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In 1985, Congress passed the Improved Standards for Labora-
tory Animals Act which, among other things, required research 
facilities “to promote the psychological wellbeing of nonhu-
man primates”2 (NHP). After years of input from a spectrum 
of groups including researchers, animal rights activists, and 
laboratory animal veterinarians on how to achieve this con-
gressional mandate, the US Department of Agriculture (USDA) 
adopted regulations requiring research facilities to establish an 
appropriate plan for environmental enhancement that specifi-
cally addresses social grouping. At minimum, the regulations 
require the written plan to include “provisions to address the 
social needs of nonhuman primate species known to exist in 
social groups in nature.”3 To meet the terms of the regulations, 
research facilities must provide social housing for NHP reflect-
ing currently accepted professional standards in the field.

These regulations exemplify the focus on performance 
standards that predominates in the United States. Importantly, 
these types of regulations allow requirements for compliance 
to evolve over time without the need for lengthy review proc-
esses. Reflecting the accepted standard in the late 1950s, one 
author wrote that “unquestionably, [rhesus macaques] involved 
in experiments should be housed in individual cages.”19 Since 
then, the natural history of macaques in the wild has been 
well-described, and that macaques have specific social needs 
is generally accepted. Despite the history of NHP being housed 
in single cages, social housing is the current professional stand-
ard for NHP in research facilities and therefore is required for 
compliance with the Animal Welfare Act unless scientific ne-
cessity for individual research protocols or veterinary-related 
concerns for individual animals necessitate an exemption.3,24 
The Institute for Laboratory Animal Research (ILAR) empha-
sizes that “social interactions are considered to be one of the 
most important factors influencing the psychological wellbeing 
of nonhuman primates. Knowing that most primates benefit from 

social interactions, it should be obvious that they can be harmed by a 
lack of social interaction [emphasis added].”23 The International 
Primatological Society writes “pair or group housing in an 
enclosure must be considered the norm” for NHP.25 AAALAC 
has adopted the position that social housing of social animals 
is considered the “default method.”4 Although researchers, 
laboratory animal veterinarians, animal husbandry staff, and 
IACUC are principally concerned with animal welfare, this new 
regulatory focus on social housing forces these stakeholders 
to evaluate their programs closely for methods to provide the 
social interactions that NHP require for psychologic wellbeing. 
Despite IACUC oversight of animal programs, specific regula-
tory or accreditation requirements have initiated enhancement 
of animal care programs more often than have IACUC reviews, 
suggesting that stakeholders from within each program should 
work to improve their animal care practices before external 
regulations require it.5

Despite the enactment in the early 1990s of USDA regulations 
requiring social housing of NHP, the number of NHP socially 
housed in American research facilities largely has remained 
unchanged. In fact, a survey published in 2007 found only 
44% of macaques housed in cages or small indoor enclosures 
were socially housed compared with 38% in a 1994 survey.8,50 
Importantly, the latest survey included grooming-only contact 
in its definition of social housing, whereas the initial survey 
only included full-contact pairs as socially housed. This distinc-
tion, coupled with a recent report on rhesus macaques finding 
that grooming-only contact does not provide an equal benefit 
to full-contact housing,7 demonstrates the lack of substantial 
expansion of social housing for caged macaques. The various 
causes of this lack of change in housing of NHP have been ex-
plored in other reports.5,47,57 In our experience, a general lack 
of a balanced understanding of the risks and benefits of social 
housing among stakeholders including researchers, animal 
care technicians, and laboratory animal veterinarians is the 
greatest roadblock to transitioning singly housed monkeys 
into compatible groups. However, pressure on research facilities 
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through grooming and other social activities.12,30,36,70 Singly 
housed macaques are deprived completely of grooming and 
other species-typical social behaviors. In a research setting, 
singly housed rhesus macaques displayed a high degree of af-
filiative contact with same-sex neighbors through the front bars 
of cages that did not permit the animals visual contact with each 
other.5 These findings indicate the importance to the animal of 
physical contact with a conspecific.

