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Asymmetries in the timing of facial and vocal expressions by
rhesus monkeys: implications for hemispheric specialization
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Research on fish, amphibians, birds and mammals now provides considerable evidence of both
anatomical and motor asymmetries. Most of this work focuses on motor actions related to handling
objects or moving towards or away from them. Considerably less work has been conducted on motor
actions associated with social interactions such as facial and vocal expressions. In this paper we present
analyses of timing asymmetries for rhesus monkey, Macaca mulatta, facial and vocal expressions. We
collected video records of semifree-ranging adult and infant rhesus monkeys during a variety of social
interactions, and subsequently subjected them to frame-by-frame analyses. Results of these analyses
revealed that both facial and vocal expressions are consistently produced by adults and infants with a
timing asymmetry, with one side opening earlier than the other. Specifically, for both adults and infants,
the left side of the face initiates the expression before the right, thereby implicating right hemisphere
dominance. Because some expressions are related to positive/approach emotions while others are
associated with negative/withdrawal emotion, emotional valence does not appear to influence the
direction of this motor asymmetry. Results are discussed in light of potential differences between the
mechanisms underlying the production and perception of communicative expressions in human and
nonhuman primates.
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Over the past 10 or more years, studies of fish,
amphibians, birds and mammals have revealed evidence
of asymmetries in motor output (Bradshaw & Rogers
1993; Ward & Hopkins 1993; Davidson & Hugdahl 1995;
Bisazza et al. 1998; Suthers 1999). Most of these studies
have explored motor actions, such as which hand or foot
is most involved in manipulating an object, or which side
of the body turns to orient to a sound, smell or visual
stimulus (Hopkins & Bennett 1994; Cantalupo et al. 1995,
1996; Hopkins & Bard 1995; Vallortigara et al. 1998,
1999). Relatively fewer observations have been collected
on motor actions that are relevant to social interactions.
Exceptions to this pattern are studies of avian song
production and perceptual orientation (Nottebohm &
Nottebohm 1976; Goller & Suthers 1995; Floody &
Arnold 1997; Suthers 1999), as well as a few studies of
primate face and vocal perception (Petersen et al. 1978;
Heffner & Heffner 1984; Hamilton & Vermeire 1988,
1991; Hauser 1993b, 1999; Hauser & Andersson 1994;
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Hauser et al. 1998; Hook-Castigan & Rogers 1998; Perrett
et al. 1988; Vermeire & Hamilton 1998). In this paper, we
present results from an analysis of rhesus monkey facial
and vocal expression that provide evidence for motor
asymmetries, and thus, presumed hemispheric specializ-
ation. This study therefore builds on our earlier work, in
addition to ongoing studies of the mechanisms of vocal
production in rhesus monkeys (Hauser 1992; Hauser et al.
1993; Hauser & Schön Ybarra 1994; Fitch & Hauser 1995;
Fitch 1997).

Studies of human facial expression and speech
articulation tend to reveal the following patterns. For
facial expressions associated with negative/withdrawal
emotion (e.g. fear, disgust), the left side of the face begins
moving into the expression earlier than the right, and is
more expressive. In contrast, for facial expressions associ-
ated with positive/approach emotion (e.g. happiness), the
right side of the face starts earlier than the left and is
again more expressive than the left side (Gainotti 1972;
Sackeim et al. 1978; Sackeim 1982; Gazzaniga & Smiley
1991; Borod 1993; Davidson 1995). Although not all
studies of human facial expression find such patterns (e.g.
Blair et al. 1999), the right hemisphere generally plays a
more dominant role in negative/withdrawal emotion,
while the left hemisphere plays a more dominant role
 2001 The Association for the Study of Animal Behaviour
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in positive/approach emotion (for recent reviews, see
Davidson 1995, 1999; Adolphs 1999).

