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ABSTRACT OF THE DISSERTATION 
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According to the socioecological model of female sociality, females living in 

environments with clumped resources should exhibit strong, linear dominance hierarchies 

and females in the upper part of these hierarchies should receive less aggression, gain 

better access to food and receive more grooming than their lower ranked counterparts.  
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This dissertation investigates the predictions of this model using females in a 

group of bonnet macaques (Macaca radiata). It also investigates the effects of three food 

distributions (0.25 m², 1 m², and 4 m²) on female aggression. This group had a 

moderately linear dominance hierarchy (0.63 Modified Landau Index). Although 

aggressive behavior increased during the feeding experiments, the overall strength of the 

dominance hierarchy was not significantly affected by an increase in food clumping.  

Higher ranked females did not receive more grooming than lower ranked females. 

Females engaged in both reciprocal (12.6%) and non-reciprocal bouts (87.4 %) of 

grooming and reciprocal grooming was time matched. Although most grooming was not

immediately reciprocated, females did not appear to be trading grooming for another 

commodity, except, potentially, for coalitionary support. Grooming was more reciprocal 

across bouts than within bouts showing increased grooming reciprocity between partners 

over time. This long-term reciprocity suggests that bonnet macaque females reciprocate 

grooming over long spans of time effectively increasing the proportion of reciprocal 

grooming and decreasing the amount traded in a biological market. 

Females showed different types of competition as the experimental food 

distribution was decreased. High ranking females consumed more than low ranking 

females in each distribution. The greatest rank asymmetry in feeding was found in the 

highly clumped condition due to the ability of dominant individuals to monopolize the 

feeding platform. However, the number of aggressive acts among females was 

significantly lower in both clumped distributions than in the dispersed condition. 

Usurpation, as measured by agonistic acts, was higher in the dispersed condition, but 
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competition through monopolization was greatest in the highly clumped condition as 

expected by the socioecological model. Competition in the highly clumped condition 

could not be measured by quantity of agonistic behavior illustrating the importance of 

distinguishing between monopolizability and usurpability when analyzing levels of 

competition.  



 

 

1 

 

INTRODUCTION 

Sociality, or group living, is a major characteristic of the primate order. However 

this sociality comes with costs, particularly in the context of feeding [Alexander, 1974; 

Pulliam & Caraco, 1984]. These costs may be particularly high for females due to the 

increased energetic requirements that accompany gestation and lactation. Thus 

differential energy gain in females may be an important factor in females’ relative 

reproductive success [Trivers, 1972]. Since these costs can be significant, a major 

question to be answered is why did primate females evolve to live in groups? Answering 

this question is the basis of the socioecological theory of female sociality. This 

dissertation adds to this body of knowledge by experimentally testing the predictions of 

the socioecological theory on a free ranging group of primates. The few experimental 

tests previously addressing this question have been carried out exclusively on captive 

groups.  

This dissertation is comprised of three studies that investigate the nature of social 

relationships among females in a group of commensal bonnet macaques in Mysore, India.  

The first two studies are based on observational data, while the third study describes the 

experimental section of this dissertation project. The first study investigates the strength 

and linearity of the female dominance hierarchy of the study group. Understanding the 

nature of the dominance hierarchy is essential since variations in dominance style are 

important components of the socioecological model of female sociality. The second study 

investigated affiliative relationships among bonnet macaque females as represented by 

grooming interactions. Reciprocity within grooming relationships was the focus of this 
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study since the level of grooming reciprocity can be an important indicator of the levels 

of competition and social styles of female primates. The third study focuses on 

experimentally manipulating feeding conditions in order to test the main predictions of 

the socioecological models of female sociality. 

Current socioecological theory hypothesizes that the evolution of sociality in 

female primates was driven by the benefits gained from a greater ability to defend food 

resources from other groups [Isbell, 1991; Wrangham, 1980] and/or greater protection 

from predators [van Schaik, 1989] or infanticidal males [Sterck et al., 1997]. These 

benefits presumably outweigh the costs of increased competition for food within groups. 

While living in a group females can also alter their behavior in an attempt to mitigate 

feeding costs. Within groups, females are expected to compete for access to food if food 

quality is variable; which leads to the formation of linear dominance hierarchies 

[Wrangham, 1980].  

The feeding costs associated with group living are not necessarily equally shared 

by all individuals within a group. In groups organized by linear dominance hierarchies, 

more dominant individuals have been found to gain greater access to resources than less 

dominant individuals [Verhencamp, 1983]. For social primates, higher rank has been 

found to be associated with a variety of benefits including: higher food intake rates 

[Janson, 1986; Saito, 1996; Vogel, 2005], greater foraging efficiency [Range & Noë, 

2002], ability to win contests over food [Wittig & Boesch, 1993] and longer food 

handling and food site residence time [Chancellor & Isbell, 2008; Isbell et al., 1998; 

Mathy & Isbell, 2001; Preutz & Isbell, 2000]. High rank has also been associated with 
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greater reproductive success especially in cercopithecines [Busse, 1982; Dunbar, 1980; 

van Noordwijk & van Schaik, 1987; Pusey et al. 1997; Saito, 1996; Wittig & Boesch, 

1993]. An increase in variability of food quality leading to increased feeding benefits for 

females who can gain access to the higher quality food should lead to an increase in the 

linearity of the dominance hierarchy since within group competition should increase.  

Chapter 1 of this dissertation focuses on determining the female dominance 

hierarchy present in the study group. The dominance hierarchy created from 

observational data of female interactions during natural foraging was compared to the 

hierarchy created from data taken during feeding experimentation to see if the more 

highly clumped and abundant food available during the experiments significantly altered 

the nature of the females’ hierarchy. It was expected that feeding competition among 

females would be higher during the experimental conditions and this increased 

competition would lead to an increase in the strength of the females’ dominance 

hierarchy. As predicted, females were significantly more aggressive towards each other 

during the experimental trials than they were during non-experimental interactions and 

the directional inconsistency of the interactions reduced indicating an increase in the 

linearity of dominance relationships. Individual females were also found to occupy 

different ranks in the hierarchy between the non-experimental and the experimental 

conditions. This increase in aggression and linearity led to a non- significant change in 

the overall strength of of their dominance hierarchy.  

This finding is important because it suggests that the increased aggression seen in 

commensal groups may not significantly change their overall dominance structure. Thus 
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far, research on commensal groups of monkeys has tended to examine the differences in 

behavior and demography between commensal and non-commensal groups and species, 

making use of the comparison to study the behavioral flexibility and adaptability of 

certain primate species [Altmann & Alberts, 2004; Biquand et al., 1991; Cooper et al., 

2004; Saj et al., 2001; Schlotterhausen, 1999; Waite et al., 2007; Wolfe, 1992]. This has 

led some to believe that commensal primates are so different from their non-commensal 

counterparts that commensal populations cannot or should not be used to draw 

conclusions about primate behavior in general [Curtain & Dolhinow, 1978]. However, as 

human populations grow and “undisturbed” primate habitats shrink primate populations 

available for study in areas without human interference also shrink, while populations of 

primates living in human environments are increasing and it becomes increasingly 

important to know what commensalism changes and what it does not [Eudey, 2008; 

Imam et al., 2002; Kumara et al., 2010;  Nijman & Nekaris, 2010]. 

Affiliative relationships can also be important indicators of the strength of a 

dominance hierarchy. High levels of within group contest competition have been linked 

to a particular suite of behaviors including: rank related food consumption where high 

ranked individuals eat more, frequent agonistic encounters over access to food and safe 

locations, high levels of aggressive behaviors, rank related grooming relationships, stable, 

linear dominance hierarchies, and female phylopatry. Low or absent levels of within 

group contest composition have been associated with: weak, unstable or absent 

dominance hierarchies, grooming relationships that are unrelated to rank, low levels of 
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aggressive behaviors, and in some cases female dispersal [ Isbell, 1991; van Schaik, 

1989; Sterck et al., 1997; Wrangham, 1980].   

Chapter 2 of this dissertation investigates the nature of the grooming relationships 

among the group’s females. Grooming interactions were analyzed to see if grooming was 

rank-related, if females directed their grooming up the hierarchy in order to preferentially 

groom individuals higher in rank than themselves, and if females immediately 

reciprocated grooming. Since it is hypothesized that females may trade grooming for 

other commodities (i.e. tolerance, reduced aggression, or coalitionary support) in a 

biological market  [Barrett et al., 1999; Henzi & Barrett, 1999; Noë & Hammerstein, 

1994] groups with more linear hierarchies should reciprocate grooming less often than 

those in more egalitarian groups.  

 Studying the grooming relationships of this group was important because there 

were several variables that could have affected the females’ grooming patterns.  As 

chapter 1 details, bonnet macaques in general, and the study group specifically, possess a 

relatively weak, shallow, and less despotic female dominance hierarchy and are thus 

classified as a Grade 3 society [Thierry et al., 2000]. This suggests that bonnet macaque 

females may have little need to exchange grooming as a commodity.  

 However this group was also highly commensal and lived partially off human 

supplied food. Human food resources generally are of high quality and are often clumped 

and discontinuous in space and time. This is most likely the reason why aggressive 

behaviors, especially while feeding on human generated resources, tend to increase in 

commensal groups [Ram et al., 2003; Schlotterhausen, 1999]. Over time, commensal 
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groups also undergo a demographic shift which includes larger group sizes and increased 

survivorship of immatures and in certain populations the reduction of emigration and a 

change in adult sex ratio [Biquand et al., 1992]. The larger group sizes and increased 

aggression found in commensal groups could lead to a greater need to trade grooming for 

tolerance. Chapter 2 investigates for evidence of the presence of interchange grooming, 

such as whether high ranked females received more non-reciprocal grooming than lower 

ranked individuals, whether there was time matching of immediate reciprocal grooming 

and whether grooming was directed up the hierarchy.  This study found that similar to 

captive bonnet macaques [Manson et al., 2004] when grooming was immediately 

reciprocated it was indeed time matched, however the majority of the study group’s 

grooming was not immediately reciprocated. Females did not appear to be trading 

grooming for other commodities however, except for the possibility of a few dyads who 

may have been exchanging grooming for coalitionary support. When grooming 

relationships were analyzed over time, this study found that females were reciprocating 

grooming over a longer time scale than within a single bout.  

The findings of this study agree with those obtained from studies of other bonnet 

macaque groups which show that female bonnet macaques form strong affiliative 

relationships and exchange high levels of grooming [Ali, 1981; Kurup, 1988; Sinha, 

1996]. This study also provides more evidence that the pattern of grooming relationships 

for bonnet macaques is more variable than many other macaque species. In fact bonnet 

macaques are one of the few primate species reported to show dominant females giving 

high levels of un-reciprocated grooming to their subordinates [Sinha, 1996]. The reason 
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for bonnet females’ unusual grooming patterns is currently not known although it may 

include specific responses to ecological conditions, genetic factors, or idiosyncratic 

individual choice coupled with cultural transmission [Sinha, 2001].  

Chapter 3 discusses the field experiments conducted with this group which 

investigated whether three different food distributions presented to a group of free-

ranging bonnet macaques were “seen” as different from the point of view of the 

monkeys. They also measured whether the different distributions elicited contest 

competition among group members and if these levels of competition varied as predicted 

in the socioecological model across the different feeding distributions. 

This study was designed to experimentally test whether altering the physical and 

temporal distribution of food resources affected female behavior in ways predicted by the 

socioecological model. During the study food distribution, spacing, size and quality were 

varied, however only differences in food distribution are reported in this dissertation. The 

monkeys were presented with a feeding platform where food quality, item size, and 

quantity were held constant and where food distribution was varied (0.25 m², 1m², or 

4m²). Uncooked wheat grains were used to bait the feeding platform. Since the females 

had to pick up the grains individually in the dispersed conditions, food was consequently 

more difficult to obtain and took longer to eat than food in the clumped conditions (where 

the grains were closer together and females could scoop up larger handfuls) facilitating 

measurement of food site residence time, or FSRT [Chancellor & Isbell, 2009]. 

As predicted by the socioecological model all females experienced contest 

competition for food under all food distributions when competition was measured as rank 
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related differences in food intake. Providing further support for the socioecological model 

was the fact that the greatest rank asymmetry in feeding was found in the highly clumped 

condition due to the ability of dominant individuals to monopolize the feeding platform. 

However contrary to the model's predictions the number of aggressive acts among 

females was significantly lower in both clumped distributions than in the dispersed 

condition. Increased female food platform residence times may account for this pattern, 

with individual females spending longer at the feeding platform in the dispersed 

condition giving them more opportunity for agonistic interactions. Although overt 

competition, or usurpation, as measured by agonistic acts, was higher in the dispersed 

condition, competition (as measured by rank differences in food consumption) was 

greatest in the highly clumped condition as expected by the socioecological model. 

Competition in the highly clumped condition was mainly covert competition, or 

monopolizability, and could not be measured by looking at levels of agonistic behavior.  

This study illustrates that is important to distinguish between monopolizability 

and usurpability when analyzing levels of competition in a group. One of the most 

common ways of estimating contest competition among females is to measure their levels 

of agonistic interactions. It is often assumed that a high rate of agonistic encounters 

equates with high level of contest competition.  However, this study shows that simply 

measuring amounts of agonism may not give an adequate picture of the level of contest 

competition occurring within a group. This illustrates the importance of field 

experimentation as a tool in the study of primate behavior. The controlled feeding 

provided by the experiments allowed for a more accurate assessment of individual 
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female’s kcal consumption than could have been obtained in purely observational studies. 

The increased rank differential in kcal consumption during periods with lower levels of 

agonistic interactions showed that contest competition was actually occurring at a higher 

level than could be measured by female-female interactions alone. This suggests that 

when females are competing through monopolization rather than usurpation the levels of 

contest competition may be underestimated.  For observational studies it may be 

necessary to use individual food site residence times as suggested by Isbell and 

colleagues [Chancellor & Isbell, 2009] in conjunction with agonistic interactions as a 

measure of contest competition. This study also indicated that males played a significant 

role in inhibiting females’ use of the platforms and the price of accessing the feeding 

platform for females was increased male aggression. This suggests that the effect of male 

–female feeding competition may need to be incorporated more explicitly into the 

socioecological model of female sociality. 
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CHAPTER 1 

Differences in Dominance Interactions among Commensal Female Bonnet Macaques 

(Macaca radiata) Under Natural Foraging and Experimental Feeding Conditions in 

Mysore, India 

 

Abstract 

Examination of the differences in dominance structure and aggression among 

females in a troop of highly commensal bonnet macaques during natural foraging and 

under experimental feeding conditions found that females were significantly more 

aggressive under the experimental conditions.  As well as being more aggressive, females 

during the experimental conditions were less likely to direct aggression up the dominance 

hierarchy leading to lower a lower Dyadic Inconsistency Index and Dyads Up index. The 

dominance hierarchies created from the natural foraging conditions and the experimental 

conditions were evaluated for hierarchy steepness using three techniques, the modified 

Landau Index (MLI), Normalized David’s Scores Pij (DSPij), and Normalized David’s 

Scores Dij (DSDij); all of which measure steepness on a scale between 0 and 1. The 

hierarchy created with the non-experimental data were found to have steepness scores of 

0.63(MLI), 0.67 (DSDij) and 0.78 (DSPij) (all indicators of a moderate linear hierarchy). 

