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Abstract: 35 

Objectives: In primates, allogrooming and other affiliative behaviors confer many benefits and 36 

may be influenced by many socioecological factors. Of these, the impact of anthropogenic 37 

factors remain relatively understudied. Here we ask whether interactions with humans decreased 38 

macaques’ affiliative behaviors by imposing time-constraints, or increased these behaviors on 39 

account of more free-/available-time due to macaques’ consumption of high-energy human 40 

foods.  41 

Materials and Methods: In Southern India, we collected data on human-macaque and macaque-42 

macaque interactions using focal-animal sampling on two groups of semi-urban bonnet 43 

macaques for 11 months. For each macaque within each climatic season, we calculated 44 

frequencies of human-macaque interactions, rates of monitoring human activity and foraging on 45 

anthropogenic food, dominance ranks, grooming duration, number of unique grooming partners, 46 

and frequencies of other affiliative interactions. 47 

Results: We found strong evidence for time-constraints on grooming. Macaques that monitored 48 

humans more groomed for shorter durations and groomed fewer partners, independent of their 49 

group membership, sex, dominance rank, and season. However, monitoring humans had no 50 

impact on other affiliative interactions. We found no evidence for the free-time hypothesis: 51 

foraging on anthropogenic food was unrelated to grooming and other affiliation.    52 

Discussion: Our results are consistent with recent findings on other urban-dwelling 53 

species/populations. Macaques in such environments may be especially reliant on other forms of 54 

affiliation that are of short duration (e.g. coalitionary support, lip-smacking) and unaffected by 55 

time-constraints. We stress on the importance of evaluating human impact on inter-individual 56 

differences in primate/wildlife behavior for conservation efforts. 57 
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 65 

Introduction: 66 

In humans and other group-living animals, affiliative social behaviors have many health 67 

and fitness-related benefits (Kappeler et al., 2015; Nunn et al., 2015), and are important for 68 

maintaining group social structure (Hinde, 1976; Kappeler & van Schaik, 2002). In nonhuman 69 

primates (hereafter primates), social or allogrooming (hereafter grooming) is one of the most 70 

commonly observed forms of social affiliation. In primates, grooming confers health-related 71 

benefits, such as changes in physiology related to coping with stress (Keverne et al., 1989; Shutt 72 

et al., 2007), removal of ectoparasites (Duboscq et al., 2016; Tanaka & Takefushi, 1993), and 73 

better thermoregulation (McFarland et al., 2016). Grooming also functions to establish and 74 

maintain long-term social bonds, supports group-wide social structure, increases mating 75 

opportunities, and allows access to other cooperative benefits from conspecifics such as agonistic 76 

support during conflicts (reviewed in Henzi & Barrett, 1999; McFarland, 2018). These benefits 77 

tend to outweigh the potential costs of grooming, which include decreased vigilance for 78 

predators (Cords, 2019), reduced resting or foraging time (Dunbar et al., 2009), and greater 79 

exposure to parasites (Nunn, 2012).  80 
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In primates, variation in grooming and other forms of affiliation may be influenced by 81 

ecological conditions (e.g., resource distribution and abundance, predation pressure, disease risk: 82 

Nunn, 2012; Sterck et al., 1997; Wrangham, 1980) and the social environment (e.g. group size, 83 

dominance rank, availability of close kin or mates: Chapais, 2005; Henzi & Barrett, 1999; 84 

Lehmann et al., 2007; Schino, 2001; Seyfarth, 1977). In comparison to these socioecological 85 

factors which have operated over longer evolutionary time-scales, humans and anthropogenic 86 

landscapes represent relatively recent environmental selection pressures on primate behavior. 87 

Given the globally increasing significance of human-wildlife interactions and coexistence (Barua 88 

et al., 2013; Dickman, 2010; Nyhus, 2016), and the shared ecology and evolutionary history of 89 

humans and primates (Fuentes, 2006; Fuentes & Hockings, 2010), research at human-primate 90 

interfaces has become especially significant over the past decade (Fuentes, 2006; Paterson & 91 

Wallis, 2005; Radhakrishna & Sinha, 2011; Riley, 2018). Human-primate interactions are highly 92 

diverse in form and frequency, from being neutral and/or involving little or no antagonism (e.g., 93 

mutual tolerance, provisioning, religious symbols: Radhakrishna & Sinha, 2011; Sengupta et al., 94 

2015; reviewed in Paterson & Wallis, 2005), to visibly destructive or antagonistic (e.g., 95 

destruction of habitat, culling, mutual aggression: Borgerson, 2015; Plumptre et al., 2016; 96 

Southwick et al., 1976).  97 

A developing body of research is revealing how anthropogenic factors may impact 98 

wildlife social behavior (e.g., cichlid fish, Neolamprologus pulcher: Bruintjes & Radford, 2013; 99 

Cuban rock iguanas, Cyclura nubila: Lacy & Martins, 2003; spotted hyenas, Crocuta crocuta: 100 

