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Due to its high anatomic, physiologic, and genetic similarity 
to humans and its relative ease of maintenance and reproductive 
success in captivity, the rhesus macaque is the most commonly 
used nonhuman primate model in biomedical research.27 De-
spite their perceived robustness in captivity, laboratory-housed 
rhesus monkeys are known to exhibit a variety of abnormal 
behaviors.3,11,12,21-23,28 These behaviors may indicate current or 
past experiences of compromised welfare25 and thus present a 
serious issue in nonhuman primate care.

A survey of animals housed at a national regional primate 
center revealed that 88% of animals exhibited at least 1 type 
of abnormal behavior.22 Surveys of populations of individu-
ally housed macaques found that about 25% of these animals 
engaged in self-biting behavior.22 In 5% to 11% of cases, non-
injurious self-biting may develop into self-injurious behavior 
resulting in physical harm to the animal,2,4,22 and about 14% 
of all single-housed macaques require veterinary care for self-
inflicted wounding at some point in their lives.28

A typical characteristic of abnormal behaviors is that they 
are persistent and resistant to treatment once they have be-
come established.21 Methods of intervention at our institution 
have included environmental enrichment aimed at promot-
ing species-typical or incompatible behaviors; relocation to 
reduce social stress or sexual frustration; and pharmacologic 
approaches targeting possible underlying physiological im-

balances.22,24,28,34 All of these methods have been largely 
unsuccessful at treating self-injurious behavior.

Because of the difficulties we face in the treatment of abnor-
mal behaviors, recent efforts have been aimed at identifying 
risk factors for the development of behavioral pathologies in 
order to develop and implement preventive measures and 
thereby reduce the number of animals who develop abnormal 
behaviors.2,4,22,23 Some risk factors that appear to predispose 
animals to developing abnormal behaviors include single 
housing, age at first single housing, amount of time spent in 
single housing, number of relocations, and number of blood 
draws.4,22,24,29,30,34 However, disruption of the early rearing 
experience is by far the most important risk factor identified 
to date.4,22,24,29,30,34 Data analyzed retrospectively on colony 
records from our institution indicate that indoor-housed adult 
macaques that were nursery-reared without their mothers are 11 
times more likely to exhibit self-abuse behavior than are adult 
animals that were reared indoors with their mothers.11

The effects of raising infant monkeys without their mothers 
were first examined in a seminal work on the development of 
affectional responses. This research16 showed that infant rhesus 
monkeys prefer a non-nourishing, cloth-covered inanimate sur-
rogate over a nourishing wire model. This finding established 
the importance of contact comfort over the satisfaction of a 
primary drive, hunger, in the formation of early attachment. 
Surrogates served as a secure base for exploration in novel 
environments and their removal caused severe distress to the 
infants.

In the process of observing his subjects’ responses to the dif-
ferent surrogates, the authors noted that the infants exhibited 
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peer-rearing condition infants are continuously peer-housed 
with a rotation of social partners every 2 to 7 d.22

The greatest differences in behavior exist between nurs-
ery- and mother-reared infants. Independent of peer-rearing 
condition, infants reared without maternal contact show an 
increased propensity to develop self-sucking, self-clinging, 
partner clinging, decreased exploration in novel environments, 
and insufficient social behaviors.9,10,14,31,35

Different species of nonhuman primates vary in their response 
to different nursery rearing conditions.22 However, studies con-
ducted for over 30 y have shown that in general, raising infants 
in pairs continuously with the same partner causes behavioral 
deficiencies.10 Compared with those raised by using other rear-
ing methods, these infants showed more fear, social withdrawal, 
aggression, and less nonsocial exploration in this10 and other14,35 
studies examining this rearing condition. These differences were 
thought to be due to the infants’ excessive and persistent partner 
clinging, which precluded independent exploration. Although 
clinging was initiated by both partners equally often, infants 
were physically unable to break the clasp of their partners. In 
addition, infants who received partner clinging often responded 
to their partner’s behavior with aggression. In addition, continu-
ously paired female infants engaged in more clinging than did 
male infants raised in this rearing environment and engaged in 
the least overall nonsocial exploration. When exposed to a more 
complex housing situation, continuously paired infants were 
“uniformly subordinate and appeared depressed.”35 However, 
typical disturbance behaviors indicative of fear were markedly 
decreased to absent in the novel environment of an open-field 
test of animals raised in continuous pairs.10

