoretical perspectives in ethnoprimatology and 
conflict ecology, which emphasize that primate crop-raiding 
behavior is best understood as a behavioral adaptation emerg-
ing from interactions between primate ecology and anthropo-
genic landscapes, rather than as a fixed species-level trait.   

Biogeographical context of HMC in Nepal
   Nepal occupies a unique biogeographical position within the 
Himalayan region, characterized by extreme environmental 
heterogeneity generated by steep altitudinal gradients, complex 
topography, and strong climatic variation over relatively short 
spatial scales. Within a geographic area of approximately 
147,181 km2, elevation ranges from less than 60 m above sea 
level in the southern Terai plains to 8,848 m at Mount Everest, 
producing a mosaic of ecological zones that include tropical 
lowland forests, subtropical and temperate broadleaf forests, 
montane conifer forests, and alpine ecosystems. This extraor-
dinary environmental variability has positioned the Himalayan 
region as a major center of biodiversity and endemism, where 
species distributions are strongly structured along climatic and 
altitudinal gradients [  48 ]. Such landscape heterogeneity has 
important implications for the spatial ecology of wildlife popu-
lations. In mountainous systems like the Himalaya, topographic 
barriers, river systems, and fragmented habitat patches often 
restrict dispersal and gene flow, shaping population structure 
and movement patterns across the landscape. Recent genetic 
and landscape ecological studies suggest that Himalayan spe-
cies frequently exhibit patterns of isolation by distance and 
isolation by landscape resistance, where physical barriers and 

habitat discontinuities influence connectivity among popula-
tions [  49 ]. Within this complex ecological context, Nepal 
supports several species of nonhuman primates whose distribu-
tions are strongly associated with forest habitats across midhill 
and lower montane regions. Conflict-causing monkey species 
exhibit partially overlapping but ecologically differentiated dis-
tributions across the Himalayan landscape. Rhesus monkeys 
are among the most geographically widespread primates in Asia 
and display exceptional ecological flexibility. Across Nepal, they 
occur in a wide range of habitats including subtropical forests, 
temperate woodlands, scrubland, and human-dominated envi-
ronments such as agricultural landscapes, urban areas, and 
religious sites. Their distribution extends across a broad altitu-
dinal range, from the lowland Terai to elevations approaching 
3,000 m, making them one of the most adaptable primate spe-
cies in the region [  50 ].

   Spatial modeling studies further indicate that a large propor-
tion of Nepal provides environmentally suitable habitat for 
rhesus monkeys. Species distribution modeling suggests that 
approximately 44% of the country’s land area contains suitable 
habitat, with monkey populations occurring across both pro-
tected areas and human-dominated landscapes. Notably, less 
than 10% of suitable habitat falls within protected areas, mean-
ing that the majority of monkey populations occur within 
multiuse landscapes where agricultural activities and human 
settlements are widespread [ 34 ]. In contrast, Assamese mon-
keys display a more restricted ecological distribution. Surveys 
across Nepal indicate that this species primarily occupies mid-
hill forest ecosystems, typically ranging between approximately 
130 and 2,650 m in elevation. Their populations are concen-
trated along major river systems and forested hillslopes, par-
ticularly in eastern and central Nepal. Compared with rhesus 
monkeys, Assamese monkeys show stronger dependence on 
relatively intact forest habitats and are less frequently observed 
in highly urbanized environments [ 46 ].

   Nepal gray langurs exhibit yet another ecological pattern. 
These colobine primates are primarily associated with midalti-
tude and montane forest ecosystems, including subtropical 
broadleaf forests, mixed conifer–broadleaf forests, and temper-
ate woodlands typically below 4,000 m [  51 ]. Their arboreal 
lifestyle and folivorous diet make them particularly sensitive 
to changes in forest structure and canopy continuity. As a result, 
landscape fragmentation and forest degradation can markedly 
influence their movement patterns and population connectiv-
ity across the Himalayan terrain [  52 ]. The distribution of 
these 3 primate taxa across Nepal reflects broader patterns of 
habitat specialization and ecological niche partitioning within 
Himalayan landscapes. Field studies conducted in areas where 
rhesus and Assamese monkeys occur sympatrically suggest that 
the 2 species partition habitat use along gradients of human 
disturbance. Assamese monkeys tend to occupy forest interiors 
and protected areas, whereas rhesus monkeys frequently 
exploit disturbed habitats, temple forests, and agricultural 
mosaics where anthropogenic food resources are available [  53 ]. 
This spatial segregation highlights the importance of landscape 
context in shaping patterns of HMC. In particular, the midhill 
regions of Nepal, where forest patches, agricultural land, and 
rural settlements occur in close proximity, represent key zones 
where primate ecological ranges overlap with human land-use 
systems. The resulting interface between monkey habitats and 
agricultural landscapes creates favorable conditions for crop-
raiding behavior and repeated interactions between monkeys and 
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farming communities. Consequently, understanding the bio-
geographical distribution of conflict-causing monkeys within the 
Himalayan landscape is essential for interpreting the spatial pat-
terns of HMC observed across Nepal. The interaction between 
altitudinal gradients, habitat fragmentation, and expanding 
human land use generates a dynamic socioecological environ-
ment in which primates with high ecological flexibility, particu-
larly rhesus monkeys, are able to exploit anthropogenic resources 
and persist in close proximity to human populations.   

Habitat degradation and food resource depletion
   Habitat degradation and the associated depletion of natural 
food resources represent one of the primary ecological drivers 
underlying HMC in Nepal. However, as highlighted by a recent 
study [ 21 ], the relationship between habitat change and primate 
crop-raiding behavior is neither linear nor deterministic but 
mediated by a complex interplay of resource distribution, land-
scape configuration, and species-specific foraging strategies.

   Across the midhill regions of Nepal, forest cover has increased 
over recent decades, largely due to the success of community 
forestry programs [  54 ]. Nevertheless, increasing forest cover 
does not necessarily equate to functional ecological restoration. 
A growing body of evidence indicates that many regenerating 
forests in South Asia are structurally simplified and often domi-
nated by fast-growing or economically valuable species with 
limited trophic value for wildlife, particularly for frugivorous 
and omnivorous primates. As Estrada et al. [  55 ] emphasized, 
such forests may exhibit reduced plant diversity, lower fruiting-
tree density, and diminished seasonal availability of key nutri-
tional resources, effectively functioning as “trophic bottlenecks” 
despite their apparent structural recovery. This pattern is con-
sistent with the broader finding that primary forests remain 
irreplaceable for sustaining tropical biodiversity, whereas sec-
ondary and degraded forests often lack the ecological complex-
ity required to support viable primate populations [  56 ].