Although single housing may allow noncontact social inter-
actions, full physical contact provides a greater opportunity 
for species-typical behavior than does visual-only or protected 
physical contact, regardless of age.7,11 For example, rhesus 
macaques spent significantly more time engaged in affiliative 
behaviors in full contact than protected contact.7 In full-contact 
pairs, female rhesus macaques spent 80% of their time at night 
and 40% during the day in either physical contact or close 
proximity.17 Similarly, female cynomolgus macaque pairs 
groomed each other 31% of the time.32 Male macaque pairs also 
demonstrate species-typical allogrooming (Figure 1). Among 
compatibly paired adult male cynomolgus macaques15 and 
compatibly paired adult male rhesus macaques,16 the monkeys 
groomed each other 17% of the time.15,16 This time allocation 
reflects a more species-appropriate time budget than does the 
0% possible for singly housed monkeys. In addition, the time 
allocation of socially housed rhesus macaques for time feeding 
and exploring was closer to that of wild counterparts than was 
that of singly housed animals.63 Importantly, these species-
appropriate time budgets are maintained in compatible pairs 
over periods substantially longer than those supported through 
inanimate enrichment items.43

Absence of maladaptive behaviors. Singly housed rhesus 
macaques spend more time engaged in stereotypic behavior and 
demonstrate a wider range of maladaptive behaviors than do 
socially housed NHP.9 In addition, the occurrence of stereotypies 
has been positively correlated with the length of time macaques 
are singly housed.10 For example, in one study, some form of 
stereotypic behavior was observed in 89% of singly housed 
rhesus macaques.33 Although locomotor stereotypies are most 
common, approximately 10% of singly caged rhesus macaques 
develop self-injurious behavior.41 Social housing can amelio-
rate these maladaptive behaviors. One study reported halving 
the incidence of self-plucking in singly housed female rhesus 
macaques by forming compatible pairs (although the difference 
was not statistically significant).17 Correspondingly, pair-housed 
rhesus macaques spent less time self-grooming and behaving 
abnormally than did age-matched, singly housed macaques.62 
In another study, self-biting in 7 singly housed rhesus macaques 
was eliminated completely within 2 mo of transition to compat-
ible pairs.55 In another study, 6 single-caged rhesus macaques 
who engaged in self-biting were vasectomized to permit pairing 
with adult female macaques—3 of the male macaques stopped 
their self-injurious behavior within a month, whereas the 
behavior of the other 3 was moderated, but not eliminated.72 
This study72 not only demonstrates a therapeutic effect of social 
housing but also shows how a thorough understanding of NHP 
biology and use of colony management techniques can be used 
to achieve social housing in research facilities.

Some maladaptive behaviors may not indicate a present 
source of distress. An example is the long-lasting effect of a 
lack of maternal contact in infancy. Behavior formed as a coping 
mechanism in infancy may not change in response to subsequent 
changes in housing.35 In addition, NHP exhibiting self-biting 
should undergo a thorough physical examination to rule out medi-
cal causes of the behavior before diagnosing a psychological 

using NIH funding to socially house NHP has been increased by 
publication of the 2011 edition of The Guide for the Care and Use 
of Animals, which emphasized social housing as the “default” 
for all social species.24 Enrichment coordinators, laboratory 
animal veterinarians, and other stakeholders responsible for 
maintaining regulatory compliance must develop a thorough 
knowledge of the risks and benefits of social housing of NHP, 
its implications for biomedical research, and a best-practice 
approach to minimize significant injuries to shift the paradigm 
regarding housing of NHP in research.

Facilities with relatively few primates housed in indoor cages 
struggle to increase the proportion of NHP that are socially 
housed.7 These facilities often must use isosexual pairs to fulfill 
social needs, given the constraints of available caging, housing 
space, candidates for social housing, and the need to avoid 
breeding. Although isosexual pairs are not found in nature and 
present unique challenges to research facilities, this housing ar-
rangement fulfills the spirit of the regulations requiring social 
housing. In the current report, we review the current literature 
on pair housing of research macaques to provide a science-based 
assessment of benefits and risks associated with both pair and 
single housing and to provide a concise summary of recom-
mended partner selection, pairing procedure, and postpairing 
monitoring. In addition, we use examples from our experiences 
in our AAALAC-accredited facility to demonstrate the feasibil-
ity of transitioning previously singly housed macaques into 
compatible pairs.

