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Simple Summary: In human-modified landscapes, wildlife species are increasingly pushed into
unfamiliar territories due to habitat fragmentation caused by urbanization and agricultural devel-
opment. This shift poses various challenges for these species, including interactions with humans
and predators like free-ranging dogs. To understand how wildlife adapts to such circumstances,
we examined the behavioral strategies of the Central Himalayan langur (CHL) in response to the
presence of predatory dogs and humans. Over two years, we observed a group of CHLs living in a
fragmented landscape, frequently foraging on agricultural and fodder crops, and thus encountering
villagers and free-ranging dogs. Our research found significant changes in the CHLs’ major activities,
such as resting, feeding, moving, and socializing in the presence of dogs and humans. Specifically,
CHLs performed increased movement and feeding and reduced social activity. These behavioral
adaptations likely aim to optimize survival in a challenging habitat. However, such modifications in
the long term could lead to issues for both humans and wildlife. Increased movement and feeding
in agricultural areas may lead to high negative interactions with farmers and dogs, while reduced
social activity could impact social dynamics and reproductive success. Implementing sustainable
agricultural practices, providing alternative livelihood options, promoting coexistence strategies,
and engaging local communities in conservation efforts will be essential steps toward minimizing
these concerns.

Abstract: Globally, habitat fragmentation has increased the proximity between wildlife, humans,
and emerging predators such as free-ranging dogs. In these fragmented landscapes, encounters
between primates and dogs are escalating, with primates often falling victim to dog attacks while
navigating patchy landscapes and fragmented forests. We aim to investigate how these primates deal
with the simultaneous threats posed by humans and predators, specifically focusing on the adaptive
strategies of Central Himalayan langur (CHL) in the landscape of fear. To address this, we conducted
a behavioral study on the CHL in an agro-forest landscape, studying them for a total of 3912 h over
two consecutive years. Our results indicate that, compared to their most common resting behavior,
CHLs allocate more time to feeding and locomotion, and less time to socializing in the presence
of humans and predatory dogs. Additionally, they exhibit increased feeding and locomotion and
reduced social behavior in agro-forest or open habitats. These behavioral patterns reflect adaptive
responses to the landscape of fear, where the presence of predators significantly influences their
behavior and resource utilization. This study suggests measures to promote coexistence between
humans and wildlife through the integration of effective management strategies that incorporate
both ecological and social dimensions of human–wildlife interactions.
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1. Introduction

Domestic dogs Canis familiaris are globally the most widespread human-introduced
carnivores [1]. Originating roughly 14,000 years ago [2], the dog population grew along-
side the human population, with estimates nearing a billion worldwide [3]. Through
their long-term association with humans, dogs have become integral members of human
society, fulfilling various roles, such as pets, protectors, and guards for agriculture and
livestock [4,5]. Across the globe, dogs exhibit varying degrees of free-ranging behavior,
bringing them into interactions with wildlife on multiple levels [1]. Particularly in develop-
ing nations, the threat of free-ranging dogs escalates as human populations expand into
natural areas in search of suitable agricultural land and natural resources [6]. Despite their
long history as human companions and workers, the impact of dogs on wildlife hinges on
their management practices, whether they are fully domesticated and leashed, roam freely,
rely on human-provided food, or lead independent lives. Additionally, the proximity of
dogs to natural reserves or urban pockets of wildlife plays a significant role in the frequency
and nature of interactions with wildlife [6,7].

Despite their morphological differences from wolves due to domestication, dogs retain
characteristics of the carnivore guild [1,4]. In certain regions, dogs have emerged as the most
abundant carnivores, disrupting ecosystems [8] and negatively impacting wildlife. Dog be-
haviors, including direct predation, harassment, and competition, can lead to fear-induced
behavioral changes in wildlife and affect their resource base and ultimately their fitness. In
addition, the mere presence of dogs can lead to disease transmission [9–11]. Prominent re-
view articles provide insightful analyses of the complex dynamics of human–dog–wildlife
interactions, highlighting the need for effective management strategies to mitigate adverse
effects on biodiversity [1,4,7,12,13]. However, there remains a need to understand how
dogs are increasingly impacting individual species of wildlife as humans expand their
agricultural areas.

Primate species represent one of the most diverse groups of mammals, totaling
504 species [14]. Unfortunately, approximately 65% of these species are currently un-
der threat of extinction due to habitat loss and resource depletion [15]. Primate habitats are
becoming significantly fragmented as a result of rising human demand for agricultural land,
industrial growth, and the extraction of natural resources (e.g., mining, fuelwood), [16,17].
Over 50% of tropical and subtropical forest habitats, which are home to a large diversity
of primates worldwide, have become fragmented [16]. In these fragmented landscapes,
encounters between primates and invasive species, notably dogs, are growing, as pri-
mates often fall victim to dog attacks while navigating patchy landscapes and fragmented
forests [18,19]. For example, dogs have been hunting and eating white-tailed small-eared
Galagos Otolemur garnettii lasiotis in Kenya’s fragmented landscapes [19]. Similarly, in
Madagascar, dogs have also been observed preying on endangered wild ring-tailed lemurs
Lemur catta [20], and similar incidents involving langurs and macaques have been reported
from comparable landscapes in Asia [21–24]. The presence of predators, including dogs,
profoundly influences primate behavior and activity patterns. Primates, like many other
species, have adapted to minimize the risk of predation through behavioral strategies
such as alarm calls, vigilance, and counter-attacking [25,26]. Studies conducted in various
ecosystems have shown how the perceived risk of predation alters vigilance behavior [27],
movement patterns [28], foraging strategies [29], and social dynamics [30].

