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Predictors of insubordinate aggression among captive female 
rhesus macaques

Shannon K. Seil, Darcy L. Hannibal*, Brianne A. Beisner, and Brenda McCowan
Department of Population Health & Reproduction, School of Veterinary Medicine, UC Davis, 
Davis, CA 95616

California National Primate Research Center, UC Davis, Davis, CA 95616

Abstract

Objectives—Cercopithicine primates tend to have nepotistic hierarchies characterized by 

predictable, kinship-based dominance. Although aggression is typically directed down the 

hierarchy, insubordinate aggression does occur. Insubordination is important to understand 

because it can precipitate social upheaval and undermine group stability; however, the factors 

underlying it are not well understood. We test whether key social and demographic variables 

predict insubordination among captive female rhesus macaques.

Materials and Methods—To identify factors influencing insubordination, multivariate analyses 

of 10,821 dyadic conflicts among rhesus macaque females were conducted, using data from six 

captive groups. A segmented regression analysis was used to identify dyads with insubordination. 

Negative binomial regression analyses and an information theoretic approach were used to assess 

predictors of insubordination among dyads.

Results—In the best models, weight difference (w = 1.0; IRR = 0.930), age (dominant: w=1.0, 

IRR=0.681; subordinate: w=1.0, IRR=1.069), the subordinate’s total number of allies (w=0.727, 

IRR=1.060) or non-kin allies (w=0.273, IRR=1.165), the interaction of the dominant’s kin allies 

and weight difference (w=0.938, IRR=1.046), violation of youngest ascendancy (w=1.0; 

IRR=2.727), and the subordinate’s maternal support (w=1.0; IRR=2.928), are important predictors 

of insubordination.

Discussion—These results show that both intrinsic and social factors influence insubordinate 

behavior. This adds to evidence of the importance of intrinsic factors and flexibility in a social 

structure thought to be rigid and predetermined by external factors. Further, because 

insubordination can precipitate social overthrow, determining predictors of insubordination will 

shed light on mechanisms underlying stability in nepotistic societies.
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Dominance hierarchies are a common feature of social organization among gregarious 

mammals, serving to stabilize groups by mitigating intra-group conflict (Holekamp & 

Smale, 1991; Kaufmann, 1983; Kawai, 1958). While adherence to hierarchical structure is 

generally the norm in rank-based societies (e.g., dominant individuals direct aggression 

toward subordinates and limit their access to resources), there are exceptions and 

subordinates are occasionally aggressive toward dominants (Cooper & Bernstein, 2002; 

Isbell & Pruetz, 1998; Petit, Abegg, & Thierry, 1997). The benefits and costs of contra-

hierarchical aggression, and thus the likelihood of its occurrence, are expected to vary 

primarily according to species dominance style (Isbell & Pruetz, 1998; Isbell & Young, 

2002; Petit et al., 1997; Thierry, 1985). Species dominance styles vary along a continuum 

between egalitarian and despotic (de Waal & Luttrell, 1989; Isbell & Young, 2002; Sterck, 

Watts, & van Schaik, 1997; van Schaik, 1989). Among some primate taxa, particularly 

Macaca, despotism tends to covary with nepotism, a kin bias in relationships (Moore, 1992; 

Thierry, 1985; Wrangham, 1980). It is well documented that despotism and nepotism are 

associated with a greater frequency and severity of aggression that is more often directed 

down the hierarchy (Isbell & Young, 2002; Missakian, 1972; Silk, Samuels, & Rodman, 

1981), as well as stricter hierarchies and low rates of contra-hierarchical aggression. 

However, individuals sometimes engage in contra-hierarchical aggression, and it is not well 

understood what leads them to take these risks. These events could be driven by social 

factors, such as the availability of conflict allies, or by intrinsic factors, such as body size. 

Contra-hierarchical aggression is of interest because: 1) it is a prerequisite and early marker 

of instability in dominance relationships, rank reversals, or social upheaval; 2) it is a way 

subordinate females may increase their social status and thus their fitness, and; 3) in despotic 

and nepotistic species it involves greater risk of severe retaliation by the dominant and her 

kin. We investigate the influence of age, body weight, and conflict allies on the likelihood of 

insubordinate aggression among rhesus macaque females, which are well documented as 

both nepotistic and despotic.

Insubordination

Many studies have investigated individual-level variance in dominance relationships, most 

using rank outcomes (e.g. rank reversal, deviation from genealogically expected rank) as 

indices of variation in dominance (Chapais, 1992; Datta, 1983; Lea, Learn, Theus, Altmann, 

& Alberts, 2014). This approach, while straightforward, is limited because: 1) rank reversals 

and unexpected rank outcomes are relatively uncommon, especially in despotic species, and; 

2) it does not account for variation in the degree to which one animal is dominant to another, 

even though such subtle variation in degree of dominance might influence conflict dynamics 

(McCowan et al., 2011), overall health (Beisner, Vandeleest, Hsieh, Fujii, & McCowan, 

2014), resource holding potential, and the likelihood of rank reversal. We propose 

insubordinate aggression as a more common and sensitive behavioral index of dyadic power 

dynamics that may allow a more nuanced understanding of variance in dominance 

relationships.

Contra-hierarchical aggression can be observed when a dominance relationship is unsettled 

or ambiguous, but can also occur among dyads with determinate dominance relationships. 

We use the term insubordination to refer only to those instances of contra-hierarchical 
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aggression that occur in determinate dominance relationships. Because insubordination can 

result in rank reversals and deviations, the results of studies relating to rank outcomes are 

pertinent to insubordination and are discussed below.

