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EXPLORING JUVENILE RELATIONSHIPS: A COMPARISON BETWEEN THE 
BEHAVIOR OF ORPHAN AND NON-ORPHAN RHESUS MACAQUES (MACACA 
MULATTA) 

Eric Lal 

Abstract 
It has been observed in most species of female-bonded hierarchical primates that females inherit 
their social ranking from their mother, ranking just below them. However, motherless rhesus 
macaques (Macaca mulatta) in captivity must also establish a position in the social group. This 
study compares the behavior of orphan and non-orphan one-year-old rhesus macaques to 
determine if orphaned macaques have an unstable position in their colony. I hypothesize that if 
orphans display different behaviors than non-orphans, this aspect of their life history could be 
used as a predictor for their role in the social group later in life. Data collection took place at the 
California National Primate Research Center outdoor colonies between Summer 2012 and Fall 
2012. Results from this research could be used for ensuring the welfare of captive rhesus by 
identifying individual primates that could potentially be a threat to the stability of the colony, or 
whose own welfare might be compromised. The results could also be used for conservation efforts 
that try to re-introduce orphan primates into the wild, as well as how to deal with primates that 
become motherless in the wild because of habitat loss and other threats. The data show a 
difference between the social interactions of orphan and non-orphan rhesus macaques dependent 
on the juvenile’s sex. After comparing different regression models, AIC weights show that the 
difference between being an orphan and non-orphan is a good predictor for the number of 
affiliative behavior events males receive, with orphan males being involved in less affiliation. 
Significant effects were seen in the number of aggressive events orphans were involved in when 
interacting with individuals of the same subgroup. Also, orphans showed decreased proximity if 
the orphan was a male, if the orphan was interacting with an individual of a bigger age difference, 
or if the orphan was interacting with an individual of a different subgroup. The main effect of 
being an orphan was not strong enough to be a good predictor of these two variables.  

Introduction 

MANY PRIMATE SPECIES are characterized as 
having well-developed dominance structures 
in their societies. Multiple theories have been 
proposed trying to explain how these 
dominance relationships arise and are 
maintained in these societies. Even though 
different species of primates have their own 
dominance style, some generalizations can be 
drawn about hierarchical primate societies. 
This paper examines the rhesus macaques 
(Macaca mulatta) species. 
 

It has been observed in most species of female-
bonded hierarchical primates that females 
inherit their social ranking from their mother 
(Chapais 2004). This means that an offspring’s 
place in the hierarchy is based on the mother’s 
position. The majority of these societies are 
characterized by a high frequency of 
aggressions between their members. How is it 
that females maintain their position under 
intense competition? 
 
Multiple theories have been proposed trying to 
explain this issue. Some primatologists believe 
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that dominance interactions among non-kin 
are a strong factor maintaining stability 
(Chapais and St-Pierre 1997). Even though 
research has been done exploring this factor, 
the most widely accepted explanation is 
kinship. The amount of relatedness between 
individuals covaries with how often they aid 
each other in dominance interactions 
(Hamilton 1964; Chapais 2004). Females ally 
with females that are more related to them in 
order to increase fitness via kin selection. This 
means that the more related a female is to 
another adult female, the more likely she is to 
have an adjacent ranking, this because of their 
alliance in aggressive interactions. For 
example, mothers and daughters and sisters 
should occupy very close ranks in a hierarchy. 
Based on this family relationship, matrilines 
become coalitions between related females.  
 
Therefore, kinship is necessary for determining 
the position of a female in the primate society. 
However, in many captive settings, including 
the California National Primate Research 
Center, this would also include female’s sons, 
since males cannot leave the natal group as 
they would do in the wild. What happens 
when an individual has no mother, i.e., is an 
orphan? While few studies have been done on 
how orphan primates are included in the social 
group, it has been observed in free ranging 
colonies that orphans do in fact integrate into 
the social group (Berman 1982). Studies made 
in captive settings show that orphans show 
signs of depression (Hinde 1977; Kaufman and 
Rosemblum 1967). How well they integrate 
into the social group is not known, which is 
why this study will focus on comparing the 
behavior of orphan and non-orphan rhesus 
macaques to determine if orphan individuals 
have a similar position in the social group as 
non-orphan peers. If orphans in a colony have 
different interactions when compared to non-
orphans, I expect their parental absence to be a 
good predictor of the types of interactions they 

are involved in. In turn, if there is no 
difference between their interactions, this 
could be evidence that kinship is not the only 
factor maintaining the stability in the social 
group.  

