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Heart Rate Responses to Social Interactions in Free-Moving
Rhesus Macaques (Macaca mulatto): A Pilot Study

Filippo Aureli, Stephanie D. Preston, and Frans B. M. de Waal
Emory University

Heart rate telemetry was explored as a means to access animal emotion during social
interactions under naturalistic conditions. Heart rates of 2 middle-ranking adult females living
in a large group of rhesus macaques (Macaca mulatto) were recorded along with their
behavior. Heart rate changes during 2 types of interactions were investigated, while
controlling for the effects of posture and activity. The risk of aggression associated with the
approach of a dominant individual was expected to provoke anxiety in the approachee. This
prediction was supported by the heart rate increase after such an approach. No increase was
found when the approacher was a kin or a subordinate individual. The tension-reduction
function of allogrooming was also supported. Heart rate decelerated faster during the receipt
of grooming than in matched control periods.

Group-living primates engage in a great variety of interac-
tions with each other, the meaning and significance of which
is not always clear to the human observer. Is being in
proximity with a dominant individual of different conse-
quence man being in proximity with a subordinate? Can
allogrooming be a "service" in the sense that it creates
physiological and psychological well-being in the recipient?
Answers to such questions may greatly advance our under-
standing of how primate societies operate on the emotional
level (i.e., how various social interactions are experienced
by the participants and how such experiences in turn
influence subsequent behavior).

Animal emotion has been mostly ignored as a research
topic because of its presumed subjectivity (Panksepp, 1989).
Recent perspectives in the animal and human literatures
have reflected a desire to study emotion as a mediator
between the perception of the social and physical environ-
ment and behavioral responses (for animal examples, see
Aureli, 1997; Crook, 1989; Lott, 1991; for human examples,
see Frijda, 1994; Panksepp, 1989; Rolls, 1995). Significant
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advances in neurophysiology allow researchers to go one
step further and make inferences about emotion on the basis
of behavioral and physiological changes, thus freeing emo-
tion research from the inherent problems of introspective
report (Davidson & Sutton, 1995; LeDoux, 1995; Levenson,
1992; Panksepp, 1989).

Heart rate is a common physiological measure of human
emotion, although its changes may be due to various
psychological and neurophysiological processes (e.g., Ca-
cioppo, Klein, Berntson, & Hatfield, 1993; Ekman, Leven-
son, & Friesen, 1983; Levenson, 1992). In nonhuman
primates, changes in heart rate have been used to monitor
responsiveness under various experimental conditions (e.g.,
Berntson, Boysen, Bauer, & Torello, 1989; Boysen &
Berntson, 1989; Clarke, Mason, & Mendoza, 1994; Manuck,
Kaplan, Adams, & Clarkson, 1989; Miller, 1967; Rasmussen
& Suomi, 1989) and to characterize individual variability in
terms of dominance rank and personality (e.g., Kaplan,
Manuck, & Gatsonis, 1990; Smith, Astley, Chesney, Taylor,
& Spelman, 1986; Suomi, 1991).

Recent developments have made biotelemetry a useful
method for measuring heart rate in naturalistic situations
(Stohr, 1988). One can monitor heart rate in large enclosures
with minimal disturbance to the subject while maintaining
the complexity of interaction with group members. Although
some studies have collected heart rate data from free-
moving primates in their social groups, few have correlated
heart rate with ongoing social behavior (Boccia, Reite, &
Laudenslager, 1989; Manuck, Kaplan, & Clarkson, 1986;
Smith et al., 1986). This deficit may stem from the difficulty
to control for the pronounced effects of general physical
activity on heart rate. Changes in activity level and posture
are accompanied by strong changes in heart rate (Smith et
al., 1993), and these effects could overshadow the possible
emotional effects of social interactions.

The present pilot study explored heart rate telemetry as a
means to access animal emotion during social interactions
under naturalistic conditions, while controlling for the
effects of posture and activity of the subject. We investigated
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heart rate changes associated with interactions that may
provoke emotional states in two middle-ranking females
belonging to a large group of rhesus macaques (Macaca
mulatto). This species was chosen because it is characterized
by an especially strict dominance hierarchy (de Waal &
Luttrell, 1989), making social interactions likely to cause
social tension and anxiety and thus requiring effective
mechanisms for tension reduction.

