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Abstract Understanding how nonhuman primates adjust their behavior in human-dominated environments is essential for
effective urban wildlife management. This study examined the daily activity budgets of urban rhesus macaques in the
Pashupatinath Temple area of Kathmandu, Nepal, comparing groups exposed to high (HAP) and low anthropogenic pressure
(LAP). Behavioral data were collected using focal animal sampling and scan sampling methods. Resting/sitting and
allogrooming were the most frequently observed activities of the macaques in both study blocks. However, feeding/foraging
differed significantly between the blocks, occurring more frequently in HAP than in LAP. Sex-based differences in behavior
were noted between the groups for resting, grooming, movement, and aggression, but not for feeding. Notably, the
increased presence of visitors was negatively associated with grooming behavior, particularly among females (Mann—
Whitney U = 12464, p < 0.05). An increased number of visitors around the focal subjects in HAP was associated with a
decrease in grooming behavior (p =-0.2, p <0.01), which may reflect the combined influence of food provisioning and visitor
disturbance (e.g. teasing, threatening behavior) observed at the site. Reduced grooming in areas with high human activity
can weaken social bonds, heighten stress, and undermine group cohesion, reducing macaques’ social stability and resilience.
These findings highlighted nonhuman primate behavior in human-dominated environment, emphasizing the need for
effective urban management strategies.
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1. Introduction

Urbanization and human disturbance have visibly altered the natural habitats of flora and fauna (Lowry et al., 2013;
Thatcher et al., 2019; Maharjan et al., 2025). This anthropogenic impact on the environment poses numerous challenges for
wildlife, including the loss of habitat and food availability. In response to these survival challenges, certain species have
undergone behavioral adjustments to their surroundings, resulting in modified behavioral time budgets (Lowry et al., 2013;
Kaburu et al., 2019; Thatcher et al., 2019). This behavioral flexibility is closely linked to advanced cognitive abilities, a trait
particularly prominent in primates (Dunbar & Shultz, 2007). Over the past two decades, several studies have explored the
adaptability of primates to human-altered environments and the related human—primate interactions (McLennan et al., 2017;
Sengupta et al., 2025). For example, bonnet macaques (Macaca radiata) in human areas prefer foraging on human food and
show social changes such as single-male groups (Sinha et al., 2005; Balasubramaniam et al., 2020). Barbary macaques (M.
sylvanus) modify their behavior to find food and avoid predators like shepherd dogs (Waterman et al., 2019). Rhesus macaques
(M. mulatta) are highly adaptable, thriving in urban parks and temples across South Asia (Ogawa et al., 2024). Studying these
adaptations helps us understand their responses to human presence.

Affiliative behaviors, such as social grooming, play a crucial roles in the health and fitness of primates including
elimination of ectoparasites, improved thermoregulation (Akinyi et al., 2013; Solanki et al., 2020), strengthening social bonds,
augmenting mating prospects, offering support during conflicts, reinforcing overall group dynamics (Lehmann et al., 2007;
Balasubramaniam et al., 2018) and mitigating stress (Jaman & Huffman, 2013). Social grooming, involving visual inspection,
exploration, and manipulation of a partner's skin or hair using one’s hands which stands out as the most prevalent form of
social affiliation among primates, accounts for up to 20% of primates’ daily time allocation (Jaman & Huffman, 2013; Kaburu
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etal., 2019; Solanki et al., 2020). Variations in grooming behavior among primates are influenced by factors such as an animal's
social rank, proximity to others, level of disturbance, and climatic conditions such as temperature and humidity (Kaburu et al.,
2019; Marty et al., 2019; Li et al., 2020; Caselli et al., 2021).

The balance between resting and foraging in primates is influenced by factors such as body mass discrepancies between
adults and immature individuals (Jaman & Huffman, 2013). Distinct responses are observed among different age—sex classes,
particularly concerning the exploitation of novel or limited food resources (Jaman & Huffman, 2013). Moreover, primate
behavior and ecology exhibit adaptive variability in the context of food augmentation and are contingent on their utilization of
anthropogenic food sources (Sha & Hanya 2013). Primate activity budgets are also subject to fluctuations based on seasonal
variations, including temperature changes, rainfall patterns, fruiting seasons, and plant growth dynamics, relative to specific
habitat types (Zhou et al., 2022). Additionally, the close proximity between humans and primates raises significant concerns,
including the risks of pathogen transmission and potential retaliatory killing (Riley & Wade, 2016; Schurer et al., 2019). This
dynamic can also lead to group instability and potentially impact the socialization of primates (Kaburu et al., 2019).