Anthropogenic impacts on animal behavior result from both direct human distur-
bances, like fragmentation, and indirect disturbances, such as the introduction of alien
species [31]. The initial reactions of animals to these changes are often behavioral, helping
them adapt to new conditions [32–34]. Primates living in anthropogenically disturbed areas
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regularly show changes in habitat use, foraging, and activity budget [35,36]. For instance,
common chimpanzees Pan troglodytes verus in Guinea, West Africa, have shown a preference
for traveling, resting, and socializing in habitat types with lower levels of human-induced
pressure [35]. Compared to natural processes, anthropogenic pressures expose animals
to environments they have not experienced in their evolutionary history, and behavioral
changes are occurring at faster rates [37]. Even though these behavioral adaptations might
have short-term benefits, they may also disrupt other long-evolved, fitness-related behav-
iors (e.g., social structure, reproductive strategies), which could negatively impact species
persistence and have cascading effects on ecosystems [38–40].

Shared agroforest environments offer a complex web of opportunities and costs to
wildlife. Our study species, Central Himalayan langurs (CHLs), inhabit Himalayan high-
altitude agroforest landscapes. CHLs dwell within fragmented natural oak forests and
rely on seasonal crops (May–June and September–October), as well as on the leaves of
fodder trees that grow along the edges of agricultural fields year-round [41,42]. However,
foraging within agricultural fields exposes langurs to their main predator, feral dogs [18,43],
and increases the likelihood of frequent negative encounters with local people [40,43].
Predator presence can create a ‘landscape of fear’ and can influence the behavior and
distribution of prey species within an ecosystem. Thus, ecological dynamics for CHLs in
such agroforest landscapes are not solely driven by the availability of resources, but also by
the fear of predation and the strategies animals employ to mitigate that risk [44–47]. By
understanding how animals adapt their behavior to minimize risks while maximizing op-
portunities in shared landscapes, we can develop more effective approaches for managing
human–wildlife interactions and foster sustainable coexistence.

While a growing number of case studies describe behavioral responses to human-
induced rapid environmental change in specific systems [46], our understanding of such
changes due to predatory feral dogs remains limited. It is well established that the presence
of dogs alters the spatio-temporal behavior of wildlife [47], escalating competition for space
and resources [48], which leads to broader negative consequences such as predation, the
transmission of diseases to wildlife, the disturbance of natural habitats, and the potential
for hybridization with native species [4,7,12,13,17]. However, to our knowledge, the direct
influence of these impacts on animal behavior patterns has not been extensively explored
in previous studies.

This study explores how the fear landscape, shaped by both human and predatory
dog presence, influences the activity patterns of CHLs in agroforest environments. Our
goal is to gain insight into the complex structure of fear behavior and identify specific
adaptations in response to perceived threats. We hypothesize that (1) the presence of dogs
and humans induces a disturbance in the behavior of CHLs, and that (2) habitats associated
with these fear landscapes impact CHL behavior patterns. Consequently, we predict that
in fear landscapes, CHLs will modify their activity patterns to reduce the likelihood of
encounters with dogs and humans.

2. Materials and Methods
2.1. Study Site and Population

The study was conducted from May 2022 to December 2023 in Mandal Valley, Chamoli,
Uttarakhand, Garhwal Himalayas, India (coordinates: 30◦28′04′′ N 79◦16′31′′ E; elevation:
1500–1800 m above sea level). The habituation process for the study group, “S Group”,
began in 2014. Since then, this group has remained the subject of continuous studies, up to
the present day. Consequently, the study group has become habituated to the presence of
researchers. The total home range of the S Group encompasses both natural forests and
agricultural fields, frequently bringing them into proximity with humans and predatory
domestic dogs (Figure 1). For further details on previous studies conducted on the S Group,
please refer to the following studies [18,40–42,49,50]. Every member of the group, as well
as each newcomer, was individually identified and monitored throughout the duration of
the study. During the observation time for this study (May 2022 to December 2023), the
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group consisted of 64 individuals, comprising 12 infants, 9 juveniles, 16 subadults, 20 adult
females, and 7 adult males.
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Figure 1. A study area map illustrating the spatial distribution of forested areas, villages, and
agricultural land within the habitat of the S Group.

2.2. Behavioral Data Collection

Data were collected on 43 adult and subadult (age more than 3 years) langurs of both
sexes for two consecutive years. Data collection was carried out over eight months in
2022 (May to December) and ten months in 2023 (January to December). The S Group
was tracked from 06:00 to 18:00 by three observers (the authors HN and VM, and a field
assistant) for a total of 326 days, averaging 20 days per month. Three times each observation
hour (i.e., every 20 min), we conducted an instantaneous scan sample that could last up
to 15 min [51], for a total of 3912 h of observation—240 h on average per month (2052 h in
2022 and 1860 h in 2023).

Throughout the 15 min scan, all state behaviors of the visible S Group members were
recorded, noting the activity that individuals were engaged in when first spotted. Observa-
tions were conducted using binoculars from a distance of more than 10 m. Two observers
(one author and the field assistant) were consistently present at the study site during
observations. To ensure the reliability of our data, we assessed inter-observer agreement
between the two observers, which yielded a high level of agreement (Cohen’s kappa = 0.70).
Agreement values falling between 0.60 and 0.74 were considered indicative of good agree-
ment [52] Given that observers were consistently present during all recorded behaviors,
they were highly unlikely to have influenced the observed behavioral changes.

The dogs were fully habituated to the presence of humans/researchers. Both dog and
human presence were documented during each scan. If dogs and humans were within
approximately 10 m of any S Group individual during a particular scan, they were noted
as present; otherwise, they were considered absent. The selection of the 10 m distance for
our study is the culmination of a decade-long research effort. We found that the S Group
frequently inhabits areas where human activities, along with the presence of dogs, are
common, such as villages, roads, and agricultural fields. At distances beyond 10 m, langurs
tend to exhibit neutral behavioral responses in such settings. However, when humans
and predatory dogs come into close proximity with langurs, their behavior is significantly
affected. Therefore, we concentrated our investigation within this critical range to better
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understand these behavioral dynamics. Habitat-type codes were recorded for each scan
sample, and further details of these codes are presented in the Supplementary Information.