The hierarchy created from the experimental trials had steepness scores of 0.81 (MLI; 

DSPij) and 0.82 (DSDij) indicating a slightly, but not significantly steeper hierarchy 

(MLI: F= 0.98, Wald DSPij: F=0.03; Wald DSDij: F=0.04, all df =19, p>0.1). Directional 

inconsistency, another indicator of a more moderate and relaxed dominance hierarchy, 

was 18.1% in the non-experimental hierarchy with 11% of the dyads directing the 
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majority of their aggression up the hierarchy. Directional inconsistency dropped in the 

experimental data to 6.5%, with 3.6% of the dyads directing the majority of their 

aggression up the hierarchy, indicating that the hierarchy became less relaxed under the 

experimental feeding conditions. The rank order of females was also found to be different 

between the non-experimental and experimental hierarchies. Published data on macaque 

dominance styles shows that there is a wide range of dominance hierarchy strengths and 

aggression rates both within and between species. More systematic research is essential 

in order to determine if there are species-specific ranges of aggression and dominance 

style in macaques and if these ranges vary in concordance with social and environmental 

differences.   

Introduction 

As a genus, macaques are some of the most behaviorally and geographically 

diverse primates. Morphological and genetic analysis has provided strong evidence for 

three major species groups, sinica, silenus, and fascicularis [Hoelzer & Melnick, 1996]. 

Differences in macaque behavior, especially in dominance styles, have been attributed to 

multiple causes including a combination of socioecological factors and phylogenetic 

inertia [Thierry, 2000]. Thierry [2000] uses a 4-grade scale to evaluate dominance styles 

in macaques, taking into account variability in aggression, affiliation, reconciliation, 

dominance, nepotism, socialization, and temperament. The scale ranges from Grade 1 

(highly nepotistic & despotic) to Grade 4 (highly tolerant) [Thierry, 2000]. These 

categories generally coincide with phylogenetic relationships, with members of the 

fascicularis lineage mostly falling in Grades 1 and 2, those of the sinica lineage falling 
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into Grade 3 and those of the silenus lineage tending towards Grades 3 and 4 [Thierry, 

2000; Thierry et al., 2000]. However, ecological niche does not map according to lineage 

and each lineage group contains species which thrive in human environments, as well as 

those which are very human intolerant [Fooden, 1982; Richard et al., 1989].  

Bonnet macaques have been classified as having a Grade 3 society, with a 

moderate dominance hierarchy as well as moderate levels of aggression, asymmetry in 

dominance interactions and high levels of affiliative behavior. If these characteristics, as 

Thierry [2000] argues, are phylogenetically based rather than a socioecological response 

to environmental conditions, then bonnet macaques living in less disturbed forest areas, 

commensal bonnet groups and captive groups should have similar behavioral profiles and 

dominance hierarchies of a group should not change in character under different feeding 

conditions. Discovery of differences in their behavioral profiles across these three 

categories, in contrast, could provide insight into which behaviors are more sensitive to 

socioecological variables and which are more phylogenetically conserved, giving us a 

better understanding of the interaction of phylogeny with ecological pressures. 

Unfortunately lack of published data on bonnet macaques living in a wide variety of 

habitats has so far made this task difficult. Most studies of bonnet macaque dominance 

have been done on captive populations [Silk, 1980; 1984;1988; Silk et al., 1981] while 

studies of wild and commensal groups have focused on predation [Coss et al., 2005; 

2007; Coss & Ramakrishnan, 2000; Ramakrishnan et al., 2005; Ramakrishnan & Coss, 

2000a; 2000b; 2001], conservation and population dynamics [Cooper et al., 2004a; 

2004b;2007; Kumara et al., 2010; Singh & Rao, 2004] as well as cognition and 
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behavioral plasticity [Ram et al., 2003; Sinha, 1997; 1998; 2005; Sinha et al., 2005]. This 

paper provides a quantitative analysis of dominance rank in females in a commensal 

group of bonnet macaques in two different situations: natural foraging and a series of 

experiments using a feeding platform. 

Methods 

This study was carried out from November 2007 to July 2008, on one group of 

commensal bonnet macaques (Macaca radiata) living on the University of Mysore 

Campus in Mysore, south India. This group inhabited the campus since a single female 

and two immature males initially colonized the area in about 1987 (Mewa Singh, 

personal communication). It was the only group in the area, although an adult male 

successfully immigrated into the group during the study. It ranged in a 0.5 square km area 

of the campus that is heavily vegetated and holds campus housing facilities. The group 

fed on planted vegetation including tamarind (Tamarindus indica), coconut (Cocos 

nucifera), raintree (Samanea saman), fig (Ficus benghalensis; F. religiosa), jackfruit 

(Artocarpus heterophyllus), mango (Mangifera indica), and java plum (Syzygium 

jambolanum), as well as insects and native vegetation. It also scavenged on discarded 

food waste. During focal follows, 94% of feeding time recorded was on vegetation and 

insects, and 6% was scavenging of human food and waste. The monkeys also 

opportunistically raided houses and vehicles. Active feeding of the monkeys was 

discouraged and rarely occurred. People chased monkeys away from houses and yards 

through the use of fireworks, but overall the group was left alone. This was not the case 

after the study concluded and part of the study group was trapped and removed from the 
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campus in 2009 for being a nuisance (Mewa Singh, personal communication) illustrating 

the vulnerability of commensal groups, even those that appear to be living in a secure 

environment. At the beginning of the study the group consisted of 11 adult females, 4 

adult males, 5 sub-adult males, and 18 juveniles. During the study one adult male 

emigrated into the group and eight females gave birth to infants. The following study 

focuses only on the adult females in the group. 

The ethogram for dominant behaviors included threat, chase, attack (contact 

aggression), mount, and displace. Subordinate behaviors included present, bared teeth 

display (in an agonistic context), lip smack, flee, crouch and retreat. The non-

experimental dominance data were recorded ad libitum during the months of December 

to the beginning of March 2008 (170 hours). These data were recorded prior to the 

beginning of the experimental portion of the project. A total of 353 dominance 

interactions among females were recorded during that period. A female was considered to 

have ‘won’ an encounter if she showed a dominant behavior to another female and 

received a subordinate behavior in return. The female giving the subordinate behavior 

was considered to have ‘lost’ the encounter. This study was part of a larger project that 

involved field experiments testing the effects of food quantity, quality and distribution on 

female competition.  

The experiments reported here were conducted from the end of March-July, 2008. 

During this period an experimental feeding site was used that consisted of a 2 x 2 meter 

platform raised 1m above the ground that was subdivided into sixteen 50cm x 50cm 

sections. Each section was separated by a 2.5 cm tall divider. The monkeys were 
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habituated to the platform prior to the experiments, and routinely responded to the 

platform only when it was located under their sleeping trees. Once the monkeys became 

accustomed to the platform they would reliably visit it before retiring to their sleeping 

trees. Due to this, 96% of all the trials occurred between 3:30-6:30pm. 

In the experimental series, food quantity was held constant while food 

distribution, size and quality were varied. To do this, the platforms were baited with raw 

wheat kernels or raisins. The group received an average of 4 cups/day supplemental 

feeding (range 2 -8) during this period. One cup contained about 640 calories which 

amounts to 16.4 calories/cup/ non-infant individual or 6% of a bonnet macaque’s basal 

metabolic rate of approximately 258.5 Kcal/day [Rising et al., 2008].  Female agonistic 

interactions were recorded ad libitum during the experiments (44.68 hours). Agonistic 

data from this period were pooled because there were not enough interactions across all 

dyads to create a reliable dominance hierarchy for each of the individual trial conditions 

(mean 56.8 interactions among all females per condition, range 23-88). 

The dominance hierarchies created from both sets of data were measured by two 

different methods. The first was based on a modified Landau index developed by Singh 

et al. [1992; 2003]. This allows for the calculation of the strength of a hierarchy as well 

as for the placement of ranks on an interval (cardinal) as well as an ordinal scale. This 

method was chosen over others that calculate cardinal rank [Boyd & Silk, 1983] because 

it also provides a measure of the linear strength of the hierarchy. The modified Landau 

index was determined using: 
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h= [12/ (n³-n)] Ʃ [da-(n-1)/2]². 

                      a=1  

                  n 

Here, da = Ʃ Pa’ 

                       a=1 

 

in which h is the strength of the hierarchy that ranges from 0 to 1 and Pa is the proportion 

of wins for each female in dyadic encounters. 

Dominance ranks for all females were placed on an interval scale by calculating 

standardized (z) scores for each value of P; these values were obtained by taking the 

dominance score (da) for each individual and dividing it by (n) the number of individuals 

in the analysis. For ease of analysis the lowest standardized score was recalibrated as zero 

and the original low score was added to each z score. Thus the lowest ranking individual 

on an interval scale always has a score of zero. The resulting interval scale shows the 

dominance rank for each female as well as the distances among ranks, since even in 

linear hierarchies rank distance is not necessarily equally spaced among all individuals 

[Boyd & Silk, 1983; Singh et al., 2003].  

The second method used for characterizing the strength/steepness of the 

dominance hierarchy involved measuring the slope of the dominance hierarchy using 

David’s scores [de Vries et al., 2006].  David’s scores also provide a way to measure the 

competitive success of each individual, both absolutely and relative to the success of 
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other members in the group [David, 1987; Gammell et al., 2003]. This takes the form of 

interval cardinal scores, which can be used to create a measure of hierarchical steepness. 

De Vries et al. [2006] state: ‘The steepness of the dominance hierarchy refers to the size 

of the absolute differences between adjacently ranked individuals in their overall success 

in winning dominance encounters. When these differences are large, the hierarchy is 

steep; when they are small the hierarchy is shallow’ [de Vries et al., 2006: 585]. The 

steepness of the dominance hierarchy can be calculated using normalized David’s Scores. 

There are two different ways to calculate David’s scores the Dij and the Pij [de Vries et 

al., 2006]. Dij corrects for potential overestimation of the proportions of wins when a 

dyad has a low number of interactions by weighting the total number of interactions 

between members of a dyad [Balasubramaniam et al., 2011; 2012; de Vries et al., 2006]. 

Both Pij and Dij scores was used for these analyses to see if they gave different results. 

The Dij score showed more agreement with scores obtained using other methods of 

determining dominance strength in species with lower directional asymmetry (more 

tolerant) while the Pij appears to be more reliable, by the same measure, in estimating the 

dominance strength in species with more asymmetry, but fewer interactions 

[Balasubramaniam, 2013; Bang et al., 2010]. 

Two methods were used to quantify the directionality of aggression in the 

hierarchy. Firstly, a directional inconsistency index (DII) was calculated. A DII is the 

percentage of aggressive encounters initiated by a subordinate dyad member divided by 

the total number of aggressive encounters involving that dyad [deWaal & Luttrell, 1989].  

Secondly, the dyads- up index was calculated for this hierarchy. This is the percentage of 
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dyads for which the main direction of aggression was up, rather than down, the 

dominance hierarchy, with the lower ranked dyad member winning the majority of the 

dyad’s agonistic interactions [Berman et al., 2004]. Differences between the agonistic and 

dominance behaviors of the females under the non-experimental and experimental 

conditions were compared using standard non-parametric and parametric tests for paired 

data. 

Results: 

Aggression: 

Females directed 353 aggressive actions towards each other during 170 hours of 

all occurrence observation [Altmann, 1974] in their natural context and directed 511 

aggressive acts towards each other while participating in the experimental feeding trials 

(44.68 hours). Female-female aggression rates were significantly lower in the non-

experimental setting, 2.07 acts/ hour; 0.19 acts/hour/female, than in the experimental 

setting, 11.43 acts/hour; 1.04/ acts/hour/ female, (Wilcoxon: z=-2.93, n=11, p=0.003). 

Dominance hierarchy steepness 

Separate dominance matrices were created using the female interactions during 

naturalistic observations and during the experimental trials. For full dominance matrices 

see Table 1a and b. The strength of the dominance hierarchy calculated by using the 

Modified Landau Index (h’) and created with the data from the observation period was 

0.63, which indicates moderately strong linearity. Using the modified Landau Index the 

dominance hierarchy created from data taken during the experimental trials was found to 

be more linear h’ = 0.81. 
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The steepness of the observational dominance hierarchy using the Pij index was 

0.78 and using the Dij index was 0.67, or moderately steep. The steepness of the 

experimental dominance hierarchy using the Pij index was 0.81 and using the Dij index 

of 0.82 (Graph 1). When tested using post-estimation testing the slopes of the lines 

created using both the Dij index and Pij index for the non-experimental and experimental 

data were not found to be significantly different ( Wald Tests Pij index: F=0.001; df=19, 

p>0.1; Wald Test Dij index: F=0.003, df=19,  p>0.1). 

Individual female ranks, as measured by the modified Landau index and 

normalized David’s scores (using both Pij and Dij), were found to be different under the 

two different conditions for all but one female, with four females moving up in rank and 

6 moving down in rank (Table 2). There was agreement among the three evaluation 

methods of the ordinal rank order of females for both the non-experimental and 

experimental data. Females had a mean rank change between the non-experimental and 

experimental data of 1.45±.31 ranks, with a minimum of 0 and a maximum gain of 4 

ranks and maximum loss of 2 ranks. 

The modified Landau index was used to create a standard score for each female 

under each condition to create an interval dominance scale to be able to see the difference 

among rank distances (Graph 2). With both the observational and the experimental data, 

females clustered into three groups that could be considered to be high, middle, and low 

ranking groups. Only two females were found to belong to a different rank cluster in each 

analysis. The female who was found to be rank 9 in the non-experimental data, belonging 

to the “low rank” cluster, was found to be rank 5 in the experimental data and part of the 
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“middle rank cluster”; while the female found to be rank 7 (middle rank) in the non-

experimental data fell to rank 9 (low rank) in the experimental data. 

The dominance hierarchy created with the non-experimental data contained more 

inconsistencies than the one created from the experimental data. The directional 

inconsistency index (DII) for dyadic encounters in the observational data was 64/353 

dominance encounters (18.1%), with 44% of all dyads (24/55) experiencing at least one 

reversal against the hierarchy, while in the experimental data it dropped to 33/511 (6.5%) 

with only 27% of all the dyads (15/55) experiencing at least one reversal against the 

hierarchy. The dyads up index, which indicates how many dyads direct the majority of 

aggression up the hierarchy was 6/55 (11%) using the observational data and 2/55 (3.6%) 

for the experimental data. 

 Discussion 

There are several possible explanations for the different types of dominance 

relationships seen in macaque species and groups; including phylogeny, ecology, and 

history, or a combination of these factors. Socioecology argues that the ecological 

differences experienced by groups and species are relevant to the formation of their social 

structures. Others, such as Thierry et al. [2000], challenge this idea and suggest that 

phylogeny is a more powerful explanation for behavioral differences. If dominance 

behaviors, as Thierry et al. [2000] argue, represent a high degree of phylogenetic 

influence, rather than solely a socioecological response to environmental conditions, then 

macaque groups of the same species living in varied environments including less 

disturbed forest areas, commensal groups and captive groups should theoretically have 
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similar behavioral profiles. Discovery of major differences in these behavioral profiles, in 

contrast, could provide insight into which behaviors are more sensitive to socioecological 

variables (including humans) and which are more phylogenetically conserved, giving us a 

better understanding of the interaction of phylogeny with ecological pressures.  