Beneficial Effects of Pair Housing
Abstract generalizations regarding the benefits of social hous-

ing for NHP are difficult to communicate to investigators. The 
use of conceptually subjective terms such as ‘psychologic well-
being’ has complicated efforts to convince all stakeholders of the 
objective benefits of social housing. To reduce the subjectivity 
in the assessment of psychologic wellbeing, ILAR established 
4 criteria by which to judge the success of an institution’s plan 
to promote psychologic wellbeing.23 These comprise the: ability 
to cope effectively with day to day changes in the social and 
physical environment; ability to engage in species-typical be-
havior such as foraging and grooming; absence of maladaptive 
or pathologic behaviors that result in self-injury; and presence 
of a balanced temperament (balance between aggression and 
passivity) and absence of chronic signs of distress.23 Although 
these criteria are themselves somewhat subjective, they do pro-
vide some measurable traits of a psychologically well monkey. 
The literature demonstrates the effectiveness of social housing 
in addressing each of these criteria.

Ability to cope effectively. There are reports in the literature 
suggesting that socially housed animals are able to cope more 
effectively with changes in the laboratory environment.18,21,67 
Rather than being a source of distress, a compatible companion 
serves as a social buffer during potentially stressful situa-
tions. For example, the stress response of rhesus macaques 
(as determined by T-lymphocyte subsets and serum cortisol 
concentrations) transferred to an unfamiliar environment 
was modulated by the presence of a compatible conspecific.21 
Similarly, rhesus monkeys displayed fewer abnormal behav-
iors when exposed to common laboratory stressors such as the 
restraint and anesthesia of other monkeys in the room when 
subjects were pair-housed compared with when the same 
monkey was single-housed.18

Demonstration of species-typical behavior. Studies of wild 
populations have shown that rhesus and cynomolgus macaques 
spend 5% to 25% of their time interacting with each other 
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ing single housing, other physiologic and behavior studies have 
consistently concluded that singly housed macaques experience 
chronic distress.

Assessment of Risk
Concerns about an unacceptable risk of harm to research 

subjects as a justification for single housing often are based 
not on peer-reviewed literature but on personal experience, 
anecdote, or a failure to scientifically evaluate risk. Although 
pair housing certainly is associated with some risk, no reports 
currently in the literature document death or even severe injury 
requiring euthanasia after an unsuccessful attempt to pair-house 
macaques.60

Balancing any potential risks associated with pair housing are 
the risks associated with long-term single housing of research 
animals. Serious forms of stereotypies (such as self-biting) 
increase with the number of years that NHP are individually 
housed.33 In one survey, self-biting was noted in 25% of singly 
housed macaques with 10% of these developing wounds requir-
ing veterinary intervention.33 Research subjects displaying this 
type of psychologic distress may not provide accurate data, com-
plicating efforts to replicate results and leading to greater cost in 
terms of both animals and time required to obtain meaningful 
results.53,67 Social housing, like all other forms of enrichment, is 
a research variable that should be controlled.33,41 The responsible 
conduct of high-quality animal research requires the research 
community to carefully balance the need to minimize potential 
confounds to research variables with the need to maximize 
psychologic wellbeing.

Countering the perception that social housing is associated 
with greater injuries, one study found that pair-housed rhesus 
macaques required less veterinary treatment than did singly 
and group-housed animals.64 Those results agreed with a ret-
rospective analysis of veterinary records, which showed that 
the incidence of nonresearch-related veterinary treatment was 
23% for single-caged animals compared with 10% for pair-
housed animals.36,47 Another study found that only 3 of 228 
(1.3%) paired rhesus macaques required veterinary care due to 
injuries over the course of 1 y (including during initial pairing) 
and that none of these injuries were life-threatening, although 
compatibility rates (as defined by adequate food sharing and 
absence of serious injury and depressive behavior) were lower 
than these injury rates may suggest (83% for males and 89% 
for females).54 These analyses of veterinary records include 
treatments for numerous conditions including diarrhea-causing 
agents common in research facilities, suggesting that pair-
housed animals are more resistant to these infectious agents 
than are singly housed animals.67 Overall, the data indicate that 
pair housing of macaques does not result in a greater need for 
veterinary care.