2.3. Behavioral Definitions

Using the comprehensive ethogram outlined by Dolhinow [53], we categorized langur
behavior into four broad state behaviors, as detailed below:

• Feeding: When an animal is ingesting or masticating food.
• Locomotion: An animal moves, at any pace, from one location to another for a distance

of more than 1 m.
• Resting: An animal remains stationary, hindquarters on the supporting surface, either

asleep (i.e., eyes closed) or awake (i.e., alert, with eyes open). It may simultaneously
engage in l vigilance behavior.

• Social: Social interactions like grooming, play, or sexual activity.

2.4. Study Variables

Presence of predatory dog(s): In all the models, a binary value of this variable is used
to denote whether one or more dogs were present within a 10 m radius of the S Group or
not. These free-roaming dogs may have belonged to villagers or been stray dogs within
the S Group’s territory. Presence of human(s): In all the models, a binary value of this
variable is used to denote whether one or more humans were present within a 10 m radius
of the S Group or not. Humans usually included villagers or occasional tourists within
the S Group’s territory. Habitat: The study group’s habitat encompasses various areas,
including dense forest patches, open patches near human settlements, and agricultural
fields (Figure 1). Initially, the entire study area was categorized based on location and
vegetation, which were later combined into two forest types—open forests and dense
forests—across all models. Further details regarding these classifications are presented in
Supplementary Tables S1 and S2.

2.5. Model Formulation and Statistical Analysis

To investigate the potential impact of our study variables on the four major behav-
iors of CHLs, we conducted a Multinomial Logistic Regression Mixed Model (MLRMM)
analysis using the nnet package [54,55] in R version 4.2.2 [56]. In MLRMM, the log odds
provide an estimate of the relationship between predictor variables (habitat, presence of
dogs, presence of humans) and the probabilities of each categorical outcome variable (the
four types of behavior) in comparison to the reference category. Specifically, we used the
log odds of feeding, locomotion, and social behavior relative to resting behavior as the
baseline for all models. The selection of the reference category should be driven by theo-
retical or substantive considerations [57]. Thus, we use resting behavior as the reference
category, given it is a dominant behavior in colobines for digesting their folivorous diet [58].
Additionally, selecting a reference category with a substantial number of observations
can enhance the precision of estimates [59]. To control for the systematic variation in the
presence and absence of humans and dogs that occurs over time, such as seasonal patterns
or changes in human activity, the month was included as a random factor in all models. We
conducted tests for outliers, the homogeneity of residuals, and variance inflation factors us-
ing the car package in R [60]. The results indicated no violations of the model assumptions.
Specifically, all VIF values were below 3, suggesting no significant multicollinearity among
the predictor variables [61]. Furthermore, we confirmed the validity and reliability of our
modeling approach by using squared Mahalanobis distance residuals to diagnose various
types of overdispersion [62], as well as conducting a score test to assess the goodness of fit
of the most complex model [63].

MLR serves as an extension of binary logistic regression, accommodating more than
two categories of dependent variables. MLRMM, like binary logistic regression, models
the log odds of the outcomes as a linear combination of the predictor variables and em-
ploys maximum likelihood estimation to assess the probability of categorical membership,
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generating a unique set of parameters for each level of the dependent variable, referred
to as regression coefficients (log odds) [64]. To understand how different factors affect the
likelihood of each category of the outcome variable, we identified three predictor variables:
presence of dog, presence of human, and habitat. We constructed nine potential models
based on these variables and compared them based on Akaike’s information criteria (AIC).
We applied information theory (IT) to identify the best model [65–68]. This method’s
fundamental principle uses ∆AIC values to rank the model among the candidate set of
models (∆i = AIC(i) − AIC (min)) [65]. Standardized model weights express the probability
that a given model is the best among those in a set of models (Table 1). With the “aictab”
function from the AICcmodavg package, we assessed the Akaike’s weight, or relative
likelihood, and the cumulative weight of each model [69]. These metrics indicate the degree
to which one model is more likely than another to explain variance in the data. AIC is the
preferred method for model selection in ecology and evolution due to its effectiveness in
addressing methodological challenges [70–72]. This method has been widely adopted in
primate behavior studies across various species, including Japanese macaques [73] Macaca
fuscata fuscata, vervet monkeys [74] (Chlorocebus pygerythrus), common chimpanzees [75])
Pan troglodytes schweinfurthii, black howler monkeys [76] Alouatta pigra, and mountain
gorillas [77] Gorilla beringei beringei.

Table 1. Model selection based on AIC.

MLR Models K AIC ∆AIC Weight

PD + PH + H-OF + (1|Month) 24 154,160.8 0 1
PD + PH + PD*H-OF + PD*H-OF

+ H-OF (1|Month) 18 154,232.6 71.76 0

PH + H-OF + (1|Month) 9 154,564.3 403.52 0
PD + H-OF + (1|Month) 9 154,569.3 408.46 0

H-OF + (1|Month) 6 154,959.4 798.54 0
PD + PH + (1|Month) 9 155,579.5 1418.68 0

PD + (1|Month) 6 155,833.3 1672.46 0
PH + (1|Month) 6 155,888.2 1727.33 0

MLR~1 + (1|Month) 3 156,371.4 2210.53 0
AIC: The AIC value for each model; ∆AIC: difference in the AIC between the model with the lowest AIC and the
following one; H-OF: habitat type—open forest; K: number of free parameters in the model; PD: presence of dog;
PH: presence of human; Weight: model probabilities; *: interaction term.

3. Results
Selection of Activity Pattern

Among the nine models that were tested, the integrated model emerged as the most
accurate in explaining the factors influencing the activity patterns of CHLs. This model
demonstrated the lowest AIC value and the highest model probability, with a weight of 1
(as shown in Table 1). The integrated model incorporates all independent variables (dog
presence, human presence, habitat type). In contrast, the remaining eight models, including
the null model (as presented in Table 1), collectively exhibited a probability of less than 0.01.

