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Abstract
Pair housing of laboratory macaques is widely considered to lead to positive changes in well-being,
yet the process of introduction is viewed as potentially stressful and risk-prone. Behavioral and
physiological data were collected on eight adult male rhesus macaques before, during, and after the
process of introduction, in order to measure the initial stress of introduction as well as long-term
changes in well-being. Socially experienced subjects, all implanted with biotelemetry devices, were
studied in five successive phases: baseline (singly housed), 1 day each of protected contact and full
contact introduction, post-introduction (1–3 weeks after introduction), and settled pairs (≥20 weeks
after introduction). One hundred and seventy-six hours of behavioral data and 672 hr of heart rate
data were analyzed. Fecal cortisol was also measured for the baseline, post-introduction, and settled
pair phases. All introductions were successful and subjects showed no physiological or behavioral
signs of stress, such as increased heart rate, abnormal behavior, or psychological indices of distress
(depressive/anxiety-related behavior). Agonism was minimal throughout the introduction process
and over the subsequent months; only one wound was incurred over the course of the study. Levels
of abnormal behaviors, psychological indices of distress, locomotion, inactivity, and affiliation
showed improvements within several weeks after introduction; these changes were still present 5–9
months later for the latter two categories. Heart rates during introduction fell significantly in the
settled pair phase, and also varied predictably with time of day. Fecal cortisol levels were lower in
settled pairs than in single housing. The fact that reductions in abnormal behavior did not persist over
the long term may have been confounded by increasing duration of time spent caged. The results of
this study may be of practical use for designing and monitoring social introductions and suggest that
managers should not dismiss the feasibility of successful pairing of adult male rhesus macaques.
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Introduction
The most commonly used nonhuman primates in biomedical research are rhesus macaques
[Fox et al., 2002]. Rhesus macaques are social animals by nature and for this reason their social
needs must be addressed under federal regulation [U.S. Department of Agriculture, 1991]. The
Guide for the Care and Use of Laboratory Animals recommends that social animals be housed
with members of the same species whenever possible [National Research Council, 1996].
Studies have shown that social housing of compatible pairs leads to positive social interactions
and the expression of species-appropriate social behavior not possible in single housing [Eaton
et al., 1994; Lutz & Novak, 2005; Roberts & Platt, 2005]. It has been suggested that social
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housing is an effective form of environmental enrichment that can be used both to reduce the
incidence of abnormal behaviors and enhance the psychological well-being of nonhuman
primates that are caged for research purposes [Lutz & Novak, 2005; National Research Council,
1998; Reinhardt, 1989; Reinhardt et al., 1988]. Nonetheless, some investigators fear that their
research will be hindered by social housing and may be reluctant to use it as a form of
enrichment. However, in fact, compatible pairs show more species-representative behavior and
deal with routine changes in their environment more efficiently than single-housed animals,
which can make them better suited research models [Reinhardt, 2002; Roberts & Platt, 2005].

Although compatible animals seem to thrive in pair housing, some would argue that the process
of social introduction is often a very stressful event [e.g., Clarke et al., 1995]. Even in the
absence of serious wounding, stress indicators such as cortisol levels, behavior, and cellular
immune responses support this idea [Clark et al., 1996; Gust et al., 1991; Line et al., 1996].
Another argument often made against social housing is that adult rhesus macaques may cause
serious injury to one another during social introductions. Patterns of aggression and wounding
during group formations [Bernstein et al., 1974a,b; Westergaard et al., 1999] suggest that
introductions involving adult males may be of particular concern. However, many studies have
demonstrated success in pairing both adult male and female rhesus macaques with a low
incidence of serious wounding [Eaton et al., 1994; Reinhardt, 1994, 2002; Roberts & Platt,
2005]. Although the evidence suggests that pair housing is beneficial to rhesus macaques, these
benefits must be balanced against the risk of stress and injury, a consideration that may be
especially important in males. The aim of this study is to monitor both short- and long-term
behavioral and physiological effects of introduction on male rhesus macaques. We hypothesize
that the initial formation of pairs will be a stressful event, but that the long-term effects will
be beneficial.