Belton et al., 2018; bottlenose dolphins, Tursiops truncatus: Lusseau, 2003). Primates are no 101 

exceptions (e.g., agression: Southwick et al., 1976; Ram et al., 2003; affiliation: de la Torre et 102 

al., 2000; Marechal et al., 2016; Kaburu et al., 2019a; Marty et al., 2019a). Yet, assessing the 103 
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impact of anthropogenic factors on primate affiliative behaviors can be complicated, in part 104 

because multiple, sometimes contrasting processes may underlie this impact (Maréchal et al., 105 

2016; Marty et al., 2019a; Pritchard et al., 2014).  106 

One process through which anthropogenic factors may influence primates’ affiliative 107 

grooming strategies is by influencing animals’ time budgets. In group-living animals, time is a 108 

valuable but limited resource (Dunbar & Dunbar, 1988; Dunbar et al., 2009; Korstjens & 109 

Dunbar, 2007). Many socioecological factors may impose time-constraints on individuals’ 110 

tendencies to engage in social interactions, e.g. (1) living in large, spatially widespread groups 111 

(Berman & Thierry, 2010; Korstjens & Dunbar, 2007; Korstjens et al., 2010), (2) energetic costs 112 

associated with lactation or foraging (Altmann, 1974; Dunbar & Dunbar, 1988), and/or (3) 113 

increased vigilance when predation risk is high (Creel et al., 2014; reviewed in Dunbar et al., 114 

2009). While primates may navigate such time-constraints by preserving time for more 115 

important, beneficial behaviors like social interactions in favor of less beneficial behaviors such 116 

as resting (Dunbar & Dunbar, 1988), extreme time-constraints may also impact important 117 

behaviors like grooming (Berman & Thierry, 2010; Dunbar, 1992; Lehmann et al., 2007).  118 

Urban landscapes have the potential to impose such extreme constraints, since primates 119 

that interact more frequently with humans may also be more vigilant (Kaburu et al., 2019a), or 120 

spend more time monitoring human activity in order to access anthropogenic food or to avoid 121 

antagonistic interactions with humans (Marty et al., 2019a; Kaburu et al., 2019b). Several studies 122 

have shown that primates living in human-impacted areas change their activity budgets (Bryson-123 

Morrison et al., 2017; Jaman & Huffman, 2013; Ruppert et al., 2018; Saj et al., 2001; Singh & 124 

Vinathe, 1990), but the impact on inter-individual differences in social behavior remain less 125 

clear. More recently, however, our research has revealed how interactions with humans may 126 
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break up the grooming bout-durations of rhesus macaques (Macaca mulatta) (Kaburu et al., 127 

2019a), and reduce the grooming effort (both durations and diversity of partners) of rhesus 128 

macaques (Kaburu et al., 2019b) and longtailed macaques (M. fascicularis) (Marty et al., 2019a). 129 

 Life within anthropogenic environments may also expose primates to clumped but 130 

predictable patches of food resources of high quality, energy, or digestibility, and thus may have 131 

opposite effects on time budgeting relative to grooming (Forthman-Quick, 1988; Mclennan & 132 

Ganzhorn, 2017; Riley et al., 2013). If primates are constantly exposed to, and/or prefer 133 

consuming human food to natural food, individuals may spend more time foraging on 134 

anthropogenic food relative to natural food. Previous studies on primate populations that thrive 135 

in anthropogenic landscapes have revealed that such animals also spend more time resting and 136 

socializing than populations in less perturbed landscapes, likely due to the high caloric value of 137 

anthropogenic foods leading to less time spent consuming or in search of natural food (El Alami 138 

et al., 2012; Hockings et al., 2012; Jaman & Huffman, 2013; Koirala et al., 2017; Saj et al., 2001; 139 

Thatcher et al., 2019). By the logic of this free-time hypothesis, individuals that forage more on 140 

anthropogenic food may also have more time (rather than less time, as in time-constraints)  or 141 

energy to invest in grooming and/or other affiliative interactions (Kaburu et al., 2019b). 142 

Here we examine whether interactions with humans influence the time available to invest 143 

in social interactions thus impacting inter-individual differences in grooming and other forms of 144 

affiliation among semi-urban bonnet macaques (Macaca radiata). Bonnet macaques are found in 145 

sub-tropical to dry deciduous or scrub-forest environments in Southern India (Siha, 2013), where 146 

they also tend to inhabit anthropogenic landscapes (Radhakrishna & Sinha, 2011; Singh & Rao, 147 

2004; Sinha & Mukhopadhyay, 2013). Research on other macaque species has revealed that 148 

individual attributes like sex and dominance rank may influence variation in animals' tendencies 149 
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to interact with humans (rhesus macaques: Beisner et al., 2015; longtailed macaques: Fuentes & 150 

Gamerl, 2005) and their grooming strategies (Henzi & Barrett, 1999). In addition, affiliative 151 

behaviors may also be impacted by both group-specific attributes (e.g., group size, sex-ratio, 152 

home-range size) as these may determine the number and spatial spread of potentially available 153 

partners (Berman & Thierry, 2010; Lehmann et al., 2007), and by seasonal differences in 154 

climatic conditions which influence ecological factors such as food distribution or human 155 

presence/activity and thereby primate socioecology and behavior (Korstjens & Hillyer, 2016). 156 