Materials and Methods 

This research took place between Summer 
2012 and Fall 2012 at the California National 
Primate Research Center, in the outdoor 
colonies. Three social groups were used for 
this research (NC1, NC16, and NC21), two of 
them being recent formations (groups where 
several smaller groups have been joined into 
one). From these groups, every individual 
between one and two years of age was 
categorized as either orphan or non-orphan 
and included in the subject pool, which totaled 
69 individuals (50 orphans and 19 non-
orphans). Observations took place four times 
per week. Every observation day, two groups 
were selected and four randomly selected 
subjects were observed from each group, 
making a total of 32 individuals each week.  
 
After a subject was selected and located in the 
enclosure, data was collected for ten minutes. 
The following behaviors were recorded in that 
time using the instantaneous scan sampling 
and interval sampling methods (Altmann 
1974): 

Terms 

Focal: Primate being observed. 
Individual: Any primate the focal interacts 
with.  

Behaviors observed 

Proximity: When the focal is within three feet 
of another animal. These would be recorded as 
instantaneous scan samples every 30 seconds. 
Huddle: The act of embracing another animal 
with at least one arm, or entire ventrum is in 
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contact with another’s side, back, or ventrum 
(initiator = the huddler). 
Groom: The act of examining another animal’s 
fur with finger, lips, or tongue (initiator = 
groomer). 
Present: Presenting back, rump, or ventrum to 
another individual (initiator = presenter). 
Play: Physical contact with another animal, 
including tumbling, soft-biting, and non-
aggressive chasing. Different from aggression 
due to the lack of aggressive or fearful 
vocalizations, lack of grimaces, and a relaxed 
play face (initiator = the one starting the play 
behavior). 
Fight: Giving or receiving aggression to/from 
another animal. Fights include behaviors such 
as chasing, contact, lunging, grappling, biting, 
or screaming (initiator = aggressor). 
Ally/Intervene: Record assistance to individual 
in fights or when the action of the initiator 
prevents or stops a fight (initiator = the one 
aiding in the fight). 
Comfort: Record in addition to behaviors such 
as huddling and grooming when behaviors are 
meant to comfort the individual after an 
upsetting event such as a fight. Record by itself 
when an affiliative vocalization is emitted or a 
non-sexual mounting is performed after an 
upsetting event (initiator = the comforter).  
Carry: When focal is carried by another 
individual (usually a female). 
Suckle/Nurse: The act of sucking on a female’s 
nipple without the purpose of obtaining milk 
(i.e. suckling from female other than a 
mother). 
 
After the data were collected, general linear 
mixed models were used to determine if the 
occurrence of aggressive and affiliative 
behaviors were significantly different between 
orphans and non-orphans. Attributes from the 
individuals studied (whether orphan or not, 
age, sex, etc.) and situations (such as 

characteristics of the individuals interacted 
with, etc.) were used as fixed effect predictor 
variables, social group was treated as a varying 
effect, and the counts of aggressive and 
affiliative behaviors were the outcome 
variables. Akaike’s Information Criteria, 
corrected (AICc) weights were used to choose 
the regression models that best explain the 
patterns in the data. 
 