Intermittent peer-rearing environments produced very dif-
ferent effects. Although still inferior to mother-rearing, the 
intermittent peer-rearing condition decreased partner clinging, 
fear and withdrawal behaviors, and aggression while increasing 
nonsocial exploration and social play when compared with a 
continuous-pairing regime.10,35 However, infants raised in the 
intermittent peer-rearing environment showed high levels of 
self-directed behaviors such as rocking, huddling, self-clasping, 
and motor stereotypies.35

Research investigating the effects of a rotating-peer strat-
egy showed inconsistent results. This approach was aimed at 
providing continuous social exposure to decrease disturbance 
behaviors while changing the composition of the social group 
to decrease partner clinging. One study9 found that although 
always housed with another monkey, the infants experiencing 
changing social composition due to rotation of partners exhib-
ited little partner clinging. However, other research31 on the 
rotating-peer strategy revealed that infants experiencing change 
in social composition by rotating partners showed no decrease 
in clinging behavior and even less social exploration than did 
continuous peer-reared infants. At 6 mo of age, infants raised 
with rotating partners displayed behavioral repertoires that 
resembled those of continuous peer-reared subjects.

Institutions that rear infants in a nursery setting have used 
various social rearing paradigms providing peer contact to 
developing infants.9,31,35 Despite these efforts, nursery-reared 
infants differ from their mother-reared counterparts in a number 
of measurable parameters, including physiology, immunology, 
and behavior.36

The current study focused on exploring the effects of 4 differ-
ent nursery-rearing strategies on several parameters of infant 
development and wellbeing. As presented earlier, several 
rearing paradigms have been tested, but none have yielded 
satisfactory results in terms of raising monkeys that develop 

a suite of unusual behaviors, which they termed ‘isolation 
syndrome.’15 This group of behaviors mostly comprised self-
directed behaviors such as self-sucking, self-clasping while 
rocking rhythmically, and self-biting. The authors attributed 
the emergence of these behaviors to the lack of social stimula-
tion their subjects had experienced during early development. 
When introduced to age mates that had been reared with their 
mothers, the study subjects showed severe emotional distress 
and withdrew from any social interaction.39 However, exposure 
of the monkeys reared in isolation to younger mother-reared 
infants whose behavior more closely matched the subject’s 
developmental stage resulted in a remarkable recovery. These 
‘monkey therapists’ engaged isolates in play and other affili-
ative social interactions. In addition, abnormal behaviors also 
decreased to much lower frequencies.

Partly in response to these findings, the Guide for the Care 
and Use of Laboratory Animals17 states that “appropriate social 
interactions among conspecifics are essential for normal devel-
opment” because “a social companion might buffer the effects of 
a stressful situation,13 reduce behavioral abnormality,33 increase 
opportunities for exercise,43 and expand species-typical behav-
ior and cognitive stimulation.” Furthermore, US Department 
of Agriculture regulations40 recognize the importance of the 
developmental phase in maintaining colony health by stating 
that “certain nonhuman primates must be provided special 
attention regarding the enhancement of their environment.…
Nonhuman primates requiring special attention are the follow-
ing: 1) Infants and young juveniles; 2) Those who show signs 
of being in psychological distress through behavior or appear-
ance.…” Infants that have been removed from their mothers 
and are being raised in the nursery satisfy both of these criteria, 
warranting increased research in the area of behavioral develop-
ment in captive primates.