Human-altered landscapes create new pressures on primate behavior by increasing interactions and conflicts due to
habitat loss (Air, 2015; Beisner et al., 2015; Kyes et al., 2018). Despite this, humans and nonhuman primates often share spaces,
leading to varying degrees of interaction, from neutral to aggressive (Radhakrishna & Sinha, 2011; Sengupta et al., 2015).
Human food provisioning can also cause physiological changes, increase stress, and lead to increased aggression within and
between primate groups (Sugiyama, 2015; Yang et al., 2016). While research on primates’ behavioral adaptations is growing,
the effects of human presence on social behaviors such as grooming are less studied (Balasubramaniam et al., 2020). This study
assessed the activity budgets and social behavior of temple rhesus macaques under different levels of anthropogenic pressure.
Explicit comparison of high vs low visitor areas within one temple complex; integration of visitor counts with sex-specific activity
budgets, serving as an extension of previous research. Furthermore, the study hypothesized that grooming decreases with
visitor density, especially among females; feeding/foraging increases with increasing anthropogenic pressure (indexed by
visitor density and food provisioning); and males show greater aggression and movement than females. The results provide
insights into the different ways in which primates adapt to potential disturbances, which can inform their management and
conservation efforts.

2. Materials and Methods
2.1. Study area: Pashupatinath Temple area

This study was conducted at Pashupatinath Temple (precisely located between 27°42'33" and 27°42'34" in northern
latitude 85°20'43" to 85°21'02" in eastern longitude with elevations ranging from 1312—-1344 m), which is one of the oldest
Hindu temples in the Kathmandu Valley and a UNESCO World Heritage Site (since 1979). In the Kathmandu Valley, the average
monsoon season (June—September) contributes the most rainfall, accounting for 78.79% (1333.25 mm) of the annual total,
whereas the winter season (December—February) contributes 3.06% (51.84 mm), representing the total rainfall. The
premonsoon period (March—May) contributes 13.53% (229.0 mm), and the postmonsoon period (October—November)
contributes 4.62% (78.11 mm) (Bhattrai et al., 2025). The average annual mean temperature was 19.68°C as of 2017 (Thapa et
al., 2021). The Pashupatinath area lies at the bank of the sacred Bagmati River and includes 518 temples and monuments
(Wijesuriya & Forbes, 2021), forest patches and residential areas. In addition to several resident groups of rhesus macaques,
the area supports spotted deer (Axis axis), barking deer (Muntiacus vaginalis), stray dogs (Canis lupus familiaris), cattle, and a
variety of birds. Among all these species, the rhesus macaques are the major tourist attraction of this site. They are dispersed
throughout the temple area and are sometimes considered to be nuisances to visitors.

2.2. Ethical considerations and permits

All research procedures involving rhesus macaques were conducted in accordance with established ethical guidelines
for the study of nonhuman primates and complied with local and institutional regulations. Prior to data collection, necessary
research permits were obtained from the Department of Forest and Soil Conservation, the Government of Nepal (Permission
No- 262/080/081) and the Pashupati Area Development Trust. The observations were strictly noninvasive and involved only
behavioral monitoring without any physical contact, capture, or manipulation of the animals. Researchers maintain a safe and
respectful distance to minimize disturbance and avoid provisioning or interfering with macaques’ natural activities. The study
adhered to the ethical principles outlined by the International Primatological Society (IPS) Code of Best Practices for Field
Primatology, ensuring the welfare of the animals and the integrity of the research.

2.3. Study blocks

Three primary groups of rhesus macaques are widely distributed across the temple area (Ogawa et al., 2024). The forest
area consists of three main types of forest: Schima-Pyrus, Moist (Myrsine-Persea), and Mixed (Quercus-Myrsine) (Shrestha &
Devkota, 2013). During preliminary field visits from 1-15 January 2021, the number of macaque groups and their home ranges
were identified. The study site was then divided into two study blocks on the basis of the intensity of anthropogenic pressure
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(i.e., visitor-macaque interaction/hour): 1) low anthropogenic pressure (LAP) and 2) high anthropogenic pressure (HAP) (see
Table 1 for defining features of the study blocks), and Figure 1 for locations). The two blocks were separated by a segment of
the Bagmati River passing through the middle of the study area. There was a bridge that connects both study blocks. Two
groups of macaques, one from each block, were selected for behavioral sampling. The LAP group (G1) was found around the
office of the Pashupati Area Development Trust and the main Pashupatinath Temple area, an area characterized by low
anthropogenic pressure. The HAP group (G2) included the areas of the Mrigasthali, Biswaroop Forest and Guheswori Temple
where interactions with visitors were frequent. Throughout our field observation period, the two study groups were found to
have ranged within their respective blocks.

