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Abstract

Urban habitat fragmentation promotes interactions between humans and long-tailed macaques (Macaca fascicularis), creating
social—ecological challenges for wildlife coexistence. Understanding community perceptions is essential for developing
coexistence strategies where human activities and wildlife habitats overlap. This study evaluated community perceptions of
long-tailed macaques in two fragmented landscapes, TWA Punti Kayu and Bagus Kuning, Palembang, Indonesia. A structured
questionnaire was administered to 144 respondents and assessed five perception dimensions: Knowledge, Perceived Disruption
Impact, Interaction Intensity, Perceived Security Risk, and Expectation for a Solution. Perception indices were calculated, while
differences between locations were analyzed using the Mann—Whitney U test and relationships between perception variables
and ordinal sociodemographic characteristics (age and educational level) were examined using Spearman rank correlation,
whereas gender and occupation were analyzed using the Mann-Whitney U and Kruskal-Wallis H tests, respectively. Results
indicated positive perceptions, with all dimensions classified as high to high in both locations. Perceived Security Risk was
the only dimension differing significantly between locations (p = 0.050), whereas Knowledge, Perceived Disruption Impact,
Interaction Intensity, and Expectation for a Solution showed no significant differences (p > 0.05). Correlation analyses revealed
weak associations between sociodemographic characteristics and perception variables, suggesting demographic factors played
a limited role in shaping community responses. Instead, shared environmental experiences and interaction contexts appeared
to exert greater influence on public perceptions. This study contributes to human-wildlife coexistence literature by integrating
social and ecological perspectives. Findings demonstrate that coexistence outcomes are shaped by broader social-ecological
conditions associated with habitat fragmentation and human activity patterns. Results emphasize site-specific management,
including education, feeding regulation, waste management, community engagement, and urban biodiversity planning, to
support sustainable human—macaque coexistence.
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1. INTRODUCTION

Urban expansion is one of the most significant drivers of
ecological change in tropical regions, transforming natural
habitats into increasingly fragmented and human-dominated
landscapes. Changes in land use, rising human population
density, and intensified urban activities have increased an-
thropogenic pressure on urban biodiversity and altered eco-
logical processes across tropical ecosystems (Zhang et al.,
2025). Habitat fragmentation reduces landscape connec-
tivity, restricts wildlife movement, and compresses species

distribution ranges, thereby increasing spatial overlap be-
tween humans and wildlife. As a consequence, opportunities
for direct human-wildlife interactions become more frequent
in urban environments (Boakes et al., 2023). These pressures
are further exacerbated by the continued loss of tropical
forests, which reached approximately 191 million hectares
between 2001 and 2018, reducing the availability of natural
habitats and resources for many wildlife species (Ma et al.,
2023; Zou et al., 2025).

Among urban-adapted wildlife species, the long-tailed
macaque is notable for its high ecological flexibility and
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ability to exploit anthropogenic resources. habitat fragmen-
tation and declining natural food have prompted macaques
to expand their use of human-dominated areas, including res-
idential and tourist areas. These behavioral adjustments not
only increase the frequency of interactions between macaques
and local communities but may also alter activity patterns,
spatial movements, and resource-use strategies (Marty et al.,
2020; Thatcher et al., 2023). Such dynamics are increas-
ingly evident in rapidly urbanizing cities across Southeast
Asia, where expanding human settlements continue to over-
lap with wildlife habitats and intensify opportunities for
human—macaque encounters (Depret and Sueur, 2025; Lee
et al., 2024).

Increasing interactions between humans and long-tailed
macaques shape public perceptions of wildlife presence in
urban areas and influence the long-term prospects for co-
existence in shared landscapes (Puri et al., 2024). As spa-
tial overlap between humans and wildlife increases, human-
wildlife coexistence has emerged as a central conservation
paradigm that seeks to balance wildlife persistence with
human well-being in shared environments. Human-wildlife
coexistence is defined as a dynamic condition in which hu-
mans and wildlife continuously interact while maintaining
their respective capacities to persist over time (Carter et al.,
2020; Tampakis et al., 2023). Social tolerance plays a critical
role in this process because local communities influence con-
flict mitigation, conservation outcomes, and urban wildlife
management. Consequently, understanding community per-
ceptions is essential for developing strategies that support
sustainable coexistence in increasingly fragmented urban
environments.

Although human-macaque interactions in urban envi-
ronments have received increasing scientific attention, most
studies have focused on either ecological dimensions (e.g., be-
havioral adaptation and population ecology) or social dimen-
sions (e.g., public perceptions and human-wildlife conflict).
Comparative investigations across urban landscapes with
contrasting ecological functions and anthropogenic pressures
remain limited, particularly in rapidly urbanizing regions
of Southeast Asia where habitat fragmentation increasingly
forces humans and macaques to occupy shared spaces (De-
pret and Sueur, 2025; Lee et al., 2024). Consequently, the
influence of landscape context on human-macaque inter-
actions and community perceptions remains insufficiently
understood.

This study integrates social and ecological perspectives
within a comparative framework to address this knowledge
gap. Five perception dimensions: Knowledge, Perceived
Disruption Impact, Interaction Intensity, Perceived Security
Risk, and Expectation for a Solution were simultaneously
evaluated across two urban landscapes with contrasting
habitat characteristics and anthropogenic pressures. This
study provides novel insights into how landscape context
influences community perceptions and coexistence dynamics
between humans and long-tailed macaques in fragmented
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tropical urban environments. Comparisons between an ur-
ban conservation-tourism landscape (TWA Punti Kayu)
and a highly fragmented urban landscape dominated by
residential and religious activities (Bagus Kuning) further
clarify the role of landscape characteristics in shaping human-
primate coexistence. Conceptually, this study is grounded
in the human-wildlife coexistence framework, which views
coexistence as a dynamic social-ecological process shaped by
interactions among wildlife behavior, landscape conditions,
and human perceptions (Carter et al., 2020).