Institutions that rear infant rhesus macaques in a nursery set-
ting have used a variety of social rearing paradigms providing 
peer contact to developing infants. Current nursery-rearing 
practices are very different from those in the cited early stud-
ies15 in that infants receive much more exposure to humans and 
similarly aged conspecifics. Nonetheless, nursery-reared infants 
differ from their mother-reared counterparts in a number of 
measurable parameters, including physiology, immunology, 
and behavior.37

A number of rearing conditions that differ in the amount of 
social contact infant nonhuman primates experience during 
the first year of development have been studied. The first is the 
mother–peer rearing strategy, which was designed to resemble 
the species-typical social patterns infants experience under 
natural conditions. This strategy typically entails mother-rearing 
in an outdoor group setting in which infants are exposed to 
complex social interactions with other infants, juveniles, and 
adult males and females.

The behavior and physiology of infant macaques raised 
under the conditions of mother–peer rearing often serve as the 
‘standard of normalcy’ with which other rearing conditions are 
compared. Several other strategies have been used that involve 
peer-rearing; 3 of these—continuous, intermittent, and rotation-
al peer rearing—are reviewed here. All 3 approaches generally 
entail an early solitary period in an incubator, which can range 
from birth until about 24 to 37 d of age, followed by transfer 
into wire caging in 1 of 3 social contexts. During continuous pair 
rearing, infants are housed in pairs with the same age-matched 
partner throughout development. Intermittent peer housing 
allows for peer contact for limited periods during the day; the 
rest of the time, infants are housed singly. With the rotational 
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of 28 d to approximately 10 to 11 mo to assess the effects of 4 
socialization strategies on behavioral development.

Materials and Methods
The study was conducted at the California National Primate 

Research Center from May 2006 to May 2007. All research con-
ducted and presented complied with protocols approved by 
the Institutional Animal Care and Use Committee at the Uni-
versity of California at Davis and adhered to the requirements 
of the Animal Welfare Act and US Department of Agriculture 
regulations.

We included 32 (14 female and 18 male) rhesus macaques 
(Macaca mulatta) who had been placed in the nursery as part 
of the yearly SPF breeding program at our institution. Infants 
had been removed from their mothers at birth and transferred 
to the nursery where they were housed in incubators measur-
ing approximately 31 × 31 × 36 cm until 28 d of age. During 
this time they were provided with supplemental heat from a 
heating pad, soft cotton diapers, and a soft stuffed animal as 
a surrogate. Infants were weaned off their diapers and surro-
gates at 120 d of age, or earlier if they were destroying them, to 
prevent possible trauma to digits or intestinal blockage due to 
ingestion of pieces of fabric. All animals had free access to infant 
formula (Enfamil With Iron Liquid Formula, Mead Johnson, 
Evansville, IN) supplied in a pet nursing bottle attached to the 
side of the incubator wall. Subjects were encouraged to self-feed 
with initial support by nursery staff directing them to the bottle 
and propping them up on their surrogates to suckle for the first 
week of life. After this period, handling was restricted to daily 
weighing and cage cleaning. Infants were weaned off their pet 
bottles at around 56 d of age at which time they were provided 
with three hanging bottles (Lixit, Napa, CA) containing infant 
formula, citrus-flavored beverage (Tang, Kraft Foods, North-
field, IL), and water. Nursery rooms were kept at a timed cycle 
of lights on at 0600 and off at 2200, with lights on again during 
overnight feedings at 0100 and 0400. At 28 d of age, subjects 
began adaptation to quad cages by being transferred to nursery 
wire cages (Carter2Systems, Beaverton, OR) for 2 h daily. During 
this time infants were allowed visual access to their future pair 
mate through a clear plastic divider. Time in the quad cage was 
increased until infants were permanently transferred to quad 
cages at the age of 30 d. At this time the divider was removed 
and infants were paired with another animal of approximately 
the same age by using 1 of 4 pairing strategies.