Table 1 Study blocks, level of disturbance, and study groups.

Block Disturbance Study Level of anthropogenic pressure Number of visitor-
code intensity group ID macaque
interactions/hour
LAP Low G1, The block experienced lower anthropogenic pressure and the 33.27
anthropogenic 45 likelihood of interactions between visitors and macaques was less.
pressure individuals  The presence of physical barriers (i.e., walls and fences) within the

enclosed park prevented visitor access while also offering hiding
spots for the monkeys.

HAP High G2, The block experienced high anthropogenic pressure during 48.31
anthropogenic 57 periods of high visitor influx, leading to frequent and direct
pressure individuals interactions between visitors and macaques.
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Figure 1 Map of the study area showing the two study blocks (LAP and HAP) where the behavioral observations were conducted.
2.4. Selection of focal animals

Group-G1 from the LAP block was composed of 45 individuals including 10 adult males, 16 adult females and 19 juveniles
and infants with a sex ratio = 1:1.6. Six individuals (three adult males and three adult females) were selected and identified
based on their natural marks, scars and facial features for behavioral sampling. Group G2, from the HAP block, was composed
of 57 individuals, including 15 adult males, 22 adult females and 20 juveniles and infants, with a sex ratio = 1:1.47. Six
individuals (three males and three females) were also selected from this group for behavioral sampling. In the event that a
selected focal individual disappeared and was not detected for three consecutive days, another individual of the same sex and
age was selected to replace the missing individual, and the observed individuals were replaced with individuals following the
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same behavior protocol. Throughout the sampling period, focal individuals were selected randomly via a lucky-drawing method
with name cards. Macaques were categorized into age classes on the basis of body size, observable sexual characteristics, and
estimated age.

2.5. Behavioral data collection

Behavioral observations were conducted four days per week from 17 January to 16 September 2021. Observations were
conducted in two shifts: morning (7:00 AM—12:00 PM) and afternoon (12:00 PM—5:00 PM) for both groups. A total of 170 hours
(85 hours from LAP and 85 hours from HAP) of data were collected throughout the study period. Behavioral observations were
conducted via the focal animal sampling method (20 minutes per focal) in combination with scan sampling at two-minute
intervals (Altmann, 1974). During each scan, behavioral states and the number of visitors with visitor-monkey interactions
(feeding/teasing/touching) within a 10 m radius of the focal individual were recorded, and the hourly rates of visitor-monkey
interactions were subsequently calculated. The behaviors recorded are summarized in the ethogram in Table 2. Instances
where the focal animal moved out of sight resulted in a temporary pause in data collection until the animal became visible
again (Balasubramaniam et al., 2020). If the animal did not become visible again that day, the individual’s data for that session
were discarded from analysis. Under conditions of HAP, 146 behavioral bouts were recorded for females, and 154 were
recorded for males. Similarly, for the LAP condition, 149 bouts were recorded for females, and 152 bouts were recorded for
males.

Table 2 Ethograms of behaviors recorded during the observational period.

Behavior Description
Moving Traveling some distance by the macaque in response to any factors such as dogs, humans, and other
members or group of macaques

Feeding/foraging Animals either consuming or searching for natural food or anthropogenic food whether by sitting or moving
also include begging and waiting for tourists to get provision food.

Allogrooming/Social It is the act of cleaning or manipulating the hair, by another member or to the other member of the

grooming observation group.

Sitting/resting Laying down, looking around and sitting without any actions, sleeping, sleeping in sitting position.

Aggression Fighting with same group or different group either male or female: with at least one of the following: facial

expressions (Open mouth bared-teeth threat, lip smack, eyebrow lifting), bite, fight, scream, chase, vocal
threat
Source: The major behavioral categories were taken from Dancer and Burn (2019) and amended on the basis of direct observations in the field.