Macaques can safely be housed in compatible pairs in a vari-
ety of configurations, provided that pairs are evaluated during 
familiarization periods prior to being allowed full contact. 
Although a large proportion of pairs can demonstrate incom-
patibility during this period, animals that pass through this 
stage have a high likelihood of successful pair formation with 
minimal injuries.46,55,73 Isosexual pairs can usually be formed 
with juvenile animals with minimal risk and a high success rate. 
One investigator transferred a total of 84 female and 22 male 
juvenile rhesus macaques to same-sex pair arrangements with 
100% success with the initial pair selection.51 Similarly, we have 
transferred 10 female and 8 male juvenile cynomolgus macaques 
at our facility into same-sex pairs with 100% success. In addition, 
adult female macaques are considered relatively compatible in 

disturbance. Transitioning an NHP to social housing may not 
modify these types of maladaptive behaviors.

Presence of a balanced temperament and absence of chronic 
distress. When regulations requiring social housing were first 
adopted, several publications proposed that a forced living ar-
rangement with an incompatible partner could be the source 
rather than the cure of chronic distress.26,32 However, the same 
stimulus that occasionally causes distress, such as the presence 
of a partner, might also provide a benefit that outweighs the 
initial or potential distress.66 Although socially housed NHP 
may experience stress, especially in the period surrounding 
introductions,13,14,21,31 the importance of social interactions with 
conspecifics, especially early in life, is well established.10,33 A 
compatible partner may at times be a source of stress, but the 
presence of occasional environmental stresses does not neces-
sarily translate into chronic distress.23

ILAR recognizes “the presence of affiliative verses distress 
vocalizations, facial expressions, postures, and physiological 
responses” as indices of a balanced temperament and psy-
chologic wellbeing.23 Numerous studies have investigated the 
physiologic and behavioral response to single and pair housing. 
One study found no elevations in heart rate during or fecal 
cortisol concentration after introduction of adult male rhesus 
macaques to compatible pairs, and fecal cortisol concentra-
tions were higher when monkeys were singly housed.16 Some 
comparisons of serum or fecal cortisol concentrations between 
singly and pair-housed monkeys have found that pair-housed 
monkeys have lower cortisol concentrations,16,58 whereas other 
studies have not found a significant difference.15,48,61 However, 
singly housed NHP develop hematologic profiles suggestive of 
immunosuppression and experience higher incidences of coro-
nary atherosclerosis.29,65,68 The evaluation of plasma prolactin 
concentrations indicates that single housing of female rhesus 
macaques resulted in higher levels of anxiety.29 In addition, 
these singly housed rhesus macaques showed a long-term de-
crease in norepinephrine that was interpreted to be physiologic 
evidence of depression that correlated well with behavioral 
observations that included crouching, huddling, and overall 
inactivity.29 Although cortisol is not consistently elevated dur-

Figure 1. A pair of water-restricted adult male rhesus macaques with 
cranially implanted recording chambers. These monkeys had never 
been pair housed previously but were introduced successfully after a 
noncontact familiarization period.
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passed through a noncontact familiarization period sustained 
injuries requiring separation.71

These high success rates are based on appropriate pair 
selection during a familiarization period prior to allowing 
full contact. Animals should be closely monitored for compat-
ibility in a visual-only or protected contact period to minimize 
the occurrence of injuries after free contact is established. The 
potential for incompatibility is high during these familiariza-
tion periods. In one report, 7 dyads had to be tested to form 5 
pairs of adult male rhesus macaques that demonstrated clear 
dominant–subordinate relationships prior to full contact.46 
One author found 26% of young adult rhesus macaque pairs 
to be incompatible during compatibility testing prior to full 
contact.73 Although pairs that are deemed compatible during 
the familiarization periods are not guaranteed to be successful 
in full contact, these periods do provide the opportunity for 
formation of dominant–subordinate relationships that will 
obviate the need for aggressive contact. This method of socializa-
tion presents a relatively low risk for serious injury and allows 
behavioral managers to demonstrate a thoughtful, deliberate 
approach to social housing.