The objectives of this study are to evaluate community
perceptions of long-tailed macaques, compare perception
patterns between two urban landscapes, and examine the
relationships between sociodemographic characteristics and
perception dimensions associated with human-macaque in-
teractions. Integrating ecological and social dimensions,
this study is expected to contribute evidence-based manage-
ment strategies that support sustainable human-macaque
coexistence in fragmented urban environments.

2. EXPRIMENTAL SECTION

2.1 Study Area

This study was conducted in two locations in Palembang
City, South Sumatra, Indonesia: Taman Wisata Alam (TWA)
Punti Kayu and the Bagus Kuning area (Figure 1). These
sites were purposively selected to represent two contrasting
urban landscape types that differ in habitat characteris-
tics, spatial patterns, and levels of anthropogenic pressure.
Their contrasting social and ecological conditions provide
an opportunity to examine how urban landscape context
influences community perceptions of long-tailed macaques.

TWA Punti Kayu is an urban conservation area com-
prising community activity zones, recreational facilities,
and public-use spaces, dominated by pine forest vegeta-
tion. Tourism and recreational activities within the area
create frequent opportunities for human-macaque interac-
tions, particularly around heavily visited tourist attractions
and public facilities where long-tailed macaques are com-
monly encountered.

In contrast, Bagus Kuning represents a highly frag-
mented urban landscape, characterized by dense residential
areas and intensive religious activities centered on the Bagus
Kuning Cemetery. Daily community activities and pilgrim
visits create frequent opportunities for interactions between
people and long-tailed macaques across a variety of shared
urban spaces.

2.2 Methods

2.2.1 Research Design

This study employed a quantitative cross-sectional survey
design combined with descriptive, comparative, and cor-
relational analyses to evaluate community perceptions of
long-tailed macaques across two urban landscapes in Palem-
bang City. A cross-sectional approach was selected because
it enables the assessment of respondent characteristics and
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Figure 1. Study Locations: (a) TWA Punti Kayu and (b) the Bagus Kuning Area, Palembang City, South Sumatra

Province

community perceptions within a single observation period
without repeated measurements (Setia, 2016).

Descriptive analysis was used to characterize respondent
profiles, study site conditions, and community perceptions
of long-tailed macaques. A comparative analysis assessed
differences in community perceptions between TWA Punti
Kayu and Bagus Kuning, whereas a correlational analysis
examined relationships between respondents’ sociodemo-
graphic characteristics and perception variables. Commu-
nity perception was treated as the dependent variable and
operationalized into five constructs: Knowledge (X1), Per-
ceived Disruption Impact (X2), Interaction Intensity (X3),
Perceived Security Risk (X4), and Expectation for a Solution
(X5). Independent variables consisted of respondents’ so-
ciodemographic characteristics, including gender, age group,
educational level, and occupation. These variables were
analyzed to evaluate variation in community perceptions
across the two study locations.

2.2.2 Respondents and Sampling Procedures

Respondents were selected using purposive sampling based
on criteria aligned with the study objectives. Eligible partic-
ipants were individuals who had experienced direct interac-
tions with long-tailed macaques and had lived in the study
area for at least five years. These criteria were intended
to ensure sufficient familiarity with local human-macaque
interactions and the presence of long-tailed macaques within
the surrounding environment. Sample size was determined
using the Slovin formula with a 10% margin of error based
on the estimated population living around the study sites.
This level of precision was considered appropriate for an ex-
ploratory comparative study aimed at assessing community
perceptions while accommodating respondent heterogeneity
and field access constraints. The sample size was calculated
using Equation (1). The calculation yielded 69 respondents
from the TWA Punti Kayu area and 75 from Bagus Kuning.

N
n:m (1)
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where:
(n) = sample size
(N) = population size
(e) = margin of error (10%)
Data were collected through face-to-face interviews using
a structured questionnaire. To ensure consistent adminis-
tration of all questions, minimize variation in respondent
interpretation, and maintain a uniform understanding of
each questionnaire item, all interviews were conducted di-
rectly by the researcher. Respondent characteristics included
gender, age group, educational level, and occupation. As-
sociations between these sociodemographic variables and
community perceptions of long-tailed macaques were subse-
quently evaluated across the two study locations.

2.2.3 Questionnaire Validation

Prior to the main survey, a pilot test was conducted with 30
respondents who were not included in the final study sample
to evaluate the clarity, consistency, and comprehensibility
of each questionnaire item. This preliminary assessment
was intended to identify potential ambiguities and ensure
that the instrument could accurately measure community
perceptions before being administered in the main survey.

The questionnaire was designed to evaluate community
perceptions of interactions between humans and long-tailed
macaques as a socio-ecological phenomenon within urban
environments. The questionnaire consisted of 20 perception
items grouped into five constructs: Knowledge (X1), Per-
ceived Disruption Impact (X2), Interaction Intensity (X3),
Perceived Security Risk (X4), and Expectation for a Solu-
tion (X5). The questionnaire items used to measure each
perception construct are presented in Table 1.

Community perception was operationalized into five con-
structs: Knowledge (X1), Perceived Disruption Impact (X2),
Interaction Intensity (X3), Perceived Security Risk (X4),
and Expectation for a Solution (X5). These constructs were
developed to assess ecological knowledge, perceived impacts,
interaction experiences, risk perceptions, and community
support for the management of human-wildlife interactions.
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Table 1. Questionnaire Items Used to Assess Community Perceptions of Long-Tailed Macaques

I can recognize the unique characteristics that distinguish long-tailed

I know the natural habitat of long-tailed macaques.
Long-tailed macaques have diverse feeding habits.
Long-tailed macaques play an important ecological role in forest ecosys-

Long-tailed macaques frequently damage crops or vegetation.
The presence of long-tailed macaques negatively affects local livelihoods.
Long-tailed macaques make residents feel uncomfortable in their sur-

Long-tailed macaques disrupt daily community activities.