   For primates, food availability is a critical determinant of 
ranging behavior and habitat use. Studies on primate feeding 
ecology consistently show that reduced availability of preferred 
natural foods, particularly fruits and young leaves, can lead to 
increased reliance on fallback foods and expansion of foraging 
ranges [  57 ,  58 ]. In fragmented landscapes, this process is further 
amplified by the spatial juxtaposition of nutritionally rich agri-
cultural crops, which often provide higher energy returns per 
unit effort compared to wild food resources. Crops such as 
maize, rice, and fruits are typically more predictable, energy 
dense, and temporally synchronized, making them highly 
attractive to generalist feeders like rhesus monkeys [  59 ,  60 ]. 
Recent research on human-modified landscapes provides fur-
ther insight into this dynamic. Studies have shown that primate 
populations can reach unusually high densities in degraded 
or edge habitats when supplemented by anthropogenic food 
sources, including crops and food waste [ 9 ,  61 ]. This “ecological 
release” from natural constraints can lead to elevated popula-
tion densities that further intensify pressure on adjacent agri-
cultural systems, reinforcing conflict dynamics. However, the 
assumption that restoring natural food resources will automati-
cally reduce crop raiding is overly simplistic. Empirical studies 
from South Asia and other primate systems demonstrate that 
anthropogenic foods may remain preferential even when natu-
ral resources are available, particularly in species characterized 
by high behavioral plasticity and social learning [ 7 , 8 ]. In rhesus 
monkeys, for instance, learned crop-raiding behaviors can 

persist across generations, creating culturally transmitted forag-
ing strategies that are not easily reversed by ecological restora-
tion alone. This highlights the importance of considering 
behavioral inertia and cognitive adaptation in addition to eco-
logical drivers. Moreover, unregulated human provisioning, 
whether intentional (e.g., religious feeding) or incidental (e.g., 
poorly managed waste), has been shown to alter primate behav-
ior, demography, and social dynamics, often leading to increased 
group sizes and intensified human–primate interactions [  62 ].

   Seasonality further complicates the relationship between 
habitat quality and conflict intensity. Natural food availability 
in Himalayan forests is highly seasonal, with pronounced fluc-
tuations in fruiting phenology. During periods of natural food 
scarcity, particularly in premonsoon months, primates may 
increase their dependence on agricultural resources regardless 
of baseline habitat quality [ 58 ]. This seasonal mismatch between 
forest food availability and crop cycles creates predictable tem-
poral peaks in conflict intensity, especially when high-value 
crops reach maturation stages.

   Landscape structure also plays a critical role in mediating 
the effects of habitat degradation. Fragmented forest–agriculture 
mosaics create a high edge density, facilitating frequent primate 
incursions into cultivated areas. Edge habitats often provide 
both refuge and access, allowing primates to exploit crops while 
maintaining proximity to forest cover. Studies have shown that 
crop-raiding frequency is strongly correlated with distance to 
forest edges and patch configuration rather than simply with 
overall forest cover [ 32 , 59 ]. Additionally, structurally simplified 
plantations and monodominant reforestation efforts often pro-
vide limited trophic resources, reinforcing the conclusion that 
habitat quality and floristic composition are more critical than 
tree cover per se [ 56 ].

   Taken together, these findings suggest that habitat degrada-
tion contributes to HMC not only through absolute reductions 
in food availability but also through qualitative changes in 
resource distribution, temporal variability, and spatial accessibil-
ity. From a systems perspective, the problem is best conceptual-
ized as a shift from a forest-dominated resource landscape to a 
dual-resource system in which anthropogenic foods become 
increasingly competitive or even dominant drivers of primate 
foraging decisions.   

Population dynamics, reproductive ecology, and 
density-dependent regulation
   Understanding population dynamics is essential for explaining 
both the persistence and the temporal variability of HMC. In 
primates, population size and growth are determined by the 
interaction between natality, mortality, and density-dependent 
regulation, all of which can be substantially altered in human-
modified environments.

   In natural systems, primate populations are typically regu-
lated through a combination of resource limitation, predation, 
disease, and social factors. However, in Nepal’s midhill land-
scapes, several of these regulatory mechanisms have been weak-
ened or disrupted. In particular, the near extirpation of large 
predators has reduced top-down control on primate populations, 
while increasing availability of anthropogenic food sources has 
relaxed bottom-up constraints related to resource limitation.

   Anthropogenic food subsidies play a central role in this pro-
cess. A substantial body of literature demonstrates that access 
to high-energy, predictable food sources can markedly enhance 
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reproductive output in primates. Improved female nutritional 
condition is associated with earlier age at first reproduction, 
shorter interbirth intervals, and increased infant survival [  63 ]. 
In rhesus monkeys and other monkeys species, provisioning, 
whether intentional or incidental, has been consistently linked 
to changed diurnal activity budget and higher population den-
sities compared to nonprovisioned populations [ 43 , 50 ]. This 
decoupling of population growth from natural carrying capac-
ity can lead to locally elevated primate densities in anthropo-
genic landscapes. Importantly, such density increases do not 
necessarily stabilize quickly, particularly in the absence of 
strong density-dependent feedback mechanisms. Instead, pop-
ulations may temporarily exceed the ecological carrying capacity 
of surrounding forest habitats, increasing pressure on agri-
cultural systems as alternative food sources.

   At the same time, density-dependent processes are not entirely 
absent but may operate in altered forms. In primates, density 
dependence can manifest through increased intragroup competi-
tion, reduced juvenile survival, delayed dispersal, and social 
stress, all of which may eventually limit population growth [  64 ]. 
However, when anthropogenic food sources buffer resource scar-
city, these feedbacks may be weakened or delayed, allowing popu-
lations to remain at elevated densities for extended periods.

   Reproductive ecology also contributes to the temporal 
dynamics of conflict. In rhesus monkeys, reproductive cycles 
are typically seasonal, with mating occurring in autumn and 
births peaking between late winter and early spring (approxi-
mately October to February for mating and January to April 
for births, depending on latitude) [  65 ]. This results in periods 
of increased energetic demand associated with gestation, lacta-
tion, and juvenile growth.

   These physiological demands often coincide with critical agri-
cultural periods. In Nepal, the growth and maturation of key 
crops such as maize and rice overlap with periods of increased 
nutritional requirements in primate populations, particularly 
during lactation and juvenile development (March to June). This 
temporal overlap provides a mechanistic explanation for seasonal 
peaks in crop-raiding intensity, as high-energy crops become 
especially valuable during periods of elevated energetic demand.

   Juvenile recruitment further amplifies this effect. Following 
birth peaks, the increase in group size due to dependent off-
spring can elevate total food requirements at the troop level. 
Juveniles also play a role in behavioral dynamics, as they learn 
foraging strategies, including crop raiding, through social 
observation and participation, contributing to the intergenera-
tional persistence of conflict behaviors [ 45 ].

   From a spatial perspective, population pressure interacts with 
habitat fragmentation to influence movement patterns. Larger 
or denser troops may expand their ranging areas or increase 
the frequency of incursions into agricultural land when local 
resources are insufficient. Empirical studies on primate ranging 
ecology show that increased population density is associated 
with expanded home ranges and greater use of anthropogenic 
habitats in fragmented landscapes [ 63 ].

   These dynamics highlight a critical tension within ecosystem-
based management (EBM) approaches. Habitat enrichment, 
while potentially increasing natural food availability, may also 
lead to short- to medium-term increases in primate carrying 
capacity and population size, particularly if not accompanied by 
effective regulatory mechanisms. This underscores the impor-
tance of integrating population monitoring and adaptive manage-
ment. Rather than viewing population control measures as 

contradictory to ecosystem-based approaches, they should be 
understood as conditional tools within a broader adaptive system. 
Continuous monitoring of population trends, reproductive 
parameters, and intensity of conflict is essential to detect situa-
tions in which ecological interventions alone are insufficient. In 
such cases, ethically regulated fertility control or other population 
management strategies may be required to restore balance 
between population size, resource availability, and acceptable 
levels of human–wildlife interaction [  66 ].

   Overall, HMC dynamics in Nepal cannot be fully under-
stood without considering the interplay between altered 
population regulation, enhanced reproductive output, and 
anthropogenic resource availability. These factors jointly con-
tribute to a system in which primate populations may remain 
persistently above natural equilibrium levels, reinforcing the 
need for integrated, feedback-driven management strategies.    