2.6. Data analysis

The behavioral data collected from the two groups (G1 from the LAP and G2 from the HAP) were organized for an initial
examination to assess assumptions related to a normal distribution and equal variance. Normality was assessed via the Shapiro
test (Royston, 1982), whereas the equality of variances was analyzed via Bartlett's test (Bartlett, 1937). Since the data did not
meet the criteria for a normal distribution, nonparametric Mann—Whitney tests (Bauer, 1972) were used.

We used generalized linear mixed-effects model (GLMM) to test for differences in time allocation among the five
behavioral categories (e.g., aggression vs movement vs feeding/foraging vs resting/sitting vs allogrooming), pooling data across
both study blocks. The time spent per bout in each behavior category was considered a response variable, whereas behavior
categories were considered fixed effects and individual IDs were included as random effect. Additionally, post-hoc pairwise
comparisons using Tukey adjustment revealed significant differences in duration among behavioral categories. Assumptions
were checked using residual vs fitted plot. Residual plots showed no evidence of model misfit. GLMM was performed using
“Ime4” package and post-hoc pairwise comparisons were conducted using “emmeans” package (Bates et al., 2015, Length,
2025) in R (R Core Team, 2025).

Mann-Whitney tests were performed to identify potentially significant differences in behaviors exhibited by the
macaques between the study blocks and by sex. Specifically, the grooming behavior exhibited by male and female macaques
in both study blocks was analyzed separately. This analysis aimed to identify whether significant differences existed between
females and males within and between the HAP and LAP study groups in terms of grooming behavior. Since the analyses
involved nonparametric tests, the results are presented as the median + median absolute deviation (MAD). Spearman rank
correlation coefficient tests were performed to determine the degree of association between grooming and feeding/foraging
behavior and the number of visitors within the 10 m radius of the focal subject (p and p values are reported). All the analyses
were performed via R 4.5.0 (R Core Team, 2025). To create plots “ggplot2” package was used (Wickham, 2016). Data
summarization and descriptive statistics (median + MAD) were performed via the “dplyr” package (Wickham et al., 2025).

3. Results
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3.1. Diurnal activity budget of rhesus macaques in the Pashupatinath Temple area

The overall combined activity budget of the temple rhesus macaques (both G1 and G2) revealed that resting/sitting
accounted for the majority of their behavioral repertoire (40.98%). Grooming was next, making up 24.81% of their time budget,
followed by moving (17.47%), feeding (15.87%) and engaging in aggression (0.87%) (Table S1 and Table S2 in supplementary
material). The results of a generalized linear mixed effect model indicated a significant difference in the overall combined
behaviors exhibited by the macaques between the two study blocks (p < 0.001) (Figure 2). Aggression as the reference category
(mean duration = 1.36 + 0.58 SE), all other behaviors exhibited significantly longer durations. Feeding/foraging lasted on
average 3.73 units longer than aggression (p < 0.001), grooming 5.40 units longer (p < 0.001), moving 2.82 units longer (p <
0.001), and resting/sitting 7.43 units longer (p < 0.001). Resting/sitting showed the greatest duration among all behavioral
categories. Subsequent via post-hoc pairwise comparisons using Tukey adjustment revealed significant differences in duration
among behavioral categories. Only a pair of behaviors (moving and feeding/foraging) did not differ significantly (p adjusted >
0.05), whereas other pairs of behaviors differed significantly from each other (p adjusted < 0.001, Table S3 and Table S4 in
supplementary material) (Figure 2).
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Figure 2 Overall combined activity budget of the rhesus macaques (groups G1 from LAP and G2 from HAP) in the Pashupatinath Temple
area. ¥** represents significant differences between the behaviors. The bold horizontal lines within the boxes refer to the median and the
vertical lines extending from the boxes represent the range of distribution within 50% of the IQR from the median. Grooming refers to
allogrooming.