I frequently observe long-tailed macaques around my neighborhood.

I have experienced direct encounters or close contact with long-tailed
I am familiar with the behavior of long-tailed macaque groups in this
Human-macaque interactions have become increasingly frequent.

The presence of long-tailed macaques threatens public safety.

I feel unsafe when long-tailed macaques are present near residential

I am concerned that macaques may attack or injure people.
Economic losses caused by macaque activities are burdensome for local

A management plan is needed to address human—macaque interactions.
Long-tailed macaques should be managed using safe and humane ap-

Residents should receive information about macaque ecology and be-

Construct Code  Questionnaire Item
Knowledge X1.1
macaques from other primates.
X1.2
X1.3
X1.4
tems.
Perceived Disruption Impact X2.1
X2.2
X2.3
roundings.
X2.4
Interaction Intensity X3.1
X3.2
macaques.
X3.3
area.
X3.4
Perceived Security Risk X4.1
X4.2
areas.
X4.3
X4.4
communities.
Expectation for a Solution X5.1
X5.2
proaches.
X5.3
havior.
X5.4

Residents affected by macaque-related damage should receive appropri-

ate support

The constructs were adapted to represent practical dimen-
sions of community perception in urban human-macaque
interactions and were evaluated empirically through validity
and reliability testing.

Instrument validity was assessed using Pearson Product-
Moment analysis through Corrected Item—Total Correlation
(CITC) to evaluate the consistency of relationships among
items within each construct. An item was considered valid
when its correlation coefficient exceeded the critical r-table
value at a significance level of 0.05. Reliability was evaluated
using Cronbach’s Alpha coefficient, with values greater than
0.70 indicating acceptable internal consistency. The results
of the validity and reliability analyses for all constructs are
presented in Table 2.

All questionnaire items met the validity criteria, with
Corrected Item-Total Correlation values ranging from 0.426
to 0.897. In addition, all constructs demonstrated satisfac-
tory reliability, with Cronbach’s Alpha values ranging from
0.805 to 0.906. These results indicate that the instrument
was both valid and reliable for assessing community percep-
tions of human-macaque interactions in urban environments.

Responses were measured using a five-point Likert scale
ranging from strongly disagree (1) to strongly agree (5). The

© 2026 The Authors.

resulting scores were used in descriptive, comparative, and
correlational analyses to evaluate community perceptions
at both study sites. Social tolerance was inferred from
composite scores across all perception constructs, reflecting
the level of community acceptance of long-tailed macaques
in urban environments.

2.2.4 Data Collection

Data were collected through field observations and face-
to-face interviews using a structured questionnaire to as-
sess interaction patterns between humans and long-tailed
macaques and community perceptions at both study sites.
All observations and interviews were conducted directly by
the researcher using standardized recording forms to ensure
consistency in observation procedures, data recording, and
interpretation throughout the study period.

Field observations were conducted to document habi-
tat characteristics, anthropogenic activities, and patterns
of human-macaque interactions at both study sites. An-
thropogenic activities were classified into three categories:
tourism, domestic community, and religious. These included
tourist visits, use of public spaces, community mobility,
provisioning practices, residential activities, and visits to
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Table 2. Results of the Validity and Reliability Testing of the Research Instrument

Construct Variable Code Number of Items  Corrected Item—Total Correlation Range  Cronbach’s Alpha
Knowledge X1 4 0.743-0.807 0.895
Perceived Disruption Impact X2 4 0.426-0.897 0.842
Interaction Intensity X3 4 0.562-0.730 0.824
Perceived Security Risk X4 4 0.644-0.871 0.906
Expectation for a Solution X5 4 0.575-0.802 0.805

Note: All constructs met the validity criterion (Corrected Item—Total Correlation > 0.30) and the reliability criterion (Cronbach’s

Alpha > 0.70).

religious sites located near macaque habitats.

Observational data were categorized into three compo-
nents: environmental characteristics, human activities, and
human—macaque interactions. Interaction patterns were
classified according to interaction type, contact frequency,
and interaction intensity observed during the study period.
Recorded interactions included encounters in tourism ar-
eas, disturbances in residential neighborhoods, shared use
of public spaces, food-seeking behavior by macaques, and
community responses to macaque presence.

Observations were conducted during the morning and
afternoon periods, when human activity levels were relatively
high, to capture variation in human—-macaque interactions.
Observation periods and durations were standardized across
study sites and repeated throughout the study to improve
the reliability of observational data.

Individual face-to-face interviews were conducted using
a structured questionnaire to obtain information on commu-
nity perceptions of long-tailed macaques, including knowl-
edge, perceived impacts of disruption, interaction intensity,
perceived security risks, and expectations for management
solutions. Direct interviews were used to minimize response
bias and ensure a consistent understanding of questionnaire
items among respondents. Environmental and human activ-
ity data were initially analyzed separately and subsequently
integrated to evaluate relationships among habitat character-
istics, anthropogenic activities, human-macaque interaction
patterns, and community perceptions across the two study
locations.

2.2.5 Data Analysis

All statistical analyses were performed using IBM SPSS
Statistics version 26. Descriptive statistics were used to char-
acterize respondent profiles, patterns of human-macaque
interactions, and community perceptions at the two study
locations. Data are presented as frequencies, percentages,
means, standard deviations (SD), and 95% confidence inter-
vals (CI).

Community perceptions of long-tailed macaques were
assessed using a five-point Likert scale comprising five di-
mensions: Knowledge (X1), Perceived Disruption Impact
(X2), Interaction Intensity (X3), Perceived Security Risk
(X4), and Expectation for a Solution (X5). Responses were
scored from 1 to 5, where 1 = strongly disagree, 2 = disagree,

© 2026 The Authors.