We focused on two types of interactions that we expected
to elicit contrasting physiological responses. The first inter-
action consisted of the mere approach of a dominant
individual. Behavioral and pharmacological evidence sug-
gests that the approach by a dominant monkey causes
anxiety-like emotion in the approachee, probably because of
the risk of aggression. Self-directed behavior, such as
self-scratching and self-grooming, is often associated with
stressful situations hi nonhuman primates (Maestripieri,
Schino, Aureli, & Troisi, 1992) and is decreased by anxio-
lytic drugs and increased by anxiogenic drugs (Schino,
Perretta, Taglioni, Monaco, & Troisi, 1996). In macaques,
proximity to higher ranking group members increases the
frequency of self-grooming (Troisi & Schino, 1987) and
self-scratching (Pavani, Maestripieri, Schino, Turillazzi, &
Scucchi, 1991), and anxiogenic drugs increase fear re-
sponses to the approach of the most dominant individual
(Schino et al., 1996).

Increases in heart rate (Fredrikson, 1989; Ohman, 1993)
and self-directed behavior (Waxer, 1977) are commonly
associated with anxiety in human participants. Further,
anxiogenic treatment of monkeys increases heart rate (Ninan
et al., 1982). Therefore, we predicted an increase in heart
rate following the approach by a dominant individual. As
control measures, we used the heart rate changes following
approaches by kin and by subordinate, unrelated individuals,
which are less likely to result in aggression.

The second type of targeted interaction was allogrooming.
Although the impression of relaxation in monkeys receiving
allogrooming has inspired the tension-reduction hypothesis
(Terry, 1970), little empirical evidence has been reported
thus far. Preliminary reports suggested physiological support
for this hypothesis (Smith et al., 1986). One study found a
statistically significant decrease in heart rate while the
subject, an adult female pigtail macaque (Macaca nemes-
trina), received grooming by others (Boccia et al., 1989).
This study, however, did not take into account the posture
and activity level of the subject. Comparisons of heart rate
during the receipt of grooming with heart rate during
self-grooming or allogrooming performance are confounded
by the inherently lower level of activity during the receipt of
grooming. In addition, a decline in heart rate during a
grooming bout may simply reflect a transition in activity
(e.g., from locomotion to resting) or posture (e.g., from
sitting to lying down) before the onset of the bout. These
problems were not addressed by Boccia et al.'s study.

Our study controlled for these potential confounds by
using a paradigm in which observations of targeted groom-
ing interactions were compared with matched control obser-
vations (de Waal, 1992). We compared heart rate changes in
the groomee during the grooming bout with heart rate

changes during control periods that were selected to match
the initial heart rate value, the type and latency of previous
activity transitions, the subject's posture, and the time
elapsed from the beginning of the grooming. We predicted
that heart rate would still be lower if the subject received
allogrooming than during matched control periods.

Method

Subjects and Housing

The subjects of this study were 2 middle-ranking adult females
(15 and 8 years old and weighing 10.4 and 8.2 kg, respectively) that
belonged to a group of 79 rhesus macaques (Macaca mulatto). The
group was established in 1982, and at the beginning of the study in
1995, the group consisted of 2 adult males, 31 adult females, and 46
immatures. The group was housed in a 900-m2 outdoor compound
connected with indoor quarters at the Field Station of the Yerkes
Regional Primate Research Center. Food was provided twice daily.
Water was available ad libitum.

Procedure and Data Collection

Heart rate data were collected using the DataCol system
(Mini-Mitter Co., Sunriver, OR). The subjects were subcutaneously
implanted with a small transmitter (44 g) in the back after
anesthetization following various protocols (Ketamine, Propofol,
and Telazol). The electrode locations were determined by monitor-
ing the strength of the signal with an oscillographic ECG monitor.
The electrodes were then sutured to the tissue with stainless-steel
surgical thread to minimize motion artifacts. After a 10-day
recovery period, the subjects were returned to the group and
calibration software was used to fine tune the reception of the
signal. Subjects did not show signs of discomfort due to the
implant, and other group members ignored the implant after the
first few hours. After about 6 months, the transmitter was surgically
removed, again without any complication in the subject's health.

A dipole antenna was installed at about 6 m off the ground on an
observation tower located on one side of the compound. Signal
transmission was possible from any location in the compound, at
distances up to 50 m, but signal quality deteriorated over the
6-month life of the transmitter battery. Over time, problems also
arose with signal transmission depending on the subject's posture,
suggesting that either the leads attached to the electrodes had
cracked and lost some insulation or some tissue grew on the
electrodes, altering proper transmission. For 1 of the subjects, a
new surgery was carried out to replace the transmitter, the leads,
and the electrodes.