Materials and Methods
Subjects and Housing

Subjects included eight male rhesus macaques (Macaca mulatta) of Indian origin, ranging in
age from 5.0 to 6.2 years, weighing 7–12kg at the start of the study. All individuals were
obtained from the specific pathogen-free breeding colony at the Tulane National Primate
Research Center (TNPRC), which is accredited by the Association for the Assessment and
Accreditation of Laboratory Animal Care, International. All aspects of housing, care, and
research conformed to the Guide for the Care and Use of Laboratory Animals [National
Research Council, 1996] and the USDA's Animal Welfare Regulations [U.S. Department of
Agriculture, 1991], and adhered to the study's protocol as approved by the TNPRC Institutional
Animal Care and Use Committee. Subjects had been mother-reared in social groups for at least
the first 8 months of life, and remained in social housing for another 4 years or more before
being placed in single housing. Time housed singly before the onset of the study ranged from
4 to 19 months. They were housed individually while baseline data were obtained and then
pair housed for the remainder of the study, except for several 7–14 day periods following
surgical accesses to address implant-related problems that occurred months after social
introduction.

All subjects were housed in one room with specially equipped telemetry cages (Allentown,
Inc., Allentown, NJ) and wall-mounted video cameras. Cages consisted of mesh ceilings,
fronts, and floors with solid sides preventing visual or tactile contact between neighbors.
Subjects were housed on one side of the room with visual access to others via wall- and/or
cage-hung mirrors. Individuals to be introduced were placed immediately adjacent to their
future pair mate before the onset of the study. Each individual stainless steel cage measured
36in in height with 8.6 ft2 of floor space. Each cage contained two perches, two foraging boards,
one toy, and a small mirror hanging on the outside of the cage. The room was maintained on
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a 12:12-hr light:dark cycle. The ambient temperature remained between 64 and 72°F with a
relative humidity of 30–70%. The subjects were fed commercial biscuits (Purina® Lab Fiber-
Plus Monkey Diet, Richmond, Indiana) twice daily and had access to fresh, clean water ad
libitum. They were also fed fresh produce and/or a foraging mix at least once daily five times
per week.

Data Collection
Before the onset of this study, all eight subjects were surgically implanted with T29F-5B
telemetry devices (Konigsberg Instruments, Pasedena, CA) to monitor their heart rate. The
devices also measured body temperature, which would later be used as data in an infectious
disease study. Each transmitter was placed in the flank region between the external and internal
abdominal oblique muscles. The power coil was placed in the ventral abdominal region, the
electrocardiogram (ECG) lead wires in the thoracic region, and the antenna in the dorsal region
immediately lateral to the spine. The ECG lead wires were positioned according to vectors
predetermined by an ECG monitor before surgery to produce the tallest and most consistent
p and t waves on the ECG.

The telemetry devices were monitored and controlled using a base station and antenna matrix
panel (Konigsberg Instruments, Pasedena, CA). Data were collected from the telemetry devices
using CA recorder software and hardware (Data Integrated Scientific Systems, Pinckney, MI).
Four video cameras were wall mounted across from the cages. The videotaped data were
recorded on a computer equipped with Video Insight (Houston, TX). Videotaped recordings
were analyzed using Observer XT® (Noldus Information Technology Inc., Leesburg, VA).

A temperament assessment was performed on each subject before the start of the study. The
assessment score was based on degree of aggression, fear, receptivity to observer, and
normality. Because the results of the assessment tests were similar between subjects, they were
instead paired according to body weight. Ongoing studies by the second author suggest that
compatible pairs show a larger weight disparity between the individuals (currently
approximately 22%) than do pairs involved in unsuccessful introductions (approximately
15%). Therefore, pairs were determined in such a way as to maximize the weight differences
within a pair (which resulted in a difference varying from 11 to 31%).

This study consisted of five phases (see Table I). Data collection began in April 2006 and was
completed in January 2007. During baseline (BL), subjects were videotaped in either 12 30-
min sessions or 18 20-min sessions over a 2-week period. A total of 6hr of videotape per animal
was recorded for this phase. These sessions were evenly divided among four start times: 8:30,
10:30, 12:00, and 15:00. Videotaping was scheduled to avoid daily feedings, routine
husbandry, and research procedures. Telemetry data were also collected on these days, over
continuous 8-hr periods (8:00–16:00).