Eight (4 pairs of 2) infants were assigned to the continuous 
pairing (CP) group (treatment). Two of these pairs were single-
sex (male–male) and 2 were mixed-sex. This rearing condition 
functioned as the control condition and mirrored the standard 
nursery protocol at our institution. Infants were paired continu-
ously with the same similar-age pair mate throughout their stay 
in the nursery. These infants were transferred with their pair 
mates to weanling rooms at 7 mo of age and remained together 
until they left the nursery permanently at 10 to 11 mo of age. A 
second set of 8 infants was assigned to the intermittent pairing 
(IP) group. Three of these pairs were single-sex (female–female) 
and 1 was mixed-sex. In this condition, subjects were paired for 
8 h daily, from 0700 to 1500, and were separated by an opaque 
divider from 1500 until 0700. Eight additional infants were part 
of the continuous rotational pairing (CRP) group; 1 group of 
4 animals consisted of 2 male and 2 female macaque whereas 
the second consisted of 4 male macaques. These subjects were 
continuously paired with another infant; in addition, partners 
were rotated once weekly within their group of 4 infants such 
that they were exposed to 3 different social partners throughout 

independence and normal social skills without also acquiring 
abnormal behaviors. Despite evidence for the negative effects of 
continuous pair housing, the standard nursery rearing protocol 
at some primate research centers still calls for this procedure.

Though several other National Primate Research Centers have 
switched to a surrogate peer-rearing strategy that affords infants 
with only 2 h or less of group socialization daily, evidence is 
mounting that although this strategy decreases clinging and 
produces more normal social behaviors, surrogate peer-rearing 
may be increasing the incidence of self-directed behaviors and 
self-injury.23 This effect is thought to be due to early periods of 
single housing, an established risk factor for the development 
of self-biting and self-injurious behavior.36 The surrogate–peer 
rearing paradigm currently used at other primate centers as-
sumes that a 2-h socialization period is the maximal amount of 
time before infants become attached and begin viewing their 
partners as their primary attachment figure. However, we are 
unaware of research testing longer daily socialization periods, 
which may prevent the ill effects of prolonged single housing. 
We sought to address this deficiency by testing our intermittent-
pairing design.

The obvious solution to preventing the occurrence of ab-
normal behaviors due to nursery rearing would be to raise all 
infants with their mothers. This paradigm should be a goal for 
primate centers around the world and has been for some time. 
However, colony managers are forced to balance animal welfare 
concerns with the need of investigators for animals that are 
free of pathogens that may interfere with research goals. The 
most reliable way to produce SPF animals has been to prevent 
transmission of viruses and other pathogens between mother 
and offspring by removing infants from their mothers at birth 
and raising infants in a clean SPF nursery environment. This 
procedure is practiced by many primate centers with SPF breed-
ing protocols, although many facilities now have adult SPF 
dams that are allowed to raise their own infants, thus decreas-
ing the need for nursery rearing. However, nursery rearing is 
sometimes necessary for other research, such as developmental 
and infectious studies.36 In addition, all primate centers must 
be able to raise infants that are orphaned or ill and cannot be 
fostered by another female monkey. Therefore, effective nursery 
rearing methods that produce healthy and behaviorally normal 
animals will always be necessary.

The goal of the current research was to test new rearing 
paradigms and to incorporate in novel ways the knowledge 
we have gained over many years, to produce behaviorally and 
physiologically healthy monkeys and improve the quality of a 
common biomedical research model. Findings from the previous 
work reviewed earlier led us to hypothesize that the quantity 
and quality of an infant’s social experience will affect the fre-
quency of partner clinging, aggression, fear, and self-directed 
behaviors. Specifically, we predicted that an intermittent-pairing 
regime would reduce the incidence of partner clinging, fear 
responses, and aggression. We also expected an increase in the 
frequency of self-directed behaviors. However, we predicted 
that this problem might be minimized through prolonged (8 
h daily) socialization and therefore shortening the amount of 
time infants are housed singly. In addition, we predicted that a 
rotating-peer strategy would discourage clinging behavior and 
therefore decrease aggression and increase social play. Overall, 
we expected to see the most favorable results (low incidence 
of clinging, fear, aggression, and self-directed behaviors) in 
infants raised with a combination of treatments that includes 
intermittent pairing as well a rotation of social partners. We 
used behavioral observations in the home cage from the age 
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0.001) showed significant differences based on rearing condi-
tion (Figure 2). Specifically, IP monkeys played more than did 
CP (P < 0.001), CRP (P < 0.001), and IRP (P < 0.001) animals. In 
addition, CRP infants played more than did those in the CP 
(P < 0.01) and IRP (P < 0.01) groups. Monkeys in the IP group 
showed more floating limb than CP (P < 0.001), CRP (P < 0.001), 
and IRP animals (P < 0.001). In addition, IRP monkeys showed 
more floating limb than did CP (P < 0.01) and CRP (P < 0.01) 
monkeys. IP monkeys self-bit more than did those in the CP (P 
< 0.001), CRP (P < 0.001), and IRP (P < 0.01) groups.