For these reasons, we also accounted for the effects of animal attributes (i.e., sex, dominance 157 

rank) and environmental factors (i.e., group ID, season) on macaque grooming and other 158 

affiliative interactions. 159 

We tested the following hypotheses and predictions (Figure 1): 160 

H1) The time-constraints hypothesis: To determine whether human-macaque interactions 161 

impose time-constraints on macaque grooming and other forms of affiliation, we first tested the 162 

premise that higher frequency or diversity of interactions with humans is associated with more 163 

time spent by macaques monitoring human activity (P1a). In accordance with the time-164 

constraints hypothesis, we then tested whether macaques that monitored human activity more 165 

would spend less time grooming (P1b), groom fewer partners (P1c), and engage in lower 166 

frequencies of other affiliative interactions (P1d), compared to macaques that monitored less.  167 

H2) The free-time hypothesis: To determine whether macaques’ interactions with humans 168 

were driven by access to anthropogenic food, we first tested the premise that macaques that 169 

interacted more with humans also spent more time foraging on anthropogenic food (P2a). In 170 

accordance with the free-time hypothesis, we then tested whether increased foraging on 171 

anthropogenic food resulted in macaques spending more time grooming (P2b), groom more 172 
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partners (P2c), and engage in higher frequencies of other affiliative interactions (P2d), compared 173 

to macaques that foraged less on anthropogenic food.  174 

We also examined or controlled for the potential effects of macaques’ attributes 175 

(specifically  sex and dominance rank) and environmental factors (spoecifically group ID and 176 

seasonal variation) on monitoring humans, foraging on human foods, and their social behavior. 177 

Previous studies on wild bonnet macaques impacted by tourism revealed a sex-biased difference 178 

on how human provisioning impacted grooming: provisioning seemed to increase the overall 179 

rates of grooming, and grooming reciprocity, among females (Ram et al., 2003; Sinha et al., 180 

2005), but decreased grooming frequency in males (Ram et al., 2003; Sinha et al., 2005). Given 181 

this, we also explored whether the effects of macaque monitoring of humans and macaque 182 

foraging on anthropogenic food on their grooming and affiliative behaviors was different for 183 

different sexes.   184 

 185 

Materials and Methods 186 

Study site and subjects 187 

The protocols used in the study were approved by the Institutional Animal Care and Use 188 

Committee of the University of California, Davis. These protocols were designed in consultation 189 

with the Indian Institute of Science Education and Research Thiruvananthapuram, Kerala, and 190 

complied with the legal requirements of India.  191 

We studied two groups of semi-urban bonnet macaques in the Thenmala dam and 192 

Ecotourism Recreational Area (8.9
0
N, 77

0
E) located at the outskirts of the small town of 193 

Thenmala within the state of Kerala in Southern India (Figure 2). The Thenmala dam is a 194 

reservoir that is located at the border of the Shenduruny Wildlife Sanctuary (8.8
0
N, 77.2

0
E) and 195 
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the larger Agasthyamalai Biosphere Reserve (8.6
0
N, 77.2

0
E). The climate is hot and humid 196 

throughout the year, but the area experiences monsoon-based seasonal differences in vegetation 197 

and human presence. There is a four-month monsoon season (June – October), followed by a 198 

relatively cooler post-monsoon period (November – February), and a hot, relatively drier 199 

summer period (March – May). The natural vegetation is primarily composed of dry or moist 200 

deciduous trees that are typical of the region. Aside from a few small forest patches, the area is 201 

composed of several, continuous anthropogenic landscape features, such as roads, small 202 

buildings such as houses, shops and wildlife/ecotourism offices, recreational gardens, and 203 

pedestrian pathways/side-walks that lead up to the dam (Figure 2). This environment includes a 204 

human population that is composed of both local villagers and shopkeepers, workers at the dam 205 

entrance and recreational areas, ecotourism office staff, and tourists from elsewhere who visit the 206 

dam and bordering Wildlife and Biosphere Reserves. The density of humans in the area tends to 207 

vary across seasons. In particular, tourist influx tends to be highest during the post-monsoon 208 

period (four months), and lowest during the hot summer months (three months).   209 

The area is home to several groups of bonnet macaques. For our study, we focused on 210 

two groups that were somewhat different in size, whose home-ranges overlapped with the 211 

anthropogenic landscape features described above, and somewhat overlapped with each other 212 

(Figure 2). The study subjects were therefore well-habituated to human presence. The larger 213 

group (henceforth LG) comprised 48-58 adults, 26-36 males and 22 females. The smaller group 214 