The subjects were anesthetized with 10mg/kg of ketamine hydrochloride on either Monday or
Tuesday of the first week of BL for weighing, physical examination by clinical veterinarians,
and blood collection to assess their general health. A fresh fecal sample was also collected
from each subject's cage at the end of this first week to avoid the effects of the earlier anesthetic
episode and to collect data reflective of normal weekday routines. Blood samples collected
from each subject were sent to TNPRC clinical pathology laboratory for complete blood counts
(Advia 120, Bayer, Tarrytown, NY) and chemistry panels (Olympus AU400, Center Valley,
PA). Fecal samples (approximately 5g per subject) were placed in 50 ml polypropylene vials
and mixed with 15 ml of methanol for 5min. The samples were then frozen at −20°C before
shipment to Wisconsin National Primate Research Center (Madison, WI) for fecal cortisol
analysis.
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Social introduction began with subjects being placed in protected contact (PC) by substituting
a panel consisting of bars spaced 2 cm apart for the solid panel that had previously separated
the monkeys. Subjects were closely monitored for any fighting or repeated aggression that
would have been cause for separation. Introductions were observed real time from an office
equipped with monitors displaying the video feed from the animal holding room, and the first
2 hr of video feed were recorded for later analysis. Eight hours of telemetry data were also
collected beginning with the social introduction, from 8:00 to 16:00. After 24 hr, as neither
persistent aggression nor wounding was observed, each pair was placed into full contact (FC)
by removing the barred panel so that individuals could enter one another's cages. Immediately
after the subjects were introduced into full contact, videotaped recordings were collected for
2 continuous hours and telemetry data for 8 hr. The post-introduction (PI) period measured
response to pair housing over the short term (1–3 weeks after introduction), whereas the settled
pairs phase (SP) examined long-term response to pair formation, 20–21 weeks after
introduction for four animals, and 39–40 weeks in the other four. The timing of SP data
collection varied owing to implant-related problems (mechanical failures and/or thoracic
erosions) which had to be resolved before SP telemetry data could be collected. Data collection
procedures for PI and SP were identical to BL described above with respect to the amount of
data and the times data were collected for videotaped recordings, telemetry data, physical
examination, blood work, body weight measurement, and fecal collection. The only difference
between these phases was that subjects were placed into protected contact overnight once in
PI and once in SP for collection of feces attributable to individual subjects the following
morning.

Scan sampling (with a 30sec intersample interval) was performed on the behavioral data
collected during all five phases of the study. Data were coded using an ethogram containing
73 mutually exclusive behaviors, after the achievement of interobserver reliability (>85%)
among the two coders. Telemetry data were collected every 30sec from 8:00 until 16:00 on the
days that videotaped recordings were collected. The mean heart rate was calculated for each
animal over four 1-hr sessions during this 8-hr period. These sessions started at the following
times: 10:30, 11:45, 13:00, and 15:00. These times were chosen to represent periods of different
human activity levels in the animal holding areas.

Statistical Analysis
Data were analyzed using repeated measures analysis of variance; significant results were then
analyzed using post hoc Bonferroni tests to control for multiple comparisons. Heart rate data
employed time points and phases as within-subject variables. Owing to technical problems
experienced during telemetry data collection, data from one subject were excluded entirely,
and among the remaining subjects, the following data points were not available for analysis,
but were replaced with the respective variables' mean values: 11:45/PC (one subject), 13:00/
PC (one subject), and 15:00/FC (four subjects). Fecal cortisol and behavioral measures used
phases as within-subject variables, and behaviors were compiled in ten categories for analysis
(see Table II). In some phases, particular behavioral categories were recorded for too few
subjects to be included in the relevant repeated measures analysis of variance (owing to lack
of variance); all of these instances are indicated in the results below.

Results
The social introductions for all four pairs went well with no complications, as do over 90% of
social introductions of adult male Indian-rhesus macaques at the TNPRC [Baker, unpublished].
In PC, three of the four pairs were observed grooming. The pair that was not observed to groom
in PC or FC established a clear rank relationship quickly and was recorded grooming at high
levels by PI. Non-contact agonism was displayed by three pairs in the first 2hr of PC, but no
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agonism was displayed at all during the first 2hr of FC. Only two pairs showed agonism in PI;
all did in SP, but it was always mild and infrequent. Over the entire study period (as well as to
date), there was only one instance of wounding that required veterinary care. This event
occurred 14 weeks after introduction. The pair involved appeared to have the most positive
introduction, with frequent mounting and co-threatening of care staff, but also experienced
rank reversal within the first week after introduction. Immediately following the injury, the
individuals were moved from full to protected contact housing. One subject required veterinary
care for a full thickness laceration on his hip. Sutures were used to repair the wound and the
subject was given antibiotics to prevent infection. The pair was maintained in protected contact
to allow the wounds to heal. The wounded subject also required a new implant during this time,
so the pair remained in protected contact for a total of 4 weeks. After this time, the subjects
were placed into full contact with no complications. At the time of writing, three subjects have
been humanely sacrificed following inoculation of simian immunodeficiency virus and
advancing disease; all pairs remained together without problems until the day of sacrifice. All
other pairs remain together.