Frequencies of social play (F1,1287=3.519, P < 0.10) and floating 
limb (F1,1287=4.611, P < 0.05) were greater in female than male 
monkeys. In the case of floating limb, this sex difference was 
not based on rearing group. Conversely frequency of aggres-
sion (F1,1287 = 9.979, P < 0.01) was greater in male than female 
monkeys, regardless of group.

Overall differences in the mean frequency of social play (F3,1287 
= 2.225, P < 0.10), cling (F3,1287 = 3.372, P < 0.01), and gecker (F3,1287 
= 2.356, P < 0.10) among rearing conditions varied significantly 
based on sex. Specifically, CRP female monkeys played more 
than did CP female macaques (P < 0.05) and IP male macaques 
played more than CRP male macaques (P < 0.001). Both male 
and female IP monkeys played more than CP (P < 0.001 and 
P < 0.001, respectively) and IRP monkeys (P < 0.001 and P < 
0.001, respectively). In addition, both male and female CRP 
monkeys played more than IRP monkeys (P < 0.10 and P < 0.05, 
respectively; Figure3).

CP female monkeys clung significantly more than did IP 
(P < 0.05) and IRP (P < 0.05) female infants, and CRP female 
macaques clung significantly more than IP (P < 0.01) and IRP 
(P < 0.05) female macaques. Among male animals, those in the 
IRP group clung significantly (P = 0.054) more than did those 
in the CRP group (Figure 4).

IP female monkeys geckered less than both CP (P = 0.053) and 
IRP (P < 0.05) female macaques. IRP male animals geckered less 
than did CRP male macaques (P < 0.01; Figure 5).

Principal component analysis showed that self-biting and 
floating limb are strongly associated; the same was true for 
self-stimulation (mostly self-clasping) and motor stereotypies. 
However, when separated out from other motor stereotypies, 
rocking did not load with either of the other behaviors (Figure 6).

their stay in the nursery. Finally, 8 infants were assigned to the 
intermittent rotational pairing (IRP) group; 1 group of 4 infants 
consisted of 3 male and 1 female macaque whereas the other 
contained 4 female macaques. Infants in the IRP group were 
paired for 8 h daily as in the previously described IP group. 
In addition, partners were rotated within a group of 4 infants 
once weekly.

Subjects were assigned to treatment groups as pairs as they 
arrived in the nursery in the order of CP, IP, CRP, and IRP. This 
order was repeated until all treatment groups contained 4 pairs 
each. This process allowed us to match infants by age such that 
partners were of similar ages within pairs as well as rotational 
groups. Infants were paired permanently and transferred to 
weanling rooms with adult-size caging at 7 mo of age.

Subjects were monitored from their first day of pairing (at 
approximately 28 d of age) to the day of transfer from indoor 
housing to outdoor corn cribs (at approximately 10 to 11 mo 
of age). Infants were observed by using a 15-min 1-zero focal 
sample design1 with 15-s intervals (maximum score of 60 in a 
focal session) 3 times weekly until 3 mo of age, twice a week 
until 6 mo of age, and then once weekly until they left the indoor 
colony. Approximately 78 sessions (15 min each) were collected 
per animal across 42 wk. Two infants belonging to a pair were 
observed simultaneously by the same observer assessing 32 
distinct behaviors. We restricted this report to the behaviors 
described in Figure 1.