In our facility, NHP are used primarily in neuroscience and 
behavioral research, which often requires cranial implants, 
scleral search coils, or controlled access to food or water. 
Initially, investigators resisted social housing of their subjects 
because of concerns over potential damage to cranial implants. 
However, macaques that undergo surgery or have surgically 
implanted devices can be paired successfully even immediately 
after surgery. After IACUC review of these protocols and our 
animal care and use program, we successfully transitioned 18 
cranially implanted macaques into isosexual pair housing with-
out injury after providing a noncontact familiarization period 
(Figures 1 and 2). These included pairs of adult male rhesus 
macaques, adult male cynomolgus macaques, adult female 
rhesus macaques, and adult–juvenile rhesus macaques of both 
sexes. Five of these pairs comprised water-scheduled animals 
performing behavioral tasks, and 4 pairs had scleral search coils. 
Among these animals, one pair of adult male rhesus macaques 
interacted aggressively after free contact, resulting in damage 
to one animal’s head post, which had to be removed. The head 
post, which the investigator indicated was loose prior to pairing, 
was damaged when it hit the side of the cage (rather than due 
to direct contact by its partner), and the 2 animals subsequently 
again were paired successfully. Comparable to our experience, 
one author reported 92% compatibility in pairs of adult male 
rhesus and long-tailed macaques implanted with head restraint 
posts and scleral search coils.60 In the cited study,60 damage to 
the head restraint post and the eye coil did not occur even in 
incompatible pairs. Others have demonstrated that pair hous-
ing does not interfere with surgical implants.59 In one study, 
female cynomolgus macaques were returned to a compatible 
pair on the same day as a surgical intervention, without changes 
in social structure or complications with healing.37 Similarly, 
adult male rhesus macaques experienced no damage to previ-
ously implanted biotelemetry devices when transitioned to 
pair housing.16

Physical injury to animals or surgically implanted devices is 
not the only concern in pair housing macaques participating 
in research studies. For instance, the dominant partner may 
monopolize food, water, or enrichment devices, resulting in 
malnutrition of the subordinate animal.40,41 Successful pair 
housing reportedly has not been associated with weight loss.52,60 
However, we observed weight loss in an otherwise compatible 
pair in our facility; because the animals in this pair exhibit a 

isosexual pairs. For the current discussion, we have defined 
success as pairs that remained in full contact at least 2 wk after 
initial pairing. These success rates do not include potential 
pairs that were not allowed full contact due to poor interac-
tions during the familiarization period. Several other reports 
describe the formation of female pairs of both cynomolgus and 
rhesus macaques without incident and with success rates near 
100%.15,27,51 However, these high success rates are not uniform. 
One author reported success rates as low as 53% for female 
pairs, depending on the method of introduction.69 Although 
generally not severe, injuries can occur in female pairs.51,56,73 
We have seen female rhesus macaques engage in aggressive 
contact after pairing but without subsequent injuries requiring 
veterinary care. Alternatively, juvenile animals can be paired 
with adults, with rare incompatibility. Because adult animals 
generally do not exhibit aggressive behavior toward juveniles,47 
the formation of juvenile-adult pairs is particularly attractive for 
adult animals that may have demonstrated aggression toward 
peers in the past.

Adult male macaques have the reputation of being too ag-
gressive to be maintained safely in compatible pairs.57 However, 
in one study, although adult male rhesus macaques displayed 
dominance-related behaviors more frequently than did female 
macaques, male macaques did not engage in more aggressive 
behaviors more frequently. 45 The author concluded that “ag-
gressiveness is an individual attribute that is (1) independent 
of dominance status and (2) independent of sex.”45 The distinc-
tion of aggression being the trait of an individual animal rather 
than its sex has important implications, given that male NHP 
are often preferred as research subjects to avoid interruptions 
in research associated with the female menstrual cycle. In 
fact, one author found that fighting occurred within 30 min 
of formation in 2 of 77 female rhesus macaque pairs that had 
formed an obvious dominant–subordinate relationship prior 
to full contact but in none of 20 male pairs familiarized in the 
same way.51 A later report recounts the transfer of 817 rhesus 
monkeys (including 67 adult male–male pairs and 83 adult 
male–infant pairs) into compatible pairs, with male monkeys 
being no less tolerant of their companions than were female 
macaques.56 Similarly, another study that included 92 female 
and 28 male adult rhesus macaques found no sex difference in 
a wounding index based on frequency and severity of wounds 
when transitioning previously singly housed animals to pair 
housing.42 Another investigator achieved 100% compatibility 
when transitioning 8 previously singly housed adult male 
rhesus macaques into pair-housing.16 However, despite a high 
potential for compatibility of adult male rhesus macaques, 
high success rates are not universal. One author achieved only 
a 68% success rate despite the use of a familiarization period.38 
Success in pairing can depend on the species of macaque.28 Pair 
housing of adult male cynomolgus macaques has been associ-
ated with a lower success rate than that for adult male rhesus 
macaques.13,15,20,34 Among adult male cynomolgus macaques 
that were paired to study effects on testosterone, only 44% of 
the initial pairs achieved success.13 The report seems to sug-
gest that the author did not allow a sufficient familiarization 
period for animals to form dominant–subordinate relationships. 
However, despite a familiarization period and although 100% 
compatibility was achieved in adult female pairs, only 53% of 
adult male cynomolgus monkey pairs were successful in another 
study.15 In contrast, other authors report 94%34 and 100%44 suc-
cess in pairing adult male cynomolgus macaques when using 
a familiarization period prior to full contact. Similarly, only 2 
of 31 pairs (6%) of adult male cynomolgus macaques that had 
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for predicting the ultimate success of social introductions.38 Al-
though collecting and processing information regarding paired 
animals demonstrates a thoughtful approach, restrictions to the 
pool of candidates available for pairing at small facilities or in 
studies with few subjects may prevent pairing of ‘dominant’ or 
large monkeys with ‘subordinate’ or small monkeys, and these 
guidelines should not be viewed as absolute requirements for 
successful pair housing.