3.2. Activity budget in response to anthropogenic pressure

The macaques from G2 at HAP engaged in significantly more feeding/foraging behavior (median + MAD = 4.26 + 3.04
minutes, p < 0.001) than those from G1 at LAP (median £+ MAD = 2.88 + 2.16 minutes, p < 0.001) (Figure 3). Furthermore,
macaques at high anthropogenic pressure (HAP) sites spent less time grooming and engaging in aggression than did those at
low anthropogenic pressure (LAP) sites did, although these differences were not statistically significant (grooming: HAP median
+ MAD = 5.08 * 3.86 min; LAP = 5.46 * 4.17 min; aggression: HAP = 0.65 * 0.53 min; LAP = 0.87 * 0.85 min). In contrast, the
time spent moving and resting/sitting was slightly greater at the HAP sites, but these differences were also not significant
(moving: HAP = 3.80 + 2.00 min; LAP = 3.52 + 2.38 min; resting/sitting: HAP = 8.68 + 3.95 min; LAP = 8.18 + 4.47 min).
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Figure 3 Activity budgets of rhesus macaques under different levels of anthropogenic pressure. *** represents significant differences of
according to the Mann—-Whitney test. The bold horizontal lines within the boxes refer to the median and the vertical lines extending from
the boxes represent the range of distribution within 50% of the IQR from the median. Grooming refers to allogrooming.

Sex-based differences were observed in the activity budgets of the rhesus macaques (Figure 4). Males engaged in
significantly more aggressive behavior (median + MAD = 1.19 + 0.99 minutes, p < 0.001) than females did (median + MAD =
0.33 £ 0.3 minutes, p <0.001) in each average observation bout of 20 minutes. Movement was also significantly greater among
males (median £+ MAD = 4.20 + 2.08 minutes, p < 0.001) than females (median £+ MAD = 3.16 + 2.12 minutes, p < 0.001).
Additionally, resting/sitting behavior was significantly more prevalent in males (median + MAD = 9.89 * 3.93 minutes) than in
females (median £ MAD = 6.01 + 3.88 minutes, p < 0.001). Conversely, grooming behavior was significantly greater in females
(median + MAD = 7.21 + 4.85 minutes, p < 0.001) than in males (median £ MAD = 3.90 £ 3.22 minutes, p < 0.001).
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Figure 4 Activity budgets of the rhesus macaques on the basis of sex. *** represents significant differences according to the Mann-
Whitney test. The bold horizontal lines within the boxes refer to the median. The vertical lines extending from the boxes represent the
range of distribution within 50% of the IQR from the median. All analyses of sex differences refer to adult males and adult females.

Grooming refers to allogrooming.
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3.4. Grooming and feeding behavior under different levels of anthropogenic pressure

The overall combined grooming behavior exhibited by the macaques did not differ significantly between the two study
blocks. However, it varied significantly when the sex of the macaques was considered. Comparative analysis of grooming
behavior between female—female and male—male pairs from the LAP and HAP blocks via the Mann—-Whitney test revealed that
females demonstrated grooming behavior with different intensities (U = 12464, p < 0.05), whereas males did not exhibit such
variation (U = 11934, p > 0.7585). The females from the LAP (median £+ MAD = 7.25 + 6.1 minutes, p < 0.001) invested more
time in grooming than did the females from the HAP (median + MAD = 5.04 £ 4.62 minutes, p < 0.001), suggesting that the
greater number of visitors around the focal subjects in HAP reduced the amount of grooming but in less intensity (p =-0.2, p
< 0.001; Figure 5A). The temple macaques showed a positive association between the time spent on feeding/foraging and the
number of visitors (p = 0.33; p < 0.01, Figure 5B).
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Figure 5 Effects of the number of visitors on feeding and grooming time allocation; A- Group and sex-based time budgets on the grooming

behavior of rhesus macaques in response to the number of visitors; B- Group-based feeding/foraging behavior in response to the number
of visitors. Correlation tests were run on pooled bouts across both groups and sexes. Grooming refers to the allogrooming.
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4, Discussion

This study examined the behavioral activity of rhesus macaques living in the Pashupatinath Temple area of Kathmandu,
Nepal, to understand how anthropogenic pressure affects their daily activity budgets. The findings provide valuable insights
into the composition of their behavioral repertoire in relation to varying levels of human presence. Regardless of the number
of visitors (LAP or HAP study block), resting and sitting were the most common activities observed, followed by grooming,
feeding and foraging, moving, and aggression. The variations in the time budgets for these behaviors can be attributed to the
fluctuating environment in which the macaques reside (Jaman & Huffman, 2008). When wild-feeding and semi-provisioned
groups of Barbary macaques (M. sylvanus) were compared, the semi-provisioned groups spent more time resting than their
wild-feeding counterparts did (EI Alami et al., 2012). Adhikari et al. (2018) noted that semiprovisioned Assamese monkeys (M.
assamensis) in Nepal invested less time in feeding and foraging. The limited natural habitat and available food provisioning for
the rhesus macaques at Pashupatinath Temple may be the primary reason for their increased resting and sitting behavior.