3 = neutral, 4 = agree, and 5 = strongly agree. These scores
were subsequently used to calculate the total perception
score and perception index. The total perception score was
calculated using Equation (2).

Total Perception

n

Total Score = Z(fl X w;) (2)
i=1
Where :
fi = frequency of respondent responses in category i
w; = Likert score weight for category 4
n = number of categories on the Likert scale

The perception index was calculated using Equation (3).

Z?:l(fi X w;) (3)

Perception Index (%) =

N x Smaz
Where:
S (fi xw;) = total score of all responses
N = number of respondents
Smax = maximum score of the Likert scale

Perception index values were calculated as percentages of
the maximum attainable score and classified into five equal
intervals: very low (0-19.99%), low (20-39.99%), moderate
(40-59.99%), high (60-79.99%), and very high (80-100%).

Prior to inferential analysis, data normality was assessed
using the Shapiro-Wilk test at the 0.05 significance level.
The results indicated that perception data were not normally
distributed (p < 0.05). Consequently, non-parametric statis-
tical methods were applied throughout the analysis. Differ-
ences in community perceptions between TWA Punti Kayu
and Bagus Kuning were evaluated using the Mann—Whitney
U test, which is appropriate for comparing two independent
groups with ordinal and non-normally distributed data.

Spearman’s rank correlation was used to evaluate rela-
tionships between the ordinal sociodemographic variables
(age group and educational level) and perception variables.
Because gender and occupation are nominal variables, dif-
ferences in perception scores between male and female re-
spondents were analyzed using the Mann—Whitney U test,
whereas differences among occupation groups were analyzed
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using the Kruskal-Wallis H test. Perception variables con-
sisted of Knowledge (X1), Perceived Disruption Impact (X2),
Interaction Intensity (X3), Perceived Security Risk (X4),
and Expectation for a Solution (X5). All statistical tests
were performed at a significance level of o = 0.05 with a
95% confidence level.

2.2.6 Ethical Considerations

Prior to data collection, all participants were informed about
the objectives of the study, interview procedures, and the
voluntary nature of their participation. Informed consent
was obtained from all respondents before interviews were
conducted. Participants were informed of their right to
decline participation or withdraw from the study at any time
without consequence. All personal information was treated
confidentially and anonymized during data processing and
reporting. Data were used exclusively for research purposes
and stored securely to protect participant privacy.

3. RESULTS AND DISCUSSION

3.1 Demographic Characteristics

The demographic profiles of respondents at both study sites
were dominated by female participants, individuals of pro-
ductive age, and respondents with a Senior High School
educational background (Figure 2).

At TWA Punti Kayu, female respondents accounted for
69.60% of the sample, while males represented 30.40%. A
similar pattern was observed in Bagus Kuning, where females
constituted 74.70% of respondents and males accounted for
25.30%. The majority of respondents at both locations
belonged to the productive-age category. In TWA Punti
Kayu, 71.00% of respondents were between 25 and 44 years
old, whereas in Bagus Kuning this age group represented
62.70% of respondents. The proportion of older respondents
(>65 years) was relatively low, accounting for only 1.30%
of respondents in Bagus Kuning and absent from the TWA
Punti Kayu sample.

Regarding educational attainment, respondents at both
sites were predominantly Senior High School graduates, rep-
resenting 59.40% of respondents in TWA Punti Kayu and
64.00% in Bagus Kuning. Respondents with Bachelor’s de-
grees constituted 29.00% and 16.00% of the samples in TWA
Punti Kayu and Bagus Kuning, respectively. Meanwhile,
postgraduate education was limited, with only 2.90% of
respondents in TWA Punti Kayu holding a Master’s degree.
In Bagus Kuning, respondents with no formal education
represented only 2.70% of the sample.

Occupational characteristics differed between study sites.
In TWA Punti Kayu, respondents were predominantly em-
ployees working in government, military, police, or private
sectors (33.30%), followed by individuals categorized as hav-
ing other occupations (21.70%) and homemakers (15.90%).
In contrast, Bagus Kuning was strongly dominated by home-
makers, who accounted for 50.70% of respondents, followed
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by employees (24.00%) and laborers (12.00%). These find-
ings indicate that respondents in both study areas are pri-
marily engaged in occupations closely associated with resi-
dential environments and daily activities conducted within
or near local neighborhoods.

The predominance of productive-age respondents and
female participants suggests a high level of daily exposure to
long-tailed macaques within the urban landscape. Individu-
als in these demographic groups typically spend substantial
time in residential areas, neighborhood facilities, local mar-
kets, religious sites, and public open spaces where macaques
frequently occur. Consequently, opportunities for direct and
indirect interactions with macaques are likely to be greater
among these groups. This pattern reflects a substantial spa-
tial overlap between human activities and macaque ranging
habitats within fragmented urban environments. Similar
findings have been reported in urban wildlife studies, where
increasing urbanization and human activities intensify con-
tact between people and wildlife in shared landscapes (Ma
et al., 2024).

The dominance of homemakers in Bagus Kuning and
the substantial proportion of employees and homemakers
in TWA Punti Kayu may further contribute to frequent
observations of macaque activity. Respondents who spend
considerable time within residential settings are more likely
to encounter macaques during routine daily activities. Re-
peated exposure can facilitate social habituation, whereby
wildlife becomes perceived as a normal component of the
surrounding environment. Previous studies have shown that
repeated encounters with urban wildlife may increase toler-
ance and acceptance among local communities, particularly
when interactions occur regularly and do not result in severe
negative consequences (Carter et al., 2020; Karimullah et al.,
2022; Poornima et al., 2022).