Before starting analysis, the data were filtered 
to exclude records of non-orphan primates 
interacting with their mother. Different models 
were constructed by using different predictor 
variables. For each outcome variable, a null 
model was constructed based on the random 
effect of belonging to different cages. Orphan 
status was tested with a logistic mixed model 
regression, since orphan/non-orphan is a 
binomial outcome. The predictor variables 
used were affiliation, fight and proximity. After 
determining if there was a difference between 
orphans and non-orphans interactions, we 
looked at other variables that could contribute 
to this difference. A total of three other 
outcome variables were then tested: sum of 
affiliative interactions (which included groom, 
play, ally/intervene, suckle/nurse, huddle, 
present, comfort, and carry), sum of aggressive 
interactions, and sum of proximity events in 
which there was no affiliation or aggression. A 
Poisson distribution was used for all other 
models since this distribution only takes data 
with positive integer values, and assumes a 
positive skew, which is characteristic of count 
data. The predictor variables used for these 
models were age difference between the 
individuals interacting, if the individuals 
interacting were of the same source group, if 
the individuals interacting were of the same 
gender, gender of the subject, if the individual 
was an orphan, and various interactions of 
these variable with orphan status. 
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Results 

Analysis of the models guided the direction of 
the analysis of the data. The first outcome 
variable explored was orphan using the logistic 
regressions. The models showed that orphan 
status could be predicted by the number of 
affiliative interactions, but not necessarily by 
aggression or proximity occurrence alone. Sex 
was a significant predictor in the models, 
which simply  
reflected that our subject pool was skewed 
towards male orphans. This made us change 
the focus of the outcome variables to behaviors 
instead of characteristics of the individuals, in 
order to explore predictors of behavior 
frequency in addition to orphan status. Even 
though the data for this model was skewed, it 
suggested that there was a difference between 
the amount of affiliation events between 
orphans and non-orphans, especially if the 
individual was a male.  
 

The first behavior outcome explored was sum 
of affiliative behaviors. The first predictor 
variables tested were age difference, gender, 
and what subgroup they belonged to. We then 
obtained estimates for the interactions of 
orphan status and age difference, orphan status 
and gender difference, orphan status and 
subgroups, and orphan status and gender of 
the focal.  
 
After comparing all of the models, AICc scores 
(diff=22.4) revealed that the model that best 
described the outcome variable was the one 
that included the interaction of orphan status 
and gender of the focal individual primate 
(table 1).  

Table 1.  Variables Affecting Affiliation Events  

 
 
 
 
 
 
 
 
 
 
 
 

The best model that describes the variables that explain the amount of affiliation an 
individual receives. The summary of the model shows a significant negative effect of 
being a male and an orphan with the amount of affiliation experienced by the individual.  

Fixed effects: 
Estimate 

Std. 
Error p-value 

 
   

Intercept 9.070 1.16 <0.001 

Male 1.154 1.042 <0.001 

Orphan 1.100 1.067   0.143 

SameSubgroup 1.185 1.039 <0.001 

SameSex 1.696 1.043 <0.001 

AgeDiff 0.937 1.008 <0.001 

MalexOrphan 0.886 1.053   0.019 

OrphanxSameSubgroup 1.784 1.05 <0.001 

OrphanxSameSex 1.073 1.054   0.186 

OrphanxAgeDiff 0.933 1.013 <0.001 
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When looking at the fixed effect of each 
variable, we found that the bigger the age 
difference (ß=0.781; p<0.001), if the 
individuals interacting were of different gender 
(ß=1.84; p<0.001), or if the individuals 
interacting belonged to different subgroups 
(ß=1.398; p<0.001), the amount of affiliation 
between the individuals decreased. When 
looking at orphan individuals, the main effect 
of the focal being orphan was not a strong 

predictor of the affiliation seen in our 
observations (ß=0.778; p=0.063). After looking 
at the interactions of the focal being an orphan 
and the other variables, the fact of being a male 
and an orphan had a meaningful effect on the 
amount of affiliation observed (ß=0.58; 
p<0.001), suggesting that individuals that are 
orphans and male receive less affiliation than 
individuals that are non-orphan and male 
(figure 1).  