Evaluation of Current Mitigation Strategies
   HMC in Nepal’s midhill regions is currently addressed through 
a heterogeneous set of mitigation strategies that primarily aim to 
reduce immediate crop losses rather than resolve the underlying 
ecological and socioeconomic drivers of conflict. Although these 
approaches provide short-term relief in specific contexts, they are 
largely reactive, labor-intensive, and insufficiently integrated 
within a broader landscape-scale management framework.

   At the local level, mitigation relies predominantly on direct 
human deterrence strategies, including guarding, noise-based 
scaring, visual deterrents, and active chasing [ 31 ,  67 ]. Guarding 
remains the most widely used method, particularly during peak 
crop vulnerability periods, but its effectiveness is increas-
ingly constrained by labor shortages and rural out-migration. 
Additional measures such as dogs, firecrackers, scare devices, 
and projectile-based deterrence are commonly employed [  68 ,  69 ], 
yet their impact is generally short-lived due to rapid behavioral 
habituation in monkeys [  70 ].

   More intensive interventions, including sterilization and 
translocation, represent attempts to manage population size or 
redistribute conflict individuals. Fertility control approaches 
have been increasingly explored as nonlethal population man-
agement tools; however, their effectiveness in free-ranging 
monkey populations remains variable and context dependent, 
with significant limitations related to delivery methods, long-
term efficacy, and economic feasibility [  71 ]. In addition, ster-
ilization may produce complex and not fully predictable 
behavioral and social effects within primate groups, further 
complicating its application at scale [  72 ]. Translocation, although 
frequently proposed as a mitigation strategy, is widely recog-
nized in the conservation literature as a high-risk and often 
unreliable intervention. Its success depends on highly specific 
ecological and social conditions, and outcomes are rarely 
generalizable across contexts [  73 ]. Empirical studies indi-
cate that while translocation can succeed under controlled 
conditions, it requires intensive monitoring and favorable habi-
tat characteristics that are seldom met in human-dominated 
landscapes [  74 ]. Collectively, existing mitigation strategies 
reflect a broader pattern described in the literature as symptom-
focused wildlife conflict management, where interventions 
target immediate conflict outcomes rather than the ecological 
processes that generate them [  75 ]. This highlights a persistent 
gap between behavioral ecology theory and applied manage-
ment practice.   
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IEA: A Framework for HMC Management

   We propose the IEA as a multilevel mitigation strategy integrat-
ing ecological, behavioral, socioeconomic, and governance 
dimensions within a coupled socioecological system (Fig.  3 ). It 
is important to position the IEA accurately: it does not constitute 
a genuinely novel theoretical framework, but rather a context-
specific operationalization of established principles drawn from 
adaptive management, ecosystem-based governance, and socio-
ecological systems theory. The added value of the present for-
mulation lies not in conceptual originality per se but in the 
systematic application of these principles to the specific problem 
space of HMC in Nepal’s midhill community forestry landscapes, 
where such integration has not previously been attempted in an 
explicit and structured form. While ecosystem-based frame-
works are increasingly applied in conservation science, they often 
remain conceptually broad and insufficiently operationalized. 
The present formulation addresses this gap by linking system-
level theory with actionable interventions tailored to Nepal’s 
midhill socioecological context. The IEA is defined as a multi-
level conflict mitigation framework targeting the ecological root 
causes of HMC through coordinated interventions across habitat 
structure, resource distribution, primate behavior, and gover-
nance systems, structured around 6 interdependent operational 
domains: (a) functional forest restoration and species-specific 
habitat enrichment using native fruit- and leaf-bearing taxa (e.g., 
﻿Ficus spp. and Artocarpus spp.) while avoiding concentration of 
attractant species near agricultural edges; (b) spatially differenti-
ated buffer zones with graded vegetation composition to reduce 
abrupt forest–agriculture transitions and limit crop-raiding 

corridors, adapted to local topography, slope, and land-use inten-
sity; (c) reduction of anthropogenic food subsidies through waste 
management; regulation of direct feeding in religious, touristic, 
and peri-urban contexts; and crop selection strategies reducing 
edge palatability; (d) behavioral and population monitoring 
with adaptive feedback systems tracking movement patterns, 
habitat use, and population trends, including ethically governed 
fertility control when necessary as a conditional regulatory tool; 
(e) integration of wildlife nutritional ecology into community 
forestry planning, shifting from timber- or carbon-centered 
approaches toward multifunctional forest systems; and (f) par-
ticipatory governance and socioeconomic alignment through 
co-management, compensation systems, participatory land-use 
planning, and alternative livelihood strategies such as community-
based ecotourism.        

   Unlike conventional mitigation strategies focused on imme-
diate conflict suppression, the IEA targets structural ecological 
conditions generating conflict by reshaping landscape-scale 
trade-offs between natural and anthropogenic resources that 
drive primate foraging decisions. Its contribution is 3-fold: first, 
it incorporates primate-specific behavioral mechanisms, includ-
ing cognitive flexibility, social learning, and rapid adaptation in 
monkey troops; second, it integrates forest trophic quality as a 
key driver of conflict dynamics; and third, it unifies population 
regulation and habitat management within an adaptive feedback 
framework enabling ethically calibrated, data-driven interven-
tions rather than predefined responses. Collectively, these ele-
ments position the IEA as an operational and context-specific 
framework for addressing human–primate conflict in South 
Asian community forestry landscapes. To translate this from 

Fig. 3. Operational domains of the integrated ecosystem approach (IEA) for human–monkey conflict mitigation in Nepal’s midhill socioecological system. The framework 
integrates 6 interdependent strategies: functional forest restoration and habitat enrichment, spatially differentiated buffer zones, reduction of anthropogenic food subsidies, 
behavioral and population monitoring with adaptive feedback, integration of wildlife nutritional ecology into forestry planning, and participatory governance with socioeconomic 
alignment. These components collectively target the ecological and behavioral drivers of crop-raiding behavior while strengthening institutional and community-based 
management capacity. The figure was prepared using the software BioRender.
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principle to practice, each of the 6 domains requires specific 
operational content. The thresholds proposed below represent 
initial operational benchmarks derived from analogous wildlife 
management contexts and the existing literature on primate 
ecology and community forestry governance; they are not 
empirically validated for Nepal’s midhill systems specifically and 
should be calibrated through site-specific baseline surveys prior 
to full implementation.

   For domain 1 (functional forest restoration), operational 
indicators include fruiting-tree density (target: a regionally cali-
brated minimum density, with indicative targets of 10 to 20 trees 
per hectare depending on forest type and species composition, 
consistent with dietary requirements documented for rhesus 
macaques in South Asian forest systems), seasonal food avail-
ability index (at least one fruiting species available in each cal-
endar month), and distance of high-palatability planting from 
agricultural edges (minimum 200-m buffer). The 200-m buffer 
distance is consistent with crop-raiding literature showing that 
incursion frequency declines rapidly beyond 150 to 200 m from 
the forest edge [ 59 , 60 ]. Decision criterion: restoration plans 
should be revised if monthly botanical surveys detect a seasonal 
gap exceeding a predefined threshold (e.g., >6 weeks without 
ripe fruit in forest interior plots), drawing on the fallback food 
literature documenting seasonal nutritional stress periods in 
primate systems [ 57 , 58 ].