However, increased familiarity does not necessarily elim-
inate socio-ecological challenges. Frequent encounters may
normalize behaviors such as intentional feeding, food provi-
sioning, and close-range interactions with macaques. Such
practices can increase wildlife dependence on anthropogenic
food resources, alter natural behavioral patterns, and ele-
vate the risk of human—wildlife conflict in urban settings
(Eckardt et al., 2021; Marty et al., 2020). Therefore, al-
though repeated exposure may promote coexistence, it may
simultaneously create conditions that encourage maladap-
tive interactions between humans and wildlife.

The demographic structure observed in this study high-
lights the importance of considering social characteristics
when developing urban wildlife management strategies. Pro-
ductive age individuals, women, homemakers, and residents
whose daily activities are concentrated within residential en-
vironments represent demographic groups with the greatest
potential for wildlife encounters. Consequently, these groups
should be prioritized in community-based conservation initia-
tives, environmental education programs, responsible waste
management campaigns, and public awareness activities de-
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Figure 2. Demographic Characteristics of Respondents in TWA Punti Kayu and the Bagus Kuning: (a) Gender, (b) Age,

(¢) Educational Level, and (d) Occupation

signed to support sustainable human—macaque coexistence
in urban landscapes.

3.2 Public Perceptions

Community perceptions of long-tailed macaques were gen-
erally positive at both study sites, with mean scores for
all perception variables falling within the high category
(Figure 3). Mean perception scores ranged from 3.79 to
4.32, indicating relatively high levels of acceptance despite
ongoing human—macaque interactions and perceived risks.
Comparison of mean values and their 95% confidence in-
tervals revealed variation between TWA Punti Kayu and
Bagus Kuning. Expectation for a Solution (X5) recorded
the highest mean score at both locations (4.32 in TWA
Punti Kayu and 4.25 in Bagus Kuning), whereas Knowledge
(X1) showed the lowest score, particularly in Bagus Kuning,.
However, it remained within the positive category. These
findings suggest that high levels of social acceptance are
not always accompanied by equally strong ecological knowl-
edge regarding macaque behavior, spatial ecology, and the
consequences of human—wildlife interactions.

Results of the Mann—Whitney U test showed that Per-
ceived Security Risk (X4) was the only perception variable
that reached statistical significance between locations (U
= 2134; p = 0.050), with higher scores recorded in TWA
Punti Kayu. n this study, statistical significance was defined
as p < 0.05; therefore, the observed p-value of 0.050 was
considered statistically significant and interpreted accord-
ingly. In contrast, Bagus Kuning exhibited slightly higher

© 2026 The Authors.
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Figure 3. Mean Scores (£95% Confidence Intervals) of the
Five Perception Dimensions Assessed in TWA Punti Kayu
and Bagus Kuning

Interaction Intensity (X3) values. This pattern suggests that
fragmented urban landscapes may facilitate more persistent
interactions between people and long-tailed macaques than
conservation-based tourism areas where spatial use is reg-
ulated through zoning systems (Ligue-Sabio et al., 2026;
Zhao et al., 2023). The higher interaction intensity observed
in Bagus Kuning is likely associated with the proximity
between residential areas, community activity spaces, and
macaque habitats, which increases opportunities for daily
encounters. In this study, Interaction Intensity (X3) reflects
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encounter frequency, interaction proximity, and community
responses to macaque presence within residential environ-
ments.

These findings suggest that frequent contact with wildlife
does not necessarily lead to negative perceptions. In envi-
ronments where wildlife is regularly encountered, repeated
exposure may promote social habituation and increase fa-
miliarity with wildlife. Under such conditions, long-tailed
macaques may become accepted as a routine component of
the urban environment. Similar patterns have been reported
in other urban wildlife studies, where tolerance remains rel-
atively high despite concerns related to safety or economic
impacts, particularly when communities have a long history
of coexistence with wildlife (Ferdin et al., 2025; Spaan et al.,
2020).

The higher interaction intensity observed in Bagus Kun-
ing further indicates close spatial proximity between human
activity areas and macaque habitats. Such conditions in-
crease the frequency of repeated encounters and strengthen
the degree of spatial overlap between humans and wildlife.
As a result, coexistence dynamics become increasingly de-
pendent on how both species utilize shared urban spaces
(Holzner et al., 2021; Zhang et al., 2026).

In addition to shaping public perceptions, frequent and
close-range interactions between humans and long-tailed
macaques may also increase the potential risk of zoonotic
disease transmission. Urban primates can serve as reservoirs
or carriers of various pathogens, including gastrointestinal
parasites, enteric bacteria, and viral agents that may be
transmitted through direct contact, shared environmental
resources, or exposure to contaminated surfaces (Balasubra-
maniam et al., 2021; Kaewchot et al., 2022). Although no
disease-related incidents were documented during this study,
the relatively high interaction intensity observed in both
study locations highlights the importance of considering
public health dimensions within human-macaque coexis-
tence frameworks. Similar concerns have been reported
in urban primate populations across South and Southeast
Asia, where increasing spatial overlap between humans and
macaques has raised concerns regarding pathogen transmis-
sion and wildlife-associated health risks (Fernando et al.,
2022; Patouillat et al., 2024). Consequently, coexistence
strategies should incorporate not only ecological and social
considerations but also preventive measures that reduce un-
necessary close contact between humans and wildlife while
maintaining opportunities for sustainable coexistence. Sim-
ilar public health concerns have also been documented in
urban macaque populations in Malaysia, India, and Sri
Lanka, where increasing human—primate contact has intensi-
fied opportunities for pathogen transmission in shared urban
environments (Balasubramaniam et al., 2022; Dian et al.,
2022; Patouillat et al., 2024).

Changes in interaction dynamics may also encourage
behavioral adaptation among local communities, including
increased caution when storing food, avoidance of direct
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physical contact, and modifications in feeding-related be-
haviors. Studies of urban primates in South and Southeast
Asia have documented similar patterns, demonstrating that
long-term exposure to wildlife can promote social adapta-
tion mechanisms that reduce the likelihood of daily con-
flicts (Caparrés-Vallcorba et al., 2026; Stevens et al., 2025).
These findings suggest that coexistence between humans
and macaques is shaped not only by ecological conditions
but also by the adaptive responses of local communities.