The antenna was connected to a receiver that transmitted heart
beat data to a computer. The computer converted the data into
instantaneous interbeat intervals and heart rates, which were
automatically stored in a file along with the corresponding times.

Each data collection session consisted of up to 2 hr of continuous
recording of heart activity of 1 subject. At the same time, the
behavior of the subject and a spoken commentary were videotaped
while time markers were inserted in the heart rate data file to
facilitate integration of behavioral codes into the file. Behavioral
data included the occurrence of any social interaction involving the
subject and the surrounding animals, along with changes of the
subject's general activity and posture, including minimal move-
ments of the head and limbs when the animal was stationary.

We also collected ad libitum data on unidirectional aggressive
interactions, avoidance, and submissive signals (i.e., bared-teeth
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display; de Waal & Luttrell, 1985) to assess dominance relation-
ships between group members.

Data Analysis

Heart activity data were inspected for quality; potential artifacts
in the interbeat intervals were identified and corrected by auto-
mated computer algorithms (Berntson, Quigley, Jang, & Boysen,
1990). If too many beats were missing or altered by interference,
we excluded the corresponding period of behavioral data from
further evaluation.

From the 50 hr of collected data, cases of approach and
allogrooming that minimized confounding effects on heart rate
were selected. Subjects needed to be in a stationary position (sitting
or lying down) at the beginning of the event, and no shift from such
a position could occur (cf. Manuck et al., 1986). We discarded
cases during which other behavioral events (e.g., other approaches
or aggression between nearby individuals) occurred. In addition,
we discarded cases of approach by dominant individuals in which
the subject showed overt signs of fear or submission (e.g.,
bared-teeth display).

A preliminary analysis of the data indicated that small move-
ments of the subject's head and limbs were associated with small
accelerations of the heart rate. These movements might not have a
direct impact on heart rate but could be manifestations of the
emotional responses to social interactions. Nevertheless, to distin-
guish emotional responses from the possible effect of pure physical
activity, we excluded from the analyses those portions of data
during which even small body movements occurred that could have
confounded the predicted increase in heart rate (e.g., after the
approach of a dominant individual).

An approach was defined as the arrival of one individual within
1 m of the subject while the subject faced the approacher with eyes
open. Three types of approachers were considered: (a) individuals
that were both dominant over and unrelated to the subject; (b) those
that were closely related (i.e., mother-offspring or maternal
sibling) to the subject; and (c) those that were both subordinate and
unrelated to the subject. To emphasize the rank difference, we
limited the selection of dominant approachers to the four top-
ranking adult individuals in the group. Both subjects had only one
close kin: an adult daughter for the older subject and the mother for
the younger subject.

For each selected approach, a direct comparison of heart rate
before and after the event was made. Periods of 5 s before and 5 s
after the approach, in which the subject did not move the head or
limbs, were selected. Mean heart rates during these periods were
then compared to assess the effect of the approach. In some cases,
the duration of these periods needed to be shortened to avoid the
inclusion of movements. We discarded cases in which accelerating
or decelerating heart rates before the approach, which were due to
postural or activity changes or other events, would have biased our
analysis.

Allogrooming was defined as picking through or slow brushing
aside of the fur of a partner with one or both hands. The teeth and
tongue could also be used in combination with the hands. We
examined cases in which subjects were groomed by other group
members while maintaining their eyes open (i.e., they were not
asleep). As groomees, subjects were sitting or lying down and
remained mostly immobile during the grooming bout. To obtain a
measure of maximum heart rate change during grooming, we
selected periods of 10 s during grooming bouts when heart
rate reached the lowest values. Mean heart rates during these
periods were then subtracted from mean heart rates during 10-s
periods at the onset of grooming. In some cases, the duration of
these periods was shorter than 10 s to exclude portions of data

during which the subjects moved their head or limbs or readjusted
their position.

Activity before the beginning of the grooming bout could also
affect heart rate in a stationary individual. We compared heart rate
changes in the subject while she was receiving grooming with
matched control periods selected from the remaining data to match
the initial heart rate value, the type and latency of previous activity
transitions, the subject's posture, and the time elapsed from the
beginning of grooming (range: 10-88 s).