(hereafter SG) comprised 28-30 adults, 10-12 males and 18 females. Barring these fluctuating 215 

numbers of males owing to a few individuals that went missing and presumably dispersed during 216 

the study and one male in LG dying on account of a road accident, the compositions of the 217 

groups remained largely unchanged throughout the course of the study. Aside from a few 218 
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exceptional situations in which they disappeared into deep forest cover, both groups were 219 

observed throughout most of their range, and within both anthropogenic landscapes and forested 220 

areas within their range.  221 

Data Collection 222 

We collected data for a total duration of 11 months spread across all three seasons 223 

described above. We used data collection protocols and ethograms that we had previously 224 

standardized and implemented on urban-dwelling rhesus macaque in Northern India, and 225 

longtailed macaques in Malaysia (Kaburu et al., 2019a, b; Marty et al., 2019a). MA and five field 226 

assistants collected data for 2-3 days per week per macaque group, using 10-minute focal animal 227 

sampling (Altmann, 1974). The subjects were all adult macaques in both groups. The observers 228 

reached inter-observer reliability in focal sampling prior to commencing data collection, with 229 

MA as the standard (range of Cohen’s Kappa: 0.83 – 0.96). We observed only one macaque 230 

group on a given day, and each group twice per week. On each day, we followed a 231 

predetermined, randomized sequence to find and sample focal animals. We aimed to obtain two 232 

10-minute focal samples of each animal each week, one in the morning and one in the afternoon. 233 

We ended the focal session if an animal went out of sight for > 3 minutes and then conducted a 234 

‘make-up’ focal session on the same individual at the next available opportunity. Partial focal 235 

observations(< 5% of the total number of focal sessions) were ultimately excluded from the 236 

analyses.  237 

In each focal session, we recorded all human-macaque and macaque-macaque 238 

interactions that involved the focal subject in a continuous manner, capturing both the time of 239 

occurrence of each interaction and the sequence. We recorded both more frequently occurring 240 

human-macaque interactions such as (i) mutual contact and non-contact aggression, (ii) 241 
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avoidance, and (iii) human provisioning of macaques, as well as less frequently occurring 242 

interactions initiated by humans towards macaques such as (iv) attention, (v) lure, (vi) taunt, (vii) 243 

stare, and (viii) touch (see Kaburu et al., 2019a, b for detailed definitions). Among the macaque-244 

macaque interactions, we recorded (i) agonistic behavior which included contact and non-contact 245 

aggression that elicited a clear submissive response from the recipient, (ii) submissive behavior 246 

outside of aggressive contexts, and (iii) grooming (including an end-time in addition to the start-247 

time to capture bout-durations) (see Kaburu et al., 2019a, b for detailed definitions). We also 248 

recorded other forms of macaque-macaque affiliation, specifically instances of (iv) coalitionary 249 

support (an intervention of an on-going conflict to take the side of one of the conflict participants 250 

against the other), (v) lip-smacking (rapid, up and down movement of pursed lips), (vi) non-251 

sexual mounting (grabbing the hind-legs of another individual with fore-limbs and briefly rising 252 

from the ground to place the fore-limbs on the individual’s back), and (vii) silent bare-teeth 253 

displays in non-aggressive contexts (hereafter peaceful SBTs). Once every two minutes within 254 

each 10-minute focal, we used Point-time Sampling (Altmann, 1974) to record (i) the focal 255 

animal’s main activity, i.e. whether the animal was resting, grooming, foraging on natural food, 256 

foraging on anthropogenic food, in locomotion, or socializing, and (ii) whether or not the animal 257 

was monitoring human activity (i.e., looking directly at people: Kaburu et al., 2019a, b; Marty et 258 

al., 2019a) All data were entered directly into Samsung tablets (Samsung Tab3/Tab4) using the 259 

HanDBase® application (DDH software).   260 

At the end of the 11-month duration, we recorded a total of ~922 hours of observation 261 

across 88 focal animals in the two groups, or a mean ± SD of 10.6 ± 3.6 hours of observation per 262 

focal animal. We recorded a total of 32,649 instantaneous samples, or a mean ± SD of 325 ± 127 263 

samples per animal.  264 
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Behavioral Measures: 265 

Human-macaque interactions: From the focal data on each individual macaque within 266 

each season, we calculated its (i) frequency of human-macaque interactions, i.e., the number of 267 

interactions with humans per hour of observation time. From the instantaneous scan samples, we 268 

calculated (ii) the frequency of monitoring as the number of scan samples in which a subject was 269 

observed monitoring human activity divided by the total number of scan samples on that subject 270 

within that season. We also calculated foraging on anthropogenic food as the proportion of 271 

instantaneous samples in which a subject was observed foraging on human food over the total 272 

number of samples in which it was foraging on either natural or human food.           273 

Macaque dominance ranks: From all dyadic agonistic interactions with a clear winner and 274 

loser, we calculated the dominance ranks of individuals of each group, using the Perc package 275 

(Fujii et al., 2015) in R (R Core Team, 2013). Since the biological bases of rank acquisition and 276 

function are different for each sex (Bernstein, 1976), we estimated rank orders separately for 277 

males (from male-male agonistic interactions) and females (from female-female interactions). In 278 

order to control for differences in group size, we standardized the ordinal ranks for each group 279 

and sex to create a rank-index, hereafter ‘percentile rank’, that ranged between 0 (lowest ranked 280 

individual) and one (highest ranked individual) (as in Kaburu et al., 2019b; Marty et al., 2019a). 281 