Thierry’s 4-grade classification system has generated important insights and 

guided the body of work on the study of macaque dominance styles [Balasubramaniam et 

al., 2012; 2013; Berman et al., 2004; Cooper & Bernstein, 2008; deWaal & Luttrell, 

1989; Singh et al., 2003; Thierry et al., 2000] however, the lack of explicit criteria for 

assigning grades and the uncertainty about how to handle intraspecific variation create 

problems for comparative socioecologists. At this point, due to lack of data, there are no 

defined boundaries as to what values of hierarchy strength should serve as cut-off points 

between grades or if cut-off points would even be appropriate. Another difficulty is that 

the range of variation in dominance hierarchy steepness within a specific species of any 

grade is also not well documented. The first two traits on the list used by Thierry to 

classify macaques are dominance gradient and degree of asymmetry, to which a species 

can be assigned one of three character states: low, middle or high [Thierry et al., 2000], 

although the differences among these states are not clearly defined.  

It is difficult to evaluate the differences among species that are classified as Grade 

2 or 3 societies because these societies are characterized by what they are not. Grade 3 

species are neither highly despotic nor intolerant (Grade 1), or highly tolerant and 

egalitarian (Grade 4). Grade 2 societies are currently classified as being more similar to 

Grade 1 societies, while Grade 3 societies are more similar to Grade 4 societies, which 
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makes precise classification difficult. Analysis of hierarchy steepness (as measured by 

David Scores with the Pij and the Dij) index and counter aggression found that there were 

clear differences and a lack of overlap between data from the extreme ends of the scale, 

Grades 1 and 4, but that there was a high degree of overlap and variation among the 

species from classified as Grades 2 and 3 [Balasubramaniam et al., 2012]. 

 Long-term data on dominance hierarchies in groups living across the 

environmental spectrum and data from more groups are necessary to determine if there 

are species-specific ranges in dominance hierarchy strength among macaques, especially 

those classified as Grades 2 and 3, as well as whether dominance hierarchy strength 

varies within species across environmental conditions. Important questions to be 

answered regarding intra-specific variation in dominance hierarchy are: do groups that 

usually have moderate or relaxed dominance hierarchies develop more rigid dominance 

hierarchies when exposed to the highly clumped nature of human food, not only in the 

short term but over a longer time span?  Also does adaptation to a human modified 

environment include changes in dominance style? 

One of the major ecological differences experienced by many macaque species, 

including bonnet macaques, is commensality, or the ability to successfully exploit a 

human dominated environment; and one major difference between commensal and non-

commensal groups of the same species is aggression. Aggression levels tend to be higher 

in commensal macaques than among their non-commensal counterparts, especially in the 

context of feeding on human food [Fa, 1986; Ram et al., 2003; Schlotterhausen, 1999; 

Southwick et al., 1976]. This group of commensal bonnets had an average female 
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aggression rate of 0.19 acts per female/hour under non-experimental foraging conditions, 

but under experimental conditions, which supplied high quality food in more clumped 

conditions the females’ aggression rates were almost ten times higher 1.04 acts per 

female per hour. The aggression rate found during the non-experimental observations was 

similar data from other commensal macaques that split their time between more forested 

habitats and more human dominated habitats, 0.21 acts per adult/hour [Ali, 1981] and 

0.19 acts per female/hour [Ram et al., 2003].  

Although the sample is small, all of the commensal groups have aggression rates 

that are much greater than female aggression rates in captivity, 0.06 acts per hour female 

[calculated using data from Silk et al., 1981]. It appears that captive bonnet macaques are 

acting differently from their commensal counterparts. Unfortunately, lack of data do not 

allow for any comparison with other captive populations. Also, there is little published 

data available on aggression rates in completely wild populations of bonnet macaques, or 

available for female-female aggression. However, two studies provide data on bisexual 

and male aggression rates. One study of a wild group found a low aggression rate of 0.02 

acts per adult/hour in a troop of 1 adult male and 5 adult females [Schlotterhausen,1999], 

which is considerably lower than the commensal populations and more similar to the 

captive population. Interestingly, in a study of inter-male aggression in a wild population 

found a rate of 0.14 per male/ hour [Singh et al., 2011] similar to the female-female rate 

reported here. Since all of these groups belong to the same species it is unlikely that the 

cause of the variation is phylogenetic. It needs to be determined is how much of this 

variation is due to deterministic environmental factors and how much can be attributed to 
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social events occurring in the groups at the time that the dominance hierarchy was 

obtained (i.e., historical factors causing short-term perturbations in aggression and 

dominance behavior).  

The feeding experiments done with this group are one example of a short-term 

perturbation in aggression, which in this case did cause a change in the dominance 

relations among the females. Under the non-experimental conditions aggression was 

much more bi-directional, with three times the reversals in the hierarchy see in the 

experimental interactions and over twice as many dyads where the majority of the 

aggression was directed up the hierarchy.  Ninety percent of the females also were found 

to have a different ordinal rank during the experimental period.   

Short-term social and environmental events have been known to cause temporary 

changes in female rank and dominance relations in other macaque groups. A large scale 

change in dominance ranks was seen both at the beginning of artificial feeding and the 

reduction and cessation of artificial feeding in the Koshima group of Japanese macaques 

[Mori et al., 1989; Watanabe, 1978]. There were multiple events that may have 

precipitated either a fall in relative rank (death of a mother for a juvenile or sub-adult 

female and illness) or rise in rank (alliances with the dominant male) [Mori et al., 1989]. 

These rank changes did not appear to affect the strength or nature of the hierarchy, just 

the relative ranks of the females involved. Similarly Singh et al. [2006] found that the 

disappearance of the alpha female loin-tailed macaque and resulting major changes in the 

dominance hierarchy had little effect in overall hierarchy strength (modified Landau 

index, 0.79 before changes and 0.78 following them). This suggests that events that cause 
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temporary instability, seen in rank changes for specific individuals, have little effect on 

the overall dominance style of females.   

The results were similar for this study; although the dominance hierarchy did get 

steeper as measured by the Landau index (0.63, 0.81) and both David’s score indices (Pij: 

0.78, 0.81; Dij: 0.67, 0.82) the differences were not significant. This suggests that 

historical factors may change the amount of aggression, the directionality of the 

aggression, and the ranks of individuals but they do not appear to change the overall 

slope of the dominance hierarchies of macaque groups. This may be true for other 

cercopithecines as well. Long-term studies of baboons (Papio cynocephalus) have shown 

that female dominance hierarchies have long periods of stability punctuated by short 

periods of instability [Samuels et al., 1987]. The authors hypothesize that illness, death, 

sexual cycling, and an increase in number of adult females in a group might be potential 

reasons for this instability. However, when the data were analyzed the authors could not 

find any significant effects of these variables on rank instability among the baboon 

females [Samuels et al., 1987].  

Samuels et al. did not investigate possible effects of individual rank changes on 

the overall strength of the dominance hierarchy, but presented data that permit calculation 

of modified Landau indices.  Using these data, I found that although the seven females in 

the middle of the hierarchy changed rank over a seven month period, the strength of the 

dominance hierarchy remained unchanged at Landau's h’=0.80. While the sample is 

limited, these results suggest that even dramatic changes in the ranks of individual 

females may not strongly affect the overall strength and linearity of the dominance 
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hierarchy. This indicates that the differences in the strength of the dominance hierarchies 

seen within macaque species are probably not due to historical events.  

At this point there are no defined boundaries as to what values of hierarchy 

strength should serve as cut-off points between grades. Another difficulty is that the 

range of variation in dominance hierarchy strength within a specific species of any grade 

is also not well documented. Although the stability of hierarchy steepness and strength 

across major rank changes within groups suggests that these measures capture something 

real about macaque societies, two related problems become apparent when comparative 

analysis is attempted.  The first is that the range of variation in dominance hierarchy 

strength within species is not well understood; perhaps stemming from this, the second 

problem is that there are no clearly defined quantitative boundaries in hierarchy strength 

corresponding with Thierry's grades. When the strength of the dominance hierarchy is 

calculated for multiple macaque species using published data, it is clear that there is wide 

variation both within and among species (Table 3a, b). 

 The first two traits on the list used by Thierry to classify macaques are 

dominance gradient and degree of asymmetry, to which a species can be assigned one of 

three character states: low, middle or high [Thierry et al., 2000], although the differences 

among these states are not clearly defined. Using a modified Landau index to calculate 

the dominance strengths of the groups allows for determination of a specific range of 

numbers that could be used as a more precise diagnostic tool for assigning species to 

specific grades. Calculating species-typical ranges in dominance hierarchies and 

asymmetry for each macaque species would also allow for a more precise evaluation of 
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intra-species differences in dominance behavior and whether they correlate with 

environmental differences. This approach is especially valuable for species that are 

classified as Grade 2 or 3 societies because these societies are characterized by what they 

are not. Grade 3 species are neither highly despotic nor intolerant (Grade 1), or highly 

tolerant and egalitarian (Grade 4). Grade 2 societies are currently classified as being more 

similar to Grade 1 societies, while Grade 3 societies are more similar to Grade 4 

societies, which makes precise classification difficult. As Graph 4 illustrates, there is 

considerable overlap among Grades in their hierarchy steepness scores.  

The steepness scores (Non-exp: 0.63- 0.78, mean 0.69; Exp: 0.81-0.82, mean 

0.81) found for this group under both conditions overlap the range previously found for 

both commensal and forest dwelling bonnet macaques: wild males h’= 0.76 (MLI) [Singh 

et al., 2011]; slightly commensal bisexual group h’= 0.67 (MLI) data taken from [Ali 

1981]; commensal, temple dwelling, bisexual group Pij= 0.83 and Dij= 0.6 (DS) 

[Balasubramaniam, 2012; Cooper, 2007]. The data from captive bonnet macaques was 

slightly different with lower aggression rates than those reported for commensal groups 

and in this study, and the number of reversals [4.5%, data in Silk et al. (1981)] was more 

than half that of the study group under experimental conditions (6.5%) while the 

dominance hierarchy strength (modified Landau index h’=0.88) was slightly steeper. This 

study suggests that commensal bonnet macaque groups have similar dominance 

hierarchies and aggression rates, while captive bonnet macaques appear to be different in 

this regard.  
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 Bonnet macaques are classified as Grade 3 macaque society according to 

Thierry’s classification scheme [2000]. The steepness range of the study group falls 

within the range seen in other species also classified as Grade 3 (Table 3a,b). A group of 

wild Macaca silenus were found to have h’= 0.79 and h’=0.78 (MLI) before and after a 

disruption to the female dominance hierarchy [Singh et al. 2006].  The study group’s 

steepness measured by David’s scores also overlapped with other Grade 3 species 

[Balasubramaniam et al., 2012]. However, the study group’s steepness scores also 

overlapped with those who are classified as Grades 1 and 2 as well [Balasubramaniam et 

al., 2012], although they were lower than the highest steepness scores found for those two 

groups. They only groups with which they did not overlap were species classified as 

Grade 4 [Balasubramaniam et al., 2012]. 

These data suggest that dominance hierarchy strength is quite variable both within 

and among macaque species and individual groups and that the range of hierarchy 

strengths may overlap for the first three Grades of macaques.  More research needs to be 

done in order to develop species-specific ranges of dominance hierarchy strength in order 

to test how closely these variations may map onto ecological variations. If significant 

overlap is found across the macaque Grades, dominance hierarchy steepness may not be a 

reliable indicator of social style More understanding of the range of variation within and 

among species will allow for a better understanding of how strongly captivity, 

commensality, and other environmental variables may affect the behavior and dominance 

style of macaques and how these variables interplay with phylogenetic history.  
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Table 1.1a: Dominance matrix: Non-Experimental Data 

Dominant individuals in an interaction (winners) are listed in descending rank order on 

the x axis and subordinate individuals in an interaction (losers) are listed in descending 

rank order on the y axis. Ratios indicate number of wins to losses on the x axis and the 

ratio of losses to wins on the y axis. Italics indicate scores that were estimated based on 

the Pa scores of each individual in the non-interacting dyad due to lack of interaction 

between dyad members. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Scruffy Pinki Sedona Peggy Buttercup Carrie Growthie Maddy Scarlett Karin Nan

Scruffy 4/7 3/12 10/13 9/9 4/4 3/3 8/8 6/6 9/9 6/6

Pinki 3/7  2/3 4/6 5/7 2/2 0.69 6/8 5/5 8/8 5/5

Sedona 9/12 1/3 6/8 3/4 2/5 0.66 3/3 7/7 12/12 7/7

Peggy 3/13 2/6 2/8 3/9 6/7 4/4 3/9 6/9 9/9 4/4

Buttercup0/9 2/7 1/4 6/9 10/12 3/7 5/8 1/1 12/12 6/6

Carrie 0/4 0/2 3/5 1/7 2/12 5/7 4/5 3/4 13/13 13/13

Growthie 0/3 0.31 0.44 0/4 4/7 2/7 3/4 2/2 2/5 6/6

Maddy 0/8 2/8 0/3 6/9 3/8 1/5 1/4 12/12 5/6 2/2

Scarlett 0/6 0/5 0/7 3/9 0/1 1/4 0/2 0/12 1/3 6/6

Karin 0/9 0/8 0/12 0/9 0/12 0/13 3/5 1/6 2/3 1/2

Nan 0/6 0/5 0/7 0/4 0/6 0/13 0/6 0/2 0/6 1/2
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Table 1.1b: Dominance matrix: Experimental Data 

Dominant individuals in an interaction (winners) are listed in descending rank order on 

the x axis and subordinate individuals in an interaction (losers) are listed in descending 

rank order on the y axis. Ratios indicate number of wins to losses on the x axis and the 

ratio of losses to wins on the y axis. Italics indicate scores that were estimated based on 

the Pa scores of each individual in the non-interacting dyad due to lack of interaction 

between dyad members. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Sedona Scruffy Pinki Peggy Scarlett Buttercup Maddy Carrie Growthie Nan Karin

Sedona 11/12 1/2 14/16 7/7 2/2 8/8 2/2 2/2 3/3 16/16

Scruffy 1/12 7/7 25/25 3/3 22/23 6/6 4/4 0.82 2/2 25/25

Pinki 1/2 0/7 10/10 1/1 26/26 4/4 2/2 3/3 2/2 13/13

Peggy 2/16 0/25 0/10 2/8 19/20 4/8 12/12 3/3 9/11 46/46

Scarlett 0/7 0/3 0/1 6/8 2/3 2/7 0.61 1/1 5/5 9/9

Buttercup 0/2 1/23 0/26 1/20 1/3 1/1 9/9 4/5 2/2 47/47

Maddy 0/8 0/6 0/4 4/8 5/7 0/1 0.55 1/2 3/3 8/9

Carrie 0/2 0/4 0/2 0/12 0.39 0/9 0.45 2/2 10/10 32/32

Growthie 0/2 0.17 0/3 0/3 0/1 1/5 1/2 0/2 0.66 11/11

Nan 0/3 0/2 0/2 2/11 0/5 0/2 0/3 0/10 0.34 13/19

Karin 0/16 0/25 0/13 0/46 0/9 0/47 1/9 0/32 0/11 6/19
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Table 1.2: Differences in Normalized David Scores (Dij) and subsequent assigned rank 

for individual females during non-experimental observations and during feeding 

experiments. Overall, the differences are not statistically significant (Paired t: t= -1.3, df= 

10, p>0.1). 