   For domain 2 (buffer zones), operational indicators include 
edge permeability score derived from Global Positioning System 
(GPS)-collar tracking data (target: reduction of crop-raiding 
incursion frequency by a minimum meaningful effect size, with 
30% within 2 years proposed as consistent with effect sizes 
reported in comparable wildlife management interventions), buf-
fer width (minimum 50 m of mixed native vegetation at forest–
agriculture interfaces, applicable on slopes <30° for practical 
manageability, following agroforestry buffer guidelines), and 
proportion of high-palatability crops within 100 m of forest edge 
(target: <20% of edge-adjacent agricultural area, derived indi-
rectly from studies linking crop type to raiding frequency [ 32 ]). 
Decision criterion: buffer zone design should be modified if 
troop incursion rates remain above baseline after 18 months.

   For domain 3 (reduction of anthropogenic subsidies), opera-
tional indicators include waste management compliance rate at 
the settlement level (target: >90% of households using covered 
bins or compost enclosures near forest edges, consistent with 
minimum standards for anthropogenic attractant reduction in 
HWC programs), number of unauthorized feeding events per 
month at monitored religious and tourist sites (target: zero, 
enforced through local ordinance), and crop palatability index 
(prioritizing maize variety substitution with low-palatability 
cultivars in edge-adjacent plots). Decision criterion: if village-
level conflict incident reports do not decline by a meaningful 
margin (e.g., ≥25%) within 12 months of waste management 
implementation, investigate supplementary attractant sources, 
drawing on studies documenting food subsidy reduction effects 
on human–primate conflict.

   For domain 4 (behavioral and population monitoring), opera-
tional indicators include troop size and composition surveyed 
biannually, crop-raiding incident frequency logged monthly at 
the village level through standardized community reporting 
forms, and population growth rate estimated annually. Decision 
criterion: if the population growth rate substantially exceeds the 
estimated natural carrying capacity of the surrounding forest 
habitat, as determined by site-specific baseline surveys, trigger 

review of fertility control options under ethical governance pro-
tocols. Monitoring should use a combination of line-transect 
surveys, GPS-collar tracking on representative individuals, and 
community-reported conflict logs validated against field checks.

   For domain 5 (integration of nutritional ecology into for-
estry planning), operational indicators include proportion of 
community forest operational plans that include species-
specific dietary requirements (target: 100% of revised plans 
within 5 years) and trophic functionality score—a composite 
index measuring fruiting-tree species richness, seasonal cov-
erage, and food accessibility for target species. Decision cri-
terion: community forestry operational plans should be rated 
inadequate and flagged for revision if the trophic functionality 
score falls below a regionally calibrated threshold determined 
during baseline surveys.

   For domain 6 (participatory governance and socioeconomic 
alignment), operational indicators include proportion of house-
holds enrolled in compensation schemes (target: ≥80% coverage 
in high-conflict wards, following community-based conservation 
guidelines), time from conflict event to compensation payment 
(target: ≤30 d, consistent with best practice from compensation 
programs in analogous contexts), co-management committee 
meeting frequency (minimum quarterly), and alternative liveli-
hood uptake rate (target: ≥20% of households in pilot zones 
within 3 years). Decision criterion: if community satisfaction 
scores (assessed by annual participatory survey) fall below a posi-
tive threshold (e.g., 60% positive), governance structures should 
be reviewed for equity and procedural fairness, drawing on 
International Union for Conservation of Nature guidelines for 
community-based conservation and documented experiences 
from Nepal’s community forestry user groups [ 27 ].

   Within the IEA, this implies that habitat restoration must 
move beyond tree cover expansion toward functional trophic 
restoration, explicitly incorporating species-specific dietary 
preferences, seasonal resource continuity, and spatial configu-
ration. At the same time, the effectiveness of such interventions 
is inherently conditional and must be evaluated in conjunction 
with behavioral and anthropogenic factors, rather than assumed 
as a standalone solution.

   In contrast, the IEA proposed in this study offers a structured 
framework for operationalizing a system-level understanding 
of HMC. Rather than focusing solely on preventing primates 
from accessing agricultural crops, the approach emphasizes the 
restoration of ecological functionality within forest habitats, 
reduction of anthropogenic attractants, and strengthening of 
institutional governance mechanisms. The central premise of 
the IEA is that sustainable conflict mitigation requires address-
ing the ecological incentives that drive crop-raiding behavior 
while simultaneously improving management capacity at the 
landscape scale.

   To translate this conceptual framework into practical man-
agement actions, the IEA can be operationalized through a set 
of integrated interventions. First, community forestry systems 
should undergo functional ecological redesign. Existing opera-
tional plans should be revised to incorporate spatially explicit 
planting schemes that prioritize native fruiting and folivorous 
species aligned with documented dietary preferences of local 
primate populations. Forest restoration should differentiate 
between interior enrichment zones and edge-buffer areas, 
ensuring that highly attractive food resources are located away 
from agricultural boundaries. Second, ecological buffer zones 
should be established at forest–agriculture interfaces. These 
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buffers should consist of mixed native vegetation designed to 
reduce edge permeability and disrupt direct movement cor-
ridors between forest habitats and cultivated fields. Buffer 
design must be context specific, taking into account topogra-
phy, crop type, and known primate movement routes. Third, 
anthropogenic food attractants must be systematically reduced. 
Local governance institutions should strengthen waste man-
agement systems, regulate intentional feeding practices, and 
discourage informal provisioning around settlements, reli-
gious sites, and tourism areas. Unmanaged organic waste and 
tourism-driven feeding represent persistent artificial subsidies 
that reinforce crop-raiding behavior. Fourth, adaptive monitor-
ing systems should be established to track primate populations 
and conflict dynamics. A coordinated regional or national frame-
work should collect data on population trends, troop movement 
patterns, and spatial distribution of conflict events. These data 
would enable evidence-based adaptive management and support 
ethically regulated interventions when the ecological carrying 
capacity is exceeded. Fifth, policy alignment across forestry, agri-
culture, and conservation sectors is essential. Land-use planning 
and reforestation initiatives should integrate biodiversity func-
tionality alongside traditional objectives such as timber produc-
tion and carbon sequestration. Incorporating wildlife food-web 
dynamics into community forestry guidelines would ensure that 
reforestation contributes to both forest cover expansion and eco-
system functionality. Finally, community-based co-management 
and incentive structures are critical for long-term success. Local 
communities must remain central actors in conflict mitigation 
through participatory governance, strengthened compensa-
tion mechanisms, and alternative livelihood opportunities. 
Ecotourism and ecosystem-service-based incentives may further 
align conservation and economic objectives.

   It is important to recognize that implementation of the IEA 
should be gradual and context sensitive. In the short term, habitat 
enrichment interventions may initially increase local primate car-
rying capacity before stabilizing through density-dependent pro-
cesses and adaptive management. Continuous monitoring and 
long-term institutional commitment are therefore essential.

   Although developed within Nepal’s midhill socioecological 
context, the IEA has broader conceptual applicability to other 
HWC systems. However, transferability requires careful ecologi-
cal and institutional adaptation. For instance, conflict dynamics 
involving Sri Lankan toque monkeys (M. sinica), which rely 
heavily on tropical fruit resources, differ substantially from grain-
dominated systems in Nepal. Similarly, governance structures 
such as Nepal’s community forestry model may not exist else-
where, requiring analogous institutional arrangements before 
implementation.   

Discussion
   The structured conceptual review of literature indicates that 
HMC in Nepal cannot be interpreted as a simple consequence 
of opportunistic wildlife behavior, but rather represents the 
emergent outcome of a complex socioecological system. Within 
this system, environmental changes, resource availability, behav-
ioral adaptations by primates, and human responses influence 
one another through feedback mechanisms that tend to stabilize 
and, in some cases, amplify the conflict over time.