Macaque grooming duration, grooming diversity, and affiliation frequency: From the 282 

continuously recorded focal interactions, we calculated, for each individual focal macaque within 283 

each season, its (i) grooming duration as the amount of time spent either grooming or being 284 

groomed by a conspecific, (ii) grooming diversity as the total number of individuals with whom 285 

the focal individual was engaged in grooming, and (iii) affiliation frequency as the number of 286 
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instances of engaging in one or more types of short-duration affiliative behaviors (coalitionary 287 

supporting, lip-smacking, nonsexual mounting, or peaceful silent bare-teeth displays).   288 

Statistical Analyses: 289 

 Some emigrating males were observed for exceptionally short durations of time (<2 290 

months of the 11-month study duration, or < 300 focal minutes). We therefore removed these 291 

males, and ran all statistical tests on focal animals that were sampled for a minimum of 300 292 

minutes across 11 months, and within at least two of the three seasons. These criteria yielded a 293 

final dataset of 216 behavioral datapoints across 76 macaques (48 in LG (26 males and 22 294 

females) and 28 in SG (10 males and 18 females)) and three seasons, on which we conducted the 295 

analyses.  296 

To test all our predictions, we ran Generalized Linear Mixed Models (GLMMs) using the 297 

lme4 package in R (version 3.5.0: R Development Core Team, 2009) (Bates et al., 2015). In each 298 

case, we ran either a Negative Binomial model or a Poisson model after verifying whether the 299 

model met the criteria for over-dispersion (a Negative Binomial model was chosen) and under-300 

dispersion (a Poisson Model was chosen) respectively. To test the premise for the time-301 

constraints hypothesis, i.e., whether macaques that interacted more with humans also monitored 302 

human activity more (H1: P1a), we ran a Negative Binomial model, in which the number of 303 

scans in which an individual was observed monitoring humans within each season was the 304 

outcome variable. As predictors, we included macaques’ frequencies of human-macaque 305 

interactions to examine the premise for time-constraints (P1a), as well as sex (categorical 306 

variable: male vs female), dominance rank, group ID (categorical variable: LG vs SG), and 307 

season of observation (categorical variable: monsoon vs post-monsoon vs summer) to examine 308 

their potential effects on monitoring. We set the total number of instantaneous samples on each 309 
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macaque within a season as an offset variable and included ‘animal ID’ (a unique identifier for 310 

each individual animal) as a random effect to account for repeated measures across seasons. To 311 

test the premise for the free-time hypothesis (H2: P2a), i.e., whether human-macaque interactions 312 

positively predicted macaques’ tendencies to forage on anthropogenic food, we ran a Poisson 313 

model in which the number of scans in which an individual was observed foraging on 314 

anthropogenic food was the outcome variable, and included the same set of predictors as above. 315 

 To examine whether anthropogenic factors impose time-constraints (i.e., reduced 316 

grooming duration, grooming partner diversity, and affiliation frequencies: H1) or free-time 317 

(increased grooming duration, partner diversity, or affiliation frequencies: H2) on grooming and 318 

affiliative behaviors, we ran nine more GLMMs (summarized in Supplementary Table 1). 319 

Specifically, we ran (i) three Negative Binomial models in which the total grooming duration of 320 

each focal within each season (in seconds) was the outcome variable (models A1-A3: 321 

Supplementary Table 1), (ii) three Poisson models in which the number of grooming partners 322 

was the outcome variable (models B1-B3: Supplementary Table 1), and (iii) three Negative 323 

Binomial models in which the frequency of other affiliative interactions was the outcome 324 

variable (models C1-C3: Supplementary Table 1). In each model, we included, as main effects, 325 

macaque monitoring of human activity to test the time-constraints hypothesis (P1b, P1c, P1d), 326 

and macaque foraging on anthropogenic food to test the free-time hypothesis (P2b, P2c, P2d). 327 

We also included macaques’ attributes (i.e., sex and dominance rank) and environmental 328 

variables (i.e., group ID and season of observation) to account for their effects on social 329 

behavior. To assess potential sex-biased differences on human impact on macaque affiliation, we 330 

included an interaction term between sex and monitoring in three models (models A2, B2 and 331 

C2), and an interaction between sex and foraging on anthropogenic food in the other three 332 



Balasubramaniam et al. 

                                                                                                                

 

15 

models (models A3, B3 and C3). In all nine models, we set the total observation time of each 333 

macaque within a season as an offset variable and included ‘animal ID’ as a random effect to 334 

account for repeated measures across seasons. 335 

 For all GLMMs, we checked model diagnostics related to its validity, stability, and the 336 

(lack of) collinearity of model predictors (Cook's distance, DFBetas, DFFits, and Variance 337 

Inflation Factors) (Quinn & Keough, 2002; Stevens, 1984). These indicated neither influential 338 

cases, nor any deviations from the assumptions of normality and homogeneity of residuals. We 339 

also ran Likelihood Ratio Tests (LRTs) using the lmtest package in R (Hothorn et al., 2019) to 340 

determine whether each GLMM was significantly better-fit than a corresponding ‘null’ model 341 

with no predictors. We only interpreted model coefficients for GLMMs that met this criterion. 342 