 

Identity  Normalized 

David Score 

Non-Exp 

Rank Normalized 

David Score 

Exp 

Rank Rank 

Change 

SC 8.32 1 8.63 2 -1 

PK 7.57 2 8.23 3 -1 

SE 7.36 3 9.06 1 +2 

PG 5.95 4 5.45 4 0 

BC 5.67 5 5.04 6 -1 

CR 5.33 6 3.96 8 -2 

GR 4.85 7 3.25 9 -2 

MAD 4.75 8 4.66 7 +1 

ST 2.77 9 5.27 5 +4 

KN 2.2 10 .69 11 -1 

NAN 1.26 11 1.23 10 +1 
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Table 1.3a: Macaque Dominance Hierarchy Strengths 

All hierarchy strengths measured using the Modified Landau Index unless indicated with 

K for Kendall; Kendall as measured by Appleby 1983 underestimates the strength of the 

hierarchy compared to the modified Landau index [Singh et al., 2003]. Grade 4 species 

were left out of the table because they can be clearly identified using other behavioral 

measures such as levels of counter aggression [Balasubramaniam et al., 2012]. 

 

Species Hierarchy 

Strength 

Agonism per 

individual/ 

hour 

DII DU Grade 

Thierry 2000  

Environment Citation 

M. mulatta 0.85 

0.83 

K 

1.77 0.7% 

0.9% 

  1:despotic Captive De Waal & 

Luttrell, 1989 

M. mulatta 

 

1.0  0.17 0% 0%    Commensal Cooper & 

Bernstein, 

2008 

M. mulatta .88   4.7% 3.3%  Semi Free- 

ranging 

Loy, 1969 

M. mulatta .93  0.13% 0%  Semi Free-

ranging 

Kaplan, 1976 

M. fuscata  0.72(mating) 

0.56 (non-

mating) 

  1: despotic Captive Shino et al., 

1998 

M. fuscata 1.0 bisex 

K 

0.44 0.03% 0%  Captive Chaffin et al., 

1995 

M. fuscata 

 

 0.94 

bisex 

 

    Captive Singh et al., 

2003 

M. fuscata 0.97 

females 

0.95 

males  

 

    Captive Singh et al., 

1992 

M. fuscata  0.94 

 

.2 3.65% 4.75%   Wild Hill & 

Okayasu, 1995 

M. fuscata  0.85 

 

 

 1.5% 0.7%  Semi free-

ranging 

Takahata, 

1991 

M. 

fascicularis 

0.92 

 

 0.25% 0% 2: more 

despotic 

Commensal Wheatley, 

1999 
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Table 1.3a: Macaque Dominance Hierarchy Strengths, Continued 

All hierarchy strengths measured using the Modified Landau Index unless indicated with 

K for Kendall; Kendall as measured by Appleby 1983 underestimates the strength of the 

hierarchy compared to the modified Landau index [Singh et al., 2003]. Grade 4 species 

were left out of the table because they can be clearly identified using other behavioral 

measures such as levels of counter aggression [Balasubramaniam et al., 2012]. 
 

M. 

fascicularis 
0.96 

 

 0.5% 0%  Commensal Wheatley, 

1999 

M. 

fascicularis 
0.92  0.19% 0%   Commensal Wheatley, 

1999 

M. 

nemestrina 

 0.88 

 

 0.3% 0% 2: more 

despotic 

Wild: data 

taken at a 

provisioning 

site 

Oil, 1990 

M. 

nemestrina 

0.64 

 

 11% 0%  Captive Giacoma & 

Messerie, 

1992 

M. 

arctoides 

0.83 

bisex 

K 

3.85 9%  3: more 

tolerant 

Captive De Waal & 

Luttrell, 1989 

M. 

arctoides 

 

0.71 male 

 

0.10 7.2% 2.8%  Commensal Richter et al., 

2009 

M. 

assamensis 
0.89  0.11 1.4% 0% 3: more 

tolerant 

Commensal Cooper & 

Bernstein, 

2008 

M. 

thibetana 

0.79 

0.76 

0.9 

 

 3.8% 

1.8% 

1.6% 

3.8% 

1.3% 

0% 

3: more 

tolerant 

Authors 

suggest 

reclassificati

on as 2: 

more 

despotic 

 Wild, 

provisioned 

Berman et al., 

2004 

Three values 

represent one 

group 

measured at 3 

different times 

M. sylvanus 

male 

0.78 

 

 8%  3: More 

tolerant 

Semi free-

ranging 

Berghanel et 

al., 2010 

M. silenus 

males 

0.88    3: More 

tolerant 

Wild Singh et al., 

2011 
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Table 1.3a: Macaque Dominance Hierarchy Strengths, Continued 

All hierarchy strengths measured using the Modified Landau Index unless indicated with 

K for Kendall; Kendall as measured by Appleby 1983 underestimates the strength of the 

hierarchy compared to the modified Landau index [Singh et al., 2003]. Grade 4 species 

were left out of the table because they can be clearly identified using other behavioral 

measures such as levels of counter aggression [Balasubramaniam et al., 2012]. 
 

M. silenus 

 

0.78 

0.79 

    Wild Singh et al., 

2006 

M. radiata 0.63  0.16 9% 11% 3: more 

tolerant 

Commensal This Study 

M. radiata 0.67  0.10 9% 6%  Wild Ali, 1981 

M. radiata 0.88  0.06 4.5%   Captive Silk et al., 

1981 

M. radiata 0.76 

males 

 13% 0%  Wild Singh et al., 

2011 
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Table 1.3b: Mean Dominance Hierarchies for Macaque Species 

This shows the mean dominance hierarchy score and standard deviation for each species 

where there was more than one group with an available Landau Index. For this analysis 

all data was pooled and includes data from male, female, and bisexual hierarchies. 

Species are ranked by Grade. 

 

 

 

N Min Max Mean 

Std. 

Deviation 

Macaca mulatta 
5 .83 1.00 .90 .07 

Macaca fuscata 6 .85 1.00 .94 .05 

Macaca 

fascicularis 
3 .92 .96 .93 .02 

Macaca 

nemestrina 
2 .76 .88 .64 .17 

Macaca 

arctoides 
2 .71 .83 .77 .08 

Macaca 

thibetana 
3 .76 .90 .82 .07 

Macaca radiata 4 .63 .88 .74 .11 

Macaca silenus 3 .78 .88 .82 .06 
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Graph 1.1a: Normalized David Scores weighted by number of encounters (Dij) by rank 

for both the Non-Experimental and Experimental Observations. 

Differences in slopes are not significant (Wald Test: F=0.04, df=19, p>0.1). 
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Graph1.1b: Normalized David Scores (Pij) weighted by rank for both the Non-

Experimental and Experimental Observations.  Differences in slopes are not significant 

(Wald Test: F=0.03, df=19, p>0.1). 
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Graph 1.2: Female Dominance on an Interval Scale 

Placement of females on an interval dominance scale created using the Modified Landau 

Index; ranks go from lowest ranking on the left to highest ranking on the right. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

KN   NAN   GR CR      MAD BC  ST       PG PK   SC             SE

NAN KN    ST MAD GR   CR BC PG SE PK          SC

Interval Scale for Dominance Rank, Experimental Data

Interval Scale for Dominance Rank, Non-Experimental Data

.43 9.29
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Graph 1.3: Distribution of Modified Landau Indices (MLI) by frequency for Macaque 

grades 1-3 as categorized by [Thierry, 2000Grade 4 species were left out of the Graph.  

Grade 3             Grade 2            Grade 1            because they can be clearly identified 

using other behavioral measures such as levels of counter aggression                    

[Balasubramaniam et al.,2012]. 
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CHAPTER 2 

Grooming Reciprocity among Commensal Female Bonnet Macaques (Macaca radiata) 

in Mysore, India 

 

Abstract 

According to biological markets theory female macaques may be acting as 

interchange traders in the distribution of their grooming. I tested this prediction in a 

group of commensal bonnet macaques (Macaca radiata) living in Mysore, India. 

Although these females had a linear dominance hierarchy (modified Landau index = 

0.63), the amount of grooming given and received by each female was not significantly 

related to rank. Females engaged in both reciprocal and non-reciprocal bouts of grooming 

(12.6% and 87.4 % respectively). Only 26/55 dyads exhibited immediately reciprocated 

grooming. Immediately reciprocated grooming bouts were time matched. The degree of 

reciprocation within bouts was not correlated with rank, and immediately reciprocated 

grooming was distributed differently than non-reciprocated grooming but not 

significantly so. Over the entire seven month study females were found to reciprocate the 

total amount of grooming received (Kendall’s tau: Kr=0.344, n=55, p<0.0001). 81.8% of 

dyads exhibited bi-directional grooming across bouts, while 8 (14.6%) only exhibited 

unidirectional grooming and 2 (3.6%) dyads never groomed. Although most grooming 

bouts were unidirectional and thus may be traded, it is unclear what females traded 

grooming for. Higher levels of unidirectional grooming were not correlated with 

aggression (Spearman: ρ= 0.036, n=55 p>0.25) or feeding tolerance (Spearman: ρ=0.359, 

n=55, p>0.25). Dyads which engaged in coalitionary behavior had higher mean grooming 

asymmetry than dyads of similar rank distance that did not form coalitions (Chi square: 
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χ²=8.06, df=1, p=0.005) indicating that females might be trading grooming for 

coalitionary support in some cases. The long-term reciprocity seen in this group suggests 

that bonnet macaque females reciprocate grooming (and potentially other behaviors) over 

long spans of time effectively increasing the proportion of grooming that is reciprocal 

and decreasing the amount traded in a biological market. Alternatively, since this group 

has a moderately linear dominance hierarchy and lives in an area of food abundance 

many females may not need to trade grooming for either reduced aggression or feeding 

tolerance.  

Introduction 

  Biological Markets Theory (BMT) provides a framework for the study of 

cooperation [Henzi & Barrett, 1999; Noë & Hammerstein, 1994]. In a biological 

marketplace individuals will attempt to trade with the individual that will provide the 

highest payoff in order to maximize the benefits of the transaction. If there is a limited 

supply of the ‘currency’ being traded individuals should compete for access to the highest 

value traders [Noë & Hammerstein, 1994]. Cheating can be suppressed by simultaneous 

exchanges, binding offers, or eviction from the market [Connor, 1995; Noë & 

Hammerstein, 1995; Henzi & Barrett, 1999]. Most exchanges are expected to occur over 

a short time scale to reduce cheating, however depending on cognitive capacity some 

individuals may select partners based on long term balanced relationships [Noë & 

Hammerstein, 1994]. 

If the benefits of grooming give it currency in a biological market it can be traded 

as a commodity. This trading can take two forms, with ‘interchange traders’ trading 
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grooming for other commodities including agonistic support, feeding tolerance, or direct 

access to food resources and ‘reciprocal traders’ exchanging grooming for grooming 

[Barrett et al., 1999]. While groups under all competitive regimes are hypothesized to 

engage in some level of reciprocal trading [Seyfarth, 1977], females in groups under high 

contest competition [Isbell, 1991] should utilize higher amounts of interchange trading 

because they have a higher need for feeding tolerance from higher ranking individuals.  

Grooming bouts can take one of three forms, unidirectional (only one female 

receives grooming), bi-directional but not time matched (one female receives much more 

grooming than the other), or bi-directional and time matched (both females receive 

roughly equal amounts of grooming). Interchange and reciprocal trading should be 

distinguishable by the amount of time matching seen in grooming interactions. 

  If females are trading grooming for grooming (reciprocal trading) bouts should be 

immediately reciprocated to reduce cheating. In interchange grooming, bouts will not be 

immediately time matched and long-term time matching of bouts should decrease as the 

rank difference between the members of the dyad increases [Barrett et al., 1999]. 

Therefore the majority of a female’s reciprocal grooming should be directed to closely 

ranked females and interchange grooming directed to more highly ranked females who 

are in position to provide tolerance and support. Meta-analyses of data have largely 

supported this hypothesis [Schino, 2001; Schino & Aureli, 2008]. However, Schino and 

colleagues have shown that reciprocal grooming is not always immediately time matched 

and that individuals can keep track of grooming relationships over a longer time scale 

than a single bout [Schino et al., 2003; Schino et al., 2009; Schino & Pelligrini, 2009]. 
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  Bonnet macaques possess a relatively weak, shallow, and less despotic female 

dominance hierarchy and are thus classified as a Grade 3 society [Thierry et al., 2000]. 

This suggests that bonnet macaque females may have little need to exchange grooming as 

a commodity. If grooming is being used as a commodity, I predicted that: 

1. High ranked females should receive more non-reciprocal grooming than lower 

ranked individuals  

2. Reciprocal grooming should be evenly distributed along the hierarchy. 

3. Within immediately reciprocated grooming bouts there should be a positive 

correlation between grooming given and received (time-matching). 

4. Non-reciprocal grooming both in the short and long-term should be directed up 

the dominance hierarchy.  

Methods 

This study was carried out from November 2007 to July 2008, on one group of 

commensal bonnet macaques (Macaca radiata) living on the University of Mysore 

Campus in Mysore, South India. This group inhabited the campus since a single female 

and two immature males colonized the area around 1987 (Mewa Singh, personal 

communication). It was the only group in the area, although an adult male successfully 

immigrated into the group during the study. It ranged in a 0.5 square km area of the 

campus that is heavily vegetated and holds campus housing facilities. During focal 

follows, 94% of feeding time was on vegetation (cultigens and wild) and insects, while 

6% was scavenging of human food and waste and opportunistically raiding houses and 

vehicles. Active feeding of the monkeys was discouraged and rarely occurred. People in 
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houses and tea shops chased monkeys away using fireworks, but overall the group was 

left alone. After the study concluded part of the group was trapped and removed from the 

campus in 2009 for being a nuisance (Mewa Singh, personal communication) illustrating 

the vulnerability of commensal groups, even those that appear to be living in a secure 

environment. In November 2007 the group consisted of 11 adult females, 4 adult males, 5 

sub-adult males, and 18 juveniles; during the study, one adult male immigrated and 8 

infants were born.  

Dominant behaviors included threat, chase, attack (contact aggression), mount, 

and displace. Subordinate behaviors included present, bared teeth display (in an agonistic 

context), lip smack, flee, crouch and retreat. These behaviors were recorded ad libitum 

during the months of February and March 2008. A total of 353 dominance interactions 

were used to create the dominance matrix. A female was considered to have ‘won’ an 

encounter if she showed a dominant behavior to another female and received a 

subordinate behavior in return. The female giving the subordinate behavior was 

considered to have ‘lost’ the encounter. If both females in an encounter displayed 

aggressive behaviors the female who retreated first was considered to ‘lose’ the encounter 

so no encounters could be scored as ties.   