There were no significant findings on the complete blood counts or chemistry panels for any
subject during any phase of data collection. No individuals lost weight, but rather gained an
average of 1.5kg (range: 0.1–3.1 kg) or a mean of 18% of their baseline weight [mean annual
increase in weight among comparably aged singly housed male rhesus macaques at the TNPRC
range from 16 to 19% annually; Falkenstein, unpublished].

Telemetry Data (Heart Rate)
There was a significant effect of phase (F4,24 =2.88, P<0.05); post hoc Bonferroni test showed
significant decreases in heart rate between PC and SP (P<0.05); see Figure 1. Heart rate also
varied with time of day (F3,18 =17.57, P<0.00001), with significant contrasts between 10:30
and 11:45 (P<0.01), 10:30 and 15:00 (P<0.00005), and all pairwise contrasts among 11:45,
13:00, and 15:00 (P<0.005–0.05). No interaction effect was detected (F12,72 =1.08, NS).

Fecal Cortisol Levels
Fecal cortisol levels ranged from 3.6 to 83.8 ng/g over the course of the three phases sampled,
except for one baseline sample measuring 395.8 ng/g. No significant difference in subjects'
fecal cortisol levels was detected across BL (82.5±45.6 ng/g), PI (10.4± 4.6), and SP (8.9±1.8;
F2,14±2.46, NS). To test whether these significant results were biased by the outlier, the analysis
was rerun without data from the relevant individual. That analysis detected a significant
difference in levels across BL (37.7±9.9 ng/g), PI (10.8±5.3), and SP (9.3±2.0; F2,12=4.87,
P<0.05), owing to a trend toward reduction between BL and PI (P<0.07) and significant
reduction between BL and SP (P<0.05).

Behavior
The following behaviors differed significantly across phases of study: indices of psychological
disturbance (F4,28=5.18, P<0.005), foraging (F4,28= 4.36, P<0.01), inactivity (F4,28=7.77,
P<0.0005), locomotion (F4,28=6.79, P<0.0001), and contact affiliation (F3,21=24.76,
P<0.00001), which was not recorded during the BL. A trend toward difference across phases
was detected for abnormal behavior (F2,14=3.52, P<0.06), which could only be compared
across BL, PI, and SP as it was recorded in too few subjects in PC and FC for statistical analysis.
Post hoc pairwise tests showed that indices of psychological disturbance were seen at higher
levels during BL than PC (P<0.01), FC (P<0.05), and PI (P<0.01) (see Fig. 2). Levels of
abnormal behavior tended to be higher during BL than PI (P<0.06) but not than SP (see Fig.
2). Subjects spent more time foraging during BL than during PC (P<0.05) and than during SP
(P<0.05) (see Fig. 2). Subjects locomoted less during BL than during FC (P<0.0005), and less
during PC than FC (P<0.005; see Fig. 3). There was also more inactivity recorded during PC
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than both PI (P<0.01) and SP (P<0.005; see Fig. 3). Contact affiliation, which was of course
absent in BL, was higher in PI and SP than in PC (P<0.005 and 0.0005, respectively) and than
in FC (P<0.00001 and 0.000001, respectively; see Fig. 3).

There was no significant difference in object manipulation (F4,28=1.01), eating (F4,28=1.70),
or non-contact affiliation (F4,28=2.01) across the five phases of this study, nor agonistic
behavior in the three phases in which it was recorded (PC, PI, and SP; F2,14=0.25).