 343 

Results: 344 

Descriptive Statistics 345 

 We recorded a total of 259 human-macaque interactions across 11 months, 96 in the 346 

monsoon season, 127 in the post-monsoon season, and 36 in the summer. Of these, the most 347 

common interactions were mutual aggression (137 events) and human-to-macaque provisioning 348 

(67 events), which together constituted ~79% of all human-macaque interactions. We found 349 

significant differences in the frequencies of human-macaque interactions across seasons 350 

(monsoon and post-monsoon seasons > summer season: Kruskal-Wallis test: 2
(df = 2) = 22.6, p 351 

< 0.01), and across groups (LG > SG: Kruskal-Wallis rank-sum test: 2
(df = 1) = 13.2, df = 1, p 352 

< 0.01). This further justified our approach to account for these factors while testing our 353 

predictions.    354 

Premise for the time-constraints and free-time hypotheses (P1a and P2a):  355 
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LRTs revealed that both GLMMs were significantly better-fit than the null model (Table 356 

1). Our GLMM analysis revealed that the frequency of human-macaque interactions had a 357 

significant, positive effect on the rates of macaques’ monitoring of human activity (Table 1A; 358 

Figure 3A). This effect was despite significant effects of macaques’ dominance ranks (high 359 

ranking individuals monitored more), group ID (members of LG monitored more than those in 360 

SG), and observation season (monitoring was highest in the monsoon season, and lowest in the 361 

summer), on monitoring (Table 1A). Furthermore, we found that the frequency of human-362 

macaque interactions was positively related to macaques’ tendencies to forage on anthropogenic 363 

food (Table 1B; Figure 3B). This effect was independent of the significant effects of group ID 364 

(LG individuals foraged more than SG individuals), observation season (highest in the post-365 

monsoon and lowest in the summer), and macaques’ sex (females foraged more than males), on 366 

foraging (Table 1B). These results justify our subsequent analyses testing whether monitoring 367 

affects affiliative interactions (time-constraints hypotheses) and whether human-macaque 368 

interactions increase macaques’ affiliative interactions by increasing macaque access to human 369 

food (free-time hypothesis). 370 

Evidence for the time-constraints hypothesis (H1): 371 

 We found strong evidence for time-constraints imposed by humans on macaque 372 

grooming behavior, but not on other affiliative behaviors. LRTs revealed that all nine GLMMs 373 

were significantly better-fit than their corresponding null models (Tables 2-4). GLMMs revealed 374 

that macaque monitoring of humans was significantly negatively related to both their grooming 375 

duration (P1b; Table 2; Supplementary Table 2; Figure 4) and the diversity of their grooming 376 

partners (P1c; Table 3; Supplementary Table 3; Figure 5). These effects were in spite of 377 

significant effects of macaques’ sex (females groomed more than males), group ID (macaques in 378 
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LG groomed more than those in SG), and dominance ranks (high ranking individuals groomed 379 

for longer, but not necessarily a greater diversity of partners) on grooming effort (Tables 2 and 3; 380 

Supplementary Tables 2 and 3). However, monitoring humans had no impact on frequencies of 381 

other forms of affiliative behaviors (P1d; Table 4; Supplementary Table 4), which seemed to be 382 

more strongly influenced by sex (males showed significantly higher frequencies than females) 383 

and observation season (significantly greater in the monsoon compared to the post-monsoon and 384 

summer seasons) (Table 4; Supplementary Table 4). Finally, we detected no conditional effect of 385 

time-constraints based on sex: interactions between sex and macaque monitoring affected neither 386 

grooming (Tables 2 and 3; Supplementary Tables 2 and 3) nor other affiliative behaviors (Table 387 

4; Supplementary Table 4). 388 

Evidence for the free-time hypothesis (H2): 389 

We found no evidence for the free-time hypothesis. The GLMMs revealed that macaque 390 

foraging on anthropogenic food, either by itself or via interacting with macaques’ sex, had no 391 

impact on grooming duration (P2b; Table 2), grooming partner diversity (P2c; Table 3), or 392 

frequencies of other affiliative interactions (P2d; Table 4). 393 

 394 

Discussion: 395 

In this study, we examined the impact of anthropogenic factors on grooming and other 396 

affiliative interactions among bonnet macaques living in semi-urban landscapes. We found 397 

strong evidence for time-constraints: interactions with humans, via influencing primates’ 398 

tendencies to monitor human activity, seemed to reduce their grooming time and their diversity 399 

of grooming partners. On the other hand, macaque foraging on anthropogenic food did not seem 400 

to increase their free-time and thereby impact grooming effort or on affiliation frequencies.  401 
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Our data established a clear premise for both the time-constraints and the free-time 402 

hypotheses: macaques that interacted more frequently with humans showed a greater tendency to 403 

monitor human activity, and to forage more on anthropogenic food compared to natural food. 404 