Intrinsic versus extrinsic factors in dominance outcomes

Previous work has shown that in despotic-type societies, bidirectional aggression and rank 

reversals are infrequent and more often result in serious injury (Missakian, 1972; Silk et al., 

1981) relative to less despotic and more egalitarian societies (Isbell & Pruetz, 1998; Isbell & 

Young, 2002). When a society is also nepotistic (e.g. vervets, macaques, baboons, some 

capuchins), dominance rank is inherited by virtue of alliances with close kin and consistent 

patterns of kin support (Bernstein & Williams, 1983; Chapais, 1992; Datta, 1988; Kawai, 

1958; Silk et al., 1981). Patterns of maternal support create a system of ‘youngest 

ascendancy’, in which sisters rank according to inverse birth order (Chapais & Schulman, 

1980; Datta, 1988; Horrocks & Hunte, 1983), and kin commonly form agonistic alliances 

against non-kin, resulting in ‘matrilines’ that occupy distinct rank tiers within the group 

(Berman, 1980; Chapais, 1988; Datta, 1988; but see Fushing, McAssey, Beisner, & 

McCowan, 2011). Such hierarchies tend to be highly predictable and stable over time, and 

individuals’ intrinsic competitive ability (e.g. age, body size) appears much less influential 

than extrinsic factors, such as social alliances, in determining dominance relationships 

(Missakian, 1972; Sade, 1967). However, deviations from expected rank order in despotic 

and nepotistic primate societies have been documented. For example, among macaques, 

multiple matrilines may occupy the same rank tier, and some females may occupy a rank 

separate from the rest of their kin (Bernstein, 1969; Chikazawa, Gordon, Bean, & Bernstein, 

1979; Datta & Beauchamp, 1991; Fushing et al., 2011). Although social support (e.g. kin 

and non-kin conflict allies) is associated with these deviations (Chapais, 1988; Datta & 

Beauchamp, 1991) the influence of intrinsic factors such as age and weight needs further 

investigation, as explained below.

Age and weight

Among mammal species characterized by individualistic hierarchies, such as elephants, red 

deer, and mantled howler monkeys, intrinsic competitive ability is the primary determinant 

of dominance rank (e.g. Archie, Morrison, Foley, Moss, & Alberts, 2006; Clutton-Brock & 

Guinness, 1982; Jones, 1980). While intrinsic attributes can be influential in nepotistic 

societies, the extent and nature of this influence is unclear. There is much evidence 

supporting that age and weight influence rank acquisition and maintenance in primate males, 

who tend to emigrate from kin at sexual maturity (Bissonnette, de Vries, & van Schaik, 

2009; Raleigh, McGuire, Brammer, Pollack, & Yuwiler, 1991; Sapolsky & Share, 1994; 

Sebastian, 2015; Sprague, 1998). There is some limited evidence that intrinsic factors may 

have a role in adult macaque female hierarchies (Sebastian, 2015). However, for nepotistic 

female primates, the influence of age and weight on dominance is most striking during 

maturation. Juvenile females undergo a period of rank acquisition during which they are 

initially unable to dominate their mother’s subordinates in her absence, but as they mature 

they eventually acquire dominance over all females subordinate to their mother (Bernstein & 

Williams, 1983; Datta, 1983; de Waal & Luttrell, 1985; Sade, 1967). While maturation 
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affects the rate and timing of dominance acquisition, it generally does not appear to impact 

females’ positions in the hierarchy as adults. Females acquire their genealogically expected 

rank (i.e. the rank just beneath their mother and above older siblings) at around the age of 

sexual maturation: three for vervets (Lee, 1983), four for macaques (Bernstein & Williams, 

1983; Datta, 1983; Sade, 1967; Wilson, Gordon, Blank, & Collins, 1984), and five for 

savanna baboons (Johnson, 1987; Lee & Oliver, 1979). Thereafter, mature females enter a 

period of “rank maintenance” wherein their relative rank in the group changes very little 

(Chapais, 1992). However, geriatric females can undergo rank reversals and become 

outranked by their adult daughters (Chikazawa et al., 1979; Combes & Altmann, 2001; Silk 

et al., 1981). Additionally, young females whose mothers die before they mature may never 

attain their genealogical expected rank or have difficulty maintaining their current rank 

(Datta, 1988; Missakian, 1972).

Although it is clear that age and weight influence the acquisition and, to some extent, 

maintenance of dominance in nepotistic species, it is unknown whether the body weight of 

adult females in their prime influences either deviant rank outcomes or the likelihood of 

engaging in or receiving insubordination. While social relationships can be observed in wild 

populations, intrinsic competitive abilities of group members are difficult to quantify in wild 

populations. Therefore, the lack of evidence for intrinsic size, strength or competitive ability, 

may be an artifact of what is most feasible to test in study populations. Captive populations 

provide an opportunity to record exact birth year and body mass of each group member. 

Since rank reversals require insubordination, we hypothesize that factors influencing rank 

acquisition and maintenance might also influence insubordination. We therefore predict that 

body weight and age have the potential to influence the likelihood of insubordination, even 

when compared to extrinsic factors. Specifically, we predict that: 1) high weight disparity 

reduces the likelihood of insubordination if the dominant outweighs the subordinate, or 

promotes it if the subordinate outweighs the dominant, and; 2) young adult females are more 

likely to receive insubordinate aggression and less likely to initiate it than older females.

Social factors

Social support influences dominance rank in nepotistic species, primarily through agonistic 

aid in conflicts (Bernstein & Ehardt, 1985; Chapais, 1988; Datta, 1988). Kin represent a key 

source of agonistic support for females in nepotistic societies and certain aspects of kin 

support are known to influence rank acquisition and maintenance, such as the presence of a 

female’s mother or other close maternal kin, and these may also influence contra-

hierarchical aggression (Bernstein, 1969; Chapais, 1988; Engh, Hoffmeier, Seyfarth, & 

Cheney, 2009; Langergraber, 2012). For example, when mothers die before their youngest 

surviving daughter reaches maturity, violations of the “youngest ascendancy rule” (described 

above) are more likely (Datta, 1988; Missakian, 1972).