In the presence of predatory dogs, the log odds value of adult CHLs engaging in feed-
ing activities over resting activities was 0.006, whereas for locomotion and social activities,
it was 0.202 and −0.455, respectively (see Table 2). Free ranging dogs significantly influ-
enced the activity patterns of adult langurs, resulting in increased feeding and locomotion
but decreased social activity when dogs were present in their habitat (see Figure 2a, Table 2;
z = 1.698, z = 6.113, z = −11.375; p < 0.01).

Similarly, in the presence of humans, the log odds value of adult CHLs engaging
in feeding activities over resting activities was 0.166, whereas for locomotion and social
activities, it was 0.249 and −0.267, respectively (see Table 2). Adult langurs exhibited
increased feeding and locomotion but decreased social activity when humans were present
(Figure 2b, Table 2; z = 4.582, z = 7.875, z = −7.334; p < 0.01).
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Table 2. Results from a multinomial logistic regression model.

Predictor Variable Presence of Dogs Presence of Humans Habitat—Open Forest

Feeding
z value 0.601 11.255 25.641
p value <0.01 <0.01 <0.01

*Coef (SE) 0.016 (0.027) 0.288 (0.026) 0.585 (0.023)

Locomotion
z value 6.135 8.122 4.717
p value <0.01 <0.01 <0.01

Coef (SE) 0.156 (0.025) 0.202 (0.025) 0.106 (0.022)

Social
z value −11.963 −5.407 −17.872
p value <0.01 <0.01 <0.01

Coef (SE) −0.386 (0.032) −0.163 (0.030) −0.492 (0.028)

*Coef (SE): Regression coefficient (standard error).
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In open habitats, the log odds value of adult CHLs engaging in feeding activities over
resting activities was 0.464, whereas for locomotion and social activities, it was 0.182 and
−0.622, respectively (see Table 2). Habitat type significantly influenced the activity patterns
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of adult langurs, resulting in increased feeding and locomotion but decreased social activity
in open habitats (Figure 2c, Table 2; z = 15.734, z = 6.261, z = −18.306; p < 0.01).

4. Discussion
4.1. Behavior Modifications in the Predator-Induced Landscape of Fear

Our results demonstrate that the presence of predatory dogs causes CHLs to alter
their behavior, increasing their feeding and movement activity while lowering their social
interaction. Colobine populations can differ in feeding and resting patterns, and these
differences are more likely to be a result of behavioral adaptations than a byproduct of their
shared evolutionary history [78]. By allocating maximum time to resting, colobines optimize
their digestive efficiency and maximize the extraction of nutrients from their folivorous
diet [58]. Under a landscape of fear, the presence of predators can shape the behavior and
distribution of prey species even when predation itself does not occur [79–81]. Adjusting
the allocation of foraging time is a common strategy for animals to mitigate the risk of
predation [82]. Because animals respond to predators through complex, compensatory
behavioral strategies, it is difficult to predict how these behaviors will ultimately impact
fitness [83]. Prey species facing higher levels of predation risk may allocate more energy
toward developing and maintaining anti-predator defenses or reducing other energetically
expensive activities [84,85].

The natural Banj oak Quercus leucotrichophora forest, which is the preferred habitat
for langurs [41], has become fragmented due to the high dependency of local people on
the surrounding natural forest [86,87]. Langurs are increasingly dedicating more time to
feeding on fodder crops in agricultural land, primarily due to the fragmentation of their
preferred habitat [41–43]. Our results suggest that the differences in resource availability
in modified agricultural landscapes relative to their preferred oak forests leads to greater
feeding and moving, requiring them to expend more energy to forage and navigate their
surroundings. These areas also do not provide many safe areas to rest and socialize. Based
on 312 langur–dog interactions, all successful predatory attacks by dogs on S Group indi-
viduals occurred in agricultural fields, where langurs are notably vulnerable due to the
lack of connected tree cover, providing a low chance of escape [18,43]. Our results suggest
that despite the threat of predation, langurs increase their feeding time in predator-rich en-
vironments because these areas provide crucial resources for them. Similar behavior is also
observed among herbivores in Africa; due to the distribution of grasslands and waterholes,
grazers often have no choice but to utilize habitats located near the few available water-
holes and grasslands, despite the high predation risk associated with these areas [88]. This
behavioral adjustment reflects their prioritization of foraging and movement over social
activities to maximize their fitness. Additionally, langurs employ high-cost anti-predator
strategies such as giving alarm calls and engaging in fights with predators to mitigate the
risk of predation [18]. Overall, our findings highlight the complex interactions between
habitat fragmentation, foraging behavior, and predation risk in langurs, emphasizing their
adaptive responses to changes in their environment to achieve optimal fitness.