   A key factor concerns the role of habitat quality. Although 
the expansion of forest cover in Nepal represents an important 
success of community forestry policies, this expansion has not 

been accompanied by an equivalent recovery of ecological 
functionality. In particular, the reduced availability of adequate 
food resources for frugivorous and omnivorous species appears 
to contribute to a shift in foraging strategies toward anthropo-
genic resources, which are more predictable and energy dense. 
This transition from a system based on natural resources to a 
dual system, in which agricultural resources compete with or 
replace forest resources, represents a key mechanism in the 
intensification of conflict. At the same time, the high behavioral 
plasticity of monkeys, particularly rhesus monkeys, plays a 
decisive role. The capacity for social learning and the intergen-
erational transmission of crop-raiding strategies contribute to 
the persistence of the conflict even in the presence of mitiga-
tion measures. This aspect highlights how purely deterrent 
approaches are inherently limited, as they do not address the 
behavioral mechanisms underpinning the phenomenon.

   From a management perspective, an analysis of currently 
adopted strategies confirms the prevalence of reactive inter-
ventions, focused on the immediate reduction of damage 
rather than on modifying the structural conditions that gener-
ate it. Deterrent measures, while widespread, are often ineffec-
tive in the medium to long term due to habituation; more 
intensive interventions, such as sterilization and relocation, 
have limitations related to costs, scalability, and ethical impli-
cations. Similarly, compensation systems, while essential for 
maintaining social tolerance, do not address the ecological 
drivers of the conflict.

   In this context, the IEA proposed in this study offers a sub-
stantial contribution, as it allows for the integration of fragmented 
evidence within a coherent and operational conceptual frame-
work. The value of the IEA lies in its ability to directly link ecologi-
cal mechanisms (habitat quality and resource distribution), 
behavioral mechanisms (plasticity and social learning), and insti-
tutional mechanisms (governance and land management), over-
coming the traditional separation between ecology and conflict 
management. It is worth noting, however, that the IEA’s 6 domains 
are each individually well established in the conservation and 
wildlife management literature; what is less common is their 
simultaneous operationalization within a single manage-
ment architecture tailored to the community forestry context. 
Researchers should therefore be transparent when applying this 
framework that its strength lies in integration and contextual 
specificity, not in the novelty of its constituent elements.

   A central aspect emerging from the review is that the effec-
tiveness of mitigation strategies depends on their ability to act 
simultaneously across multiple levels of the system. Isolated 
interventions, even if technically effective, tend to be neutral-
ized by feedback from the system itself. In contrast, integrated 
approaches that combine habitat management, reduction of 
anthropogenic resources, and adaptation of land-use practices 
have the potential to more durably alter the ecological and 
behavioral incentives driving crop raiding.

   Finally, it is important to emphasize that the implementation 
of integrated approaches introduces new complexities. In par-
ticular, habitat enrichment interventions could, in the short 
term, increase the local carrying capacity and influence popula-
tion dynamics, requiring continuous monitoring and adaptation 
systems. This highlights the need to view conflict management 
as a dynamic and iterative process, rather than as a set of 
static solutions.

   A critical question that the present study does not fully 
resolve is whether the IEA offers substantive advantages over 
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existing governance frameworks, particularly adaptive manage-
ment and EBM. Adaptive management, as formalized by 
Holling [  76 ] and subsequently elaborated in conservation con-
texts, already prescribes iterative cycles of planning, implemen-
tation, monitoring, and adjustment in response to ecological 
feedback, precisely the logic that underpins the IEA’s monitor-
ing domain. Similarly, EBM frameworks have long emphasized 
the integration of ecological, social, and institutional dimen-
sions in the governance of natural resources. The IEA’s genuine 
contribution relative to these antecedents lies not in the under-
lying logic, which is broadly shared, but in the explicit incor-
poration of behavioral ecology and trophic functionality as 
design parameters for habitat restoration and in the application 
of these principles specifically to the human–primate conflict 
context in South Asian community forestry systems. This dis-
tinction should be made explicit in future applications of the 
framework, and researchers should be cautious not to overstate 
the novelty of the IEA relative to the substantial body of inte-
grated management literature already available.

   The institutional feasibility of the IEA must also be assessed 
honestly. Nepal’s community forestry system is widely recog-
nized as one of the most developed decentralized natural 
resource governance frameworks in Asia, and this institutional 
foundation is a genuine asset for IEA implementation. However, 
several structural barriers remain. First, the operational plans 
of community forest user groups are typically prepared by 
underresourced district forest offices with limited technical 
capacity in wildlife nutrition or behavioral ecology; revising 
these plans to incorporate trophic functionality criteria would 
require substantial investment in technical training and exten-
sion support. Second, intersectoral coordination between the 
Department of Forests and Soil Conservation, the Department 
of National Parks and Wildlife Conservation, and the Ministry 
of Agriculture and Livestock Development remains weak in 
practice, meaning that policy alignment across the IEA’s domains 
would require explicit institutional mandates rather than 
voluntary coordination. Third, compensation mechanisms for 
crop losses in Nepal’s midhill regions remain inconsistent in 
coverage and often inadequate in timeliness and payout levels, 
creating persistent grievances that can undermine community 
engagement with any management framework. These institu-
tional constraints do not invalidate the IEA as a conceptual 
framework, but they underscore that successful implementa-
tion is contingent on prior or parallel institutional reform that 
the framework itself cannot deliver.

   The political economy of HMC management in Nepal pres-
ents additional challenges that any realistic appraisal of the IEA 
must acknowledge. Rhesus monkeys hold significant religious 
and cultural status in Nepali society, and their protection is 
embedded in national wildlife legislation. This status compli-
cates the application of population regulatory tools such as 
fertility control, even when justified by monitoring data, and 
can generate public opposition to management interventions 
perceived as targeting a protected species. At the same time, 
the rural households most severely affected by crop raiding are 
typically among the economically marginalized, with limited 
political voice relative to urban conservation constituencies. 
This asymmetry in political representation can result in man-
agement priorities that are ecologically suboptimal for conflict 
reduction. Furthermore, community-based ecotourism, pro-
posed as an alternative livelihood strategy under domain 6, 
remains viable only in areas with sufficient wildlife viewing 

potential and access infrastructure; in the majority of Nepal’s 
midhill districts, where HMC is most intense, these conditions 
are not currently met. The IEA should therefore be imple-
mented with a clear-eyed recognition that the political and 
economic conditions enabling its full operationalization may 
take years or decades to materialize and that interim strategies—
including improved compensation mechanisms, community 
capacity building, and targeted deterrence co-designed with 
affected communities—remain necessary and legitimate com-
ponents of a pragmatic management portfolio.   

Conclusion and Recommendations
   HMC in the hilly regions of Nepal results from the interaction 
of ecological and socioeconomic factors, including habitat deg-
radation, forest fragmentation, fluctuations in the availability 
of natural resources, and increasing access to anthropogenic 
food sources. The strategies currently in place are largely reac-
tive and inadequate for addressing the structural causes of the 
problem. In light of this evidence, a shift in perspective is 
needed, moving the focus from damage management to system 
management. The IEA provides a useful framework in this 
regard, as it allows for interventions targeting the ecological 
and behavioral factors that drive the conflict.

   In operational terms, several priorities emerge clearly. Forest 
planning should incorporate ecological functionality criteria, 
promoting the availability of adequate food resources within 
natural habitats. The interfaces between forests and agricultural 
areas require targeted management through solutions that 
reduce direct access to crops. At the same time, it is essential 
to limit anthropogenic food sources by improving waste man-
agement and regulating intentional feeding practices.