The data on social grooming were recorded during instantaneous focal animal 

sampling [Altmann, 1974]. Each female was sampled at least three times during each 

hour of the monkey day (6am-6pm). During a sampling session the focal female was 

followed for 20 minutes, with samples collected at 30 second intervals. At each interval 

the female’s behavior, substrate, nearest neighbors (NN), NN distance from focal female 
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and NN behaviors were recorded. When grooming occurred, the body part groomed was 

also recorded. Each record of grooming was considered a unit of grooming so a female 

who groomed another for an entire focal follow was considered to have given forty units 

of grooming and the recipient received forty units of grooming. A total of 136 hours of 

focal data collected between December 2007- June2008 was used in this analysis.  This 

study was part of a larger project that involved field experiments testing relationships 

among food quantity, quality and distribution on female competition [Chacko in 

preparation]; the data presented here do not overlap with those obtained during the 

experiments. The analysis of the dominance hierarchy was based on a modified Landau’s 

index developed by Singh et al. [1992; 2003].  

In order to measure reciprocity, grooming interactions were calculated as bouts, 

defined following Henzi et al. [1997] as a ‘continuous period of allo-grooming involving 

the same two animals. A change of identity of one of the two animals or a shift in activity 

for more than 10 seconds signals the end of a bout’.  A bout of grooming may contain 

one or more episodes, defined as periods of continuous grooming by one individual 

[Barrett et al., 2002]; an episode ends when roles are switched or grooming ceases. Since 

grooming data were taken from instantaneous time samples at intervals of 30 seconds it 

was impossible to use the 10 second definition used by Henzi and colleagues. Instead, a 

pause of one interval was used to signify the end of a bout. Bouts were considered to be 

reciprocated if both individuals involved in the bout both gave and received grooming. 

Due to the nature of instantaneous sampling it is possible that grooming episodes of less 

than 30 seconds could have gone unrecorded. However the number of grooming episodes 
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that lasted for fewer than 30 seconds was small. In seven continuously recorded 

grooming bouts only 2/29 episodes were less than 30 sec (6.9%) and in both of these 

episodes grooming resumed without a change of direction.  

Data Analysis 

All grooming bouts were included in the analysis whether or not they were 

reciprocal. Bout durations were estimated as the number of consecutive 30- second 

samples where grooming was recorded, so grooming recorded for 2 consecutive samples 

would be considered 60 sec of grooming. These estimates were then normalized by 

taking the square root. Because some dyads groomed more than others, the data were 

clustered by dyad and divided by the number of times the dyad groomed in order to avoid 

pseudo-replication [Frank & Silk, 2009]. Ordinary least squares regression was used to 

measure short-term reciprocity between grooming partners within individual bouts. In 

order to measure longer-term reciprocity the total grooming contribution of each member 

of a dyad was averaged across bouts.  Ordinary least squares regression was used to 

measure the effect of the first dyad member’s grooming on that of the second dyad 

member across all of their grooming interactions. In order to see if grooming 

contributions changed with rank distance a negative binomial regression of absolute rank 

difference on the lower ranking partner's grooming contribution was performed, 

controlling for the total length of individual bouts and total amount of grooming between 

dyads. 

Standard non-parametric techniques were used for all other analyses. In order to 

acknowledge trends that might be biologically significant but not statistically so, 
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significance is reported as follows: p<0.05 is statistically significant, 0.05<p<0.1 signifies 

a trend, 0.1<p<0.15 signifies a weak trend and p>0.15 is not significant. All analyses 

were performed using STATA 12. 

Results  

Females participated in 381 grooming bouts among 53 out of 55 possible dyads. 

Females exchanged grooming in 48/381 bouts (12.6%). Reciprocal bouts that included 

more than one interchange of grooming had a mean of 2.63 ± .34 reversals, with a 

maximum of 6 reversals. Bouts had a mean length (recoded as number of intervals * 

30sec) of 135.85 ± 7.2 s. The lower ranked partner performed 50% of the grooming in the 

reciprocated bouts and 66% in the non-reciprocated bouts. 

Grooming by rank  

There was a weak trend between rank and the amount of time a female was 

groomed (Graph 2.1a; Spearman’s rho: ρ=-0.47, N=11, p=0.14). Rank and the amount of 

grooming given were correlated (Graph 2.1b; Spearman’s rho: ρ=0.61, N=11, p=0.046). 

This, however, was primarily driven by the extraordinary amount of grooming given by 

female ST (rank 9). When this female was excluded from the analysis the relationship 

between rank and grooming given was only a trend (Spearman’s rho ρ=0.571, N=10, 

p=0.084). 

When all bouts were analyzed the amount of grooming given by one partner was 

related to the amount her partner returned (N=381, F1, 379 =28.9, p<0.0001, r2=0.07, 

β=0.11±0.02 (95% CI =0.07, 0.15); Graph 2.2a). This relationship was considerably 

stronger within the subset of reciprocated grooming bouts (N=48, F1, 46=202.15, 
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p<0.00001, r2=0.81, β=0.57±.04 (95%CI=0.49 , 0.65); Graph 2.2b).  Note that the 

observed slopes are both considerably less than 1.0, indicating that grooming was not 

perfectly time-matched within bouts. 

The discrepancies in grooming time evened out for most dyads over a longer time 

scale. When all grooming contributions for each member of a dyad were summed across 

the entire sampling period (7 months) there were found to be two different types of 

dyads. In 8/55 (14.6%) dyads grooming was never reciprocated. In these cases the 

groomer was always the female with the lower rank. For 45/55 (81.8%) dyads grooming 

was reciprocated over time. In these cases the contribution of one partner was found to be 

significantly related to the contribution of the other partner (N=45, F1, 43=22.56, 

p<0.0001, r2=0.34, β=0.42±.09 (95% CI=0.24, 0.60); Graph 2.3). 

There was a trend for the rank distance of dyads that engaged in immediate 

reciprocal grooming to be smaller than rank distance in dyads that never engaged in 

immediate reciprocal grooming (Man-Whitney U test: U=478.0, n1=28, n2=27. p=0.09). 

Grooming time by the lower ranked member during any single bout of grooming (as a 

percentage of bout length) did not increase as rank distance increased (N=381 bouts, 

Wald χ²(1) =0.54,p=0.46, α=1.5e-10, β=0.15 ± 0.02). This changed when the total 

grooming contributions of each member of a dyad were pooled. Then the contribution of 

the lower ranked member of a dyad was found to increase as rank distance increased 

(Graph 2.4. N=53 dyads, Wald χ²(1)=9.26, p=0.002, α =1.01, β = -0.24 ± 0.08). 

Reciprocal grooming, both given and received, within bouts did not significantly 

correlate with rank (Spearman’s rho received ρ =-.164, given ρ = -.045, df =11, p>0.25) 
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(Graph 2.5a, b). There was a weak trend towards higher ranking females receiving more 

non- reciprocal grooming than lower ranking females (Spearman’s rho ρ = -.464, df=11, 

p=0.15)  and a trend towards low ranking females giving more non-reciprocal grooming 

than their high ranking counterparts (ρ =.536, p=0.089). Removing the outlier female ST 

reduced this correlation (ρ =0.503, p=.138). The amount of reciprocal grooming was 

more evenly dispersed by rank, while non-reciprocal grooming was more unevenly 

distributed, as expected if this type of grooming is being traded for some other 

commodity. 

Overall females in general did not significantly direct their grooming up the 

hierarchy (Graph 2.5a, b; Wilcoxon: z=0.65, N=45, p>0.25). More grooming was given 

to adjacent-ranked, than non-adjacent females when grooming was adjusted for partner 

availability (Graph 2.6; units grooming given to adjacent or non-adjacent females/ # of 

available adjacent or non-adjacent females) (Wilcoxon matched pair test: z=2.22, n=11, 

p=0.026). However grooming was not preferentially directed to the higher ranking 

adjacent partner (Graph 2.7; Wilcoxon matched pairs test: z=0.889, n=10, p>0.25). When 

broken down by reciprocal versus non-reciprocal bouts, there was a trend towards 

individuals giving more reciprocal grooming to adjacent partners (Wilcoxon: z=1.69, 

n=11, p=0.09) but not to give more non-reciprocal grooming to adjacent partners 

(Wilcoxon: z=0.8, n=11, p>0.25).  

Discussion 

  Bonnet macaques tend to be only moderately despotic, with shallow linear 

dominance hierarchies and bi-directional aggression  which classifies them as having a 
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Grade 3 “more relaxed” social structure than the more despotic Grade 1 and Grade 2 

species such as rhesus, Japanese or long-tail macaques [Thierry et al., 2000]. This group 

was no exception, with a modified Landau index of 0=0.63 (on a scale of 0-1, with 1 

being completely despotic). They had a high proportion of bi-directional aggression, with 

a directional inconsistency index (DII) of 18%. Forty-four percent of all dyads 

experienced at least one reversal against the hierarchy and 11% of dyads directed the 

majority of aggression up the hierarchy. The slope of the dominance hierarchy, calculated 

using David’s score [de Vries et al., 2006], was a quite shallow 0.67.  

Grooming by Rank & Grooming up the Hierarchy 

Biological Markets Theory suggests that lower ranking females benefit from 

using grooming as a commodity to trade for reduced aggression or increased tolerance 

from higher ranking females. When this is the case, grooming will be unevenly 

distributed by rank with higher ranking females receiving more grooming than those of 

lower rank and grooming should be directed up the hierarchy [Barrett & Henzi, 1999]. 

This suggests that reciprocal grooming should be employed equally by all females, while 

non-reciprocal grooming should be more likely to be given by low ranking individuals 

and received by high ranking individuals, since high ranking individuals are the ones that 

have commodities worth trading. 

  For this group of bonnet macaques, overall grooming behavior (the sum of both 

reciprocal and non-reciprocal grooming) was not significantly correlated with rank, 

however the trends were in the expected directions. Higher ranked females in general did 

not receive significantly more total grooming than lower ranked individuals, neither did 
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they give significantly less grooming to others. This may be due to the more relaxed 

dominance hierarchy seen in this group, which could render grooming a less valuable 

commodity for trade. When reciprocal and non-reciprocal grooming were analyzed 

separately, females of all ranks gave and received roughly equal amounts of reciprocal 

grooming as predicted by BMT. Although it did not reach significant levels higher 

ranking females did receive more non-reciprocal grooming and give less non-reciprocal 

grooming than lower ranking females.  This suggests that low ranking females do non-

reciprocally groom higher ranked females at low levels in this group indicating that they 

may sometimes be trading grooming for another commodity. 

Although females did not appear to be preferentially grooming the most dominant 

individuals, they did direct a moderate amount of grooming up the hierarchy (Hedge’s 

d=0.525) showing that in general they groomed individuals dominant to themselves more 

than those who were subordinate. Bonnet macaques appear to be quite variable in their 

grooming patterns. For example, two neighboring troops at Dharwar had markedly 

different propensities for grooming up the hierarchy with one strongly directing 

grooming up the hierarchy (d=1.509) while the other doing so only moderately (d = 

0.534) data from Koyama [1973] & Sugiyama [1971] analyzed by [Schino & Aureli, 

2008].  

Among captive bonnet females, Silk [1982] found similar grooming patterns to 

the females in this study as they  groomed up the hierarchy more often than down and, 

with the exception of the alpha female, there was no significant correlation between rank 

and amount of grooming received by other females.  However, other commensal bonnet 
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macaque groups have been observed in which higher ranking females extensively and 

non-reciprocally groomed females of lower ranks [Sinha, 2001], while in a wild group 

with some human contact grooming received was significantly correlated with rank [Ali 

1981].  

Other macaque species also show a variety of grooming patterns. Some of this 

variation may be due to differences in dominance style, since the steepness of the 

dominance hierarchy (one component of dominance style) was found to be related to 

grooming up the dominance hierarchy for many primate species [Schino & Aureli, 2008].  

Among macaques, those species grouped as “more despotic” [Thierry et al., 2000; Grades 

1& 2] and those grouped as “more egalitarian" [Thierry et al., 2000; Grades 3 & 4] did 

not exhibit consistent differences in grooming patterns.  As expected, highly ranked 

females receive more grooming than lower ranking females in groups of “more despotic 

species” such as rhesus [Sade, 1972; de Waal & Luttrell, 1989] and Japanese [Koyama, 

1991; Mehlman & Chapais, 1988; Schino et al., 2003] macaques. However, this was not 

the case for long-tailed macaques [Gumert, 2012] and highly ranked females received 

more grooming that lower ranked females in several species considered “more 

egalitarian” such as lion tailed [Singh et al., 2006] and Tibetan macaques [Xia et al., 

2012].  

In contrast, other “more egalitarian species” were in general found to have the 

expected minimal relationship between  absolute rank and grooming received: Barbary 

[Carne et al., 2011], Assamese [Cooper & Bernstein, 2000; Macdonald et al., 2103], and 

Tonkean macaques [Thierry et al., 1990].This suggests that while disproportionate 
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grooming of high ranking individuals appears to be more common in groups with more 

despotic dominance styles and less common in groups with more egalitarian dominance 

styles there appear to be other factors at work as well.  

Grooming up the hierarchy in general appears to be more common in macaques 

than devoting grooming disproportionately to the highest ranking individuals suggesting 

that macaque females do preferentially groom females who are higher in rank than 

themselves, even if these females are not at the top of the dominance hierarchy. 

Grooming up the hierarchy was found across the macaque spectrum from “more 

egalitarian species” Tonkean [Thierry et al., 1990] and Barbary [Carne et al., 2011], to 

“more despotic” long-tailed macaques [Gumert, 2012]. 

Grooming of adjacent partners: 

As predicted by Seyfarth [1977], females did groom those of adjacent ranks 

significantly more than those who were more distantly ranked; however contra Seyfarth 

they did not show a significant preference for their higher ranked adjacent partner over 

their lower ranked adjacent partner although the difference was in the predicted direction. 

As predicted by BMT, females directed more reciprocal than unidirectional grooming to 

adjacent females who would have less to offer in terms of tolerance or reduced 

aggression, although the trend did not reach significance. Higher levels of grooming 

among adjacent individuals have been found in lion tailed macaques for high and middle 

ranked individuals [Singh et al., 2006], but not in Assamese macaques [Macdonald et al., 

2013]. 
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Grooming within bouts and time matching 

Immediate grooming reciprocity within bouts was infrequent. Only half of all 

dyads were observed to engage in reciprocal grooming bouts (27/55, 49%) and the 

amount of immediately reciprocated grooming given or received did not correlate with 

rank. Within reciprocated grooming bouts, the grooming was evenly split between the 

higher and lower ranked partners. This is consistent with predictions that reciprocal 

grooming will always make up a substantial part of the market for female primates and 

that all groups will engage in a certain amount of immediately reciprocal grooming that 

should be evenly spread among rank categories [Seyfarth, 1977]. These reciprocal bouts 

were time matched with grooming by the first partner significantly related to the amount 

the second partner groomed. 

The females of several macaque species employ some level of immediate 

grooming reciprocity regardless of dominance style. Immediate grooming reciprocity has 

been found in the “more despotic” Japanese [Schino, 2003], rhesus [Massen, 2010], and 

long-tailed macaques [Gumert, 2012; Massen, 2010], as well as the “more egalitarian” 

bonnet [Manson et al., 2004], Barbary [Carne et al., 2011] and Tibetan macaques 

[Balasubramaniam et al., 2011]. Among species that show immediate grooming 

reciprocity, low but significant levels of time matching have been found in long-tail 

[Gumert ,2012], Tibetan [Xia et al., 2012] and bonnet macaques [Manson et al., 2004]. 