 
 

 
Figure 1.  Average affiliative events for orphan and non-orphan macaques. 
This graph shows the average affiliative events orphan and non-orphan individuals were involved in 
throughout this study based on their gender. It is clearly seen that there is a meaningful difference 
between the average affiliation male orphans receive when compared to male non-orphans, orphans 
receiving less affiliation. 

 
The other variables in the model revealed that 
if the orphan individual is close to age 
(ß=1.042; p=0.179), in the same subgroup 
(ß=1.528; p<0.001), or of the same gender to 
the individual interacting with him (ß=1.151; 

p=0.225), then the amount of affiliation the 
orphan individual receives increases.  
The next outcome variable studied was the 
sum of fighting events. The first predictor 
variables we collected estimates for were age 
difference, gender, and what subgroup they 
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belonged to. We then obtained estimates for 
the interactions of orphan status and age 
difference, orphan status and gender 
difference, orphan status and subgroups, and 
orphan status and gender of the focal. After 

comparing all of the models, AICc scores 
(diff=2) revealed that the model that best 
described the outcome variable was the one 
that excluded the gender of the orphan 
individual (table 2).  

 
Table 2.  Variable Affecting Fighting Events 

Fixed effects: 
Estimate 

Std. 
Error p-value 

 
   

Intercept 0.175 1.547 <0.001 

SameSubgroup 0.105 2.826 0.03 

Orphan 0.119 2.177 0.006 

SameSex 0.923 1.709 0.881 

AgeDiff 0.827 1.13 0.122 

SameSubgroupxOrphan 10.176 3.168 0.044 

OrphanxSameSex 3.438 2.309 0.14 

OrphanxAgeDiff 1.353 1.183 0.073 

 
The best model that describes the variables that explain the amount of fight an 
individual receives. The summary of the model shows that the effects of being in 
different subgroups, of higher age difference, and of different gender to produce 
more fighting events when the individual is an orphan. The overall effect of being 
and orphan on the other hand has a negative effect on fighting behaviors, 
overriding the significance of the effects described above.  

 
When looking at the fixed effect of each 
variable, models revealed that the individuals 
with a bigger age difference (ß=0.827; 
p=0.122), belonging to the same group 
(ß=0.105; p=0.03), and being of the same 
gender (ß=0.923; p=0.881), were involved in 
fewer aggressive events with the individuals 
studied. When studying individuals that are 
orphans, the analysis showed that being an 
orphan and in the same subgroup (ß=10.176; 
p=0.044), an orphan and of the same sex to the 
other individual (ß=3.438; p=0.14), or an 
orphan with larger age difference (ß=1.353; 
p=0.073), it is more probable to be involved in 
a higher number of fighting events. Even 
though this was found, the overall effect of 

being an orphan has a negative relationship 
with the frequency of aggression (ß=0.119; 
p=0.006), making it less probable for orphan 
individuals to be involved in fighting events. 
 
The final outcome variable we analyzed was 
the sum of proximity events for each 
individual studied. A proximity event is when 
a primate is within three feet of another 
individual. The more proximity events 
recorded between two individuals, the closer 
they are in the hierarchy. The first predictor 
variables we collected estimates for were age 
difference, gender, and what subgroup the 
individual primates belonged to. We then 
obtained estimates for the interactions of 
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orphan status and age difference, orphan status 
and gender difference, orphan status and 
subgroups, and orphan status and gender of 
the focal. After comparing all of the models, 
AICc scores (diff=3.04) revealed that the 

model that best described the outcome variable 
was the one that included the interaction of 
orphan status and gender of the focal 
individual (table 3).  

 
Table 3:  Frequency of Proximity Events  

Fixed effects: 
Fixed 
effects: 

Fixed 
effects: 

 

 

Estimate Std. Error p-value 

Intercept 9.07 1.16 <0.001 

Male 1.154 1.042 <0.001 

Orphan 1.1 1.067   0.143 

SameSubgroup 1.185 1.039 <0.001 

SameSex 1.696 1.043 <0.001 

AgeDiff 0.937 1.008 <0.001 

MalexOrphan 0.886 1.053   0.019 

OrphanxSameSubgroup 1.784 1.05 <0.001 

OrphanxSameSex 1.073 1.054   0.186 

OrphanxAgeDiff 0.933 1.013 <0.001 

 
The best model that describes the variables that explain the amount of proximity an 
individual receives. The summary of the model shows a negative effect of being a 
male and an orphan with the amount of proximity experienced by the individual, but 
not significant enough to predict it.  