Relatively low Knowledge (X1) scores, particularly in
Bagus Kuning, indicate that community acceptance of ur-
ban wildlife is not always supported by a strong ecolog-
ical understanding of macaque behavior, urban adapta-
tion, or the consequences of human—wildlife interactions.
This situation may encourage behaviors such as provision-
ing, feeding interactions, and close-range encounters with
wildlife. In addition to increasing macaque dependence on
anthropogenic resources, these practices may alter natu-
ral behavioral patterns and contribute to future manage-
ment challenges. Therefore, strengthening ecological lit-
eracy should be considered an important component of
coexistence management strategies. Overall, the contrasting
characteristics of the two urban landscapes demonstrate
how spatial structure and anthropogenic pressures influence
community perceptions of urban wildlife. Increased spa-
tial overlap between people and macaques contributes to
more frequent interactions and more complex coexistence
dynamics within fragmented urban environments (Moesch
et al., 2024). In contrast, conservation-based tourism areas
such as TWA Punti Kayu benefit from zoning systems that
regulate land use, although concerns about wildlife-related
risks persist. These findings suggest that community per-
ceptions are shaped not only by interaction frequency but
also by previous experiences, familiarity with wildlife, and
the broader social-ecological context of each landscape (Ngo
et al., 2022).

From a management perspective, coexistence strategies
should be tailored to the social and ecological characteris-
tics of each study site. At TWA Punti Kayu, risk mitiga-
tion could be strengthened by improving safety communica-
tion, installing wildlife interaction signage, and monitoring
visitor provisioning activities. In Bagus Kuning, manage-
ment efforts should prioritize ecological education, regula-
tion of provisioning practices, improved waste management,
and greater awareness of safe human—wildlife interactions.
Community-based approaches involving residents, site man-
agers, and local government agencies are essential for pro-
moting adaptive and sustainable urban wildlife management
(Tampakis et al., 2023).

3.3 Public Perception Index and Coexistence Sta-
bility

Perception index analysis indicated that all perception di-

mensions were classified as high to very high at both study

locations. Table 3 presents the perception index values
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Table 3. Comparison of Public Perception Indices Regarding the Presence of Long-Tailed Macaques in TWA Punti Kayu

and Bagus Kuning

Variable TWA Punti Kayu (%) Category Bagus Kuning (%) Category p-value
Knowledge (X1) 73.91 High 69.67 High 0.335
Perceived Disruption Impact (X2) 76.09 High 76.00 High 0.497
Interaction Intensity (X3) 74.64 High 76.33 High 0.681
Perceived Security Risk (X4) 81.16 Very High 75.67 High 0.050%*
Expectation for a Solution (X5) 82.97 Very High 81.33 Very High  0.728

Note: *p < 0.05 indicates a statistically significant difference between study locations based on the Mann—Whitney U test.

and Mann—Whitney U test results for all perception di-
mensions assessed in TWA Punti Kayu and Bagus Kuning.
Mann—Whitney U test results further demonstrated that
Perceived Security Risk (X4) was the only dimension that
differed significantly between locations (p = 0.050), whereas
Knowledge (X1), Perceived Disruption Impact (X2), Inter-
action Intensity (X3), and Expectation for a Solution (X5)
showed no significant differences (p > 0.05). These findings
suggest that communities in both urban landscapes shared
broadly similar perceptions of long-tailed macaques despite
differences in habitat characteristics and anthropogenic pres-
sures.

The perception index findings reinforce previous results,
showing that communities at both study locations exhibit
relatively high acceptance of long-tailed macaques. The high
scores recorded for Expectation for a Solution (X5) suggest
that residents not only accept the presence of macaques but
also strongly support efforts to improve the management of
human—macaque interactions. This pattern indicates sub-
stantial public support for coexistence-based management
approaches. Social acceptance is widely recognized as a key
determinant of the success of conservation policies, conflict
mitigation measures, and wildlife management programs in
human-dominated landscapes (Carter et al., 2020; Tampakis
et al., 2023).

In contrast, the relatively lower Knowledge (X1) scores
observed in Bagus Kuning suggest that public acceptance is
not always accompanied by adequate ecological understand-
ing of macaque behavior and human-wildlife interactions.
These findings indicate that coexistence stability is sup-
ported not only by social tolerance but also by the level of
ecological knowledge that enables more adaptive responses to
wildlife presence. Previous studies have shown that increased
ecological literacy contributes to more realistic perceptions
of wildlife and supports long-term coexistence strategies
(Poornima et al., 2022; Thatcher and Downs, 2021).

Overall, the consistently high perception index values
across all variables suggest that coexistence between people
and long-tailed macaques remains relatively stable at both
study locations. High levels of social tolerance, combined
with strong support for management interventions, indicate
that macaques are generally accepted as part of the urban
landscape. However, this stability should not be consid-
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ered static. Changes in anthropogenic pressure, habitat
conditions, or the frequency of negative interactions may
alter community perceptions over time (Carter et al., 2020;
Moesch et al., 2024).

Although coexistence conditions appeared relatively sta-
ble at both locations, the social and ecological mechanisms
underlying this stability differed between sites. In TWA
Punti Kayu, coexistence stability is likely supported by the
presence of a conservation area, a zoning system, and rela-
tively controlled tourism activities. In contrast, stability in
Bagus Kuning appears to be driven primarily by long-term
social adaptation resulting from frequent interactions be-
tween residents and macaques in daily life. These findings
suggest that coexistence stability does not emerge from a
single universal mechanism but is shaped by the specific
landscape characteristics and interaction patterns experi-
enced by local communities (Ngo et al., 2022; Spaan et al.,
2020).