4.2. Behavior Modifications in the Human-Induced Landscape of Fear

Similar to the presence of predatory dogs, the presence of humans caused CHLs to
alter their behavior, increasing their feeding and movement activity while lowering their
social interaction. This effect was partially spatial, as langurs were attempting to forage
on crops and thus moving into agricultural areas where they were likely to encounter
humans. Human presence can have significant effects on the behavior of various animals,
for example, changing the foraging and vigilance behavior of elk Cervus elephus [89] and
Nubian ibex Capra nubiana [90]. Human activities such as hunting, habitat modification,
and disturbance can create perceived threats for wildlife, for example, in the case of red deer
Cervus elaphus and wild boar Sus scrofa, human presence can influence their use of habitat
and behavior [44]. The livelihood of local villagers in this region depends on agro-forestry
crops [91] such as Grewia optiva, Celtis australis, and Ficus virens, which are also important
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parts of the CHL diet [49]. In response to the perceived threat posed by langurs to their
crops and livelihoods, villagers engage in various negative interactions with the langurs,
including throwing stones, using loud noises and firecrackers to chase them away, and
even resorting to poisoning [41]. Human behavior and tolerance toward wildlife play
crucial roles in shaping the landscape of fear in human-influenced environments [92]. In
agroforest contexts in Africa, the economic value of cultivated food crops and the extent
of damage caused by common chimpanzees Pan troglodytes can significantly influence
human attitudes, tolerance, and behavior toward them [93]. Human tolerance toward
CHLs can also influence the effectiveness of management and conservation efforts [41]. The
negative attitude of the local community towards langurs is due to the langurs’ frequent
consumption of their agricultural and fodder crops. To promote tolerance, it is critical
to address the livelihood challenges faced by the local community. By integrating the
livelihood needs of local communities into mitigation models, we can enhance their value
perception of wildlife. This, in turn, facilitates community support for mitigating human–
wildlife interactions through educational initiatives, habitat restoration, and the promotion
of coexistence. Our findings contribute toward the understanding of how human behavior
and tolerance affect the spatial distribution of CHLs and CHL behavior (i.e., the landscape
of fear). This evidence can inform land-use planning and management strategies, such
as the identification and establishment of corridors within the territory of the S Group.
Consequently, we recommend integrating effective management strategies incorporating
ecological and social dimensions of human–wildlife interactions. We can develop com-
prehensive and socially acceptable interventions by considering factors such as human
behavior and tolerance alongside ecological variables like species ecology, population
dynamics, and habitat preferences.

4.3. Behavior Modifications in Habitats Associated with the Landscape of Fear

We found that CHLs exhibit an increase in feeding and locomotion activity and a
decrease in social interaction and resting in open forest habitats. Primates in fragmented
landscapes spend more time feeding to compensate for limited resources [94]. The home
range of the S Group includes fragmented patches of dense forest, agricultural land, and
human settlements, and they often move between the forest and agricultural fields for crop
foraging [41]. Interactions with dogs typically occur in open forest patches or agricultural
fields where continuous canopy cover is absent [18,42]. The fragmentation and loss of
habitats is a major factor leading to the decline in many species, partly due to increases in
predation by human-introduced predators [33]. Primates show changes in their activity
budget, foraging and ranging in anthropogenically disturbed environments; for example,
common chimpanzees Pan troglodytes verus prefer to rest, travel, and socialize in habitats
with less human activity [35]. In anthropogenically disturbed areas, vervet monkeys spend
significantly less time socializing and more time engaged in movement [95]. Similarly,
toque macaques Macaca sinica in human-modified habitats allocated more time to moving
and vigilance and less time to resting [96]. Based on the evidence presented here, we
propose that the availability of food resources in open habitats plays a crucial role in shap-
ing the behavior and ecology of CHLs, specifically by increasing feeding and locomotion
and decreasing resting and social interactions. Future studies focusing on the relationship
between food availability and primate behavior in agroforest landscapes have the potential
to generate valuable insights that can contribute to conservation, management, and coexis-
tence strategies. Identifying tree species and landscape features that sustain primate food
sources while preserving crop yields can help agroforestry management practices establish
a balance between agricultural productivity and biodiversity conservation efforts.

5. Conclusions

Our findings highlight that CHLs allocate more time to feeding and locomotion and
less time to socializing in the presence of humans and predatory dogs. This behavioral shift
is anticipated as an adaptive strategy aimed at increasing individual fitness in environments
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where predation risk and human disturbances are prevalent. These behaviors demonstrate
their adaptive responses to the landscape of fear, where the mere presence of predators
influences their behavior and resource utilization. Overall, our findings provide valuable
insights into how CHLs adapt their behavior to deal with threats from humans and preda-
tors, ultimately contributing to our understanding of wildlife responses to anthropogenic
pressures in shared habitats. In the long run, this adaptation may lead to a shift in CHL
habitat use patterns, social dynamics, and foraging behaviors. Therefore, we propose the
following practices. 1—Create safe corridors and protected areas where CHLs can access
essential resources without facing significant threats from humans or dogs. 2—Conduct
comprehensive research to gain deeper insights into CHL social structures, behaviors, and
dynamics. 3—Engage local stakeholders in collaborative wildlife management and conflict
resolution efforts. By implementing these measures, we can promote coexistence between
humans and wildlife while mitigating the long-term impact of human disturbances and
predation risk on wildlife populations. Overall, by establishing partnerships with commu-
nities, conservation organizations can promote sustainable practices, raise conservation
awareness, and empower local communities to take ownership of conservation initiatives.

It is also essential to address the limitations of this study and propose opportuni-
ties for future research that could enhance our understanding and inform management
practices more effectively. While the study reveals behavioral changes occurring within
langurs in response to human and dog presence, it lacks direct evidence regarding the
adaptability or long-term benefits of these changes for langurs. Therefore, further investi-
gation comparing the fitness and survival outcomes of langur troops in various habitats
(e.g., forest-dwelling vs. semi-urban) is crucial to assess the adaptive nature of these be-
havioral shifts. Such research could evaluate factors like reproductive success, survival
rates, and overall population health to determine whether langurs in urban or semi-urban
environments survive better despite the risks associated with human and dog interactions.
These approaches would contribute significantly to strengthening management approaches
and promoting coexistence.

Supplementary Materials: The following supporting information can be downloaded at: https://www.
mdpi.com/article/10.3390/biology13060410/s1, Table S1: Classification of open forests within the S
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(See Figure 1).
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Forest, Poland. For. Ecol. Manag. 2008, 256, 1325–1332. [CrossRef]

45. Nowak, K.; Wimberger, K.; Richards, S.A.; Hill, R.A.; le Roux, A. Samango Monkeys (Cercopithecus albogularis labiatus) Manage
Risk in a Highly Seasonal, Human-Modified Landscape in Amathole Mountains, South Africa. Int. J. Primatol. 2017, 38, 194–206.
[CrossRef] [PubMed]

46. Candolin, U.; Wong, B.B.M. Behavioural Responses to a Changing World: Mechanisms and Consequences; Oxford University Press:
Oxford, UK, 2012; ISBN 978-0-19-960256-8.