 
 
When looking at the fixed effect of each 
variable, models revealed that individuals 
closer in age (ß=0.937; p<0.001), belonging to 
the same subgroup (ß=1.185; p<0.001), and 
being of the same gender (ß=1.696; p<0.001) 
experienced more proximity events. When 
orphan individuals were studied, the results of 
adding this variable showed that orphan males 
are less likely to be in proximity with other 
individuals (ß=0.886; p=0.019). The other 
variables in the model revealed that if the 

orphan individual is close in age (ß=0.933; 
p<0.001), in the same subgroup (ß=1.784; 
p<0.001), or of the same gender as the 
individual interacting with him (ß=1.073; 
p=0.186), then the amount of proximity 
increases. This gives further support to the 
results we found in the previous two models. 
Since orphan males are in less proximity with 
the other individuals, then it makes sense that 
they will be involved in less affiliation events 
and also fewer fighting events.  
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Discussion 

Previous research at different centers where 
primates are held in captivity have 
documented that orphan rhesus macaques 
seem to show symptoms of depression (Hinde 
1977; Kaufman and Rosemblum 1967). Even 
though data has been collected in the wild 
showing that orphans that do survive do form 
part of the social group through alloparenting 
by conspecifics (Berman 1982), no study has 
shown that the same happens in captive 
colonies of rhesus macaques. This study 
explores whether there is a difference between 
the interactions of orphan and non-orphan 
rhesus macaques and tries to determine if this 
difference in their life history is a good 
predictor for their social behavior.  
 
Some primatologists argue that kinship may 
not be a strong factor maintaining the stability 
in the hierarchy (Chapais and St-Pierre 1997). 
Their research has shown that colonies in 
which the power of the alpha family was 
reduced by decreasing their number and size 
still kept their matrilineal rank, suggesting that 
nepotistic behavior and kin relatedness may 
not be a strong factor keeping ranks. This 
study suggests otherwise. This study found 
that for orphan male individuals, the amount 
of affiliative behaviors they are involved in is 
less when compared to non-orphan male 
individuals, suggesting that kinship is a strong 
factor keeping the matrilineal rank. Moreover, 
significant effects were seen in the amount of 
aggressive events orphans were involved in. 
Models showed that when interacting with 
individuals of the same subgroup, the amount 
of aggressive events orphans were involved 
with increased when compared to non-
orphans. Also, orphans were found to have 
decreased amount of proximity if he was a 
male or if he was interacting with an 

individual of a bigger age difference or 
different subgroup. Even though these 
significant relationships were found, the main 
effect of being an orphan was not strong 
enough to be a good predictor of either 
aggressive behaviors or proximity events. 
 
The results from the models show signs of a 
healthy colony. Primatologists have 
documented that aggressive behaviors are a 
normal process in colonies of rhesus macaques 
since they assure dominant positions and 
establish order between individuals (de Waal 
2000). Affiliative behaviors also promote 
group stability by helping individuals deal with 
competition and strengthening kin 
relationships (Beisner et al. 2011). Our results 
show that when individuals interact with each 
other, they are more likely to be involved in 
affiliative behaviors and proximity events 
when they are of the same subgroup, closer in 
age, and of the same gender, while they are 
more likely to be involved in fighting events 
when they are of different subgroups, further 
in age difference, and of different gender. After 
adding the variable of being an orphan to the 
model, we found that male orphans receive 
less affiliation from their colony than male 
non-orphans.  
 