Regular food provisioning occurs twice a day in the Pashupatinath Temple area where macaques are provided with
boiled flour dough. Additionally, visitors provided fruits and high-calorie foods such as grams, bananas and maize. Owing to
the intake of high calorie diets, macaques likely spend much of their time resting and engaging in social activities (Jaman &
Huffman, 2013). Grooming and resting are often interconnected; as monkeys rest near one another, this proximity may
encourage them to initiate new grooming sessions (Hikida, 2022; Shrestha et al., 2024) or post grooming sessions (Schino &
Alessandrini, 2015). This could explain why grooming was the second most common activity, while feeding and foraging ranked
third. All major and longer feeding/foraging episodes were recorded just after food provisioning. As such, provisioning provides
macaques with the benefits of minimizing feeding/foraging time (Kaburu et al., 2019) and increasing social behavior
(Balasubramaniam et al., 2020). The downside of provisioning, however, increases macaques’ dependency on anthropogenic
food (Sengupta and Radhakrishna, 2018; Kaburu et al., 2019) and the risk of disease transmission from humans to macaques
(Sengupta et al., 2014). Aggressive behavior was observed primarily among rhesus macaques during these feeding sessions, a
phenomenon also noted in other provisioned populations (Wu et al., 2025).

Our results revealed a notable difference in the feeding/foraging behavior of rhesus macaques in the two study blocks
under different anthropogenic pressures. Compared with those in the HAP block, the macaques in the LAP block spent less
time on feeding/foraging activities. This variance might be attributed to differences in food provisioning and visitor access
restrictions between the two study blocks. In the LAP block, where visitor entry was restricted and food provisioning was less
frequent, the macaques encountered fewer disturbances and had their own fixed feeding timeframe, potentially leading to
lower engagement in feeding activities than in the HAP block did. Conversely, in the HAP block, where food provisioning
occurred more frequently, the macaques readily engaged in feeding the provisioned food, likely because of the frequent
availability of food. Notably, both groups of macaques also, fed on natural food sources, such as insects, leaves, and seeds, in
addition to human-provided food. The feeding/foraging behavior of the macaques in both study blocks may also be influenced
by factors such as the spatial distribution of food resources, social hierarchy, desirability of certain food items, propensity for
begging and ability to opportunistically acquire food from visitors or residents (Sengupta & Radhakrishna, 2018). These
multifaceted influences underscore the complexity of primate feeding behaviors in urban environments.

The macaques from both the LAP and HAP blocks allocated their time primarily to resting/sitting and grooming activities.
Males spent more time resting/sitting, whereas females predominantly engaged in grooming activities in both groups. This
grooming behavior among females is likely related to their social roles, as it involves self-grooming, grooming of other
individuals, and caring for their offspring, which is essential for hygiene and social bonding (Solanki et al., 2020). In contrast,
males often groomed females, particularly as a strategy to increase their mating opportunities (Cooper & Bernstein, 2008),
while occasional grooming of infants was also observed. Notably, there was a variation in grooming time between females of
LAP and HAP, potentially influenced by levels of anthropogenic activities but in less strength and might be heavily influenced
by other latent variables such as presence of nearby dogs, dominant hierarchy, temperature, rainfall etc. The LAP block females
may have had more opportunities for undisturbed grooming as visitor access to that area was more restricted. Conversely, HAP
females may have faced greater interruptions during grooming due to visitor presence and provisioning. In the LAP block, the
macaques used to go outside only to feed and then returned for other social activities. In the HAP group, there was Mrigasthali
Deer Park where visitors were allowed to see the deer. Similarly, we observed that visitors sometimes provided food and teased
the monkeys, which might explain the reduced grooming time of the HAP blocked females.