47. Mori, E. Porcupines in the Landscape of Fear: Effect of Hunting with Dogs on the Behaviour of a Non-Target Species. Mammal Res.
2017, 62, 251–258. [CrossRef]

48. Atickem, A.; Bekele, A.; Williams, S.D. Competition between Domestic Dogs and Ethiopian Wolf (Canis simensis) in the Bale
Mountains National Park, Ethiopia. Afr. J. Ecol. 2010, 48, 401–407. [CrossRef]

49. Nautiyal, H. Life in the Extreme: Time-Activity Budgets and Foraging Ecology of Central Himalayan Langur (Semnopithecus
schistaceus) in the Kedarnath Wildlife Sanctuary, Uttarakhand India. Master’s Thesis, Bharathidasan University, Tiruchirappalli,
India, 2015.

50. Mathur, V. Choice and Characteristics of Sleeping Sites in a Troop of Central Himalayan Langurs (Semnopithecus schistaceus). Ph.D.
Thesis, Indian Institute of Science Education and Research Mohali, Mohali, India, 2019.

51. Altmann, J. Observational Study of Behavior: Sampling Methods. Behaviour 1974, 49, 227–267. [CrossRef]
52. Watkins, M.W.; Pacheco, M. Interobserver Agreement in Behavioral Research: Importance and Calculation. J. Behav. Educ. 2000,

10, 205–212. [CrossRef]

https://doi.org/10.1007/s10329-024-01122-y
https://doi.org/10.1002/evan.1360030207
https://doi.org/10.1093/beheco/aru005
https://doi.org/10.1890/08-0765.1
https://www.ncbi.nlm.nih.gov/pubmed/19323238
https://doi.org/10.1006/anbe.1996.0298
https://doi.org/10.1007/s10764-014-9797-x
https://doi.org/10.1890/0012-9658(2006)87[1075:AFFUET]2.0.CO;2
https://doi.org/10.1093/beheco/aru183
https://doi.org/10.1111/j.1752-4571.2010.00166.x
https://www.ncbi.nlm.nih.gov/pubmed/25567979
https://doi.org/10.1111/j.1469-185X.2010.00164.x
https://doi.org/10.1007/s10764-016-9947-4
https://doi.org/10.1007/s10329-015-0503-1
https://www.ncbi.nlm.nih.gov/pubmed/26660682
https://doi.org/10.1002/ajp.22395
https://www.ncbi.nlm.nih.gov/pubmed/25809676
https://doi.org/10.1016/j.anbehav.2013.02.017
https://doi.org/10.1073/pnas.091093898
https://www.ncbi.nlm.nih.gov/pubmed/11344297
https://doi.org/10.1016/j.gecco.2020.e00985
https://doi.org/10.1016/j.foreco.2008.06.030
https://doi.org/10.1007/s10764-016-9913-1
https://www.ncbi.nlm.nih.gov/pubmed/28546650
https://doi.org/10.1007/s13364-017-0313-5
https://doi.org/10.1111/j.1365-2028.2009.01126.x
https://doi.org/10.1163/156853974X00534
https://doi.org/10.1023/A:1012295615144


Biology 2024, 13, 410 13 of 14

53. Dolhinow, P. A Behavior Repertoire for the Indian Langur Monkey (Presbytis entellus). Primates 1978, 19, 449–472. [CrossRef]
54. Venables, W.; Ripley, B. Modern Applied Statistics with S; Springer: New York, NY, USA, 2002.
55. Ripley, B.; Venables, W. Nnet: Feed-Forward Neural Networks and Multinomial Log-Linear Models 2023. Available online:

http://www.stats.ox.ac.uk/pub/MASS4/ (accessed on 3 February 2024).
56. R A Language and Environment for Statistical Computing. 2022. Available online: http://www.r-project.org/ (accessed on

5 February 2024).
57. Long, J.S.; Freese, J. Regression Models for Categorical Dependent Variables Using Stata, 2nd ed.; Stata Press: College Station, TX, USA,

2006; ISBN 978-1-59718-011-5.
58. Davies, G.; Oates, J. Colobine Monkeys: Their Ecology, Behaviour and Evolution; Cambridge University Press: Cambridge, UK, 1994;

ISBN 978-0-521-33153-1.
59. Agresti, A. Categorical Data Analysis; John Wiley & Sons: Hoboken, NJ, USA, 2012; ISBN 978-0-470-46363-5.
60. Zuur, A.F.; Ieno, E.N.; Walker, N.; Saveliev, A.A.; Smith, G.M. Mixed Effects Models and Extensions in Ecology with R; Statistics for

Biology and Health; Springer: New York, NY, USA, 2009; ISBN 978-0-387-87457-9.
61. Cohen, J.; Cohen, P.; West, S.G.; Aiken, L.S. Applied Multiple Regression/Correlation Analysis for the Behavioral Sciences, 3rd ed.;

Routledge: New York, NY, USA, 2002; ISBN 978-0-203-77444-1.
62. Gerber, E.A.E.; Craig, B.A. Residuals and Diagnostics for Multinomial Regression Models. Stat. Anal. Data Min. ASA Data Sci. J.