   Another key element is the strengthening of monitoring sys-
tems, which are necessary to support evidence-based adaptive 
strategies. The systematic collection of data on populations, 
movements, and conflict dynamics can significantly improve the 
capacity for intervention. At the same time, it is crucial to pro-
mote greater coordination between forestry, agricultural, and 
conservation policies. Involvement of local communities remains 
an indispensable condition. Participatory mechanisms, eco-
nomic incentives, and alternative livelihood strategies are essen-
tial to ensure the long-term sustainability of interventions.

   Overall, lasting conflict reduction requires integrated, adap-
tive, and context-specific approaches capable of addressing 
the ecological and social dynamics that generate it. Although 
the proposed framework was developed in the context of 
Nepal, the underlying principles can be applied to other HWC 
systems, provided that they are adequately adapted to local 
specificities.   

Acknowledgments
   Funding: The authors acknowledge that they received no fund-
ing in support for this research.
   Author contributions: K.P.A. conceptualized the study. K.P.A. 
and S.P. developed the initial draft of the manuscript. M.M.A., 
M.K.C., L.K., and F.B. contributed to critical revision and refine-
ment of the manuscript. All authors reviewed, approved, and 
agreed on the final version of the manuscript for submission.
   Competing interests:﻿ The authors declare that they have no 
competing interests.   

D
ow

nloaded from
 https://spj.science.org on O

ctober 04, 2026

https://doi.org/10.34133/ehs.0562


Acharya et al. 2026 | https://doi.org/10.34133/ehs.0562 14

Supplementary Materials
         Table S1    

References

	 1.	 Nyhus PJ. Human–wildlife conflict and coexistence. Annu Rev 
Environ Resour. 2016;41(1):143–171.

	 2.	 Pooley S, Bhatia S, Vasava A. Rethinking the study of human–
wildlife coexistence. Conserv Biol. 2021;35(3):784–793.

	 3.	 Dickman AJ. Complexities of conflict: The importance of 
considering social factors for effectively resolving human–
wildlife conflict. Anim Conserv. 2010;13(5):458–466.

	 4.	 Madden F, McQuinn B. Conservation’s blind spot: The case for 
conflict transformation in wildlife conservation. Biol Conserv. 
2014;1(178):97–106.

	 5.	 Sharma P, Chettri N, Wangchuk K. Human–wildlife conflict 
in the roof of the world: Understanding multidimensional 
perspectives through a systematic review. Ecol Evol. 
2021;11(17):11569–11586.

	 6.	 Acharya KP, Paudel PK, Neupane PR, Köhl M. Human-wildlife 
conflicts in Nepal: Patterns of human fatalities and injuries caused 
by large mammals. PLOS ONE. 2016;11(9):Article e0161717.

	 7.	 Riley EP. The human–macaque interface: Conservation 
implications of current and future overlap and conflict in 
Lore Lindu National Park, Sulawesi, Indonesia. Am Anthropol. 
2007;109(3):473–484.

	 8.	 Fuentes A. Ethnoprimatology and the anthropology 
of the human-primate interface. Annu Rev Anthropol. 
2012;41(1):101–117.

	 9.	 Sha JC, Gumert MD, Lee BP, Fuentes A, Rajathurai S, Chan S,  
Jones-Engel L. Status of the long-tailed macaque Macaca 
fascicularis in Singapore and implications for management. 
Biodivers Conserv. 2009;18(11):2909–2926.

	10.	 Kaburu SS, Beisner B, Balasubramaniam KN, Marty PR,  
Bliss-Moreau E, Mohan L, Rattan SK, Arlet ME, Atwill ER,  
McCowan B. Interactions with humans impose time 
constraints on urban-dwelling rhesus macaques (Macaca 
mulatta). Behaviour. 2019;156(12):1255–1282.

	11.	 Joshi M, Bista M, Awasthi B. Human–monkey conflict 
and community responses in Bheemdatta and Bedkot 
Municipalities, Kanchanpur, Nepal. API J Sci. 2025;2(1):88–96.

	12.	 Goodman M. My head for a tree: The extraordinary story of the 
Bishnoi, guardians of nature. Vancouver (Canada): Greystone 
Books; 2025. 

	13.	 Gautam A. Wildlife menace forces Taplejung farmers to 
abandon ancestral villages. The Kathmandu Post. 2025 Sep 8;  
https://kathmandupost.com/province-no-1/2025/09/08/wildlife-
menace-forces-taplejung-farmers-to-abandon-ancestral-villages

	14.	 DeDeo S, Krakauer DC, Flack JC. Inductive game theory 
and the dynamics of animal conflict. PLOS Comput Biol. 
2010;6(5):Article e1000782.

	15.	 Thatcher HR, Downs CT, Koyama NF. Anthropogenic 
influences on the time budgets of urban vervet monkeys. 
Landsc Urban Plan. 2019;1(181):38–44.

	16.	 Karki S, Dahal A, Sharma S. Pattern and correlate of human-
primate conflict—An insight for its mitigation: A case study of 
Nilkantha Municipality of Dhading District. Authorea. 2024. 
https://doi.org/10.22541/au.172114535.56256090/v1

	17.	 Grant MJ, Booth A. A typology of reviews: An analysis of 14 
review types and associated methodologies. Health Inf Libr J. 
2009;26(2):91–108.

	18.	 Whittemore R, Knafl K. The integrative review: Updated 
methodology. J Adv Nurs. 2005;52(5):546–553.

	19.	 Haddaway NR, Bayliss HR. Shades of grey: Two forms of grey 
literature important for reviews in conservation. Biol Conserv. 
2015;191:827–829.

	20.	 Tricco AC, Soobiah C, Antony J, Cogo E, MacDonald H,  
Lillie E, Tran J, D’Souza J, Hui W, Perrier L, et al. A scoping 
review identifies multiple emerging knowledge synthesis 
methods, but few studies operationalize the method. J Clin 
Epidemiol. 2016;73:19–28.

	21.	 Koirala S, Garber PA, Somasundaram D, Katuwal HB, Ren B, 
Huang C, Li M. Factors affecting the crop raiding behavior 
of wild rhesus macaques in Nepal: Implications for wildlife 
management. J Environ Manag. 2021;297:Article 113331.

	22.	 Saraswat R, Sinha A, Radhakrishna S. A god becomes a pest? 
Human-rhesus macaque interactions in Himachal Pradesh, 
northern India. Eur J Wildl Res. 2015;61(3):435–443.

	23.	 Chalise MK, Johnson RL. A preliminary report on farmer 
attitudes toward crop-raiding monkeys in Nepal. Am J 
Primatol. 2001;54:73.

	24.	 Chalise MK. Fragmented primate population of Nepal. 
In: Marsh L, Chapman C, editors. Primates in fragments: 
Complexity and resilience. New York (NY): Springer; 2013.  
p. 329–356.

	25.	 Khanal L, Upadhyaya LP, Pandey N, Chand DB, Karki M,  
Chalise MK, Kyes RC. Projected distribution of the 
westernmost subpopulation of Assamese macaques (Macaca 
assamensis pelops) under climate change: Conservation 
implications of a threatened population. Front Conserv Sci. 
2023;4:1235595.

	26.	 Regmi GR, Nekaris KA, Kandel K, Nijman V. Crop-raiding 
macaques: Predictions, patterns and perceptions from 
Langtang National Park, Nepal. Endangered Species Res. 
2013;20(3):217–226.