Urban primates may monitor humans for many reasons. First, being aware of human activity, 405 

behavior, and movement patterns may increase their chances of procuring human foods. Thus, 406 

our premise for the time-constraints hypothesis was not mutually exclusive from our premise for 407 

the free-time hypothesis: macaques that monitor humans more may also be more successful at 408 

procuring or foraging on anthropogenic foods. Nevertheless, such an interdependency of 409 

hypotheses was unlikely to be strong for our study-groups, partly because they were exposed to 410 

sources of anthropogenic food that were not directly provided to them by humans throughout 411 

most of their home-range (e.g., trash, discarded human foods, fruiting trees planted by humans). 412 

Such an abundance and ease of access of such anthropogenic food that did not require macaques 413 

to directly interact with humans suggests that these macaques may monitor humans for more 414 

reasons than just procuring food, for instance to avoid direct conflict (aggression), or because of 415 

the potentially unpredictable nature of human-macaque interactions and their outcomes. In semi-416 

urban landscapes (like our study site), the potential benefits of obtaining anthropogenic food 417 

from direct interactions with humans is countered by the risk of aggression, injury, or 418 

(sometimes) even mortality from humans (Paterson & Wallis, 2005). Bonnet macaques in our 419 

study groups indeed experienced a mix of positive (e.g., receiving provisioning) and negative 420 

(e.g., aggression, mortality from car accidents) interactions with humans, which may explain 421 

why macaques that monitored human activity more also interacted more frequently with humans. 422 

In support of the time-constraints hypothesis, monitoring humans seemed to lower 423 

macaques’ grooming effort, a result that was generally consistent with our other recent findings 424 
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on urban-dwelling rhesus and longtailed macaques (Kaburu et al., 2019b; Marty et al., 2019a). 425 

When socioecological factors like group sizes or resource distribution impose time-constraints 426 

on primates’ grooming, animals may adjust their strategies by lowering either per capita 427 

grooming effort or by reducing the number of grooming partners, but rarely both (Berman & 428 

Thierry, 2010; Dunbar & Dunbar, 1988; Dunbar et al., 2009; Lehmann et al., 2007). With 429 

regards to the time-constraints imposed by anthropogenic factors, bonnet macaques showed a 430 

reduction in both grooming time and partner diversity, which was in contrast to our findings on 431 

longtailed macaques in which monitoring reduced grooming duration but not partner diversity 432 

(Marty et al., 2019a). Nonetheless, we speculate that the magnitudes of these effects for bonnet 433 

macaques may be smaller than those that we detected for longtailed macaques and rhesus 434 

macaques, given potential species-typical differences in social behavior (Thierry, 2007), or 435 

(more likely) the markedly lower overall human impact on the macaques in Thenmala compared 436 

to the populations we studied in Northern India and Malaysia (McCowan, Unpublished Data). 437 

Confirming this awaits comparative analyses across species/sites. 438 

Unlike grooming, monitoring humans did not seem to impose time-constraints on other 439 

forms of affiliation. One primary reason for this could be that these behaviors occur less 440 

frequently and are brief in duration. In macaque societies, giving and receiving coalitionary 441 

support is critical to the maintenance or ascendancy of male dominance status, and the 442 

maintenance of strong alliances between close kin and friends (van Hooff & van Schaik, 1992). 443 

Furthermore, affiliative signaling behaviors such as lip-smacking and silent bare-teeth displays in 444 

non-aggressive contexts, in addition to grooming, may also function to establish and maintain 445 

strong social bonds (Silk et al., 2003; Young et al., 2014). Retaining such short-duration 446 

affiliative behaviors may also be especially important among primate groups living in human-447 
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impacted landscapes, both to maintain their social bonds while compromising on their grooming 448 

time and effort, and to deal with the stressful conditions that such environments may present 449 

(Marechal et al., 2016). 450 

We found no evidence for the free-time hypothesis - macaque foraging on anthropogenic 451 

food had no impact on their grooming behavior. This was consistent with our previous findings 452 

on rhesus macaques in Northern India (Kaburu et al., 2019b), but inconsistent with many 453 

previous studies that revealed that primates that are more exposed to human-provisioned food 454 

sources spend more (rather than less) time resting or socializing compared to those less exposed 455 

to anthropogenic factors. The free-time hypothesis is based on the pretext that anthropogenic 456 

foods are more abundant, spatiotemporally predictable, and have higher calorific value than 457 

natural foods of primates (Mclennan & Ganzhorn, 2017; Oro & Genovart, 2013; Riley et al., 458 

2013; Saj et al., 1999). This may be true for primate populations that are professionally 459 

provisioned (Marty et al., 2019b), i.e. experience regular human provisioning that is 460 

spatiotemporally predictable, i.e., occurs at specific times and/or at specific locations (e.g., El 461 

Alami et al., 2012; Hockings et al., 2012; Jaman & Huffman, 2013; Koirala et al., 2017; Saj et 462 

al., 2001; Thatcher et al., 2019). At our study site, however, provisioning occurred at random 463 

times and areas within the macaques’ home range (i.e., was spatiotemporally unpredictable: 464 