Although kin are more likely to provide agonistic aid in conflicts than non-kin, non-kin also 

intervene in conflicts, and studies have demonstrated that agonistic aid from non-kin can 

influence dominance rank (Chapais, 1992). Chapais (1988) suggested that non-kin alliances 

are critical to hierarchical stability. Chapais reasons that if each matriline were to separately 

compete for dominance, then random demographic shifts in the relative size and strength of 
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matrilines would likely shift power away from dominant matrilines, allowing destabilizing 

matriline rank reversal (i.e. social overthrow). Therefore, non-kin are expected to form 

alliances against females ranking beneath them, thus making the hierarchy robust against 

inevitable changes in the relative strength and size of individual matrilines. This hypothesis 

has been supported by evidence that females typically support the dominant opponent in 

conflicts and intervene on fights when they outrank the target, which results in collective 

suppression of low ranking animals (Chapais, 1983; Chapais, Girard, & Primi, 1991; Hunte 

& Horrocks, 1987; Netto & Van Hooff, 1986).

Taken together, this evidence highlights the importance of both non-kin and kin allies in the 

maintenance of rank and stabilization of hierarchies. Since a female’s mother is the ally 

most critical to her rank acquisition and maintenance, we predict that the presence of an 

adult female’s mother in the group will make her more likely to initiate insubordination and 

less likely to receive it. Likewise, we predict that females with many kin and non-kin allies 

will be more likely to initiate insubordination, and less likely to receive it. We further expect 

that social factors may modulate intrinsic factors and thus there may be interaction effects 

between them.

MATERIALS AND METHODS

Study site and groups

This study was conducted at the California National Primate Research Center (CNPRC), in 

Davis, California, from June 2008 to April 2010. For analyses of insubordination behavior 

among adult females, the study subjects were 357 adult female rhesus macaques ranging in 

age from 4–25 years of age (yoa). In addition, the above subjects plus 130 three-year-old 

females and 247 males three years of age and older were included in dominance rank and 

probability analyses. We also tallied each female’s number of conflict allies (defined in 

Table 3). Three-year-olds were excluded from insubordination data because females do not 

typically attain adult rank until about four years of age (Bernstein & Williams, 1983; Datta, 

1983; Sade, 1967). Rhesus macaque females typically reach sexual maturity between the 

ages of three and four (Wilson et al., 1984); therefore, four-year-old females are likely to 

have attained both adult dominance and sexual maturity. No data were collected on 

juveniles.

The subjects were members of six mixed-sex and age social groups (groups 1, 5, 8, 10, and 

18) housed separately in 0.2 ha corrals. Corrals contain some perching and climbing 

structures, but they do not impede visibility and both the subjects and observers have line of 

sight and easy access to view all areas, which allowed observers to record social interactions 

from beginning to end. The groups were each comprised of between 108–197 individuals. 

Each group was observed for six hours per day, four days per week, for 10 weeks distributed 

across the entire study period, with an average of 193 hours of observation per group (Table 

1). Data were collected by four observers and inter-observer reliabilities had a mean 91% 

agreement across all recorded behaviors with a standard deviation of 3%; range: 86–94%, 

across three observers. All groups had been well-established breeding groups for at least 10 

years each, with multi-generational matrilineal social structure.
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Two observers at a time cooperatively recorded most or all aggressive, submissive, and 

status interactions among male and female group members three years of age and older 

using an event-sampling design that preserved the temporal sequence of long bouts of 

conflict (Beisner et al., 2011). Observers each focused on one half of the corral area; when 

subjects passed through both areas during the course of one fight, observers compared 

records to consolidate their observations into a single recorded event. These events were 

characterized as an ordered series of dyadic transactions, initiated by one individual and 

directed toward a recipient, whose response or lack of response was recorded. Prolonged or 

polyadic interactions were recorded as a series of dyadic interactions, with no limit on the 

number of transactions occurring in a single event. For interactions involving multiple 

initiators or recipients, dyadic transactions were tagged to indicate co-aggression or joint 

receipt of aggression.

Data analysis

Dominance probability—Unidirectional dyadic aggressive interactions among all adults 

(≥3 yoa, both sexes), wherein the initiator was aggressive and the recipient submissive, with 

no aggression directed toward the initiator and no third party support (i.e. interventions), 

were analyzed to generate dominance rank and probability (DP) scores using the method 

described in Fushing et al. (2011). The DP method produces a probability that one animal 

will “win” a fight against another, and although this analysis excludes non-aggressive status 

signals, such as bared teeth displays, previous work shows that DP predicts the status 

signaling network (Beisner, Hannibal, Finn, Fushing, & McCowan, 2016) and this same 

trend is true in the data presented here. The DP analysis is a social network approach that 

incorporates direct and indirect network pathways between each pair of individuals to 

supplement direct observations of aggressive interactions, filling in missing cells of the win/

loss matrix with the information from the indirect aggression network pathways (Fushing et 

al., 2011). Thus, even if two animals are never observed to interact, strong predictions about 

their dominance relationship can be made provided they have numerous and consistent 

indirect connections through other group members. The resulting matrix of subjects’ dyadic 

DP scores is a summary of all direct and indirect aggression pathways for that dyad and has 

a possible range from 0.0 to 1.0, with 0.0 indicating animal A has entirely certain 

subordination to animal B, 0.5 indicating an entirely ambiguous relationship between a 

dyad, and 1.0 indicating animal A has entirely settled and determinate dominance over 

animal B. DP scores were used for two purposes in this study: 1) to provide information 

about the direction and certainty of dyadic dominance relationships, and 2) to generate a 

linear hierarchy for all adult females in each group using a matrix approach.

Identifying determinate versus ambiguous dominance relationships and 
detecting true insubordination—Within a hierarchy, all dyads with discernable 

dominance (i.e. unequal wins/losses) are typically assumed to have determinate dominance 

relationships (de Vries, 1998). In reality, however, some dyads have ambiguous or changing 

dominance relationships (Albers & de Vries, 2001; Fushing et al., 2011), where more 

frequent bidirectional aggression is expected. Since contra-hierarchical aggression is not 

truly insubordinate if the relationship is ambiguous or unsettled, and these dyads would add 

considerable noise to analyses of insubordination, we sought to establish whether dyads in 
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our study groups had an identifiable breakpoint between determinate versus ambiguous 

dominance relationships. If so, it would be important to exclude ambiguous ones. Although 

there is likely a continuum between determinate versus ambiguous dominance and a strict 

categorization will have some amount of error, the purpose here is not to make an exact 

distinction, but rather to determine whether a distinction is reasonable to limit the noise that 

ambiguous relationships would introduce into analyses of insubordination.