Discussion
Our hypothesis that the initial formation of adult male pairs of rhesus macaques would be a
stressful event was not supported by our data. There was no increase in heart rate over the
course of the introduction or in the immediate post-introduction period. Significant stress
would be expected to manifest in elevated heart rate on the basis of studies of social introduction
in baboons [Coelho et al., 1991], as well as studies of the response of various macaque species
to laboratory procedures and novelty [Bowers et al., 1998; Clarke et al., 1994; Hassimoto &
Harada, 2003; Line et al., 1989]. Fecal cortisol values also showed no elevation at 1–2 weeks
after introduction, as might be expected in previous studies of short-term response to social
disruption [e.g., Gust et al., 1996] and stressful laboratory procedures in macaques [Clarke et
al., 1988; Reinhardt et al., 1990], but rather tended to fall in the post-introductory period. Last,
there were no increases in indices of psychological distress or abnormal behaviors throughout
the introduction process. In fact, levels fell. A reduction in abnormal behavior in the immediate
post-introduction period has also been seen in female cynomolgus monkeys [Line et al.,
1990] and adolescent male baboons [Bourgeois & Brent, 2005]. Increased locomotion and
decreased inactivity were also among the positive changes seen.

One factor that may have moderated the potentially stressful nature of initial relationship
formation was the rapidity with which social partners began grooming (75% within the first
2hr of physical access) and the high levels of grooming observed (13% [range: 5–27%] of
samples over the first 2hr, among the pairs that groomed during PC). All pairs were observed
grooming by 24hr after being placed in full contact. Receipt of grooming in pigtailed macaques
is associated with reduced heart rate [Boccia et al., 1989] and the receipt of high levels of
grooming and low levels of aggression in rhesus macaques has been found to correspond to
low levels of cortisol [Gust et al., 1993]. Very little agonism was observed over the course of
the study. There was a complete lack of contact aggression during introductions, and non-
contact agonism was only observed in two of the pairs (0.7% [range: 0.4–0.9%] of the samples
over the first 2hr among the pairs that showed any aggression during PC). It was of considerable
practical interest to observe that levels of contact affiliation during PC were significantly higher
than that during FC and that agonism was seen during the PC but not FC introductions; these
males interacted at high levels early in the introduction process despite the presence of the
barrier that constrained physical access between them. This pattern suggests that protected
contact may function as behavioral managers intend; to permit initial relationship formation
in a context that allows control over proximity and possible reduction in risk of injury.

Whereas we found no confirmation of the hypothesis that the initial formation of pairs would
be a stressful event, we did find support for our hypothesis that the long-term effects of pair
housing would be positive. Partners familiar in the long term showed lower heart rates than
during their initial introduction. The trend toward reduced cortisol in the PI condition continued
and, in fact, magnified over the subsequent months of pair housing, a finding that differs from
a previous study, which found no long-term change in cortisol among paired male rhesus
macaques [Reinhardt et al., 1991]. Several of the positive changes in behavior observed during
and in the first weeks following introductions persisted long term, including decreased
inactivity and the considerable proportion of the monkeys' activity budgets engaged in
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affiliative behaviors. This latter finding is in line with the pattern previously observed among
female rhesus macaques [Eaton et al., 1994], but is at odds with the suggestion that social
partners may experience a decline in social interaction over time [Novak & Suomi, 1988].

Based on previous research of the distribution of abnormal behavior in different housing
settings for macaques [Bayne et al., 1992; Bellanca & Crockett, 2002; Eaton et al., 1994; Lutz
et al., 2003; Schapiro et al., 1996] and previous studies of the long-term effects of pairing
macaques [Reinhardt et al., 1988] and forming groups of two or three in baboons [Kessel &
Brent, 2001], the fact that the post-introduction reduction of abnormal behavior did not persist
at 20–21 or 39–40 weeks was surprising. Although it may relate to our small sample size, the
finding that pairing singly housed macaques may not be associated with long-term reductions
in abnormal behavior is reminiscent of a previous study of single-vs. pair/trio-housed
chimpanzees, which found that the presence of one or two companions during long-term
indoor-housed chimpanzees did not result in levels of abnormal behaviors different from indoor
single housing [Baker, 1996]. It may be that a more enriched social or physical environment
is required to maintain low levels of abnormal behavior over long durations of indoor pair
housing. However, an alternative hypothesis rests on the fact that the subjects of this study
were removed from outdoor social housing as little as 4 months before the onset of baseline
data collection. Levels of stereotypic locomotion, the form of abnormal behavior that
predominated in our study population, are highly correlated with duration singly caged [Baker,
unpublished data], which may relate not only to duration housed without social contact but
also to duration housed in the restricted space provided by laboratory caging. As subjects had
been recently moved into the caged environment, it is possible that increased time in a restricted
area, despite changes in the social environment, confounded the effects of long-term pairing.
We do not currently have data sufficient to test this hypothesis, but the fact that this abnormal
behavior can represent the normal impulse to move away from a stimulus in an abnormally
small space makes this suggestion plausible and may need to be controlled for in future study.