Infants were observed between 0700 and 1500 while they 
were paired, so that we could observe both partners at the same 
time. The order of pairs was randomized for each observation 
period. Therefore, infants were observed at different times each 
day depending on this predetermined order. All data collection 
was conducted by 2 trained observers (interobserver reliability, 
84% agreement on 32 behaviors).

Data analysis Data were structured such that averages for 
each behavioral variable were calculated and averaged by in-
dividual and week. We analyzed behavioral outcomes by using 
a multivariate generalized linear model (P < 0.10) with rearing 
condition and sex as fixed effects and individual as the covariate 
or repeated measure (SPSS, SPSS, Chicago, IL).

Estimated marginal means were used for multiple compari-
sons across rearing conditions (P < 0.05). Results are presented 
in mean frequencies, that is, the mean number of intervals over 
the duration of the study in which the behavior occurred. In 
addition, we used principal component analysis to analyze the 
relationships between behaviors (S-Plus 6.0.2, Insightful Corp, 
Seattle, WA). This process allowed us to view our data so that 
it is expressed in terms of the patterns between behavioral vari-
ables, where the patterns are the lines that most closely describe 
the relationships between the data.

Finally, negative binomial regression (Stata 9.0, StataCorp, 
College Station, TX) of floating limb and self-bite with indi-
vidual as the grouped random effect was conducted to analyze 
data longitudinally by month in order to analyze whether one 
behavior was predictive of the other. Rates of floating limb 
were analyzed in relation to rates of self-biting behavior in the 
subsequent month.

Results
The multivariate generalized linear modeling revealed an 

overall main effect of rearing condition (F9,3843 = 5.548, P < 0.001), 
and sex (F9,1279 = 3.441, P < 0.001) as well as a sex × rearing condi-
tion interaction (F27,3843 = 1.496, P < 0.05).

Mean frequencies of play (F3,1287 = 15.286, P < 0.001), floating 
limb (F3,1287 = 20.027, P < 0.001), and self-bite (F3,1287 = 7.585, P < 

Figure 1. Ethogram of the behaviors reported in this study.
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self-biting may be related to early single housing, as suggested 
previously,23 although rotation of peers may buffer this effect 
to some extent.

The early onset of floating limb and self-biting behavior in 
our subjects may surprise those who consider young infants as 
too uncoordinated and behaviorally incomplete to exhibit such 
responses. At 1 mo of age, our subjects were alert and well-
coordinated and we were careful not to include any potentially 
confounding behaviors during scoring, such as self-mouthing or 
self-sucking when scoring self-biting, and self-biting in young 
infants included the typical spastic or jerky movements associ-
ated with self-biting behavior in older aninals.

Our hypothesis that increasing the amount of social exposure 
to more than 2 h daily would minimize self-directed behaviors 
was not supported. Animals who receive early exposure to 
periods of single housing experience fewer opportunities for 
response-contingent stimulation than do those who are con-
tinuously paired and who receive more feedback from social 
partners about their behaviors. Therefore, intermittently paired 
animals can be viewed as having less control over their environ-

Negative binomial regression of floating limb and self-biting 
revealed that animals that exhibited floating limb behavior ear-
lier in development were significantly (β = 0.13, P < 0.0001) more 
likely to develop self-biting later in development. In addition, 
longitudinal data revealed that self-biting began as early as 32 
d of age and floating limb as early as 28 d of age.

Discussion
Results of this study indicate important differences between 

rearing conditions for floating limb, self-bite, and play in 
nursery-reared rhesus macaques. Specifically, intermittent pair-
ing was associated with a significant increase in the incidence 
of floating limb syndrome and self-biting. The same pattern 
was evident with the intermittent rotational strategy though 
to a lesser extent. These results indicate that floating limb and 

Figure 2. Effects of rearing condition on the frequency of floating limb 
and self-biting behavior. Mean frequency was calculated over the en-
tire study period. Different letters indicate groups that were signifi-
cantly different from one another. Bar, SEM; CP, continuous pairing; 
CRP, continuous rotational pairing; IP, intermittent pairing; IRP, inter-
mittent rotational pairing.