To reduce the risk of serious injuries, NHP should be allowed 
a familiarization period with visual cues to establish dominant–
subordinate relationships before having free contact.40 Although 
protected contact strategies (in which animals can engage in 
physical contact through perforated panels, cage mesh, or bars) 
can be used as an intermediate step prior to full contact,1 intro-
ducing animals directly into full contact was more successful 
than was a procedure that included a protected contact cessa-
tion period in one report.69 Whichever method is chosen (visual 
only or protected physical contact), animals must be monitored 
closely during this familiarization period for the formation of a 
dominant–subordinate relationship that obviates the need for 
aggressive contact.49 To minimize risk and maximize success, 
new partners should be sought for animals that do not demon-
strate a consistent dominant–subordinate relationship or engage 
in aggressive interactions during the familiarization period. 
Subordinate animals should display submissive behaviors such 
as unidirectional fear-grinning, withdrawing, yielding, and 
presenting, whereas dominant animals should display asser-
tive postures. These behaviors should be seen uniformly in the 
subordinate and dominant animals.

Because individual and interspecies differences occur in the 
demonstration of a dominant–subordinate relationship, a slower 
process can be used when the relationship status is unclear to 
the observer. If caging permits, pairs can be given additional 
protected access to each other by using the squeeze mechanism 
to allow animals to share a single cage.66 Presentation of a food 
reward within the reach of both animals that have visual contact 
can help to make their relationship more clear.67 Some managers 
will not proceed to full-contact pairs unless an obvious, consist-
ent dominant–subordinate relationship is observed.46 However, 
others will attempt to pair animals even in the absence of clear 
establishment of rank—as long as there are no noteworthy signs 
of aggression—because the monkeys may need free physical 
contact to cement the relationship.66 Importantly, rank relation-
ships may not be apparent during intermittent observations, and 
continuous monitoring through the use of video cameras may 
assist managers in assessing pairs for the presence of these rela-
tionships. In our facility, because potential partners are limited 
by the number of macaques on each study, we have allowed 
full contact even without an obvious dominant–subordinate 
relationship in the absence of aggressive interactions during the 
familiarization period in 3 cases. Among the pairings we have 
established, we observed aggression after full contact only in 
these 3, and in all 3 cases minor fighting without serious injury 
preceded establishment of a dominant–subordinate relation-
ship. Importantly, some individual pairs that appear highly 
compatible (for example, exhibit high degrees of allogrooming) 
may not exhibit an obvious, traditional dominant–subordinate 
relationship.51 Although monkeys that do not exhibit an un-
ambiguous dominant–subordinate relationship present an 
increased risk of aggressive contact after pairing, pairing can 
proceed with caution if aggressive interactions are not observed 
during the protected contact phase.