3.4 Relationship Between Demographic Character-
istics and Public Perceptions

Spearman rank correlation analysis was performed to exam-
ine the relationships between the ordinal sociodemographic
variables (age and educational level) and public perception
variables (Table 4). Overall, most correlations were weak,
although several statistically significant relationships were
identified in TWA Punti Kayu. Age was positively associ-
ated with Perceived Disruption Impact (X2) (p = 0.28; p <
0.05) and Interaction Intensity (X3) (p = 0.32; p < 0.05),
indicating that older respondents tended to report greater
perceived disturbance and more frequent interactions with
long-tailed macaques than younger respondents. These find-
ings suggest that accumulated life experience and prolonged
exposure to local environmental conditions may influence
how individuals perceive human—macaque interactions. Nev-
ertheless, because the correlation coefficients were relatively
weak, these associations should be interpreted as general
tendencies rather than evidence of direct causal relationships
(Hansen et al., 2025).

Educational level was positively associated with Inter-
action Intensity (X3) (p = 0.29; p < 0.05) and negatively
associated with Expectation for a Solution (X5) (p = -0.26;
p < 0.05) (Table 4). These findings suggest that respon-
dents with different educational backgrounds may perceive
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Table 4. Spearman Correlations Between Ordinal Sociodemographic Characteristics and Public Perception Variables

Regarding Long-Tailed Macaques

Demographic Variables X1 X2 X3 X4 X5
TWA Punti Kayu (n = 69)

Age 0.12 0.28% 0.32* -0.10 -0.22
Education 0.00 0.05 0.29* -0.06 -0.26*
Bagus Kuning (n = 75)

Age -0.04 0.00 0.19 0.10 0.22
Education 0.10 0.00 -0.11 -0.13 -0.14

Note: X1 = Knowledge; X2 = Perceived Disruption Impact; X3 = Interaction Intensity; X4 = Perceived Security Risk; X5 =
Expectation for a Solution. Values represent Spearman’s rank correlation coefficients (p) between the ordinal sociodemographic

variables (age and educational level) and the five perception dimensions;

human—macaque interactions differently. Individuals with
higher educational attainment may evaluate wildlife interac-
tions from broader ecological and management perspectives
(Karimullah et al., 2022). However, the relatively weak corre-
lation coefficients indicate that educational level accounted
for only a small proportion of the variation in community
perceptions. In contrast, no significant relationships between
age, educational level, and any perception variable were de-
tected in Bagus Kuning, indicating relatively homogeneous
perceptions across ordinal demographic groups.

Because gender and occupation are nominal variables,
they were analyzed separately using nonparametric statis-
tical tests appropriate for categorical data. Gender was
evaluated using the Mann—-Whitney U test, whereas occu-
pation was analyzed using the Kruskal-Wallis H test. The
Mann—Whitney U test revealed no statistically significant
differences between male and female respondents for any
perception dimension in either TWA Punti Kayu or Bagus
Kuning (Table 5).

These findings indicate that male and female respondents
shared similar perceptions regarding knowledge, perceived
disruption, interaction intensity, perceived security risk, and
expectations for management solutions. This finding sug-
gests that gender did not substantially influence community
perceptions, possibly because both male and female respon-
dents experienced similar levels of exposure to long-tailed
macaques within the study areas. The Kruskal-Wallis H
test likewise revealed no statistically significant differences
among respondents from different occupation groups for any
perception dimension in either study area (Table 6).

These findings suggest that occupational background
had little influence on community perceptions of long-tailed
macaques. Respondents from different occupational groups
appeared to experience broadly similar human—macaque
interactions, suggesting that shared environmental expo-
sure may have played a greater role in shaping community
perceptions than occupational differences.

Overall, the results indicate that sociodemographic char-
acteristics explained only a limited proportion of variation
in community perceptions toward long-tailed macaques. Sig-
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* indicates a statistically significant relationship at p < 0.05.

nificant relationships were detected only for age and edu-
cational level in TWA Punti Kayu, whereas no significant
differences were identified for gender or occupation in either
study area. These findings suggest that sociodemographic
characteristics contributed only modestly to variation in
public perception and should therefore be interpreted as
general social tendencies rather than strong predictors of
human-macaque coexistence. Instead, landscape character-
istics, habitat conditions, and repeated direct encounters
with long-tailed macaques are likely to exert a greater in-
fluence on community perceptions. Although this study
focused primarily on community perceptions, ecological con-
text was considered when interpreting the findings. Differ-
ences in habitat characteristics, landscape fragmentation,
anthropogenic activities, and patterns of human—macaque
interactions may all contribute to variation in community
responses. Collectively, thesse findings reinforce the view
that coexistence in urban landscapes is shaped more strongly
by shared social-ecological conditions than by individual
sociodemographic attributes (Carter et al., 2020; Ngo et al.,
2022).

Several limitations should be considered when interpret-
ing these findings. This study focused primarily on com-
munity perceptions and relied on field observations to con-
textualize human—macaque interactions. Quantitative data
on macaque behavior, habitat quality, and other ecological
indicators were not included in the analysis. In addition,
although the nonparametric statistical methods used in this
study were appropriate for the dataset’s characteristics, they
do not allow simultaneous evaluation of multiple social and
environmental factors influencing community perceptions.
Future studies should integrate behavioral and ecological
data, habitat assessments, spatial landscape analyses, and
multivariate statistical approaches to provide a more com-
prehensive understanding of the mechanisms underlying
human—primate coexistence in urban landscapes.