Figure 3. Effects of sex and rearing condition on the frequency of social 
play behavior. Mean frequency was calculated over the entire study 
period. Different letters indicate groups that were significantly dif-
ferent from one another. Bar, SEM; CP, continuous pairing; CRP, con-
tinuous rotational pairing; IP, intermittent pairing; IRP, intermittent 
rotational pairing.

Figure 4. Effects of sex and rearing condition on the frequency of part-
ner clinging. Mean frequency was calculated over the entire study pe-
riod. Different letters indicate groups that were significantly different 
from one another. Bar, SEM; CP, continuous pairing; CRP, continuous 
rotational pairing; IP, intermittent pairing; IRP, intermittent rotational 
pairing.

Figure 5. Effects of sex and rearing condition on the frequency of 
gecker vocalizations. Mean frequency was calculated over the entire 
study period. Different letters indicate groups that were significantly 
different from one another. Bar, SEM; CP, continuous pairing; CRP, 
continuous rotational pairing; IP, intermittent pairing; IRP, intermit-
tent rotational pairing.

Figure 6. Principal component analysis showing that floating limb and 
self-biting are highly associated with each other, as are motor stere-
otypies and self-stimulation. Stereotypic rocking (rock) shows disso-
ciation from other motor stereotypies. Comp, component.
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environment, such as stuffed toys and cloth diapers. Therefore, 
CP animals treat their social partners similar to surrogates, 
whereas IP infants consider them as playmates.

Geckers are a response to distress in wild rhesus popula-
tions.32 In the current study, gecker vocalizations were decreased 
significantly in IP animals. Because geckers most often occurred 
when infants were disturbed by their partners, this behavior 
may be indicative of a decrease in social stress with IP regimens. 
However, rather than reflecting distress, increased geckering 
simply may be a method for coping. If infants use geckering as 
a coping mechanism in stressful situations, they actually may be 
less stressed than infants who do not use such coping behaviors. 
A previous study on infant responses to maternal separation 
20 supports this hypothesis: infants who vocalized more in 
response to maternal separation stress also showed lowered 
indices of psychologic arousal, such as plasma cortisol levels. 
In addition, differences in the frequency of gecker vocalizations 
depending on rearing condition may reflect differences in the 
infants’ experience with reinforcement. Infants who gecker gen-
erally receive a response (whether desirable or not) from their 
partners. Any response to a behavior may serve as a reinforcer 
and encourage repetition. Therefore, CP infants presumably 
receive feedback to geckering more often than do IP animals, 
given the differences in socialization duration in these 2 groups. 
When IP animals are separated, geckering does not receive a 
response and therefore is not reinforced, thus supporting our 
findings of decreased vocalization in these subjects. This hypoth-
esis is supported further by the authors of a previous study,32 
who stated that infants in wild rhesus populations use gecker 
vocalizations to receive attention from their mothers.

Results from the PCA group suggest that rocking and other 
motor stereotypies may have different etiologies. In fact, previ-
ous research suggests that rocking may be a very early response 
to the deprivation of maternal movement in infancy,26 whereas 
other motor stereotypies develop later and may be a response 
to a different set of frustrated motivations, such as an increased 
need for unrestricted whole-body movement. Our data showed 
a similar pattern, with other motor stereotypies developing 
later than rocking.

Disparate results between rearing studies likely are influenced 
highly by the use of different nursery-rearing protocols, espe-
cially differences in the amount of early handling received by 
infants. Because early cognitive testing and hand-feeding are not 
a routine part of the nursery rearing protocol at our institution, 
early stimulation through handling by human caretakers was 
minimal. This situation most certainly affected the development 
of our subjects in comparison to those raised at other primate 
centers, which use more handling-intensive regimens.