Marty et al., 2019b). Such unpredictability could mean that these macaques may incur energetic 465 

costs in procuring anthropogenic foods. 466 

There was not an effect of subjects’ sex on  the impact of anthropogenic factors on 467 

macaque grooming or other forms of affiliation. This was in contrast to previous work on wild 468 

but occasionally provisioned bonnet macaques, which revealed that human provisioning seemed 469 

to increase grooming frequency and reciprocity among females (Ram et al., 2003), but not so in 470 
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males which showed a decrease in grooming frequency (Sinha et al., 2005). We speculate that 471 

urban environments can support bonnet macaque groups that may be generally larger in size, 472 

show more even sex ratios, lower within-group competition, and greater within-group social 473 

tolerance among both males and females, in comparison to macaque groups living in forested 474 

environments that experience little/minimal human impact. The latter may show the opposite 475 

characteristics and, in extreme socioecological conditions, intense male-male competition and 476 

uni-male social organizations (Sinha et al., 2005). Consequently, both males and females in 477 

urban bonnet macaque groups (like ours) may maintain generally strong grooming relationships, 478 

although, as our results show, individuals subject to anthropogenic time-constraints seem to 479 

uniformly, independent of their sex, forego some grooming effort.     480 

Given that grooming and other affiliative interactions can be strongly influenced by many 481 

socioecological or environmental factors, it is noteworthy that our findings were independent of 482 

the effects of macaque group ID, dominance rank, sex, and seasonal variation (which likely 483 

impacted the distribution and abundance of resources), which seemed to impact grooming and/or 484 

other forms of affiliation to varying extents. Predation pressure was relatively low or absent in 485 

the area. For these reasons, we remain confident that anthropogenic factors indeed negatively 486 

impacted bonnet macaque grooming behavior, and had no impact on other forms of affiliation. 487 

Although we focused on overall frequencies of human-macaque interactions and monitoring of 488 

humans, it is conceivable that specific types or sequences of interactions that are especially time-489 

consuming were more likely than others to impose time-constraints on grooming (Kaburu et al., 490 

2019b). This awaits research. Furthermore, whether such reductions in grooming effort also 491 

impact changes to the structure of macaques’ grooming social networks also awaits 492 

investigation.  493 
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  In conclusion, our study reveals how interactions with humans constrains the time 494 

available for bonnet macaques to engage in social grooming behavior. These results add to a 495 

growing, fundamentally important body of research related to how humans and anthropogenic 496 

factors may impact the behavior of wildlife, and free-living primates in particular. Since 497 

grooming may strongly impact primate health and fitness outcomes (Kappeler et al., 2015; Nunn 498 

et al., 2015), our findings that anthropogenic factors lead to a reduction in macaques’ grooming 499 

effort have indirect implications for the conservation of bonnet macaques. Although listed as a 500 

‘Least Concern’ species by the IUCN (Singh et al., 2008; Singh & Rao, 2004), bonnet macaques 501 

are not as geographically widespread as other primate species such as rhesus and longtailed 502 

macaques, and remain Red-Listed primates with a decreasing population trend (Radhakrishna & 503 

Sinha, 2011; Singh & Rao, 2004; Sinha, 2013; Sinha & Mukhopadhyay, 2013). Thus, future 504 

work on this species, and on other vulnerable or endangered primates that overlap with 505 

anthropogenic landscapes, should also focus on whether/how changes to the social behavioral 506 

strategies of individual primates that are impacted by humans may impact indicators of their 507 

health and fitness. 508 
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 772 

Figure Legends: 773 

Figure 1 The time-constraints and free-time hypotheses tested in this study. Bold arrows 774 

indicate the overall predicted directions (increase versus decrease) of variation in grooming 775 

duration, diversity, and other affiliative interactions based on each hypothesis. 776 

Figure 2 Map of the study site, i.e., the Thenmala Dam and Ecotourism Recreational Area 777 

in Kerala, Southern India (8.9
0
N, 77

0
E). We collected data on two groups of bonnet macaques 778 

(Macaca radiata) in the area. Grey areas that are not represented in the key above indicate 779 

natural or forested landscape features. 780 

Figure 3 Relationship between the frequency of human-macaque interactions and model-781 

predicted rates of (A) macaque monitoring of human activity (H1: P1a) and (B) foraging on 782 

anthropogenic food (H2: P2a). Y axis values were calculated by dividing the model-predicted 783 

values (of monitoring and foraging on anthropogenic food) by the total number of scans set as an 784 

offset variable in each model.    785 

Figure 4 Relationship between macaque monitoring of human activity and grooming 786 

duration (model-predicted outcome from model A1: H1: P1b). Y axis values represent model-787 

predicted proportions of time spent grooming, calculated by dividing the model-predicted values 788 

of grooming duration by macaque observation times set as an offset variable in the model. 789 

Figure 5 Relationship between macaque monitoring of human activity and grooming 790 

partner diversity (model-predicted outcome from model B1: H1: P1c). Y axis values represent 791 

model-predicted numbers of grooming partners per unit time, calculated by dividing the model-792 
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predicted values of grooming partner diversity by macaque observation times set as an offset 793 

variable in the model. 794 