We analyzed DP scores and bidirectional aggression data to examine potential distinctions 

between ambiguous and determinate dominance dyads. First, dyads with DP scores ≤0.5 

(i.e., the lower triangle of the matrix) were dropped from the analysis so that (a) each dyad 

was represented only once in the data and (b) dyads with perfectly ambiguous relationships 

due to a lack of any direct or indirect dominance interactions (DP = 0.5) were omitted (Fig. 

1, see step 1, processes b and c). We then examined the remaining dyads with DP scores 

>0.5 (13,298 aggressive interactions among 5,810 adult female dyads, with 1,360 contra-

hierarchical interactions from 1,045 dyads), to identify a DP threshold between ambiguous 

and determinate relationships.

To do this we used bidirectional dyadic aggression data, defined as when both opponents 

exhibited aggression, regardless of which animal won the encounter. This is distinct from the 

unidirectional aggression data used to calculate dominance probability, wherein only the 

initiator exhibited aggression. We then calculated the per-dyad rate of bidirectional 

aggression (count of bidirectional aggression divided by total conflicts for each dyad) and 

the average rate of bidirectional aggression among dyads of each dominance probability 

centile. We then regressed bidirectional aggression rate on dominance probability centile, 

using the “segmented” package in R (v. 3.1.2) to identify the optimal number and location of 

breakpoints in the slope of the relationship (Fig. 1, see step 2, processes d and e) (Muggeo, 

2008; R Core Team, 2013). The segmented regression of bidirectional aggression against DP 

probability centiles resulted in two segments (Fig. 2). The best breakpoint in the linear 

relationship, identified using maximum likelihood, was DP = 0.745 (SE=0.0319, 95% CI= 

0.681–0.809). The segment from DP=0.52 to 0.745 had a slope of −0.469 and the segment 

from 0.745 to 1 had a slope of 0.063. We used this breakpoint of DP = 0.745 as a threshold 

for categorization of ambiguous versus determinate dominance dyads, and used it as a cut-

off for analyses of insubordinate aggression. All dyads with a dominance probability below 

this breakpoint were dropped, with 10,821 aggression records involving 3,790 dyads 

remaining for further analyses; 563 of dyads analyzed showed insubordination.

Potential confounds and subpopulation differences—Age and weight are 

potentially collinear for sexually mature young adult rhesus macaque females who have not 

yet attained full adult body size (Campbell & Gerald, 2004). Age and weight were indeed 

correlated for our young adult female (4–7 yoa) (r=0.54, P<0.001), but not full adult female 

(>7 yoa) (r=0.008, P=0.91) subjects. Another potential issue is subpopulation differences in 

insubordination dynamics for kin versus non-kin dyads. Insubordination is potentially 

predicted by different variables for kin versus non-kin (such as youngest ascendancy 

violation, which is only relevant to kin dyads).
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One potential statistical method for dealing with both of these issues is to introduce 

interactions terms. However, if one variate is not relevant (e.g., youngest ascendancy 

violation, or weight for young adults), then including it in the model unnecessarily adds to 

the complexity of modeling that portion of the sample, depletes degrees of freedom, and 

reduces the quality of statistical modeling. This reduction in model quality is particularly 

undesirable for the information theoretic approach. Another option is to create subsets by 

key population demographic categories to arrive at the best model set for each 

subpopulation, which requires a large enough total sample that each subset still has 

sufficient power. The total sample size for this study is sufficiently large to generate subsets 

for each subpopulation to produce best model sets appropriate for an information theoretic 

approach, with the smallest subset containing 210 dyads. Based on the criteria for age and 

relatedness described above and the large sample size, separate analyses were conducted for 

the following subsets of dyads: 1) both the dominant and subordinate are full adults 

(N=998); 2) the dominant is any adult age, but the subordinate is a young adult (N=1859); 3) 

the dominant is a young adult, but the subordinate is any adult age (N=1586), and; 4) the 

dominant and subordinate have a kin relationship and are both any adult age (N=210). 

Weight and age were only jointly modeled in the older age category in which they were not 

correlated; for dyads including at least one young animal, the effect of weight was not 

modeled. Weight was not examined in the kin dyad subset because it included both young 

and full adult females and was not large enough to further subset.

Insubordinate aggression analyses—Counts of insubordinate events per dyad were fit 

using Stata (version 14.0) to mixed-effects negative binomial regression models for each 

data subset defined above using a distribution, with total number of aggressive interactions 

observed for the dyad as an exposure variable (Rabe-Hesketh & Skrondal, 2012). The count 

of events per dyad range from 0 to 10, with a mean of 0.23; thus, insubordination events 

occur infrequently, as expected for despotic and nepotistic rhesus macaque females. A 

random effect was included for group (N=6). A variety of fixed effects and interactions were 

tested in the models, as described in Table 2, which included variables specific to the 

hypotheses being tested as well as dominance rank variables since they are expected to be 

important for models of insubordination. For each variate used to test the hypotheses, we 

report the incidence rate ratio (IRR) calculated from the regression coefficients. The IRR for 

variates in our models is the estimated factor by which the number of insubordination events 

will increase (IRR ≥1) or decrease (IRR<1) for a one unit increase in the variate, given that 

all other variates in the model are held constant over approximately 193 hours of observation 

(amount of time study groups were observed).

An information theoretic (IT) approach was used to assess models using goodness-of-fit 

measures, Akaike Information Criterion differences (ΔAIC) in scores, model weights, and 

variate weights to determine the best set of models and the variates that best explain 

insubordination (Burnham & Anderson, 2002; Burnham, Anderson, & Huyvaert, 2011). 