Time matching not been reported in Japanese macaques, though some dyads had bi-

directional bouts and reciprocated grooming over longer periods of time [Muroyama, 

1991; Nakamichi & Shizama, 2003; Schino et al., 2003].  
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Lack of time matching within bi-directional grooming bouts combined with the 

presence of reciprocal grooming over a longer time scale has been found in other 

primates including capuchins (Cebus apella) as well as wild baboons (Papio hamadryas 

anubis), mandrills (Mandrillus sphinx) and chimpanzees (Pan troglodytes) [Frank & Silk, 

2009; Gomes et al., 2009; Schino & Aureli, 2008; Schino et al., 2003; 2009; Schino & 

Pellegrini, 2009]. This suggests that immediate, balanced reciprocity of grooming within 

an individual bout may be rare among primates and the many primates who groom 

reciprocally contribute equal amounts of grooming to each other on longer time scales 

than previously thought. 

Grooming for what commodity? 

The females in this group performed a large amount of non-reciprocal grooming.  

Over a seven month period there were 8 of 55 dyads (14.6%) in which grooming 

occurred entirely in one direction. In all of these eight dyads it was the higher ranking 

member of the dyad that received the grooming.  Furthermore, in six of the eight the 

higher ranking individual was one of the three highest ranking females. According to 

BMT such patterns imply that females in this group may be trading grooming for some 

other commodity such as feeding tolerance, reduced aggression, or agonistic support. 

When analyzed across all dyads there was no indication that lower ranking 

females were trading grooming for reduced aggression from their higher ranked partners. 

The amount of grooming given to a higher ranking female did not negatively correlate 

with aggression given by this female to her grooming subordinate (Spearman: ρ= 0.036, 

n=55 p>0.25). A lack of association between grooming and reduced aggression has also 
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been found in a group of less commensal bonnet macaques [Ali, 1981], in Assamese 

macaques [Macdonald et al., 2013], and in Tibetan macaques in one study 

[Balasubramaniam et al., 2011], but not in another where females who groomed more and 

longer received less aggression [Xia et al., 2012]. 

When the eight non-reciprocal dyads were analyzed separately there was a hint of 

reduced aggression, with the lower ranking member of the dyad on average receiving 

during focal animal sampling 3.88 total aggressive acts from the higher ranking member 

as opposed to 5.25 total aggressive acts in the reciprocally-grooming dyads although the 

difference was not significant (Mann-Whitney Test: U=150, p>0.25).  

  Female coalitions were uncommon in this group (12/238 agonistic interactions) or 

5% of all focal female agonistic interactions, and 15 instances were recorded from 44 

hours of ad lib data. Fifteen out of 55 (27%) potential dyads exhibited coalitionary 

behavior. In 24/27 (89%) of the coalitions it was the dominant female that came to the aid 

of the subordinate. These coalitions directed aggression against juveniles of both sexes 

(11/27) and adult females (11/27) as well as sub-adult males (3/27), and adult males 

(2/27).  

Six of the 15 coalitionary dyads involved a female supporting the female who 

gave her the largest or second largest amount of grooming. Three additional different 

coalitionary dyads only engaged in unidirectional grooming with the subordinate 

grooming the dominant. In 4/6 of the remaining coalitionary dyads the supporting female 

received at least 3x as much grooming as she gave the female she was supporting and in 

one dyad both females gave each other equal amounts of grooming. This suggests that in 
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the majority of the instances (14 of 15 dyads) females were engaged in interchange 

grooming. Silk [1982] also found that among captive bonnets only a few females 

preferentially agonistically supported those who gave them the most grooming.  

  However, just because a behavior is rare does not mean that it is not an important 

commodity and females in the study group may still have been trading grooming for 

coalitionary support. On average the amount of grooming given by subordinate females 

to higher ranking females with whom they had coalitions was not different (χ²=0.1, df=1, 

p>0.25) from the amount of grooming given to the same high ranking female by similarly 

ranked subordinates with whom she did not engage in coalitions. However dyads of 

females who engaged in coalitions did have a trend towards the subordinate member 

directing a greater percentage of her grooming to the dominant member (χ²= 2.48, df=1, 

p=0.11) than dyads of similar rank difference where the females did not engage in 

coalitions. Coalitionary dyads also had significantly more non-reciprocated grooming 

bouts with grooming in the direction of the higher ranked female compared to non-

coalitionary dyads of similar rank distance (χ²=8.06, df=1, p=0.005). This suggests that 

although coalitions are rare, when they occur they appear to be consistent with the 

predictions of BMT. 

Females may also be trading grooming for other commodities. Under the clumped 

feeding conditions associated with high-value human foods feeding tolerance might be an 

important commodity. Exchanging grooming for feeding tolerance has been found in 

captive Barbary macaques [Carne et al., 2011]. Data were available from experimental 

feeding sites suitable for testing this possibility. The amount of grooming given by lower 
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ranking females to high ranked females was not significantly correlated with time spent 

at the feeding side, participation in experimental trials, kcal consumed at the feeding site, 

or aggression received from high ranking females at the feeding site. This suggests that 

giving more grooming to high ranking females did not give lower ranking females better 

access to the platform or increased food intake. 

Explanations for grooming patterns 

There are two potential explanations for the patterns of grooming seen in this 

group. The first is that the females in this group are exchanging only some of their 

grooming in a biological market. The relative shallowness of the hierarchy may reduce 

the influence of high ranked individuals and therefore reduce the value of their support. 

Since this group was commensal and had access to high-quality food in the form of 

human cultigens as well as human food waste, access to food may not be a problem for 

these females and they may not need to exchange grooming for feeding tolerance.  

However since provisioning tends to lead to an increase in aggression this is less likely to 

be the case [Hill, 1999]. 

The second possibility is that grooming may be traded for grooming over a 

markedly different timeframe than that originally predicted by Barrett and Henzi [1999]. 

Females may be reciprocating grooming over a long series of grooming interactions 

rather than within bouts. The grooming trends seen in this group suggest that females are 

tracking reciprocity over time. It appears that these bonnet macaque females are 

reciprocating a larger part of their grooming than is initially apparent, by time matching 

across bouts. Grooming given to others and the amount of time others groomed them 
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were strongly correlated. Over the duration of the study (7 months) females overall 

reciprocated grooming with each other. This grooming pattern was found in one group of 

free-ranging bonnet macaques Sugiyama [1971] analyzed by [Schino & Aureli, 2008], 

and a similar trend was found in a neighboring group, although it did not reach 

significance Koyama [1973] analyzed by [Schino & Aureli , 2008]. Increased 

reciprocation over time can also be seen in the fact that only 26/55 (45%) of dyads 

immediately reciprocated grooming, but 45/55 (82%) of dyads reciprocated grooming 

across bouts over the course of the study. 

The presence of longer-term reciprocal grooming has also been found in other 

primate species with varying strengths of dominance hierarchies including Japanese 

macaques [Schino et al., 2003], mandrills [Shino & Pelligrini, 2009], olive baboons 

[Frank & Silk, 2009; Silk et al., 2006], brown capuchins [Schino et al., 2009] and 

chimpanzees [Gomes et al., 2009]. Female primates appear to be keeping track of 

grooming relationships over time and do not need to immediately reciprocate grooming 

to prevent cheating, although in this group there was more time matching in short term 

grooming than long-term, suggesting some cheating or sloppy bookkeeping was taking 

place.  

Conclusion 

This study contributes to our understanding of the nature of grooming 

relationships among females in Macaca radiata. Females appear to trade grooming as a 

commodity although at relatively low levels. It is unclear what the females are trading 

grooming for since they do not appear to be trading for reduced aggression or increased 
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feeding tolerance. Lower ranking females may be trading grooming for coalitionary 

support although this appears to be at very low levels. Much of the immediate non-

reciprocal grooming may actually be reciprocal from the point of view of individual 

females since data from this study show that bonnet macaques can be included in a 

growing list of species that have the cognitive ability to reciprocate grooming (and 

potentially other behaviors) over long periods of time. 
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Graph 2.1a: Grooming Given By Rank 

Amount of grooming in number of focal units observed (30 sec intervals) that bonnet 

macaque females gave relative to individual rank. The highest ranked individual was 

designated as rank 1.Amount of grooming in number of focal units observed (30 sec 

intervals) that bonnet macaque females gave and received relative to individual rank. The 

highest ranked individual was designated as rank 1. 
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Graph 2.1b: Grooming Received by Rank 

Amount of grooming in number of focal units observed (30 sec intervals) that bonnet 

macaque females received relative to individual rank. The highest ranked individual was 

designated as rank 1. 
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Graph 2.2a: Grooming Reciprocity within Individual Bouts 

Grooming contribution equals the number of 30 second units the female was recorded 

grooming her partner during a bout. Grooming time by one female in a bout was 

significantly related to that of the second female. Grooming durations were square root 

transformed to normalize the data. N=381 bouts in 53 dyads. 
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Graph 2.2b: Grooming Reciprocity Within Reciprocal Bouts 

Grooming contribution equals the number of 30 second units the female was recorded 

grooming her partner during a bout. Grooming was more time-matched and grooming by 

the first partner significantly predicted the amount of grooming by the second partner 

within a bout. Grooming durations were square root transformed to normalize the data. 

N=48 bouts in 26 immediately reciprocating dyads. 
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Graph 2.3: Grooming Reciprocity Across Bouts for Reciprocating Dyads 

Grooming contribution equals the number of 30 second units the female was recorded 

grooming her partner during a bout.  Grooming durations were square root transformed. 

N=45 long-term reciprocating dyads. 
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Graph 2.4: The Percentage of Grooming Done by the Subordinate Member of a Dyad as 

a Function of Rank Distance between Dyad Members. N=53 dyads 
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Graph 2.5a: Reciprocal and Non-reciprocal Grooming Given by Rank.                   

Measured in number of 30 second focal units spent grooming. 
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Graph 2.5b: Reciprocal and Non-reciprocal Grooming Received by Rank                      

Measured in number of 30 second focal units spent grooming. 
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Graph 2.6: Grooming of Adjacent and Non-adjacent Partners 

The median amount of time in 30 sec units that females directed to adjacent and non-

adjacent partners adjusted for partner availability. Each box plot shows the median, 25 

and 75 quartiles and the whiskers show values within 150% of the inter-quartile range 

(IQR). The outlier was ST, the 9
th

 ranked female who directed a large part of her 

grooming to the three highest ranking females. 
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Graph 2.7: Grooming Towards Higher and Lower Adjacent Partners 

The median amount of time in number of 30 sec units that females directed towards their 

high ranking and lower ranking adjacent partners. The highest and lowest ranking 

females were excluded from this analysis since they could only groom in one direction . 

Each box plot shows the median, 25 and 75 quartiles and the whiskers show values 

within 150% the inter-quartile range (IQR). 
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CHAPTER 3 

Experimental Tests of the Effects of Food Distribution on the Behavior of Commensal 

Bonnet Macaque (Macaca radiata) Females 

 

 

Abstract  

Using a 2 by 2 meter platform, a uniform quantity of wheat kernels was offered to 

a group of commensal bonnet macaques living in Mysore, India. The group was 

presented with three different food distributions: highly clumped (0.25m²), clumped 

(1m²), and more dispersed (4m²). In all of the feeding distributions females experienced 

contest competition for food as seen in their rank related food intake. High ranking 

females consumed more Kcal than low ranking females in each food distribution. The 

greatest rank asymmetry in feeding was found in the highly clumped condition due to the 

ability of dominant individuals to monopolize the feeding platform. However, the number 

of aggressive acts among females was significantly lower in both clumped distributions 

than in the dispersed condition. Increased female food platform residence times may 

account for this pattern, with individual females spending longer at the feeding platform 

in the dispersed condition giving them more opportunity for agonistic interactions. 

Although overt competition, or usurpation, as measured by agonistic acts, was higher in 

the dispersed condition, competition (as measured by rank differences in food 

consumption) was greatest in the highly clumped condition as expected by the 

socioecological model. Competition in the highly clumped condition was mainly covert 

competition, or monopolizability, and could not be measured by looking at levels of 

agonistic behavior. It is important to distinguish between monopolizability and 
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usurpability when analyzing levels of competition in a group. Simply measuring amounts 

of agonism may not give an adequate picture of the competition within a group. Males 

played a significant role in inhibiting females’ use of the platforms and the price of 

accessing the feeding platform for females was increased male aggression. Females who 

groomed the alpha male more were more likely to get access to food suggesting that 

male-female relationships may also play an important role in an individual female’s 

feeding success. 

Introduction 

Current socioecological theory hypothesizes that sociality in females has been 

driven by the benefits gained from an ability to defend food resources from other groups 

[Isbell, 1991; Wrangham, 1980] and/or greater protection from predators or infanticidal 

males [van Schaik 1989; Sterck et al. 1997]. The cost that females bear for these benefits 

is increased intra-group feeding competition. Members of a group may experience two 

different types of competition, scramble and contest. Scramble competition is an indirect 

form of competition in which one individual depletes resources for others simply by 

consuming them [van Schaik & van Noordwijk, 1988]. Scramble competition is thought 

to be an inevitable part of group living for most primate species [Isbell & Young, 2002].  

Under a regime of scramble competition all group members consume roughly the same 

amount of food regardless of rank. The other form of competition, contest, or 

interference, competition [Miller, 1967], is direct.  It occurs when one individual, or 

group of individuals, can defend or obtain resources from others. This allows certain 
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individuals to gain greater access to limited resources while others are excluded. Contest 

competition can take two forms, either covert or overt.  

Covert competition, often called “monopolizability” refers to an individual’s 

ability to hold onto a food resource and occurs when one individual occupies a food site 

effectively deterring others from utilizing the site. There are no obvious agonistic acts in 

this situation; however this would still be a case of contest competition if high ranking 

individuals can control access to food resources simply by their presence [Isbell et al., 

1999; Whitten, 1983]. Monopolizability can be measured by the presence of rank 

differences in food consumption, feeding rate, and time spent feeding at a particular 

location. 

Overt contest competition, often called “usurpability”, occurs when one 

individual takes a food item or patch away from another. Foods that take longer to 

consume are more likely to be aggressively usurped (taken) by another, usually more 

highly ranked, individual [Isbell et al., 1998].  If individuals spend a long time feeding on 

a food it may also indicate that it is a high quality/value food making it attractive for 

usurpation [Harcourt and Stewart, 2007]. Alternatively it could indicate that these foods 

have a longer harvesting and/or preparation time. Under a regime of contest competition, 

rank differences are expected to lead to differential reproductive success for females. 

Levels of contest competition are often measured by the amount of overt contest 

competition such as the rate of agonistic behaviors and the strength, or steepness of the 

dominance hierarchy [Isbell, 1991; Sterck et al., 1997; de Vries et al., 2006]. Covert 
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competition is harder to measure in observational studies because of the lack of agonistic 

behaviors that accompany it and may often be overlooked. 