Although it was not surprising that levels of foraging were lower in settled pairs than in single
housing, it was interesting to note that high levels of foraging were observed when the monkeys
were placed in full contact. This level began to decrease as the subjects became acquainted
with one another. We speculate that foraging (an activity that was not monopolizable owing
to the presence of several boards per pair) may have functioned as a distraction or a way to
relieve tension and avoid conflict until a relationship was established between the pairs.

The results of this study have several practical implications. First, it has been recommended
[e.g., Reinhardt, 1989] that the formation of macaque pairs be performed in a space that is
novel for both partners to avoid territorial reactions. This suggestion is frequently followed
[e.g., Eaton et al., 1994; Kurth & Bryant, 1998; Lynch, 1998; Watson, 2002] but has not to the
authors' knowledge been tested. Moving individuals immediately before introduction could
also be argued to promote undesirable levels of stress and adversely affect introduction
outcome. Furthermore, it is frequently impractical to take this step in laboratories that maintain
populations close to the capacity of their facilities. Our findings indicate that pairing in a neutral
space is not necessarily required to ensure safety and lack of distress during pair formation. It
must be noted, however, that visual access to other individuals in the room was more restricted
(i.e., via mirrors only) than would be the case in rooms housing monkeys on both sides of the
room. Thereby, the potential for other monkeys in the room to trigger aggression was somewhat
reduced. Second, this study supports the idea that initial introduction via a short period of
restricted contact (i.e., through bars) may be an effective preliminary step in the formation of
pairs of adult male rhesus macaques, permitting the establishment of rank and the exchange of
affiliation while maintaining the ability of partners to withdraw from one another. Last, this
study suggests that low levels of affiliation in the first few hours of unrestricted contact may
not be predictive of a poor introduction outcome. This period of time may be most intensively
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monitored during social introductions; hence, behavioral staff should be aware that monkeys
that exchange little affiliation at first may not be experiencing distress or rejecting their
partners, and may in fact come in the long run to spend a considerable portion of their activity
budget grooming.

The fact that cortisol levels were higher during single housing than in settled pairs, let alone
soon after introductions, suggests that macaques can be significantly distressed when caged
alone. Our results also suggest that the amount of stress experienced by laboratory primates
relates to levels of human activity, as heart rates were highest during the hourly intervals
covering the busiest times in animal holding areas (10:30 and 13:00). A late morning and early
afternoon peak in heart rate has also been observed in other studies of caged Old World primates
[Coelho et al., 1991; Line et al., 1989]. Descriptively, the difference in heart rate between the
period with the highest level of human activity and the lowest level was smaller among settled
pairs (11%) than in single housing (15%). Continued research on additional subjects, as well
as studies investigating short-term responses to laboratory stressors, will permit us to explore
the role of pair housing in supplying a social buffer [e.g., Gust et al., 1993, 1994, 1996; Winslow
et al., 2003] against specific stressors associated with life in the laboratory.

Whereas a study of eight subjects cannot be used to predict the frequency of introduction
success, this study does suggest that social introductions with adult male rhesus macaques can
be performed successfully and without measurable distress. This conclusion is significant given
the hesitance to pair adult male rhesus macaques at many facilities. In addition, in a biomedical
setting, the duration of pair housing may be restricted by changing protocol requirements,
subject reassignment, or planned euthanasia. As social introduction is widely viewed to be
somewhat stressful, behavioral managers may factor in this perception of stress when
considering whether pairing would be in the best interests of monkeys that cannot remain
socially housed for a long period of time. This study hints that for adult male rhesus macaques,
improvements to quality of life even over a few months would not be outweighed by the
potential for a short-term decrement in well-being over the introduction process. Although the
subjects of this study have been successfully pair housed for 18 months at the time of writing,
such a duration of pair housing is not always necessary to confer net benefits of well-being to
laboratory macaques.
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Fig. 1.
Mean heart rate at predetermined times of day throughout the study (significant contrasts
include the following [see text]: PC vs. SP, 10:30 vs. 11:45, 10:30 vs. 15:00, 11:45 vs. 15:00,
13:00 vs. 15:00). PC, protected contact; SP, settled pairs.
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Fig. 2.
Mean percent of samples for indices of psychological disturbance (i.e., behaviors associated
with depression or anxiety), abnormal behaviors, and foraging observed over the different
phases of the study (indices of psychological disturbance varied between BL and PC, BL and
FC, and BL and PI; abnormal behavior tended to vary between BL and PI; foraging varied
between BL and PC, and BL and FC). BL, baseline; PC, protected contact; FC, full contact;
PI, post-introduction; SP, settled pairs.
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Fig. 3.
Mean percent of samples for inactivity, locomotion, and contact affiliation observed over the
different phases of the study (inactivity varied between PC and PI, PC and SP; locomotion
between BL and FC and between PC and FC; and contact affiliation between PC and PI, PC
and FC, and PC and SP). BL, baseline; PC, protected contact; FC, full contact; PI, post-
introduction; SP, settled pairs.
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TABLE I
Study Phases