Variables and interactions that were retained in the best model sets are summarized in Table 

3. All models were considered (up to a limit reasonable for our sample size) that had both a 

model chi-square and an AIC score less than the random effects only model, which indicates 

a model is minimally good and better than the random effects only model (all models tests 
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are available in the supplementary tables) (Anderson & Burnham, 2002). Models with a chi-

square and AIC worse than an empty model (the random effects only model) are essentially 

worse than a model with no explanatory value and thus not worth considering (Burnham & 

Anderson, 2002; Grueber, Nakagawa, Laws, & Jamieson, 2011). Models that violated the 

principal of parsimony (not an improvement over a simpler model) were eliminated from the 

best model set (Burnham & Anderson, 2002; Richards, 2005). Then a candidate set of 

models with a ΔAIC <10.0 was selected to calculate model likelihoods, Akaike weights, and 

evidence ratios to determine the strength of the evidence for these models (Burnham & 

Anderson, 2002; Burnham et al., 2011; Grueber et al., 2011; Richards, 2005; Symonds & 

Moussalli, 2011). Continuing with the IT method, a best model set was determined based on 

an evidence ratio of ≤ 10, which generally includes only models with ΔAIC<5, and weights 

were then renormalized (Burnham & Anderson, 2001, 2002). From this final best model set, 

variate weights (w) were calculated by summing the model weights across all models that 

contained the variate (Burnham and Anderson 2002). For variates of interest, marginal 

effects (margins command) and plots (plot command) were produced from the best-fit 

models (Hardin & Hilbe, 2007; Rabe-Hesketh & Skrondal, 2012).

RESULTS

How do age and weight affect insubordinate aggression?

Age—For the subset of dyads wherein both the dominant and subordinate opponent were 

full adult females (>7 yoa), the set of best-fit models included an interaction between the 

dominant’s age and the subordinate’s age (w = 0.766, best-fit model IRR = 0.990; SE +/

− 0.004) (Tables 4 and 5), with the greatest increase in insubordinate events when there is a 

dyad combination of an eight-year-old dominant and a 22-year-old subordinate, moderately 

high when the dominant is 20 years of age or older and the subordinate is 8–12 years of age, 

and the lowest when both opponents are 20 years of age or older (Fig. 3). For the subset of 

dyads wherein the dominant opponent was a young adult (4–7 yoa), the set of best-fit 

models included the ages of the dominant (w = 1.0, best-fit model IRR = 0.681; SE +/

− 0.039) and the subordinate (w= 1.0, best-fit model IRR=1.069; SE +/− 0.013), but no 

interaction of dominant and subordinate age (Tables 4 and 5). When considering the age of a 

young adult dominant, the greatest number of events are predicted when the dominant is 

four years of age, with a steep decline through age seven (Fig. 4A). For the subordinate 

opponent of a young adult dominant, the predicted number of events increase steeply from a 

low at age four through a high at age 20 (Fig. 4B). Similarly, for the subset of dyads wherein 

the subordinate opponent was a young adult, the set of best-fit models included the ages of 

the dominant (w = 1.0, best-fit model IRR = 0.936; SE +/− 0.016) and the subordinate (w= 

1.0, best-fit model IRR=1.200; SE =/− 0.083), with young dominants receiving more 

insubordination and older subordinates initiating more insubordination, but the predicted 

mean insubordination events remains below 0.2 for all age combinations in this subset.

Weight—Weight difference (dominant body weight – subordinate body weight, kg) was 

tested only for the subset of dyads wherein both opponents were full adults (>7 yoa). Weight 

difference in this subset ranged from −6.75 to 7.6 kg and was included in all four of the best-

fit models for this age category, but in the top three of the four models it appeared in 
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interaction with the dominant’s number of kin allies (see kin allies section below). In model 

4, high weight disparity (w = 0.062; IRR = 0.930; SE +/− 0.030) (Tables 4 and 5) predicted 

marginal means for insubordination events are highest when the subordinate outweighs the 

dominant by −7 kg and lowest when the dominant outweighs the subordinate by 7 kg.

How do the number of kin and non-kin allies and the presence of a mother affect 
insubordinate aggression?

For the subset of dyads wherein both the dominant and subordinate opponent were full 

adults (>7 yoa), the set of best-fit models included an interaction between dyadic weight 

difference and the dominant’s count of kin allies (w= 0.925, best-fit model IRR=1.046; SE 

=/− 0.018) and the subordinate’s total allies (kin + non-kin allies) (w= 1.0, best-fit model 

IRR=1.091; SE =/− 0.021) (Tables 4 and 5), with kin allies reducing insubordination 

received for a dominant and total allies increasing insubordination initiated by a subordinate. 

A dominant female at the most extreme weight disparity (nearly −7 kg) has the greatest risk 

of receiving insubordination (predicted mean events = 1.1) if she has no kin allies. However, 

her risk drops dramatically (although still rather high for a rhesus macaque female) with 

only two kin allies (predicted mean events = 0.52), and is negligible with six or more kin 

allies (predicted mean events < 0.15) (Fig. 5).

For non-kin dyads wherein the dominant was a young adult, the set of best-fit models 

included effects for the presence of the dominant’s mother (w= 0.795; IRR=0.758; SE =+/

− 0.10), but variables for the dominant’s allies were not retained in any of the best-fit 

models. However, for this subset, the subordinate’s count of non-kin allies (w= 0.273, best-

fit model IRR=1.065; SE =+/− 0.023) or the subordinate’s total allies (kin + non-kin allies) 

(w= 0.727, best-fit model IRR=1.060; SE =+/− 0.019) (Tables 4 and 5) (Fig. 6) were in the 

best-fit models. For non-kin dyads wherein the subordinate was a young adult, the set of 

best-fit models included effects for the presence of the subordinate’s mother (w= 0.209; 

IRR=1.472; SE =+/− 0.280), and either the subordinate’s count of non-kin allies (w= 0.172, 

best-fit model IRR= 1.081; SE =+/− 0.034) or the subordinate’s total allies (kin + non-kin 

allies) (w= 0.828, best-fit model IRR=1.081; SE =+/− 0.029), which are all associated with 

an increase in insubordination (Tables 4 and 5).