The study also revealed that aggressive encounters were predominantly observed in males and peaked during feeding.
Similar sex-based variation in aggression has been observed in other primates (Sabbi et al., 2021; Mouginot et al., 2024). Male
monkeys often engage in aggressive interactions, which are influenced by hierarchy and the availability of food resources at
specific times of the day (Kaburu et al., 2019; Jaman & Huffman, 2013; Sharma et al., 2023). Our results also revealed that the
macaque movement in HAP was greater than in LAP, which may be largely influenced by the presence of predators such as
dogs and eagles, or neighboring macaque groups. The groups of rhesus macaques shared home ranges with neighboring groups
but avoided proximity to reduce encounters, which can range from nonaggressive interactions to chases and fights. In general,
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during aggressive encounters, male monkeys typically display higher levels of aggression than females do (Yang et al., 2024),
possibly due to their dominant roles and the need to protect their feeding/foraging ranges (Cooper & Bernstein, 2008).

The results underscore a significant sex-based difference in grooming time between the macaques of the two study
blocks. Notably, females in the LAP block engaged in substantially more grooming than those in the HAP block did. This contrast
may be attributed to the limited human presence in the LAP block, where females could devote more time to social grooming.
Human presence appeared to influence grooming behavior, with increased interactions between humans and macaques
associated with shorter grooming sessions, which aligns with findings from several other studies on rhesus macaques (Kaburu
et al., 2019; Balasubramaniam et al., 2020; Sharma et al., 2022). Notably, the reduced social activities in the HAP block group
may represent an adaptive behavioral strategy in response to their anthropogenic environment (McLennan et al., 2017).
Furthermore, the reduction in grooming activity during periods of high human presence is consistent with findings from a study
of Bonnet macaques, which demonstrated a decrease in grooming behavior and partner diversity due to anthropogenic time
constraints (Balasubramaniam et al., 2020). Consequently, reduced grooming behavior in areas with high anthropogenic
pressure can negatively impact social bonds, as grooming serves as a vital social activity that reinforces alliances and group
cohesion among macaques (Dunbar, 2024). When grooming diminishes, individuals may experience weakened social ties,
leading to increased social tension and decreased cooperation within the group (Yates et al., 2022). Additionally, grooming has
been associated with stress alleviation, as it promotes the release of endorphins and reduces cortisol levels; thus, less grooming
could increase stress levels, impairing overall health and well-being (Yates et al., 2022; Beisner et al., 2023). Consequently,
diminished social bonds and heightened stress may compromise group cohesion, increasing the vulnerability of macaques to
external threats and reducing their collective resilience in environments with high levels of human disturbance (Kaisin et al.,
2021). The marked reduction in grooming among macaques exposed to high levels of human activity suggests that
anthropogenic disturbance disrupts key social behaviors essential for maintaining group cohesion and stress regulation. Such
behavioral alterations likely reflect adaptive responses to human presence but may ultimately weaken social bonds, increase
stress and reduce the overall resilience of macaque groups in human-disturbed environments.

This study has certain limitations; that might influence the findings of this study. The study did not explicitly control
seasonal variation. Although the data were collected over approximately eight months, potential seasonal differences in
resource availability, temperature, or visitor frequency were not statistically tested, which may have influenced behavioral
patterns. Several unmeasured covariates, such as ambient temperature, rainfall, and time of day, could have affected
behavioral responses but were not included in the analysis. These factors should be considered in future research to elucidate
the effects of anthropogenic and ecological influences on the behavior of macaques. Furthermore, several factors including
repeated measures within individuals and within study groups were not modeled explicitly, only two social groups of macaques
were studied and reliance on visitor counts rather than direct quantification of provisioning/teasing, etc., should be taken into
consideration when the results are interpreted.

5. Conclusion

The behavioral activity budgets of the temple rhesus macaques revealed that resting, grooming, and feeding were the
dominant behavioral activities. The macaques in areas with greater anthropogenic disturbance invested longer durations of
their diurnal time in feeding but shorter durations of grooming. Sex-based variations were evident, with males displaying more
resting/sitting, aggressive and moving behavior, and females dedicating more time to grooming. Females in areas with lower
anthropogenic pressure groomed more than females in areas with higher anthropogenic pressure did, indicating the negative
influence of human disturbance on the social behavior of rhesus macaques. Our results suggest that high levels of human
disturbance are associated with reduced grooming, particularly among females, which may have implications for social
cohesion and resilience. Based on our findings and previous work on human—macaque interactions, we recommend to
establishing visitor codes of conduct, which are supported by informative signage and texts, and limiting direct feeding could
help maintain more natural behavioral patterns and support long-term coexistence.
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