3.5 Management Implications for Urban Human-
Macaque Coexistence

The findings of this study highlight the importance of de-

veloping site-specific coexistence strategies that account
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Table 5. Mann-Whitney U Test Comparing Public Perception Scores Between Male and Female Respondents Regarding

Long-Tailed Macaques

Location Statistic X1 X2 X3 X4 X5

TWA Punti Kayu (n =69) U 576.00 431.00 594.00 440.00 511.50
p-value 0.30 0.31 0.22 0.36 0.92

Bagus Kuning (n = 75) U 637.00 619.00 575.00 526.50 567.00
p-value 0.17 0.23 0.57 0.95 0.64

Notes: X1 = Knowledge; X2 = Perceived Disruption Impact; X3 = Interaction Intensity; X4 = Perceived Security Risk; X5 =
Expectation for a Solution. Mann—Whitney U test was used to compare perception scores between male and female respondents. No
statistically significant differences were found between male and female respondents for any perception variable at either study site

(p > 0.05).

Table 6. Kruskal-Wallis H Test Comparing Public Perception Scores Among Occupation Groups Regarding Long-Tailed

Macaques

Location Statistic X1 X2 X3 X4 X5

TWA Punti Kayu (n =69) H 295 6.06 4.81 257 10.53
df 6 6 6 6 6
p-value  0.82 042 0.57 0.86 0.10

Bagus Kuning (n = 75) H 6.05 4.67 422 187 3.49
df 5 5 5 5 5
p-value  0.30 046 0.52 0.87 0.62

Notes: X1 = Knowledge; X2 = Perceived Disruption Impact; X3 = Interaction Intensity; X4 = Perceived Security Risk; X5 =
Expectation for a Solution. Kruskal-Wallis H test was used to compare perception scores among occupation groups. Degrees of
freedom (df) equal the number of occupation categories minus one. No statistically significant differences were found among
occupation groups for any perception variable at either study site (p> 0.05).

for differences in landscape characteristics, anthropogenic
pressures, and interaction patterns between humans and
long-tailed macaques. Although communities at both study
locations generally exhibited high levels of acceptance toward
macaques, the persistence of frequent interactions and con-
cerns regarding safety risks indicate the need for proactive
management interventions. Similar challenges have been
documented in urban primate systems across South and
Southeast Asia, where habitat fragmentation, urban expan-
sion, and increasing dependence on anthropogenic resources
have intensified opportunities for human—primate encoun-
ters and conflict (Depret and Sueur, 2025; Radhakrishna
et al., 2025).

In TWA Punti Kayu, management efforts should focus on
reducing human behaviors that encourage macaque habitua-
tion to anthropogenic resources. Visitor education programes,
interpretive signage, and stricter enforcement of feeding pro-
hibitions are particularly important because tourism-related
provisioning has been widely recognized as a major driver
of behavioral modification in urban macaque populations.
Studies in Thailand and Malaysia have shown that repeated
visitor feeding can increase macaque dependence on human-
derived food resources, alter natural activity patterns, and
elevate the probability of aggressive interactions and conflict
with humans (Entezami et al., 2024; Zhao et al., 2023). Reg-
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ular monitoring of visitor activities and macaque behavioral
responses should therefore be incorporated into conservation-
based tourism management to maintain ecological integrity
while minimizing conflict potential.

In contrast, management priorities in Bagus Kuning
should emphasize community-based coexistence strategies.
Frequent daily encounters between residents and macaques
indicate the need for improved household waste manage-
ment, reduction of anthropogenic food availability, and in-
creased public awareness regarding safe wildlife interactions.
Similar approaches have been recommended in urban pri-
mate landscapes in India and Sri Lanka, where residen-
tial areas adjacent to primate habitats experience persis-
tent human—primate interactions driven by food availability,
habitat encroachment, and long-term coexistence dynamics
(Jayarathne et al., 2025; Radhakrishna et al., 2025). Com-
munity participation is particularly important because local
residents directly influence the availability of anthropogenic
resources and shape long-term coexistence outcomes. Edu-
cational programs should therefore focus not only on conflict
prevention but also on improving ecological understanding
of macaque behavior and the consequences of provisioning
practices.

At the municipal level, human-macaque coexistence
should be integrated into broader urban biodiversity plan-
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ning and environmental governance frameworks. Estab-
lishing wildlife incident reporting systems, strengthening
coordination among conservation agencies and local govern-
ments, and enhancing habitat connectivity through urban
green infrastructure may contribute to more adaptive co-
existence management. Experiences from Thailand, India,
and Sri Lanka indicate that long-term coexistence is more
likely to be achieved when wildlife management is incor-
porated into urban planning processes rather than imple-
mented solely through reactive conflict mitigation measures
(Depret and Sueur, 2025; Radhakrishna et al., 2025). By
combining ecological management, community engagement,
and evidence-based policy interventions, local authorities
can reduce conflict potential while maintaining opportuni-
ties for biodiversity conservation within fragmented urban
landscapes.

4. CONCLUSIONS

This study demonstrated that communities in both TWA
Punti Kayu and Bagus Kuning generally exhibited high
levels of acceptance toward long-tailed macaques despite
differences in urban landscape characteristics and anthro-
pogenic pressures. Perceived Security Risk was the only
perception dimension that differed significantly between lo-
cations, whereas Knowledge, Perceived Disruption Impact,
Interaction Intensity, and Expectation for a Solution showed
similar patterns. Sociodemographic characteristics were
only weakly associated with perception variables, suggesting
that local interaction experiences and environmental con-
text play a greater role in shaping community responses.
This study contributes to the human-wildlife coexistence
literature by providing comparative evidence from two frag-
mented urban landscapes with contrasting ecological and
social conditions. The findings emphasize the importance
of incorporating social perceptions into urban wildlife man-
agement and demonstrate that coexistence outcomes are
influenced by local landscape context. From a management
perspective, coexistence strategies should be adapted to
site-specific conditions through education programs, regula-
tion of wildlife feeding, improved waste management, and
community engagement. Future research should integrate
ecological, behavioral, and spatial analyses with long-term
monitoring to better understand the mechanisms that sup-
port sustainable human-macaque coexistence in fragmented
urban environments.
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