Among kin dyads, the presence of the subordinate’s mother (w= 1.0; best-fit model 

IRR=2.928; SE =+/− 1.248) (Fig. 7), as well as the subordinate’s count of non-kin allies (w= 

0.757, best model IRR=1.160; SE =+/− 0.083) appear in the best model set (Tables 4 and 6), 

both of which increase insubordination. Additionally, violation of the youngest ascendancy 

rule is in all the kin dyad best models (w= 1.0; best-fit model IRR=2.727; SE =+/− 1.002) 

(Fig. 8) (Tables 4 and 6), and thus is an important predictor of increased insubordinate 

aggression.

DISCUSSION

Our results show that the nature and stability of dyadic dominance relationships vary 

according to a suite of intrinsic and extrinsic characteristics. Even within well-established 

dominance relationships congruent with genealogical expectation, there is predictable 

variability in the degree of deference offered to dominants. Specifically, our results show 
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that both intrinsic (weight, age) and extrinsic (social support) attributes influence 

individuals’ likelihood of engaging in or receiving insubordinate aggression. We find that 

kinship modulates the influence of conflict allies on insubordination—having many non-kin 

allies increases the likelihood of initiating insubordinate aggression, whereas kin allies 

appear to be more important for protecting against insubordination. Further, we find that 

social support modulates the influence of disparity in size/strength. Our results highlight the 

important influence of social support and position as well as body size on exertion of power 

within dominance relationships, and by extension on variance in attainment and retention of 

expected rank. This adds to growing evidence that dominance relationships in nepotistic 

species are more complex, and less predictable, than previously assumed.

Age

Age disparity influenced initiation and receipt of insubordination. When the dominant was 

older than the subordinate, insubordination was less likely, but when the subordinate was 

older than the dominant, the likelihood of insubordination increased. This effect was present 

in all three age groups modeled, even in the mature age group for which increasing age was 

not positively correlated with size/strength. This suggests that age has an effect on 

dominance acquisition and maintenance independent of associated physical competitive 

ability. This effect could be associated with potential correlates of age including experience 

and expanded social networks, or it could reflect residual effects of size disparity during 

development; i.e., juveniles are at a physical disadvantage to older animals, and power 

imbalances established during this period may persist into adulthood despite the 

disappearance of any physical inequality. Theory predicts and empirical evidence suggests 

that advanced age is associated with decline in both cognitive and physical competitive 

ability (Borries, Sommer, & Srivastava, 1991; Hrdy & Hrdy, 1976; Van Noordwijk & Van 

Schaik, 1987). Our results do show evidence of an effect of geriatric decline on 

insubordination rates; females 20 years of age and older are increasingly likely to receive 

insubordination from younger females. However, the number of geriatric females is 

relatively small compared to other ages in that subset.

Weight

We find that body weight disparity influences insubordination rates; when the dominant is 

heavier, insubordination is less likely, and when the subordinate is heavier, insubordination 

is more likely. This suggests that subordinate females assess their own size/strength relative 

to their opponent and that this information is used to gauge their level of tolerance or 

deference. Further, we find that social support, in particular the dominant female’s kin 

support, modulates the influence of weight disparity. Although insubordination is more 

likely when the subordinate outweighs the dominant, a weaker dominant’s kin allies may 

protect her from insubordination Indeed, with few or no kin allies in conflicts, a dominant 

female at a weight disadvantage of −6kg has the highest risk of insubordination over any 

other metrics considered in any of the models.

Body size fundamentally underlies dominance in many animal species (Parker, 1974). 

However, in nepotistic species, rank and power are thought to be primarily determined 

through inheritance and kin support rather than through physical contests (Hrdy & Hrdy, 
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1976; Sade, 1967; Missakian, 1972). Studies have demonstrated that for several nepotistic 

species, high-ranking animals are larger than low-ranking animals (Small, 1981; Sprague, 

1998), and eat more and better quality food with less effort (Van Noordwijk & Van Schaik, 

1987). Given this evidence, and if dominance is indeed strictly heritable, then it follows that 

dominance causes weight gain and not vice versa. Another non-mutually exclusive 

possibility is that body size may directly influence attainment and maintenance of 

dominance. Several lines of evidence support this, such as the correlation between 

attainment of physical maturity and ability to defend rank independent of maternal support 

(Kawai, 1958; Lea et al., 2014). However, no studies have empirically evaluated whether 

body size directly affects dominance in nepotistic female primates. Our results suggest that 

weight likely influences ability to acquire and maintain rank. This points to the possibility 

that weight gain is both a cause and an effect of high rank; if so, rank-associated weight gain 

could function to reinforce and stabilize existing dominance hierarchies. Importantly, 

however, kin allies appear to be able to compensate for a dominant female’s physical 

weakness. We discuss this further below.

Kin allies and maternal support

Agonistic aid from a juvenile female’s mother, and to a lesser extent her siblings, is thought 

to be the primary mechanism by which a female acquires her genealogically expected 

dominance rank (Bernstein & Williams, 1983; Datta & Beauchamp, 1991; Engh et al., 

2009). Without kin support, females are less likely to attain expected rank (Datta, 1988; Lea 

et al., 2014) and more vulnerable to rank reversal (Chapais, 1988; Lea et al., 2014). 

Accordingly, we find that the presence of mothers is influential for both initiating and 

receiving insubordination, particularly for young adult females. Further, having many kin 

allies appears to protect dominant females against receipt of insubordination, at least among 

fully mature adult females. The importance of kin in protecting against insubordination is 

especially pronounced when a dominant female is physically weaker than her subordinate 

opponent. Conversely, availability of agonistic support from kin does not appear to 

embolden subordinate females to initiate insubordination. Furthermore, kin support beyond 

that provided by a mother does not appear to strongly influence insubordination among 

young females. The lack of detectable effects of kin allies on initiation of insubordination, 

and on both initiation and receipt of insubordination among young females, is surprising 

because kin support is the fundamental driver of social structuring in nepotistic societies, 

and is a critical determinant of rank and status. Dominant matrilines are occasionally 

challenged and defeated by revolutionary coalitions, which are typically comprised of entire 

matrilines or groups of allied matrilines (Ehardt & Bernstein, 1986; Oates-O’Brien, Farver, 

Anderson-Vicino, McCowan, & Lerche, 2010). In such cases kin alliances are the key factor 

that allows lower ranking animals to outrank higher ranking animals. Our results provide 

support for the importance of kin allies for rank maintenance in some circumstances, but no 

support for the importance of kin coalitions in challenging dominants.

