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Abstract

Maintaining stable breeding groups of rhesus macaques (Macaca mulatta) can be challenging due to the complex social dynamics 
and despotic nature of the species. Trauma from aggression is a common problem in rhesus colonies and can cause social disruption, 
strain veterinary and animal management resources, and potentially affect reproduction. Previous research has shown that increasing 
the number of non-natal adult males in a breeding group can improve group stability, reduce trauma, and increase reproduction. Here, 
we used mixed-effects regression models to examine the effects of sex ratio and other factors on trauma and reproduction at the 
Yerkes National Primate Research Center using a historical dataset made up of four large rhesus groups over an eleven-year period 
(2003–2013).  As expected, sex ratio was a significant predictor for both trauma and reproduction. However, group age since 
formation was a stronger predictor of trauma frequency and the amount of space available was a slightly better predictor of repro-
duction than sex ratio or trauma. These results indicate that improving sex ratios can be a viable management strategy to reduce 
trauma and improve reproduction, particularly when it is difficult to manipulate the group compositions and/or their housing situations. 
Reducing trauma is a primary goal for rhesus breeding colonies, as it directly impacts the monkeys’ health and psychological well-being. 
Such improvements are necessary for the ethical treatment and care of the animals themselves, but also to reduce financial burdens 
and maintain a healthy colony for research purposes. 
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Introduction 
Managing breeding colonies of non-human primates involves 
maintaining, as far as possible, naturalistic social groupings 
and physical environments that resemble that of wild popula-
tions, including managing group sizes and sex ratios, ‘migra-
tions’ between groups, enrichment structures and feeding 
routines, etc. At research facilities, the goal is to maximise the 
animals’ physical health and psychological well-being to 
create a functional and productive colony that produces 
reliable and valid animal models for biomedical and 
behavioural research. A common issue for managing breeding 
colonies of rhesus macaques (Macaca mulatta) is high rates 
of aggression, which can have many negative consequences 
for the colony. While it is natural for rhesus macaques to use 
aggression in both wild and captive settings in social interac-
tions (Lindburg 1971; Bernstein & Gordon 1974), chronic 
severe aggression, such as biting and wounding conspecifics, 
can negatively impact a group’s stability and the animals’ 
physical health and welfare (Alberts et al 1992; Judge et al 
1994; Ha et al 2011; Beisner et al 2012). These negative 
effects can include increased stress, reduced reproductive 
health, acute and potentially chronic pain from the injury 
itself, and the social disruption and potential upheaval associ-

ated with the temporary or permanent removal of animals for 
veterinary treatment. Therefore, it is a high priority for colony 
managers to identify potential sources of severe aggression 
and find ways to mitigate it.  
In this study, we investigated management-related factors 
that may contribute to two critical outcomes, trauma rates 
and reproductive success. Here, trauma refers to wounds 
received from a conspecific group member in an aggressive 
interaction that required veterinary intervention — that is, 
temporary removal from the group for medical treatment. In 
particular, we were interested in evaluating the effects of 
sex ratio on both outcomes, as it presents a potentially 
feasible management strategy compared to other 
approaches that may be more difficult to manipulate from a 
logistic and funding perspective (eg, drastic changes in 
group sizes and compositions, constructing new housing).  

Sex ratio and aggression  
Several studies, primarily from the California National 
Primate Research Center (CNPRC), demonstrate the impor-
tance of sex ratio to the stability of rhesus social groups 
(Beisner et al 2012). Wild troops of rhesus macaques show 
sex ratios of approximately 1–6 adult females to each adult 
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