2024, 17, e11645. [CrossRef]
63. Goeman, J.J.; le Cessie, S. A Goodness-of-Fit Test for Multinomial Logistic Regression. Biometrics 2006, 62, 980–985. [CrossRef]

[PubMed]
64. Anderson, C.J.; Rutkowski, L. Multinomial Logistic Regression. In Best Practices in Quantitative Methods; Osborne, J., Ed.; SAGE

Publishing: Thousand Oaks, CA, USA, 2008; pp. 390–409, ISBN 978-1-4129-4065-8.
65. Burnham, K.P.; Anderson, D.R. (Eds.) Advanced Issues and Deeper Insights. In Model Selection and Multimodel Inference: A

Practical Information-Theoretic Approach; Springer: New York, NY, USA, 2002; pp. 267–351, ISBN 978-0-387-22456-5.
66. Burnham, K.P.; Anderson, D.R.; Huyvaert, K.P. AIC Model Selection and Multimodel Inference in Behavioral Ecology: Some

Background, Observations, and Comparisons. Behav. Ecol. Sociobiol. 2011, 65, 23–35. [CrossRef]
67. Symonds, M.R.E.; Moussalli, A. A Brief Guide to Model Selection, Multimodel Inference and Model Averaging in Behavioural

Ecology Using Akaike’s Information Criterion. Behav. Ecol. Sociobiol. 2011, 65, 13–21. [CrossRef]
68. Richards, S.A.; Whittingham, M.J.; Stephens, P.A. Model Selection and Model Averaging in Behavioural Ecology: The Utility of

the IT-AIC Framework. Behav. Ecol. Sociobiol. 2011, 65, 77–89. [CrossRef]
69. Mazerolle, M.J. AICcmodavg: Model Selection and Multimodel Inference Based on (Q)AIC(c). R Package Version 2.3.3. Available

online: https://cran.r-project.org/package=AICcmodavg (accessed on 15 January 2024).
70. Rushton, S.P.; Ormerod, S.J.; Kerby, G. New Paradigms for Modelling Species Distributions? J. Appl. Ecol. 2004, 41, 193–200.

[CrossRef]
71. Whittingham, M.J.; Stephens, P.A.; Bradbury, R.B.; Freckleton, R.P. Why Do We Still Use Stepwise Modelling in Ecology and

Behaviour? J. Anim. Ecol. 2006, 75, 1182–1189. [CrossRef]
72. Johnson, J.B.; Omland, K.S. Model Selection in Ecology and Evolution. Trends Ecol. Evol. 2004, 19, 101–108. [CrossRef]
73. Duboscq, J.; Romano, V.; Sueur, C.; MacIntosh, A.J.J. Scratch That Itch: Revisiting Links between Self-Directed Behaviour and

Parasitological, Social and Environmental Factors in a Free-Ranging Primate. R. Soc. Open Sci. 2016, 3, 160571. [CrossRef]
[PubMed]

74. Mercier, S.; Neumann, C.; van de Waal, E.; Chollet, E.; Meric de Bellefon, J.; Zuberbühler, K. Vervet Monkeys Greet Adult Males
during High-Risk Situations. Anim. Behav. 2017, 132, 229–245. [CrossRef]

75. Lonsdorf, E.V.; Wilson, M.L.; Boehm, E.; Delaney-Soesman, J.; Grebey, T.; Murray, C.; Wellens, K.; Pusey, A.E. Why Chimpanzees
Carry Dead Infants: An Empirical Assessment of Existing Hypotheses. R. Soc. Open Sci. 2020, 7, 200931. [CrossRef] [PubMed]

76. Rangel-Negrín, A.; Coyohua-Fuentes, A.; Chavira, R.; Canales-Espinosa, D.; Dias, P.A.D. Primates Living Outside Protected
Habitats Are More Stressed: The Case of Black Howler Monkeys in the Yucatán Peninsula. PLoS ONE 2014, 9, e112329. [CrossRef]
[PubMed]

77. Galbany, J.; Muhire, T.; Vecellio, V.; Mudakikwa, A.; Nyiramana, A.; Cranfield, M.R.; Stoinski, T.S.; McFarlin, S.C. Incisor Tooth
Wear and Age Determination in Mountain Gorillas from Volcanoes National Park, Rwanda. Am. J. Phys. Anthropol. 2018, 167,
930–935. [CrossRef] [PubMed]

78. Kraus, J.B.; Strier, K.B. Geographic, Climatic, and Phylogenetic Drivers of Variation in Colobine Activity Budgets. Primates 2022,
63, 647–658. [CrossRef] [PubMed]

79. Khater, M.; Murariu, D.; Gras, R. Predation Risk Tradeoffs in Prey: Effects on Energy and Behaviour. Theor. Ecol. 2016, 9, 251–268.
[CrossRef]

80. Brown, J.S.; Laundré, J.W.; Gurung, M. The Ecology of Fear: Optimal Foraging, Game Theory, and Trophic Interactions. J. Mammal.
1999, 80, 385–399. [CrossRef]

81. Gaynor, K.M.; Brown, J.S.; Middleton, A.D.; Power, M.E.; Brashares, J.S. Landscapes of Fear: Spatial Patterns of Risk Perception
and Response. Trends Ecol. Evol. 2019, 34, 355–368. [CrossRef]

82. Kotler, B.P.; Brown, J.S.; Hasson, O. Factors Affecting Gerbil Foraging Behavior and Rates of Owl Predation. Ecology 1991, 72,
2249–2260. [CrossRef]

https://doi.org/10.1007/BF02373308
http://www.stats.ox.ac.uk/pub/MASS4/
http://www.r-project.org/
https://doi.org/10.1002/sam.11645
https://doi.org/10.1111/j.1541-0420.2006.00581.x
https://www.ncbi.nlm.nih.gov/pubmed/17156271
https://doi.org/10.1007/s00265-010-1029-6
https://doi.org/10.1007/s00265-010-1037-6
https://doi.org/10.1007/s00265-010-1035-8
https://cran.r-project.org/package=AICcmodavg
https://doi.org/10.1111/j.0021-8901.2004.00903.x
https://doi.org/10.1111/j.1365-2656.2006.01141.x
https://doi.org/10.1016/j.tree.2003.10.013
https://doi.org/10.1098/rsos.160571
https://www.ncbi.nlm.nih.gov/pubmed/28018646
https://doi.org/10.1016/j.anbehav.2017.07.021
https://doi.org/10.1098/rsos.200931
https://www.ncbi.nlm.nih.gov/pubmed/32874665
https://doi.org/10.1371/journal.pone.0112329
https://www.ncbi.nlm.nih.gov/pubmed/25375243
https://doi.org/10.1002/ajpa.23720
https://www.ncbi.nlm.nih.gov/pubmed/30368801
https://doi.org/10.1007/s10329-022-01015-y
https://www.ncbi.nlm.nih.gov/pubmed/36083406
https://doi.org/10.1007/s12080-015-0277-5
https://doi.org/10.2307/1383287
https://doi.org/10.1016/j.tree.2019.01.004
https://doi.org/10.2307/1941575