Relative to our understanding of facial expression, we
know much less about asymmetries underlying speech
articulation. Most of the research comes from the
laboratory of Graves and colleagues (Graves et al. 1982,
1990; Graves & Landis 1985, 1990; Graves & Potter 1988)
where observations and experiments indicate that the
right side of the mouth opens before the left during
speech production. In Broca’s aphasics with damage to
the left hemisphere, a right side of the mouth bias is
observed for spontaneous speech, repetition and word list
generation, whereas a left side of the mouth bias is
observed for serial speech (counting to 10) and singing
(familiar rhymes; Graves & Landis 1985). This difference
suggests that when an automatic motor sequence is
enlisted for vocal production, the right hemisphere is
dominant. In contrast, even Broca’s aphasics show left
hemisphere dominance for nonautomatic vocal articu-
lations, specifically those involving speech articulation.

The facial and vocal expressions of nonhuman
primates clearly convey information about the signaller’s
emotional state (reviewed in Darwin 1872; Morton 1977;
Hauser 1993c; Preuschoft 1995), and some have argued
that they also convey information about objects and
events in the external environment (reviewed in Cheney
& Seyfarth 1990; Marler et al. 1992; Hauser 1996). In a
study of asymmetries in primate facial expression, results
from a relatively small sample of adults showed a consist-
ent left side of the face bias, implicating right hemisphere
dominance (Hauser 1993b). Specifically, the left side of
the face started before the right side and was also more
expressive. Since all of the facial expressions explored in
this study were associated with negative/withdrawal
emotions, it was not possible to test for differences in
hemispheric specialization as a function of emotional
valence (Davidson 1995). Unfortunately, there is only
one facial expression within the rhesus monkey’s reper-
toire that is unambiguously associated with positive/
approach emotion: the ‘play face’ used primarily by
juveniles, yearlings and infants during play. Copulation
screams (Hauser 1993a), although seemingly associated
with positive emotions linked to mating, are often met
with aggressive attacks by other males, and thus, are
potentially coupled with a negative emotion (see Results,
Table 1). In a pilot study, Hauser (1999) found suggestive
evidence that during the production of a play face, the
right side of the face begins moving before the left. This
result, however, was based on a small sample size, thereby
leaving the emotional valence hypothesis untested. The
results of the pilot study also suggested that juveniles and
infants may show more variability in their expressions
and less consistency in the direction of facial asymmetry
than adults. This hypothesis also requires further testing
with a larger sample of subjects and expressions.

In contrast to the work on facial expression, much less
work has been carried out with respect to asymmetries in
vocal expression even though knowledge of the mech-
anisms guiding vocal articulation are relatively advanced
(Owren & Bernacki 1988; Hauser 1992; Hauser et al. 1993;
Hauser & Schön Ybarra 1994; Fitch & Hauser 1995; Fitch
1997; Rendall et al. 1998). In a recent study of common
marmosets, Callitrix jacchus, however, Hook-Castigan &
Rogers (1998) found that the left side of the mouth
opened more during the production of a fear expression
or a mobbing call, while the right side of the mouth
opened more during the production of a contact call.
Based on behavioural observations, the fear expression
and mobbing call appear to be associated with negative/
withdrawal emotion, while the contact call is associated
with positive/approach emotion. Given these patterns,
the marmoset data provide support for the emotional
valence hypothesis. What is not yet known is whether
this pattern generalizes to other calls or expressions in the
marmoset repertoire, and to both adults and infants.

A contrast between facial and vocal expressions is of
considerable interest given the available data on humans,
and recent work on vocal production and perception in
rhesus monkeys. Specifically, if some macaque vocaliz-
ations are ‘language-like’, perhaps conveying functionally
referential information as some have suggested
(Gouzoules et al. 1984; Hauser & Marler 1993; Fischer
1998; Hauser 1998), then like speech articulation, rhesus
should show a right side of the face/left hemisphere bias
during production of functionally referential calls. In
contrast, if rhesus vocalizations primarily convey infor-
mation about affective state, then like facial expressions,
they too should show a left side of the face/right hemi-
sphere bias. Preliminary data also suggested that for some
vocalizations, no timing asymmetries exist, whereas for
other vocalizations, the right side of the mouth opens
before the left side. One interesting contrast was between
the ‘fear grimace’ and the ‘scream’. These two expressions
are produced with virtually identical kinematics, both
involving retraction of the lips and a separation between
the teeth (see Table 1). While the fear grimace is produced
with a left side of the face timing bias, the scream appears
to be produced with a right side of the face bias. This
pattern requires more careful investigation with a larger
sample of subjects and vocalizations.