Our results should not be taken to indicate that kin support is not important for rank 

reversals and social overthrows; many studies and documented cases have demonstrated that 

coalitions of kin can and do instigate coordinated revolutions (Ehardt & Bernstein, 1986; 

Oates-O’Brien et al., 2010). We find that subordinate females are not emboldened to engage 
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in insubordination by having many kin allies, perhaps because kin allies are not likely to 

intervene against higher ranking animals, and/or because agonistic aid from kin allies would 

not improve the subordinate’s situation under most circumstances. Perhaps insubordinate 

interventions by kin are sufficiently provocative that the associated risk of conflict escalation 

and severe retaliation outweighs the benefits of such behavior in the majority of cases.

Non-kin allies

The effect of non-kin allies on insubordination was pronounced, but specific to the initiation 

of insubordination only, and not receipt of insubordination. The number of non-kin allies a 

female had was one of the most consistent predictors of her likelihood of initiating 

insubordination in all model sets, for both kin and non-kin opponents. Contrary to our 

prediction, non-kin allies did not influence dominant females’ receipt of insubordination. 

Theory predicts and studies demonstrate that non-kin allies are critical to maintenance of 

dominance and hierarchical stability. In theory, non-kin should form alliances against lower-

ranking females, in order to prevent revolutionary coalitions that could otherwise threaten 

the status of either ally’s matriline (Chapais, 1988, 1992). Studies have shown that when 

females intervene in the conflicts of non-kin, they preferentially support the dominant 

opponent, and intervene most often in non-kin conflicts when they outrank the target 

(Chapais, 1983; Chapais et al., 1991; de Waal & Luttrell, 1988; Hunte & Horrocks, 1987; 

Netto & Van Hooff, 1986). However, females do occasionally intervene against the 

dominant opponent, even if the target outranks them. Males are more likely than females to 

intervene impartially or against the dominant opponent; such male ‘policing’ is thought to 

mitigate intra-group conflict and promote group stability (Beisner & McCowan, 2013; 

Flack, Girvan, de Waal, & Krakauer, 2006). Interventions influence conflict outcomes 

(Beisner & McCowan, 2013; Ehardt & Bernstein, 1992). Furthermore, cercopithicine 

primates are aware of the alliances of others, and alter their behavior accordingly (Cheney & 

Seyfarth, 1999). These studies collectively suggest that interventions by non-kin should be 

influential for both rank maintenance and rank reversal. We therefore predicted that having 

more non-kin conflict allies should reduce a dominant female’s likelihood of being 

challenged by subordinates because potential challengers might anticipate the involvement 

of these allies. Likewise, we predicted that having many non-kin allies would increase a 

subordinate’s likelihood of initiating a challenge, because she could appeal to these allies for 

support. Our results support the latter prediction that non-kin allies influence a subordinate’s 

likelihood of initiating insubordinate aggression, but fail to support the prediction that non-

kin allies can help a dominant female maintain rank through inhibiting insubordination.

CONCLUSION

The results of this study suggest that there is considerable variation in the circumstances 

under which subordinate females behave aggressively toward dominants in a nepotistic 

society, and that insubordination can occur even when dominance is relatively certain. 

Dominance relationships in nepotistic societies are indeed dependent on genetic relatedness 

and kin support, but also on support from non-kin and intrinsic competitive ability. In 

particular, we find that body size disparities influence dominance outcomes, and that kin 

conflict allies mitigate the effects of size disparities for rank maintenance while non-kin 
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allies are more influential in emboldening subordinate females to challenge dominants. 

Overall, our results highlight that, despite a rigid and despotic social environment, rhesus 

macaque females do not passively accept their inherited social status, but rather are dynamic 

agents who appear to consistently monitor and test the relationships that limit their fitness, 

and integrate complex information to determine whether to defer to or rebel against the 

impositions of dominant group members. Our research sheds light on the continuum 

between total dominance and total equality. Where a particular dyad falls on this continuum

—as reflected by the occurrence of insubordinate aggression—depends in part on their 

relative attributes, both intrinsic and social.
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Fig. 1. 
Process for refining and creating subsets of data for analyses.
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Fig. 2. 
Segmented regression of percent of conflicts with sparring (or bidirectional aggression) 

against dominance probability for all adult female dyads in the study groups. The dashed 

line indicates the dominance probability value (0.745) that defines the two line segments. 

Dyads with dominance probability values to the left of the dashed line have a dominance 

relationship that is more or less ambiguous and contra-hierarchical aggression among these 

dyads should not be considered true insubordination. Dyads with dominance probability 

values to the right of the dashed line have determinate dominance relationships and contra-

hierarchical aggression among them can be characterized as insubordinate.

Seil et al. Page 19

Am J Phys Anthropol. Author manuscript; available in PMC 2018 November 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Fig. 3. 
The mean count of insubordination events predicted by the interaction of the ages of the 

subordinate and dominant opponents, given that the dyad is not kin and both are full adults 

(> 7 yoa).
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Fig. 4. 
The mean count of insubordination events, given that the dyad is not kin and the dominant is 

a young adult (4–7 yoa), predicted by: A) the age of the dominant opponent, and B) the age 

of the subordinate opponent. There is no interaction between opponent ages.
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Fig. 5. 
The mean count of insubordination events predicted by the interaction of body weight 

difference of the dyad (dominant kg – subordinate kg) and the dominant’s number of kin 

allies, given that the dyad is not kin and both are full adults (> 7 yoa).
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Fig. 6. 
The mean count of insubordination events predicted by the total ally count of the 

subordinate (both kin and non-kin allies), given that the dyad is not kin and the dominant is a 

young adult (4–7 yoa).
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Fig. 7. 
The mean count of insubordination events, given that the dyad is kin, predicted by the 

proportion of data collection days that the subordinate’s mother was present in the group.
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Fig. 8. 
The mean count of insubordination events, given that the dyad is kin, predicted by whether 

the dyad’s dominance relationship is consistent with the direction expected according to the 

rule of youngest ascendancy (i.e., as predicted based on birth order among a matriarch’s 

female descendants).
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Table 1

Attributes of groups and data collected

Group Average group size Females >3 years old Observation hours

1 178 51 182

5 137 59 211

8 157 76 209

10 165 68 178

14 108 38 203

18 197 65 176
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Table 2

Description of variables tested

Variable Description

Challenges (outcome) For each dyad, count of interactions wherein the subordinate animal behaved aggressively towards the 
dominant.