  Spatially clumped, or patchy foods, are thought to increase contest competition 

and lead to groups with rank related food consumption, frequent agonistic encounters 

over access to food and safe locations, high levels of aggressive behaviors, stable, linear 

dominance hierarchies, and female phylopatry [Isbell, 1991; Koenig, 2002; Koenig and 

Borries, 2006; van Schaik, 1989; Sterck et al., 1997; Wrangham, 1980]. Large foods 

[Chancellor & Isbell, 2008; Gemmill & Gould, 2008; Mathy & Isbell, 2001] and foods 

that have long food site residence times, due to the length of time it takes to process or 

consume the food [Isbell et al., 1998; Janson, 1990; Preutz & Isbell, 2000] are also 

associated with higher levels of agonistic behavior.  Higher rank has been associated with 

longer time spent at feeding sites in vervets [Isbell et al., 1999], more uninterrupted 

feeding bouts in yellow baboons [Post et al., 1980], and ability to gain large food items 

[Mathy & Isbell, 2001]. Large food items also elicited more aggression and punishment, 

defined as post- consumption aggression directed by the consumer towards other 

individuals who vied for or showed interest in the food [Chancellor & Isbell, 2008]. 

Contest competition can be measured by the number or rate of agonistic interactions and 

displacements, the presence of coalitions and the amount of time it takes to consume the 

food resource or to deplete a food patch, or the amount of time a female stays at a site 

(called food site depletion time, FSDT, by Isbell, 1991; later modified to food site 

residence time FSRT [Chancellor and Isbell, 2009]). 



89 

 

 

 

  Macaque species make useful subjects for answering socioecological questions 

addressing competition because in many aspects they are very similar and in others they 

are quite diverse, especially with regard to female dominance relationships.  Both within 

and between species, macaque groups inhabit a variety of habitats including areas with 

high levels of human activity and disturbance. In their core traits macaque species are 

remarkably similar in that they are all semi-terrestrial and frugivorous with a tendency to 

live in multi-male, multi-female groups with female phylopatry leading to matrilineal 

subgroups who share preferential relationships [Hoelzer & Melnick, 1996]. Beyond their 

core traits however, macaques show a high level of both inter- and intra-species 

variability. Certain traits, especially those related to dominance behaviors and aggression, 

tend to co-vary among species. One of the central questions of macaque studies is the 

nature and source of this variation. What influences the co-variation of macaque traits 

and the differences among macaque species? The general socioecological model [Isbell, 

1991; van Schaik, 1989; Wrangham, 1980] accounts for these differences with 

environmental variability. Thierry et al. [2000] argue that phylogenetic inertia plays a 

greater role than the environment in the co-variation of these traits. Detailed studies of 

macaques in multiple environments are needed to determine which aspects of macaque 

behavior are phylogenetically constrained and which are responses to local environments. 

  One way to investigate the influence of the environment on female behavior is to 

experimentally manipulate food resources. Previous experimental studies investigating 

the relationship between food spacing and aggression in primates have found that 

clumped foods are associated with more aggression and rank related access to food sites 
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[Boccia et al., 1988; Brennan & Anderson, 1988; Southwick , 1967; White et al., 2007]. 

In these experiments the distance between food items was varied with the amount of food 

held constant, with the result that more clumped distributions had more food items per 

area creating larger sized food piles. This means that clumped areas ended up with 

effectively larger food patches than dispersed areas which could blur the distinction 

between food distribution, consumption time, and distribution. In experiments by Mathy 

and Isbell [2001] and Chancellor and Isbell [2008] where two pieces of apple were 

offered at various distances in different sizes, food size was found to be a better predictor 

of overt contest competition such as aggression and punishment, than inter-item distance. 

 However food distribution was found to better predict covert competition and the ability 

of high ranking individuals to monopolize foods. 

Isbell and Young [2002] call for researchers to expend more effort to 

quantitatively measure characteristics of food resources such as: food distribution, food 

site depletion time, inter food item and patch distance, and patch size. This study 

investigated whether three different food distributions presented to a group of free-

ranging bonnet macaques were “seen” as different from the point of view of the 

monkeys. It measured whether the different distributions elicited contest competition 

(both overt and covert) among group members and if these levels of competition varied 

as predicted in the socioecological model across the different feeding distributions. 

Methods 

  This study was conducted from November 2007 to July 2008. It focused on a 

group of commensal bonnet macaques (Macaca radiata) living on the University of 
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Mysore Campus in Mysore, India. This group had inhabited the campus for 20 years and 

was the only group in the area, although an adult male successfully immigrated into the 

group during the study. After the study was concluded part of the group was trapped and 

relocated away from the campus. The group ranged in a 0.5 square km area of the campus 

that is heavily vegetated and holds faculty and student housing facilities. The group spent 

94 % of its feeding time foraging on vegetation including many cultigens and six percent 

scavenging garbage left by the families living on campus as well as at the campus tea 

shops. During scavenging the monkeys opportunistically raided houses and vehicles (the 

reason for their eventual relocation). Active feeding of the monkeys was discouraged 

although it occurred 2-3 times weekly. The campus had a mildly agonistic relationship 

with the monkeys. At the beginning of the study, the group consisted of 11 adult females, 

4 adult males, 5 sub-adult males, and 18 juveniles. By the end of the study one male had 

immigrated into the group and 8 infants had been born. This groups’ mean size (42.5) 

was larger than the means found for two different urban troops (22.7 ± 9.6 and 25.7± 

12.2; [Sinha, 2001]), possibly due to the high number of juveniles in the group.  Adult 

females were the primary focus of this research; however male behavior was also 

analyzed as a factor in female feeding behavior since males fed with females during the 

majority of the experiments (26/29) and males used the feeding platform in all trials. 

Standard behaviors were used to determine dominance rank. These behaviors 

were recorded ad libitum during the months of February and March 2008 (170 hours) in 

order to establish the hierarchy prior to experimental testing [Altmann, 1974]. The 

behaviors were also recorded ad libitum during all experimental trials. Dominance 
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hierarchy analysis was based on a modified Landau’s index developed by Singh et al. 

[2003]. The experiments reported here were conducted from March-July, 2008, and were 

part of a larger study of feeding competition in macaques; original experiment and 

condition numbers have been retained to facilitate comparison with other publications. 

The experimental feeding platform consisted of a 2 x 2 meter platform raised 1m above 

the ground that was subdivided into sixteen 50cm x 50cm sections. Each section was 

separated by a 2.5 cm tall divider. The monkeys were habituated to the platform prior to 

the experiments, and routinely responded to the platform only when it was located under 

their sleeping trees. Once the monkeys became accustomed to the platform they would 

reliably visit it before retiring to their sleeping trees. Due to this, 96% of all the trials 

occurred between 3:30-6:30pm. 

In this experimental series, food quality and item size, and quantity were held 

constant and food distribution was varied. To do this, the platforms were baited with raw 

wheat kernels. The small size of the grains kept the monkeys on the platforms; when 

larger items were proffered the monkeys would stuff them in their cheek pouches and 

retreat. Due to the small size of the wheat grains, food in the dispersed conditions was 

more difficult to obtain and took longer to eat than food in the clumped conditions 

facilitating measurement of food site residence, or FSRT. 

Each trial used 230g (2 cups, about 6,600 grains). This led to 2 -8 cups of 

supplemental feeding, average 4 cups, per day. One cup contained about 640 calories 

which amounts to 16.4 calories/cup/ non-infant individual or 6% of a bonnet macaque’s 

basal metabolic rate of approximately 258.5 Kcal/day [Rising et al., 2008]. In this part of 
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the study, the group was presented with three different experimental conditions.  

Condition 1: Clumped distribution. Two cups of wheat were evenly dispersed in the 4 

central sections of the platform covering an area of 1m² 

Condition 2: Highly clumped distribution.  Two cups of wheat were placed in one of 

the central sections on the platform covering an area of 0.25 m² 

Condition 3: More dispersed distribution. Two cups of wheat were evenly dispersed 

across all 16 platform sections covering an area of 4m² 

Each experimental condition was replicated 10 times; however for the highly 

clumped condition only 9 were used because during one trial the alpha male prevented 

any females from accessing the platform. The conditions were presented in random order 

to reduce habituation to any particular condition. During the experimental period, zero to 

four trials were conducted per day, with an average of two trials a day. The platforms 

were baited every day; however the monkeys’ level of interest in the platform varied and 

many days they did not approach it even when in its immediate area. Trials began when 

an individual began feeding on the platform and ended when the platform was vacated, 

all individuals on the platform stopped feeding, or when the food was completely 

depleted. 

Data were taken ad lib, recording the length of each trial, the identity of each 

individual on and near the platform, and the number of aggressive and affiliative 

interactions and the identity of the individuals involved as well as general notes. Each 

trial was videotaped with a single tri-pod mounted camera. This allowed for detailed 

analysis of the behaviors of each individual in the trial as well as for measurement of the 
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quantity of wheat each individual consumed, which would have been impossible for one 

observer to record while the trial was ongoing. Wheat quantities consumed were 

converted to Kcal intake using data taken from standard nutritional tables [Gopalan et al., 

2007].  

Data Analysis  

Standard non-parametric techniques were used for all analyses. Data regarding 

each individual female’s food consumption, aggressive behavior, and feeding time under 

the three experimental conditions were first analyzed using the Friedman test. Post hoc 

analyses with Wilcoxon signed rank tests were conducted with a Bonferroni correction 

applied resulting in a significance level set at p < 0.017. Data were analyzed using 

STATA 12.0.  

Results 

Dominance hierarchy 

The females’ dominance hierarchy was measured using the modified Landau 

index [Singh et al., 2003]. This analysis found the strength of the dominance hierarchy 

(h’) to be 0.63 on a scale of 0 to 1. The directional inconsistency index (DII) for dyadic 

encounters was 64/343 dominance encounters (18%) with 44% of all dyads (24/55) 

experiencing at least one reversal against the hierarchy, and the dyads up index was 6/55 

with 11% of dyads directing the majority of aggression up the hierarchy (31/47, 66%, of 

interactions were won by the lower ranked member of these dyads). 
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Female Residence Time on Platform and Rank 

The total time spent on the platform was significantly correlated with female rank 

in the highly clumped condition (Spearman’s rho: ρ= -0.62, p=0.04, df=9). In the 

clumped and dispersed food conditions rank was not significantly correlated with the 

time a female spent on the platform (Spearman’s rho: clumped: ρ=-0.35, p>0.1, df= 9; 

dispersed: ρ=-0.34, p>0.1, df =9). Individual female food site residence times were 

significantly different among trials (Friedman Test: χ² = 19.7, df=2, p=0.03). Further 

testing showed individual females of all ranks spent significantly longer on the platform 

under the dispersed distribution (Wilcoxon: z=-0.24 p=0.016), while there were no 

differences in time spent between the clumped and highly clumped conditions 

(Wilcoxon: z=-1.29 p>0.1). 

 When the top-ranking 3 females were compared with the bottom-ranking 3 

females, the high ranking females spent significantly more time on the platform than low 

ranking females in the highly clumped and clumped distributions (highly clumped: 

χ²=33.18, df =1, p<0.0001; clumped: χ²= 15.3 p<0.0001). However there was no 

significant difference between the time high and low ranked females spent on the 

platform in the dispersed condition (χ²= 1.3, p>0.1).  

Female Food Consumption 

Individual rank was significantly correlated with Kcal intake only in the highly 

clumped condition (Spearman’s rho: ρ = -0.64, p=0.04, n=11). There was no correlation 

between individual rank and food consumption in the other two conditions (Spearman’s 

rho: clumped ρ=-0.01, dispersed ρ =-0.327, n=11, p>0.1).  
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There was a statistically significant difference in the number of Kcal individual 

females consumed under the three different distributions (Friedman test: χ²=8.59, df =2, 

p=0.014). Post hoc analysis using the Wilcoxon signed rank test conducted with a 

Bonferroni correction (adjusted significance level: p<0.017) found no significant 

difference in food consumption by individual females between the highly clumped 

condition and the clumped condition (Wilcoxon: z=1.29 n=11, p=0.19). Food 

consumption in the dispersed condition approached significantly higher levels than in the 

highly clumped condition, and was significantly more than in the clumped condition 

(Wilcoxon signed rank test: highly clumped: z=2.31, n=11, p=0.02, clumped: z=2.4, =11, 

p=0.016).  High ranking females as a group consumed significantly more at the feeding 

platform  than low ranking females under all distributions ( highly clumped χ²= 733.02, 

df=1, p<0.001,clumped χ²= 254.58, df=1, p<0.001, dispersed χ²=225.12, df=1, p<0.001). 

See Graph 1. 

Aggression  

Aggressive behavior was rank related across all conditions. Having a higher rank 

was very strongly correlated with the number of aggressive acts an individual female 

gave to other females under all food distributions (Spearman’s rho: highly clumped ρ= -

0.85, p=0.003; clumped ρ=-0.709, p=0.012; dispersed ρ=-0.8.20, p=0.002; all n=11).  See 

Graph 2. 

 There were significant differences in the total number of aggressive acts females 

directed towards each other under the three experimental conditions (Friedman test: 

χ²=7.77, df =2, p=0.02). A post hoc analysis found that there were no significant 
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differences in the number of aggressive acts females directed towards other females 

between the highly clumped and clumped conditions (Wilcoxon signed ranks test: z=-

0.28, n=11, p>0.1). However, females in the dispersed condition directed significantly 

more aggressive acts towards other females than in the two clumped conditions 

(Wilcoxon signed ranks test: dispersed/highly clumped: z=2.33, p=0.017, p=0.016, 

dispersed/clumped: z=2.71, p=0.007). There were no significant correlations between 

aggression received from other females and rank under any of the food distributions 

(Spearman’s rho: highly clumped ρ=0.44; clumped ρ=0.17; dispersed ρ=0.36; all p>0.15, 

n=11).  

Females were about twice as aggressive during the three experimental periods as 

they were in the ad lib observations used to create the female dominance hierarchy done 

under non-experimental conditions. No female coalitions were observed during the 

experimental trials (0/14 hours) and reversals against the dominance hierarchy were very 

rare in all three conditions (2/134: 1.5% of interactions when all conditions are pooled). 

This is less than what was seen in ad lib conditions where reversals against the hierarchy 

were more common (64/353: 18%). Coalitions among females were more common in the 

ad lib data with15 recorded during 44 hours of observations (0.34/hour). 

Food Consumption, Aggression and FSRT 

The number of aggressive acts given by each female was not significantly 

correlated with Kcal intake in the clumped condition (Spearman’s rho:  ρ=0.29, p>0.15, 

n=11), however there was a trend towards more aggression given being correlated with 

food intake in the highly clumped and dispersed condition (Spearman’s rho: highly 
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clumped ρ= 0.56, p=0.07; dispersed ρ=0.47, p=0.14, n=11). There was no significant 

correlation between number of aggressive acts a female received from other females and 

Kcal intake in any of the food distributions (Spearman’s rho: highly clumped ρ=0.26; 

clumped ρ=0.408; dispersed ρ=0.014, all p>.1, n=11). 

  The amount of time females spent on the platform during the experimental trials 

was correlated with food consumption across all distributions (Spearman’s rho: highly 

clumped ρ=0.885, p=0.001; clumped ρ=0.902, p<0.0001; dispersed ρ=0.627, p=0.039, all 

n=11). When all conditions were analyzed together there was a significant correlation 

between the time a female spent at a feeding platform and how much aggression she 

received (Spearman’s rho: ρ= 0.28, df =111, p=0.003 Graph 3).  The number of females 

feeding simultaneously at the platform was strongly correlated with the number of 

aggressive acts/female during a trial (Spearman’s rho: ρ = 0.59, df = 27, p <0.001). 