Results of the current and previous studies showed that 
the sex of the infants is an important variable in the course of 
behavioral development. Because our subjects were part of the 
established SPF breeding protocol, we had no control over the 
composition of pairs in our study—infants were paired to be 
as close in age to each other. Therefore, sex differences and the 
uncontrolled composition of pairs in our treatment groups may 
have influenced outcome in our study. That is, male–male pairs, 
for example, may show very different behavioral dynamics than 
those of mixed-sex pairs. Future studies should control for sex 
effects by controlling pair composition.

In summary, intermittent pairing during infancy of rhesus 
macaques appears to decrease the strength of social attach-
ment between partners and is associated with an concerning 
increase in the abnormal behaviors of such as floating limb and 
self-biting. Further research on other surrogate–peer rearing 

ment, beyond their interactions with simple manipulanda, than 
do those paired continuously, and this decreased control may 
reduce the monkeys’ motivation to behaviorally interact with 
their surroundings. Previous research41,42 demonstrated this 
effect in human infants, who directed social behaviors towards 
a controllable stimulus but ignored the same stimulus when it 
provided no feedback.

Furthermore, the rotation of partners may simulate the 
periodic introduction of a novel stimulus to the infant’s en-
vironment. This strategy may disrupt the development of 
stereotyped behavior patterns by stimulating animals to exhibit 
flexible behavioral responses during social interactions with 
less-familiar animals.

Alternatively, given the early onset of self-directed behaviors 
in our study animals, socialization strategies after the first month 
of life may not be the only factor affecting the development 
of these patterns. The early incubator environment may be 
an important contributor to the development of self-directed 
behaviors. Although early incubation may serve to protect the 
infant from dangers such as hypothermia and dehydration, it 
also subjects infants to a period of sensory deprivation. Han-
dling time in the nursery at our institution typically is restricted 
to daily weighing and cleaning of the incubator and is dramati-
cally different from the amount of handling and other sensory 
inputs received by mother–peer-reared infants. Elements of the 
early sensory stimulation lacking during the incubator period 
include kinesthetic stimulation normally provided by the moth-
er’s movement, tactile stimulation through maternal grooming 
and embracing, as well as vocal and visual stimulation received 
by hearing or observing the mother and other conspecifics or 
objects as the infant is carried about its environment. Therefore, 
early incubation may predispose infants to developing self-
directed behaviors, which then are retained as coping strategies 
after incubation. As our data show, the occurrence of abnormal 
behaviors was not restricted to any particular treatment group. 
Monkeys in all groups exhibited floating limb and self-biting—
the distinction between treatment groups was only apparent 
in the frequency with which animals showed the behaviors. 
Therefore, certain socialization strategies may function more as 
therapeutic approaches than preventive measures, affecting the 
quantity but not quality of behavioral responses. A large body 
of evidence concerning the effects of early stimulation on infant 
development supports this hypothesis.7,8,18,19,37,38 Therefore, 
increasing the amount of sensory stimulation received within 
the first 30 d of life may be an effective preventive measure for 
the development of behavioral pathologies.

Further analyses of the relationship between floating limb and 
self-biting revealed that these behaviors are highly associated 
and that floating limb behavior can be considered predictive of 
self-biting, as previously shown.5,6 This association may warrant 
increased monitoring and intervention when animals exhibit 
floating limb behavior. These findings are consistent with data 
from adult animals at our institution, showing that floating limb 
and self-bite are highly related in this age group also.34

In addition, treatment differences were evident for social 
play behavior. Again, IP animals showed the largest difference 
from all other groups, mostly due to increased play by female 
monkeys in this group and perhaps partially to the decrease in 
partner clinging in this group. Intermittently paired animals 
appear to use their limited social time by engaging in social 
play instead of clinging to their partners. One possible expla-
nation for this finding is that CP animals direct their primary 
attachment behaviors to their peers whereas IP infants are more 
directed towards their own bodies or inanimate objects in their 
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