Biology 2024, 13, 410 14 of 14

83. Lind, J.; Cresswell, W. Determining the Fitness Consequences of Antipredation Behavior. Behav. Ecol. 2005, 16, 945–956. [CrossRef]
84. Trussell, G.C.; Matassa, C.M.; Luttbeg, B. The Effects of Variable Predation Risk on Foraging and Growth: Less Risk Is Not

Necessarily Better. Ecology 2011, 92, 1799–1806. [CrossRef] [PubMed]
85. Wisenden, B.D. Female Convict Cichlids Adjust Gonadal Investment in Current Reproduction in Response to Relative Risk of

Brood Predation. Can. J. Zool. 1993, 71, 252–256. [CrossRef]
86. Sharma, C.M.; Gairola, S.; Ghildiyal, S.K.; Suyal, S. Forest Resource Use Patterns in Relation to Socioeconomic Status. Mt. Res. Dev.

2009, 29, 308–319. [CrossRef]
87. Makino, Y. Lopping of Oaks in Central Himalaya, India. Mt. Res. Dev. 2011, 31, 35–44. [CrossRef]
88. Valeix, M.; Loveridge, A.J.; Chamaillé-Jammes, S.; Davidson, Z.; Murindagomo, F.; Fritz, H.; Macdonald, D.W. Behavioral

Adjustments of African Herbivores to Predation Risk by Lions: Spatiotemporal Variations Influence Habitat Use. Ecology 2009, 90,
23–30. [CrossRef] [PubMed]

89. Ciuti, S.; Northrup, J.M.; Muhly, T.B.; Simi, S.; Musiani, M.; Pitt, J.A.; Boyce, M.S. Effects of Humans on Behaviour of Wildlife
Exceed Those of Natural Predators in a Landscape of Fear. PLoS ONE 2012, 7, e50611. [CrossRef]

90. Tadesse, S.A.; Kotler, B.P. Impact of Tourism on Nubian Ibex (Capra nubiana) Revealed through Assessment of Behavioral
Indicators. Behav. Ecol. 2012, 23, 1257–1262. [CrossRef]

91. Mahato, S.; Dasgupta, S.; Todaria, N.P.; Singh, V.P. Agroforestry Mapping and Characterization in Four Districts of Garhwal
Himalaya. Energy Ecol. Environ. 2016, 1, 86–97. [CrossRef]

92. Bersacola, E.; Hill, C.M.; Hockings, K.J. Chimpanzees Balance Resources and Risk in an Anthropogenic Landscape of Fear.
Sci. Rep. 2021, 11, 4569. [CrossRef]

93. McLennan, M.R.; Hill, C.M. Troublesome Neighbours: Changing Attitudes towards Chimpanzees (Pan troglodytes) in a Human-
Dominated Landscape in Uganda. J. Nat. Conserv. 2012, 20, 219–227. [CrossRef]

94. Huang, Z.; Yuan, P.; Huang, H.; Tang, X.; Xu, W.; Huang, C.; Zhou, Q. Effect of Habitat Fragmentation on Ranging Behavior of
White-Headed Langurs in Limestone Forests in Southwest China. Primates 2017, 58, 423–434. [CrossRef] [PubMed]

95. Thatcher, H.R.; Downs, C.T.; Koyama, N.F. Anthropogenic Influences on the Time Budgets of Urban Vervet Monkeys.
Landsc. Urban Plan. 2019, 181, 38–44. [CrossRef]

96. Jayapali, U.; Perera, P.; Cresswell, J.; Dayawansa, N. Does Anthropogenic Influence on Habitats Alter the Activity Budget and
Home Range Size of Toque Macaques (Macaca sinica)? Insight into the Human-Macaque Conflict. Trees For. People 2023, 13, 100412.
[CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1093/beheco/ari075
https://doi.org/10.1890/10-2222.1
https://www.ncbi.nlm.nih.gov/pubmed/21939076
https://doi.org/10.1139/z93-036
https://doi.org/10.1659/mrd.00018
https://doi.org/10.1659/MRD-JOURNAL-D-10-00078.1
https://doi.org/10.1890/08-0606.1
https://www.ncbi.nlm.nih.gov/pubmed/19294909
https://doi.org/10.1371/journal.pone.0050611
https://doi.org/10.1093/beheco/ars110
https://doi.org/10.1007/s40974-016-0020-0
https://doi.org/10.1038/s41598-021-83852-3
https://doi.org/10.1016/j.jnc.2012.03.002
https://doi.org/10.1007/s10329-017-0600-4
https://www.ncbi.nlm.nih.gov/pubmed/28197795
https://doi.org/10.1016/j.landurbplan.2018.09.014
https://doi.org/10.1016/j.tfp.2023.100412

	Introduction 
	Materials and Methods 
	Study Site and Population 
	Behavioral Data Collection 
	Behavioral Definitions 
	Study Variables 
	Model Formulation and Statistical Analysis 

	Results 
	Discussion 
	Behavior Modifications in the Predator-Induced Landscape of Fear 
	Behavior Modifications in the Human-Induced Landscape of Fear 
	Behavior Modifications in Habitats Associated with the Landscape of Fear 

	Conclusions 
	References