	27.	 Baral K, Sharma HP, Kunwar R, Morley C, Aryal A, Rimal B,  
Ji W. Human wildlife conflict and impacts on livelihood: A 
study in community forestry system in mid-hills of Nepal. 
Sustainability. 2021;13(23):13170.

	28.	 Bista R, Zhang Q, Parajuli R, Karki R, Khanal Chhetri BB, 
Song C. Cropland abandonment in the community-forestry 
landscape in the middle hills of Nepal. Earth Interact. 
2021;25(1):136–150.

	29.	 Subedi YR, Kristiansen P, Cacho O. Reutilising abandoned 
cropland in the Hill agroecological region of Nepal: Options and 
farmers’ preferences. Land Use Policy. 2022;117:Article 106082.

	30.	 Jayarathne SDY, Nahallage CAD, Huffman MA. A review: 
Human–macaque conflict in Sri Lanka. Int J Res Sci Innov. 
2024;XI(II):147–162.

	31.	 Jayarathne SDY, Nahallage CAD, Huffman MA. The costs 
of living side-by-side with monkeys: Economic impacts on 
commercial farms and property by toque macaques and 
proposed deterrent strategies in a rural agriculture area of 
Kurunegala District, Sri Lanka. Animals. 2025;(3):15.

	32.	 Nijman V, Nekaris KA. Testing a model for predicting primate 
crop-raiding using crop-and farm-specific risk values. Appl 
Anim Behav Sci. 2010;127(3–4):125–125.

	33.	 Dittus WP, Gunathilake S, Felder M. Assessing public 
perceptions and solutions to human-monkey conflict from  
50 years in Sri Lanka. Folia Primatol. 2019;90(2):89–108.

	34.	 Koirala S, Baral S, Garber PA, Basnet H, Katuwal HB, Gurung S,  
Rai D, Gaire R, Sharma B, Pun T, et al. Identifying the 
environmental and anthropogenic causes, distribution, and 

D
ow

nloaded from
 https://spj.science.org on O

ctober 04, 2026

https://doi.org/10.34133/ehs.0562
https://kathmandupost.com/province-no-1/2025/09/08/wildlife-menace-forces-taplejung-farmers-to-abandon-ancestral-villages
https://kathmandupost.com/province-no-1/2025/09/08/wildlife-menace-forces-taplejung-farmers-to-abandon-ancestral-villages
https://doi.org/10.22541/au.172114535.56256090/v1


Acharya et al. 2026 | https://doi.org/10.34133/ehs.0562 15

intensity of human rhesus macaque conflict in Nepal. J Environ 
Manag. 2022;15(316):Article 115276.

	35.	 Jones-Engel L, Engel GA, Heidrich J, Chalise M, Poudel N,  
Viscidi R, Barry PA, Allan JS, Grant R, Kyes R. Temple 
monkeys and health implications of commensalism, 
Kathmandu, Nepal. Emerg Infectious Dis. 2006;12(6):900.

	36.	 Adhikari A, Koju NP, Maharjan B, Khanal L, Upreti M,  
Kyes RC. Gastro-intestinal parasites of urban rhesus macaques 
(Macaca mulatta) in the Kathmandu Valley, Nepal. Int J 
Parasitol Parasites Wildl. 2023;22:175–183.

	37.	 Tandan S, Kshetri S, Paudel S, Dhakal P, Kyes RC, Khanal L. 
Prevalence of gastrointestinal helminth parasites in rhesus 
macaques and local residents in the central mid-hills of Nepal. 
Helminthologia. 2023;60(4):327.

	38.	 Redpath SM, Young J, Evely A, Adams WM, Sutherland WJ, 
Whitehouse A, Amar A, Lambert RA, Linnell JD, Watt A, et al. 
Understanding and managing conservation conflicts. Trends 
Ecol Evol. 2013;28(2):100–109.

	39.	 Carter NH, Linnell JD. Co-adaptation is key to coexisting with 
large carnivores. Trends Ecol Evol. 2016;31(8):575–578.

	40.	 Hill CM, Webber AD, Priston NE, editors. Understanding 
conflicts about wildlife: A biosocial approach. New York (NY): 
Berghahn Books; 2017.

	41.	 Reader SM, Laland KN. Social intelligence, innovation, 
and enhanced brain size in primates. Proc Natl Acad Sci. 
2002;99(7):4436–4441.

	42.	 Sinha A, Vijayakrishnan S. Primates in urban settings.  
In: Bezanson M, MacKinnon KC, Riley E, Campbell CJ, 
Nekaris KAI, Estrada A, Di Fiore AF, Ross S, Jones-Engel LE,  
Thierry B, et al. editors. The international encyclopedia 
of primatology. Hoboken (NJ): Wiley; 2017. https://doi.
org/10.1002/9781119179313.wbprim0458

	43.	 Southwick CH, Siddiqi MF. Population status of nonhuman 
primates in Asia, with emphasis on rhesus macaques in India. 
Am J Primatol. 1994;34(1):51–59.

	44.	 Sinha A, Mukhopadhyay K. The monkey in the town’s 
commons, revisited: An anthropogenic history of the Indian 
bonnet macaque. In: Radhakrishna S, Huffman M, Sinha A, 
editors. The macaque connection: Cooperation and conflict 
between humans and macaques. New York (NY): Springer; 
2013. p. 187–208.

	45.	 Laland KN, Janik VM. The animal cultures debate. Trends Ecol 
Evol. 2006;21(10):542–547.

	46.	 Khanal L, Chalise MK, Jiang X. Distribution of the threatened 
Assamese macaque Macaca assamensis (Mammalia: Primates: 
Cercopithecidae) population in Nepal. J Threat Taxa. 
2019;11(1):13047–13057.

	47.	 Chalise MK. Assamese macaques (Macaca assamensis) in 
Nepal. Primate Conserv. 2003;19:99–107.

	48.	 Tiwari A, Uprety Y, Rana SK. Plant endemism in the Nepal 
Himalayas and phytogeographical implications. Plant Divers. 
2019;41(3):174–182.

	49.	 Khanal L, Chalise MK, Jiang XL, Kyes RC. Mitochondrial 
genetic diversity and structure of the langur population 
in a complex landscape of the Nepal Himalaya. Diversity. 
2022;14(2):69.

	50.	 Adhikari JN, Bhattarai BP, Baral S, Thapa TB. Landscape-level 
habitat connectivity of large mammals in Chitwan Annapurna 
landscape, Nepal. Ecol Evol. 2024;14(8):Article e70087.

	51.	 Khanal L, Chalise MK, Jiang X. Ecological niche modelling of 
Himalayan langur (Semnopithecus entellus) in southern flank 
of the Himalaya. J Inst Sci Technol. 2018;23(1):1–9.

	52.	 Wang X, Li H, Yang Y, Wu Z, Wang Z, Li D, Xia W, Zou S, Liu Y,  
Wang F. Geographic and environmental impacts on gut 
microbiome in Himalayan langurs (Semnopithecus schistaceus) 
and Xizang macaques (Macaca mulatta vestita). Front 
Microbiol. 2024;4(15):1452101.

	53.	 Ogawa H, Khatiwada S, Paudel PK, Koirala S, Khanal L, 
Chalise MK. Distribution and group composition of Assamese 
and rhesus macaques in northwestern Kathmandu, Nepal. 
Mammal Study. 2024;49(3):185–193.

	54.	 Laudari HK, Sapkota LM, Maraseni T, Subedi P, Pariyar S, 
Kaini TR, Lopchan SB, Weston C, Volkova L. Community 
forestry in a changing context: A perspective from Nepal’s 
mid-hill. Land Use Policy. 2024;138:Article 107018.