Phase Abbreviation Descriptions Data collected

Baseline BL Individually housed animals before introduction Behavioral data
Telemetry data
Fecal cortisol levels
Physical examination
Complete blood count (CBC)
Chemistry panel (CP)

Protected contact PC Pairs introduced but remain separated by a panel consisting of bars spaced
2cm apart to allow social contact between subjects without allowing them
to enter the other's cage

Behavioral data
Telemetry data

Full contact FC Panel is pulled and animals are in full contact Behavioral data
Telemetry data

Post-introduction PI Pair housing beginning a week after introduction Behavioral data
Telemetry data
Fecal cortisol levels
Physical examination
Complete blood count (CBC)
Chemistry panel (CP)

Settled pairs SP Pair housing beginning at 20–39 weeks after initial introduction Behavioral data
Telemetry data
Fecal cortisol levels
Physical examination
Complete blood count (CBC)
Chemistry panel (CP)
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TABLE II
Behavioral Categories

Indices of Psychological Disturbance (i.e., Depressivea and Anxiety-relatedb)

Body shake: Rapid shaking of head and shoulders

Scratch: Vigorous strokes of the hair (>1 motion)

Self-groom: Any picking, stroking, and/or licking of one's own body hair (>1 motion), including biting or chewing on nails

Slump: Sustained inactivity in contact with object or caging in a self-enclosed position or slumped body posture with head at or lower than
shoulder level

Vigilant scanning: Monkey is alert, avoids eye contact, and eyes are darting back and forth scanning social environment

Yawn: Monkey opens mouth wide, often exposing teeth

Abnormal: Locomotor stereotypes including bizarre posture, flip, floating limb, head toss, jump, pace, rock, spin, and stereotype; other abnormal
behavior categories (e.g., overgrooming) occurred too rarely to be analyzed

Eat: Common usage, includes holding food

Forage: Manipulating foraging boards with hands or mouth; eating or attempting to remove seeds/foraging mix off board

Inactive: Passive or sleeping

Locomotion: Walk, climb, jump (two steps or more)

Manipulate

Manipulate other: Using hands, feet, or mouth to explore inanimate objects other than enrichment

Attack enrichment: Bite or grab enrichment in an aggressive manner

Display with enrichment: Use enrichment to threaten by shaking, throwing, etc.

Manual/oral enrichment manipulation: Touch, handle, forage, chew, bite (gently), lick, suck enrichment

Non-contact affiliative: Attempt to touch, lip-smack, present, coo calls

Contact affiliative: Groom, affiliative contact, social overpluck, social play, cling, mount, and genital explore

Agonisticc

Contact aggression: Includes moderate aggressive contact and severe aggressive contact

Non-contact aggression: Includes cage shake, crook tail, ear flick, grab at, jaw snap, lung, open-mouth stare, stare, teeth grinding, and attempt
to bite

Receive contact aggression: Includes moderate aggressive contact and severe aggressive contact

Receive non-contact aggression: Includes cage shake, crook tail, ear flick, grab at, jaw snap, lunge, open-mouth stare, stare, teeth grinding,
and attempt to bite

Analysis performed on bolded behavioral categories.

a
After Shively et al. [1997, 2005].

b
Self-directed displacement behavior that has been demonstrated to be associated with stress [Baker & Aureli, 1997; Maestripieri et al., 1992; Schino

et al., 1996].

c
Submissive behaviors (fear grimace, bob, rapid glances, cringe, and rump present) and receipt of submission were included in the ethogram but not

analyzed because they were only observed in one animal in one phase.
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