Conflicts (offset) For each dyad, count of interactions wherein one or both animals behaved aggressively towards the other.

Group (random effect) The social group to which the subjects belonged (N=6).

Age1 Age in years at the start of data collection. Exact date of birth is on record for all subjects as part of routine 
colony management. Absolute age, rather than age difference, was used in order to test hypotheses 
concerning the effects of developmental stage on insubordination.

Presence of mother1 The proportion of data collection days wherein the subject’s mother co-resided with her in the group. 
Records of housing history, accurate to the day, were used to ascertain whether a subject’s mother was 
present for each day a group was observed. Parentage was determined through genetic testing. In cases 
where a subject was known to be reared by an adoptive mother, the adoptive, not genetic, mother was used 
for this measure. Because groups were housed in 0.2 ha enclosures with full visibility and easy access to all 
areas, mothers were able to continuously monitor the social encounters of their offspring at all times. 
Therefore we assume that if a mother is present in the group on a given day, she can be considered ‘present’ 
for any conflicts involving her daughter on that day.

Weight difference For each dyad, the dominant opponent’s weight minus the subordinate opponent’s weight (kg). Weights 
were recorded every six months for all animals in each group during semiannual physical exams. Weights 
collected closest to the beginning of data collection were used for this study. Weight difference was used 
instead of the absolute weights of each subject because it was sufficient to test our hypotheses and conserves 
degrees of freedom.

Relative dominance rank1 Animals were assigned sequential dominance ranks, with 1 being the highest ranking, using dominance 
probability matrices (see Methods and Fushing et al. 2011). For each subject, relative rank was quantified as 
ordinal rank divided by the maximum rank for each group to control for group size. Low values indicate 
high rank. Rank was included as a control variable and not to test specific hypotheses.

Relatedness2 Since all subjects and generations of their ancestors were born into captivity and extensively monitored and 
tested, all maternal kin relationships were known through observation and blood analysis. Known adoptive 
mothers were treated as genetic mothers for this analysis. Maternal genetic relatedness coefficients were 
calculated using a maternal kin network. Each pathway between two maternally related animals represented 
a 50% reduction in genetic relatedness. Thus mothers and daughters had r = 0.5; sisters, r = 0.25; maternal 
aunts/nieces, r = 0.125. Dyads were only considered maternal kin when they were at least 0.0625 related. 
This level of relatedness has been identified as a threshold for differential social responsiveness to kin versus 
non-kin (Rendall et al., 1996).

Allies1 Count of co-aggressors during the study period. Co-aggressors were defined as animals over three years of 
age (male or female) who participated in mutual aggression towards a target with each subject in any context 
at least once (e.g. partial interventions, mobbing). Three types of allies were counted for each opponent, 
based on maternal relatedness (see Relatedness above): maternal kin allies, non-kin allies, and all allies (kin 
+ non-kin allies). Due to potential issues with collinearity, the ‘all allies’ variable was not included in the 
same model with kin allies or non-kin allies.

Youngest ascendancy violation2 Youngest ascendancy was violated for a given dyad if the observed direction of dominance was different 
from expected. Expected ranks were deduced by applying the rule of youngest ascendancy to pedigree data 
going back generations to the matriarch of each matriline (the founding female that each matriline member is 
related to). Starting from the matriarch, each of her daughters rank below her in age-inverse order, and all 
descendants of each daughter rank together with their mother.

Interactions tested Dominant’s age (years) x Subordinate’s age (years)

Proportion of days mother present x Youngest ascendancy violation1,2

Weight difference x Count of all allies (kin + non-kin)1

Weight difference x Count of kin allies1

Weight difference x Count of non-kin allies1

1
Included as a separate variable for both the dominant and subordinate opponent

2
Variable was only tested for kin model
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Table 3

Summary of variables retained, or not, in best model set based on model selection results.

Kin
subset

Non-kin subsets

Variable by type Any age
adult

Both
full

adults

Dominant is
a young

adult

Subordinate
is a young

adult

Intrinsic factors

  Dominant’s age - + + +

  Subordinate’s age - + + +

  Age interaction - + - -

  Maternal relatedness - n/a n/a n/a

  Weight disparity n/a + n/a n/a

Extrinsic factors

  Dominant’s maternal kin allies - + - -

  Subordinate’s maternal kin allies - - - -

  Dominant’s non-kin allies - - - -

  Subordinate’s non-kin allies + - + +

  Dominant’s total allies - - - -

  Subordinate’s total allies - + + +

  Presence of dominant’s mother - - + -

  Presence of subordinate’s mother + - - +

  Violation of youngest ascendancy + n/a n/a n/a

Interactions tested

  Dominant’s age (years) x Subordinate’s age (years) - + - -

  Proportion of days dominant’s mother present x Youngest ascendancy violation - n/a n/a n/a

  Proportion of days subordinate’s mother present x Youngest ascendancy violation - n/a n/a n/a

  Weight difference x Count of all dominant’s allies n/a - n/a n/a

  Weight difference x Count of dominant’s kin allies n/a + n/a n/a

  Weight difference x Count of dominant’s non-kin allies n/a - n/a n/a

  Weight difference x Count of all subordinate’s allies n/a - n/a n/a

  Weight difference x Count of subordinate’s kin allies n/a - n/a n/a

  Weight difference x Count of subordinate’s non-kin allies n/a - n/a n/a

+ Variable was retained in best model set

- Variable was not retained in best model set

n/a Variable was not appropriate for testing in that subset
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