Male Aggression 

Females encountered males while feeding on the platform in 26/29 trials. Out of 

the 26 trials with males present, only three had no instances of males directing aggression 

to females. The prevalence of male aggression was similar (88% of trials with males and 

females participating) to female-female aggression (81% of trials with more than one 

female participating). The presence of males did not appear to significantly impact 

females’ behavior towards each other. The number of female –female aggressive acts, 

FSRT, number of females at the feeding platform, aggression rate, and Kcal consumed in 

the three trials without males all fell within one standard deviation of the mean values 

found in trials where males were present. 
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Level of clumping on the feeding platform did not significantly affect the amount 

of aggression males directed towards females (Friedman test: χ²=1.14, df =2, p>0.1). 

High ranking females received more aggression from males under all distributions, but 

this was significant only in the clumped condition (Spearman’s rho: clumped ρ=-0.679, 

p=0.022; highly clumped ρ=-0.155; dispersed ρ=-0.333, n=11). The number of aggressive 

acts received from males was highly correlated with female food intake in all food 

distributions (Spearman’s rho: highly clumped ρ=1 p<0.0001, clumped ρ=0.761 p=0.006, 

dispersed ρ=0.827 p=0.002, n=11). Females were never observed to join in coalitions 

against males at the feeding platform and males never interceded during female-female 

agonistic interactions on the platform. 

Discussion 

This study found significant differences in the amount of time females spent at the 

experimental feeding platform, the amount of food they consumed, and the amount of 

aggression they directed towards each other across the three food distributions presented 

to them. From the females’ point of view, even small scale differences in feeding 

platform size (0.25 – 4 m²) rendered these feeding distributions functionally different. 

There were significant disparities in food consumption among females across each of the 

food distributions that were generally rank related. Contest, rather than scramble, 

competition was the primary competitive modality in each distribution [Janson & van 

Schaik, 1988; van Schaik, 1989]. On average, high ranking females consumed more Kcal 

per individual/trial than low ranking females in each distribution, consistent with findings 

that rank is correlated with food intake rate in several different primate species including 
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Macaca mulatta [Saito, 1996], Papio anubis [Barton, 1993], Chlorocebus aethiops 

[Whitten, 1983], Presbytis entellus [Koenig, 2002; Koenig et al., 1998] and multiple 

capuchin species [Cebus olivaceus: Robinson, 1981; Cebus capucinus: Vogel, 2005]. 

The highest disparity in food consumption was found in the highly clumped situation 

where high ranking females on average consumed 33.15 more Kcal per trial than low 

ranking individuals. Since bonnet macaques have a basal metabolic rate of about 258.5 

Kcal/day [Rising et al., 2008], this amounts to about 13% of the daily energy intake for a 

bonnet macaque female. 

 This difference in food consumption gained by higher ranking females as a result 

of contest competition may be especially important for pregnant and lactating females 

since lactation is a metabolically costly process [Oftedal, 1984]. During these 

experiments all females were either pregnant or lactating (in some cases both, since six 

infants were born during the experimental period). The varying benefits of calorie 

consumption and lifetime reproductive success in primate females have been shown 

[Altmann & Alberts, 2003; Bercovitch , 1987; Cheney et al., 2004; Fairbanks & Maguire, 

1995; Thompson et al., 2007, Thompson & Wrangham, 2008].  

  The experiments revealed that contest competition was both covert and overt in 

this group with both monopolization and usurpation occurring. The type of contest 

competition employed by females changed depending on food distribution, indicating 

that females were employing different feeding strategies to access food in different 

distributions. Rank differences in Kcal consumption were highest in the highly clumped 

condition and lowest in the distributed condition. As designed, in the highly clumped 
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condition the area of food distribution on the platform was small, making the food highly 

monopolizable; high ranking females were able to control access to the platform through 

covert competition. This was seen in time spent at the feeding platform which was 

significantly correlated with individual rank as well as with rank category. The greater 

time spent at the platform by higher ranking females translated into greater food 

consumption. Food consumption was highly rank related and was the most asymmetrical 

in this condition.  However agonistic acts among females were infrequent in this 

condition indicating that higher ranking females were effectively monopolizing resources 

at 0.25m² without resorting to agonistic behavior. This suggests that a feeding site of 

0.25m² is well within a “zone of monopolizability” [Isbell & Young, 2002] for bonnet 

macaque females. Lower ranking females appeared to be avoiding high ranking females 

in this condition. This type of strategy has been observed in multiple species where 

females have linear dominance hierarchies, including three other macaque species: 

Macaca fascicularis [van Noordwijk & van Schaik, 1987], M. fuscata [Saito, 1996], and 

M. mulatta [Belzung & Anderson, 1986]. Studies of bonnet macaque social knowledge 

and intentionality indicate that females are aware of relative rank distances between 

themselves and other females [Sinha, 1998; 2003] and change their behavior accordingly. 

This study provides support for the idea that dominance hierarchies can greatly affect 

females’ behavior even in the absence of overt aggression and that competition can often 

be subtle [Bernstein et al., 1983; Rowell, 1974; Saito, 1996]. 

As the distribution of the food items and the size of the feeding platform increased 

from 1m² to 4m², the primary modality of female competition changed from 



102 

 

 

 

monopolizability to the more overt acts of usurpation.  There was no significant increase 

in the quantity of female agonistic interactions when the size of the feeding platform was 

increased from 0.25m² to 1m². The spatial change in clumping at this level did not seem 

to change the overall level of usurpation among these females. However, the ability of 

females to monopolize resources decreased between the highly clumped and clumped 

condition, as seen in the reduction of rank disparity in Kcal consumption and in the time 

spent on the feeding platforms by individuals between the highly clumped and clumped 

conditions. At a distribution of 1m² neither feeding time or Kcal consumption were 

significantly related to individual rank (although high ranking females as a category still 

consumed more Kcal). The fact that lower ranking females had more access to the 

feeding platform and thus were able to consume more Kcal than they did at 0.25m² 

suggests that a 1m² distribution was less monopolizable than a 0.25m²  distribution and 

thus that their ‘zone of monopolizability’ fell somewhere between these two distances. At 

1m² females feeding at opposite sides of the platform could still keep inter-individual 

distances of over 1m; this distance was found to be a critical distance for reducing the 

likelihood of agonistic interactions in wild Japanese macaques [Furuichi, 1983]. 

When food spacing was increased from the clumped conditions to the more 

dispersed condition (4m²) there was a striking change in female behavior. Females in the 

dispersed condition directed significantly more aggressive acts toward each other than in 

the two clumped distributions. At this distance the ‘zone of monopolizability’ for females 

appeared to be gone and high ranking females could not prevent other females from 

accessing the resources as shown by the fact that FSRT was no longer rank related. In 
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response they resorted to more overt forms of aggression. However due to the increased 

spacing between resources and individuals that aggression may be less costly to females 

than the aggression they would receive in the closer quarters of a clumped resource.  

 Higher ranking females gave more aggression than lower ranking females; 

however aggression received was not significantly correlated with rank. Higher ranking 

females (ranks 1, 2, & 3) directed the majority of their aggression towards the more 

highly ranked middle ranking females (ranks 4 & 5) as well as at the 10th ranked female, 

who spent the most time on the platform of the lower ranking females. There was some 

retaliation from lower ranked females; however females of any rank did not form 

coalitions to defend the feeding platform in any of the distributions. Ram et al. [2003] 

found a similar pattern of agonistic behavior in another group of bonnet macaques where 

females showed increased aggression when scavenging for tourist provided food as 

opposed to foraging on natural vegetation. This aggression was mostly directed among 

females in the upper part of the dominance hierarchy, rather than directed towards low 

ranking females and when food was usurpable rather than monopolizable lower ranking 

females retaliated more often against high ranking females who showed them aggression 

[Ram et al., 2003].   

Attempting to usurp food resources through agonism was not a very effective way 

to discourage females who were willing to risk utilizing the feeding platform. Females 

who gave more aggression did not obtain significantly more calories than those who 

gave less, possibly because they wasted valuable feeding time engaging in agonistic 

actions.  Agonism did not seem to deter females who used the platform since those who 
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received more aggression from other females did not consume fewer calories than those 

who were targeted less often. 

  As predicted, levels of competition were affected by the distribution of the food 

resources offered to the group; however the variation did not initially appear to be in the 

hypothesized direction.  One of the major assumptions of the socioecological model is 

that as clumping of resources increases so does contest competition as measured by the 

number of agonistic interactions among individuals [Isbell, 1991; Isbell &Young, 2002; 

van Schaik, 1989; Sterck et al. 1997; Wrangham, 1980]. Results from several studies 

show that competition increases with clumping in many situations [Barton & Whitten, 

1993; Barton et al., 1996; Koenig et al., 1998; Mitchell et al., 1991]. If competition is 

viewed from the perspective of number or rates of aggressive acts observed, the results 

from this study appear puzzling, since females in the dispersed condition had more 

aggressive encounters per minute than in the highly clumped condition.  

 Isbell and colleagues argue that it is the temporal, rather than spatial, clumping of 

food that affects the level of usurpation in feeding competition [Chancellor & Isbell, 

2009; Chancellor & Isbell, 2008; Isbell et al., 1998; Mathy & Isbell, 2001].  They also 

suggest that in some cases spatial distribution of foods and aggression could be 

confounded with another variable, food site depletion (FSDT) or residency time (FSRT), 

because foods that are more clumped often are also larger and take longer to consume 

[Isbell et al., 1998].  

Due to the nature of the food used in this study, the dispersed condition did tend 

to be more temporally dispersed than the clumped conditions. In the highly clumped 
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condition, wheat kernels were closely spaced together and the monkeys could easily grab 

and consume handfuls, quickly filling their cheek pouches. In the dispersed condition, 

the kernels were more widely spaced and the monkeys had to consume them individually 

or take the time to gather handfuls of kernels together before they could transfer them to 

their cheek pouches. This meant that feeding times were, in general, longer in the 

dispersed condition, effectively decoupling the association between food item size and 

greater clumping. This longer feeding time gave more opportunities for females to 

aggressively vie for food. Females showed more aggression in the distributed condition, 

where they spent longer times at the feeding platform, than they did in either of the 

clumped conditions, where they spent shorter times at the feeding platform. In all 

conditions an increase in FSRT for females correlated with greater aggression. As the 

number of females feeding simultaneously increased the numbers of aggressive acts per 

female also increased possibly because inter-individual distances decreased. 

This is a similar pattern to that seen in several other studies that suggest that it is 

feeding time rather than food distribution that plays a major role in usurpation of food 

resources [Chancellor & Isbell, 2009; Chancellor & Isbell, 2008; Isbell et al., 1998; 

Mathy & Isbell, 2001; Vogel et al., 2007].  In this case the dispersed food increased the 

length of time individual females spent at the food platform. The longer females spent at 

the platform the more likely it was for them to encounter another female and engage in 

agonistic behavior. The higher level of agonism however did NOT reflect a greater 

amount of feeding competition if competition is measured by amount of food consumed. 

When competition is measured by degree of asymmetry in food intake by rank it shows 
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that females in this group experienced the greatest level of feeding competition in the 

highly clumped condition and the least in the dispersed condition as predicted by the 

socioecological models. 

Male- female interactions 

 Males were an almost constant presence at the feeding platform and their 

behavior affected how much the females could consume. This is a factor that is not 

adequately addressed by the socioecological models, which focus entirely on female to 

female feeding competition and males are included only as sexual competitors and 

defenders [Isbell, 1991; Isbell & Young 2002; van Schaik, 1989; Sterck et al., 1997; 

Wrangham, 1980]. Although females were equally interested in the feeding platforms 

under all feeding distributions (as measured by attention to the platform, approaches to 

the platform, and sitting under the platform looking for stray wheat kernels), they spent 

the least amount of time on the platform and consumed the least food under the highly 

clumped condition and spent the most time on it and consumed the most food under the 

more dispersed condition. In the highly clumped and clumped conditions males were 

very effective at monopolizing the feeding platform at the beginning of the trial and 

eating their fill before allowing females to enter. Males spent on average 10.08 

minutes/trial feeding at the platform without females in the highly clumped distribution. 

This reduced to 6.34 minutes/trial on average in the clumped distribution and only 0.49 

minutes/ trial in the dispersed condition. Male monopolization of the platform in the 

clumped conditions significantly limited the quantity of Kcal that females were able to 

consume. 
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 Male-female aggression was as common as female to female aggression at the 

feeding platform. Females who spent longer at the feeding platform and thus were able to 

consume more Kcal were subject to more male aggression than those who avoided the 

platform and ate less. Similar behavior was found in captive mangabeys [Stahl & 

Kaumanns, 2003], where females’ feeding success was associated with male aggression 

in a clumped feeding scenario. High ranking female mangabeys received more feeding 

tolerance than low ranking females suggesting that establishing ‘special relationships’ 

with males may be part of a female’s competitive strategy [cf. Smuts, 1985].  

Since grooming is viewed as an important way to create and maintain important 

social relationships [Boyd & Silk, 1997] it is one way in which females can establish ties 

with males. Grooming data from 136 hours of focal follows that were taken in 

conjunction with the experimental studies showed no significant relationship between 

rank, FSRT, or the amount of aggression received from males and the amount of time a 

female groomed the groups’ males in general. However, a relationship with the alpha 

male did have an effect on feeding success. Females of all ranks who spent more time 

grooming the highest ranked male had significantly longer food site residence times 

across all feeding distributions (Spearman’s: ρ=0.64, p=0.04, n=11).  

In summary, this study provides evidence that Isbell and colleagues’ distinction 

between monopolizability and usurpability is important to understanding and quantifying 

feeding competition. It illustrates that high levels of feeding competition can be present 

in feeding situations where there are few agonistic encounters. When competition is 

measured by differences in food consumption, it can actually be higher in situations with 
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fewer agonistic interactions than those with greater agonism. This shows that the 

difference between overt and covert competition needs to be taken into account when 

assessing the levels of competition within a group. Competition may be going 

unrecognized whenever individuals are feeding on resources that are primarily 

monopolized rather than usurped. 

 This study also illustrates that males are direct competitors for food resources and 

may significantly affect females’ feeding choices and success, especially in clumped 

feeding conditions. Thus females may be employing competitive strategies to increase 

their feeding tolerance from males as well as other females. This suggests that female 

feeding competition does not take place in a male vacuum and that feeding costs from 

males may need to be incorporated into future socioecological models. 
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Graph 3.1: Kcal Consumption by Rank and Food Distribution 

Shows the range of total Kcal consumption (aggregated across all trials) for each member 

of a rank category as well as the mean Kcal consumption of each rank category 

(aggregated across all trials). 
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Graph 3.2: Aggressive Acts by Food Distribution                                                     

Shows the total number of aggressive acts (aggregated across all trials) each female gave 

to other females under each food distribution. 
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Graph 3.3: Time on Platform vs. Aggression Received                                                        

The relationship between the amount of time an individual female spent at the feeding 

platform and the aggression she received from other females. 

 N=113, ρ=0.29, p=0.00. 
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