One explanation can be suggested to explain 
this finding. In rhesus macaques, male 
individuals leave the colony when they reach 
age of maturity (Falk 2000). Research has also 
shown that even though juvenile males have 
the same level of social interactions relative to 
juvenile females, males tend to have less of a 
bias towards matrilineal kin, interacting more 
with other males regardless of the amount of 
relatedness they have with them (Bernstain 
and Ehardt 1987). Therefore, male individuals 
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have a weaker relationship with their matriline 
than female individuals, making orphan male 
individuals more likely to have a weaker 
relationship to their matriline than female 
orphans, since female orphans stay in their 
colonies for life. Moreover, aggression in 
rhesus macaques tends to be unidirectional, 
the aggressors always being individuals of 
higher rank than the aggressed (Beisner et al. 
2011). Our results found no signs of 
bidirectional aggression, which would be a 
sign of instability in the colony. 
 
One main concern that could arise from the 
methods of this research is the fact that our 
sample wasn’t equally distributed. Our sample 
size of 69 individuals included only 19 non-
orphans and 50 orphans. The reason for this is 
simply  the accessibility I had to cages at the 
CNPRC as well as the amount of formations 
that were being performed at the time. 
Formations were the focus of this study since 
bringing together two or more different 
colonies generates a high number of orphans. 
In order to eliminate any bias from the 
difference on the amount of orphans and non-
orphans studied, I made twice as many 
observations as originally intended (doing 
research over two academic quarters instead of 
one). Moreover, orphans weren’t equally 
distributed in the cages studied. NC16 had 15 
orphans and two non-orphans, NC1 had 26 
orphans and one non-orphan, and NC21 had 
23 orphans and two non-orphans. This was 
partially accounted for by including the 
random effect of social group in each model.  
 
Another concern that might arise is that non-
orphans have interactions with their mothers, 
increasing the amount of affiliative and 
proximity events they receive from them, 
possibly skewing our results. This is why in 
our data analysis, data coming from 
interactions between mother and offspring 
were omitted when constructing the models.  

 
We used only one-year-olds for this study 
simply because the effects of being an orphan 
would be stronger for individuals that age. If 
the primates are any younger when they lose 
their mothers, orphans are not likely to 
survive. If they are any older, they become less 
socially dependent on their mothers 
(Blomquist 2013). Moreover, once male 
individuals reach sexual maturity at about 4 to 
6 years of age, they are expected to leave the 
colony (Colvin 1986; Beisner et. al 2011). 
Therefore, the effect of being an orphan in the 
colony would be seen more strongly when the 
male individual is young.  
 
Social interactions such as groom reciprocity 
and subordination are significantly associated 
with the rates and occurrences of fighting 
behaviors in colonies of rhesus macaques 
(McCowan et. al 2008). Therefore, the study of 
social interactions are a good predictor of 
social instability in captive colonies of rhesus 
macaques, and therefore, helps behaviorists 
prevent fighting events in unstable colonies. 
The study of orphan individuals and their 
involvement with these social interactions can 
offer researchers working with primate 
colonies further accuracy to the prediction of 
fighting events.  
 
The results from this study could also be 
expanded to other disciplines. 
Conservationists had been concerned by the 
amount of human threats primates are exposed 
too. Some of the major threats are hunting for 
bushmeat and habitat loss because of 
deforestation (Oates 2013). Because of these 
threats, the number of primate individuals 
expected to become orphans increases 
dramatically. The results here could be applied 
in conservation efforts that specifically deal 
with individual primates that have become 
orphans in the wild, specifically primate 
species with strong matrilineal bonds. 
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Moreover, these results could be of some aid to 
sanctuaries that focus on re-introducing 
orphan individuals. Reintroduction efforts in 
some sanctuaries have reported that one of the 
problems affecting this process is competition 
with wild populations already in place (Brend 
and Schoene 2002). The fact that our results 
show some trends of how orphan macaques 
interact with their social group could be useful 
to determine what groups of wild populations 
of primates would be most effective to 
reintroduce orphan individuals into 
successfully. 
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