	55.	 Estrada A, Garber PA, Rylands AB, Roos C,  
Fernandez-Duque E, Di Fiore A, Nekaris KA, Nijman V, 
Heymann EW, Lambert JE, et al. Impending extinction 
crisis of the world’s primates: Why primates matter. Sci Adv. 
2017;3(1):Article e1600946.

	56.	 Gibson L, Lee TM, Koh LP, Brook BW, Gardner TA, Barlow J,  
Peres CA, Bradshaw CJ, Laurance WF, Lovejoy TE, et al. 
Primary forests are irreplaceable for sustaining tropical 
biodiversity. Nature. 2011;478(7369):378–381.

	57.	 Marshall AJ, Wrangham RW. Evolutionary consequences of 
fallback foods. Int J Primatol. 2007;28(6):1219–1235.

	58.	 Hanya G, Stevenson P, van Noordwijk M, Te WS,  
Kanamori T, Kuze N, Aiba SI, Chapman CA, van Schaik C. 
Seasonality in fruit availability affects frugivorous primate 
biomass and species richness. Ecography. 2011;34:1009–1017.

	59.	 Hill CM. Conflict of interest between people and baboons: 
Crop raiding in Uganda. Int J Primatol. 2000;21(2):299–315.

	60.	 Naughton-Treves L. Predicting patterns of crop damage by 
wildlife around Kibale National Park, Uganda. Conserv Biol. 
1998;12(1):156–168.

	61.	 Riley EP, Priston NE. Macaques in farms and folklore: 
Exploring the human–nonhuman primate interface in 
Sulawesi, Indonesia. Am J Primatol. 2010;72(10):848–854.

	62.	 Altmann J, Alberts SC. Variability in reproductive success 
viewed from a life-history perspective in baboons. Am J Hum 
Biol. 2003;15(3):401–409.

	63.	 Lee PC. Nutrition, fertility and maternal investment in 
primates. J Zool. 1987;213(3):409–422.

	64.	 Sapolsky RM. The influence of social hierarchy on primate 
health. Science. 2005;308(5722):648–652.

	65.	 Fooden J. Systematic review of the rhesus macaque, Macaca 
mulatta (Zimmermann, 1780). Chicago (IL): Field Museum of 
Natural History; 2000. 

	66.	 Massei G, Cowan D. Fertility control to mitigate human–
wildlife conflicts: A review. Wildl Res. 2014;41(1):1–21.

	67.	 Senthilkumar K, Mathialagan P, Manivannan C. A case study on 
conflict between humans and monkeys at Chengalpet District 
Tamil Nadu. Int J Vet Sci Anim Husb. 2024;9(1):1205–1207.

	68.	 Bashyal A, Sharma S, Koirala N, Shrestha N, Aryal N,  
Yadav BP, Shrestha S. Crop raiding and livestock predation 
by wildlife in Khaptad National Park, Nepal. J Threat Taxa. 
2022;14(11):22156–22163.

	69.	 Sharma S, Acharya S. Human-Rhesus macaque conflict at 
Pumdivumdi/Tallokodi, Pokhara, West Nepal. Banko Janak. 
2017;27(2):46–50.

	70.	 Evers S, Findlay LJ, Lucas C, Walker EM, Hill RA. Testing 
the short-term effectiveness of various deterrents for 
reducing crop foraging by primates. Afr J Wildl Res. 
2022;52(1):29–43.

D
ow

nloaded from
 https://spj.science.org on O

ctober 04, 2026

https://doi.org/10.34133/ehs.0562
https://doi.org/10.1002/9781119179313.wbprim0458
https://doi.org/10.1002/9781119179313.wbprim0458


Acharya et al. 2026 | https://doi.org/10.34133/ehs.0562 16

	71.	 Mikail M, Azizan TR, Noor MH, Hassim HA, Che’Amat A,  
Latip MQ. Long-tailed macaque (Macaca fascicularis) 
contraception methods: A systematic review. Biology. 
2023;12(6):848.

	72.	 Wolfe LD, Kollias GV, Collins BR, Hammond JA. Sterilization 
and its behavioral effects on free-ranging female rhesus 
monkeys (Macaca mulatta). J Med Primatol. 1991;20(8): 
414–418.

	73.	 Beck BB. The role of translocation in primate conservation. 
In: Wich SA, Marshall J, editors. An introduction to primate 

conservation. Oxford (England): Oxford University Press; 2016. 
p. 241–256.

	74.	 Strum SC. Measuring success in primate translocation: A 
baboon case study. Am J Primatol. 2005;65(2):117–140.

	75.	 Fehlmann G, O’riain MJ, Fürtbauer I, King AJ. Behavioral 
causes, ecological consequences, and management challenges 
associated with wildlife foraging in human-modified 
landscapes. Bioscience. 2021;71(1):40–54.

	76.	 Holling CS (Ed). Adaptive environmental assessment and 
management. Hoboken (NJ): John Wiley & Sons; 1978. 

D
ow

nloaded from
 https://spj.science.org on O

ctober 04, 2026

https://doi.org/10.34133/ehs.0562


Addressing Human–Monkey Conflict in Nepal: An Evidence-Based Argument for an
Integrated Ecosystem Approach
Krishna Prasad Acharya, Sarita Phuyal, Mohamed Mustaf Ahmed, Mukesh Kumar Chalise, Laxman Khanal, and Francesco Branda

Citation: Acharya K, Phuyal S, Ahmed M, Chalise M, Khanal L, Branda F. Addressing Human–Monkey Conflict in Nepal: An
Evidence-Based Argument for an Integrated Ecosystem Approach. Ecosyst Health Sustain. 2026;12:0562.  DOI: 10.34133/
ehs.0562

Human–monkey conflict (HMC) represents an increasing socioecological challenge in Nepal’s midhill regions, where
agricultural systems and community-managed forests coexist within highly fragmented landscapes. This study
reinterprets HMC as an emergent property of a coupled socioecological system shaped by the interaction of habitat
degradation, altered resource availability, primate behavioral adaptation, and human land-use dynamics. Drawing on a
structured narrative review and concept-mapping approach, we synthesize heterogeneous ecological, behavioral, and
socioeconomic evidence into an integrated analytical framework. Findings indicate that current mitigation strategies,
including deterrence, physical barriers, and population control interventions (currently at the pre-implementation phase)
are largely reactive, labor-intensive, and insufficient to address the structural drivers of conflict. In particular, forest
regeneration processes, while increasing overall tree cover, often fail to restore trophic functionality, contributing to
a dual-resource system in which anthropogenic food sources remain highly attractive to primates. This dynamics is
reinforced by behavioral plasticity, habituation, and social learning in monkey populations, leading to persistent and
self-reinforcing conflict patterns. To address these limitations, the study proposes an integrated ecosystem approach
(IEA) as a conceptual and operational framework for HMC mitigation. The IEA integrates ecological restoration,
behavioral ecology, and governance mechanisms through coordinated interventions targeting habitat functionality,
spatial configuration of resources, reduction of anthropogenic food subsidies, adaptive monitoring, and community-
based management. By shifting the focus from symptom-oriented mitigation to the modification of the underlying
ecological incentives, the IEA aims to provide a more sustainable and scalable pathway for conflict reduction. Although
developed within the context of Nepal, the framework has broader applicability to other human–wildlife conflict systems,
provided that interventions are adapted to local ecological, agricultural, and institutional conditions. The study contributes
to advancing both the theoretical understanding and practical management of HMC by bridging the gap between
socioecological systems theory and applied conservation strategies.
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