Several authors recommend transferring well-familiarized 
subjects into a new cage to avoid territorial disputes,34,46,51 

high degree of affiliative contact, they are separated for feed-
ing but remain socially housed. In addition, some parameters 
important for toxicology studies, such as growth rates and 
testicular volume, can be affected by social housing, whereas 
other parameters, such as ejaculate volume and quality and 
endocrine profiles, are not.39 Furthermore, social housing can 
alter a subject’s participation in behavioral tasks. For example, 
one author found that paired rhesus monkeys in behavioral 
research did not perform certain tasks as effectively as did 
age-matched, singly housed controls, but performance at other 
tasks was unaffected.22 However, another study found that pair 
housing of water-restricted adult male rhesus macaques with 
cranial implants and eye coils did not affect task performance.60 
In our experience, motivation to participate in behavioral tasks 
can fall immediately after pairing but returns to normal after 1 
to 2 wk. This potential to alter the rate of data collection should 
be considered when selecting the most appropriate time to 
transition animals to social housing, and researchers should be 
warned to expect suboptimal performances for a period after 
introduction of pairs.

Establishing Compatible Pairs
Numerous methods of choosing appropriate cagemates exist 

in the literature, including random selection,54 algorithms as-
sessing temperament to pair dominant NHP with subordinate 
animals,34 and maximization of size disparities to pair larger 
animals with smaller ones. Although some studies have found 
that weight or weight difference has no effect on the success 
of pairs,28,73 studies comparing success rates after various pair 
selection methods are few. More research is needed to determine 
the effect of age, age disparities, weight, weight disparities, 
species, cage size and layout, the presence of opposite sex 
animals in the housing room, and other environmental factors 
on the success of pair housing. In addition, we have found 
that a singly housed macaque perceived to be especially ag-
gressive toward people may become the subordinate animal 
when paired; therefore more studies are needed to develop an 
accurate temperament assessment of macaques that can predict 
one animal’s compatibility with other macaques. However, one 
study found that observations of the general behavioral charac-
teristics of singly housed adult rhesus macaques were not useful 

Figure 2. A pair of cranially implanted male rhesus macaques. After a 
fight with another male monkey, the adult male macaque had been 
singly housed for several years. He began grooming the juvenile 
macaque within 20 min of pairing, and the 2 monkeys have remained 
compatible.

jaalas11000046.indd   860 11/17/2011   9:28:45 AM



861

Pair housing of macaques

as the default method. By engaging the researchers in the proc-
ess from the beginning, we were able to shift the paradigm for 
housing NHP at our facility. Despite limitations associated with 
a relatively small NHP census with no more than 10 animals 
on each study, we increased the proportion of socially housed 
macaques at our facility from 12% to 73% in less than 1 y, with 
no serious injuries or disruptions to ongoing research. Some 
researchers now advocate for social housing and continuously 
evaluate singly housed monkeys for compatible partners even 
across studies and investigators. Because they know the per-
sonalities of their subjects, primary investigators and research 
technicians assist in selecting partners that have the highest 
chance for success. Coordination among all stakeholders prior 
to pairing prevents misunderstandings or misinterpretations of 
behaviors and events that may occur after pairing. The entire 
team including research staff, veterinarians, and animal care 
staff must understand the plan to avoid separating potentially 
compatible animals before the dominant–subordinate relation-
ship has been established. Appropriately trained personnel 
who understand NHP behavior are essential to the ultimate 
success of the social housing program, and all staff responsible 
for monitoring NHP should be trained. A thoughtful discus-
sion of the benefits and risks of social housing of NHP should 
include awareness that some pairs will be incompatible and 
some injuries will occur. Issues regarding cost of injury and 
plans for veterinary care should be discussed prior to initiating 
pair housing. The success rate that we have observed in our 
facility may not be universally achievable, and all stakeholders 
should be aware of the potential for failure of individual pairs. 
However, facilities housing NHP are obligated to implement a 
social housing program, document its successes and failures, 
and modify it to provide as many NHP as possible the opportu-
nity for socialization. The benefits of social housing far outweigh 
the potential harm, and the risk of injury can be minimized 
through the use of experienced staff, standard procedures, and 
a deliberate approach to social housing.

Conclusion
Publication of the 2011 edition of The Guide for the Care and Use 

of Laboratory Animals has renewed emphasis on social housing 
as the default housing method for NHP in research facilities. 
Due to limitations of housing space and available caging, social 
housing is usually implemented as pair housing. Because pair 
housing, especially of adult male macaques, entails risks and 
challenges but achieves substantial and important benefits, re-
search facilities must use a thoughtful, science-based approach 
to establish optimal housing for individual NHP.
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