The preceding requirements dramatically reduced sample size
for analyses. Many instances of approach and allogrooming had to
be discarded for at least one of the following reasons: (a) low
quality of heart activity recording, (b) subject movement, (c)
approacher identity did not meet our criteria, (d) appropriate
matched control period was not found, or (e) other events occurred
near the subject. For example, only 4% of the 561 approaches
received by the older subject met the requirements for analysis.
Similarly, only 8% of the 166 allogrooming bouts received by the 2
subjects could be used for analysis. Sample size was sufficient,
however, to carry out nonparametric statistical analysis. Because
we had clear predictions, we used one-tailed Wilcoxon matched-
pairs tests with the significance level set at .05. For each approach,
we compared mean heart rate before and after the event. This
analysis was done for approaches by dominant, subordinate, and
closely related individuals. To test the tension-reduction function of
allogrooming, heart rate changes during each grooming bout were
compared with those during matched control periods for each of the
2 subjects.

Results

When heart rates before and after approach towards the
subject were compared, the dominance status of the approach-
ing individual proved to affect the response (see Figure 1).
When the approacher was a dominant individual, the heart
rate of both subjects increased after the approach (older
subject: n = 8, T = 0, p < .01; younger subject: n = 9,
T= 1, p < .001). In contrast, no difference was found when
the older subject was approached by her adult daughter
(n = 8, T = 14.5, ns) or by a subordinate nonrelative (n = 8,
T = 17, ns). Also when these two data sets were combined,
no significant difference resulted (n = 16, T = 61, ns). For
the younger subject, only two approaches by her mother
could be used and, in both cases, a slight decrease in heart
rate followed the approach. The approaches by subordinate,
unrelated individuals toward the younger subject resulted in
an increase in heart rate in 4 cases and a decrease in 3 cases.
When the data sets for approaches by the mother and by
subordinate, unrelated individuals were combined, no signifi-
cant effect of the approach on the heart rate of the younger
subject was found (n = 9, T = 22, ns).

Figure 2 illustrates that the heart rate of each subject
decreased over time during grooming bouts as well as during
the corresponding matched control periods. The heart rate
deceleration was, however, more pronounced while receiv-
ing grooming than during matched control periods. In the
younger subject, the decrease in heart rate was more
pronounced during each of the six grooming bouts analyzed
than during the corresponding control periods. In the older
subject, the same was true for five of the seven grooming
bouts; in 1 case the decrease was slightly faster in the control
period, and in another case no difference between grooming
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YOUNGER SUBJECT the subtle changes due solely to emotional states are hard to
detect because they are often overshadowed by activity
changes, including even small head or limb movements. In
addition to confounds that are due to activity changes, there
may be confounds related to the social setting. Under
naturalistic conditions, the monkeys are fully involved in the
social life of the group: They exchange various types of
interactions in rapid succession and observe and react to
ongoing interactions among other group members. All these
social events may affect heart rate and thus complicate the
isolation of emotional responses that are due to a single
social interaction.

We tried to control for these potential confounds in our
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Figure 1. Mean changes (after-before the approach) in heart rate
(HR; beats per minute) of both the younger and older subjects
during approaches by dominant, unrelated individuals; by kin; and
by subordinate, unrelated individuals.

and control periods was found. When the data of the two
subjects were analyzed together, a decelerating effect of
receiving allogrooming on heart rate was found (mean
values for allogrooming: -18.8 beats/minute; control: -10.5;
n= 12, T= !,/?<.001).

Discussion

The present pilot study confirms that biotelemetry can be
a useful tool for studying heart rate responses to social
interactions in free-moving animals while controlling for
posture and activity. Although our sample size was small,
the predicted emotional responses to two types of social
interactions were supported by the observed changes in heart
rate.

Heart rate changes in response to socioemotional condi-
tions are generally small (cf. Berntson et al., 1989; Ekman et
al., 1983) compared with those for activity transitions
(Smith et al., 1993). Therefore, under naturalistic conditions
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Figure 2. Mean maximum changes in heart rate (HR; beats per
minute) of both the younger and older subjects during the receipt of
grooming and matched control periods. See the Data Analysis
section for the selection of the periods for maximum heart rate
change calculations.
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study, even though this resulted in a sharply reduced number
of observations suitable for analysis. The sample size used in
our analysis is a poor reflection of the total amount of time
put into data acquisition, tape coding, data editing, and
selection of experimental and control periods, as evidenced
by the number of hours of tape collected compared with the
number of minutes actually used. Heart rate telemetry was
therefore a labor-intensive, time-consuming procedure, but it still
proved useful for our goal to study animal emotion during
ongoing social interaction under naturalistic conditions.

Approach and Anxiety

The approach by a dominant individual was sufficient to
provoke heart rate acceleration in 2 middle-ranking adult
females living in a well-established social group of rhesus
macaques. In contrast, the approach of the subject's kin or a
subordinate nonrelative did not cause consistent heart rate
responses. These results are in agreement with the view that
the strict dominance hierarchy of this species creates social
tension when animals interact with dominant individuals. If
the mere proximity to higher ranking individuals entails
some risk of being attacked, the increase in heart rate is
likely to reflect anxiety as predicted by behavioral and
pharmacological evidence (see the introduction). Under
such circumstances, anxiety is an adaptive response to
uncertainty and anticipated threat (Lazarus, 1991) because
increased alertness and arousal allow the individual to take
vigorous action if needed (Gray, 1987).

We need to be cautious, however, when interpreting these
results. The increase in heart rate suggests that the approach
by a dominant individual provokes a defensive response
(Bemtson et al., 1989; Graham, 1979), but it does not reveal
the underlying neurophysiological processes. Heart rate can
be elevated by sympathetic activation or by parasympathetic
withdrawal. In addition, it is not clear whether anxiety-like
emotion in primates always has the same autonomic expres-
sion. Emotional responses to potential danger are not
necessarily associated with heart rate acceleration; in fact,
the well-known mammalian orienting response is character-
ized by a decrease in heart rate (Berntson et al., 1989;
Graham, 1979; Forges, 1995).

We selected approaches to eliminate the effect of move-
ment on heart rate. This selection could have resulted in a
failure to find the expected heart rate change because
approaches by a dominant individual usually result in
movement by the subordinate (e.g., submissive display,
body shifting, crouching, retreat), which may reflect the
level of anxiety. If the limited movement that accompanied
the selected approaches was the result of the absence of
anxiety-like emotion in the approachee, these approaches
should not have produced the predicted heart rate increase
(see the introduction). The fact that we did find heart rate
acceleration following the approach of a dominant indi-
vidual shows, however, that anxiety-like emotion is prob-
ably experienced by the approachee even in the absence of
movement. Thus, our procedure was successful in distinguish-
ing between emotional responses to approaches by different

individuals while eliminating the possibility that the changes
in heart rate were due to movements or activity changes. In
addition, our findings suggest that biotelemetry may be a
useful tool to study animal emotion in the absence of
external signs of emotional states.

Allogrooming and Tension Reduction

Our findings on the effects of allogrooming support its
hypothesized tension-reduction function (Terry, 1970), which
has also been supported by data on self-directed behavior in
macaques (Schino, Scucchi, Maestripieri, & Turillazzi,
1988). Our study confirmed the heart rate findings of Boccia
et al. (1989; see also Smith et al., 1986) but went a step
further by controlling for activity and posture of the subjects
(see the introduction and the Method section). That controls
are crucial is evident from the heart rate decreases that can
be attributed to reduced activity that is associated with
grooming receipt (see matched control periods in Figure 2).
Through comparisons with matched control periods, we
were able to show that the effects of allogrooming were not
confounded by activity transitions. In both of our subjects,
heart rate deceleration was more dramatic while receiving
grooming than in matched control periods. Interestingly,
heart rate effects that are similar to those of allogrooming
have also been found for petting or gentle touching by
human experimenters in horses, rhesus macaques, and humans
(Drescher, Gantt, & Whitehead, 1980; Drescher, Hayhurst,
Whitehead, & Joseph, 1982; Feh & De Mazieres, 1993).

The study of physiological, and possibly emotional,
changes associated with allogrooming may provide insight
into social organization. The empirical evidence for the
tension-reduction function of allogrooming supports the
view that allogrooming serves to establish, maintain, and
improve social relationships (reviewed by Goosen, 1987).
The relaxation provided by allogrooming is potentially
highly beneficial, especially in species that experience high
social tension. If allogrooming is a tension-reduction mecha-
nism, it can be used as a service that can be repaid with the
same or a different currency (e.g., agonistic support: Sey-
farth, 1977; food: de Waal, 1997). These benefits can
account for the high frequency of allogrooming in certain
species, which exceeds hygienic requirements. The emo-
tional perspective on animal social behavior emphasized by
the present study thus provides further support for allogroom-
ing as a central feature of the social structure of many
primate species.
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