Complementing the work on vocal production, studies
of rhesus monkeys and Japanese macaques, M. fuscata,
suggest that the left hemisphere is dominant during call
perception. In particular, operant studies of Japanese
macaques and rhesus monkeys reveal a right ear advan-
tage for both accuracy and reaction time during discrimi-
nation of conspecific calls (Petersen et al. 1978; C. LePrell,
M. D. Hauser & D. Moody, unpublished data). Field
studies of adult rhesus monkeys reveal a right ear bias for
orienting to conspecific calls, but a left ear bias for
orienting to heterospecific signals (Hauser & Andersson
1994; Hauser et al. 1998b); infants under the age of 1 year
failed to show an orienting bias. Hauser et al. have
suggested that the orienting bias may be due to a left
hemisphere bias for processing conspecific vocalizations.
Lastly, studies on Japanese macaques (Heffner & Heffner
1984) reveal that performance on an auditory discrimi-
nation task involving two conspecific vocalizations
deteriorates following lesions of the left auditory cortex,
but not of the right auditory cortex. If the neural system
underlying perception of vocalizations is lateralized to
the same side of the brain as the system underlying
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production of vocalizations, as appears to be the case
for human language, then rhesus monkeys would be
expected to show a left hemisphere/right side of the face
bias during the production of vocal expressions.

The goal of this paper is to address three problems
concerning asymmetries in the timing of facial and vocal
expressions. First, is the timing of rhesus monkey facial
and vocal expressions largely asymmetrical or symmetri-
cal, and is the pattern expressed in adults similar to or
different from younger animals? Second, if facial and/
or vocal expressions exhibit timing asymmetries, are
expressions associated with negative/withdrawal emotion
produced with a left side of the face bias, whereas expres-
sions associated with positive/approach emotion pro-
duced with a right side of the face bias? Third, if timing
asymmetries are observed, are there differences between
facial and vocal expressions, as appears to be the case in
humans?
METHODS
Subjects

Observations of rhesus monkeys living on the island of
Cayo Santiago, Puerto Rico were collected from May 1995
to August 1999. During this period, population size fluc-
tuated from approximately 900–1300 individuals, while
the number of social groups varied from seven to nine.
Subjects are well habituated to the presence of human
observers, and all individuals older than 2 years have leg
and chest tattoos, as well as ear notches. In general,
individuals have access to the entire island, and in this
sense are considered semifree-ranging. Due to the
hierarchy among groups, however, the highest-ranking
groups often control access to certain parts of the island.

There are no predators on the island. Subjects are
provisioned with monkey chow once each day. In
addition to monkey chow, the diet consists of naturally
available fruits, flowers, leaves, grasses and soil. Further
information about this population and its history can be
found in Rawlins & Kessler (1987).
Sampling Procedure

Due to the difficulty of obtaining high-quality video
footage of animals vocalizing or producing facial expres-
sions, we adopted an opportunistic sampling procedure.
Each day, during 0700–1500 hours, a team of researchers
would walk around the island, looking for animals
engaged in social interactions. Either before an inter-
action started, or sometime thereafter, filming would
begin. In each case, the researcher attempted to place him
or herself in such a way that the target animal’s face was
centred in the viewing field, and flush with the camera.
Because we were interested in scoring facial asymmetries,
we attempted to minimize any tilt in the animal’s
head with respect to the camera angle (Hauser 1993b,
1999).

We sampled individuals from all age–sex classes and
obtained data from 42 adult males, 77 adult females,
26 Juveniles and 55 infants. Juveniles were defined as
individuals between the ages of 1 and 3 years, whereas
infants were individuals 1 year old and younger. Females
reach reproductive maturity at around 3 years of
age, whereas males reach reproductive maturity at
approximately 4 years.

We obtained video footage using a JVC-DV1 digital
camera. We transferred the field footage onto a
Macintosh computer using either an Apple or Radius
video board and the Adobe Premiere video software. This
system allowed us to step through a facial or vocal
expression frame by frame; sampling rate was 30 frames/s.
Each video record was stored as a separate file. To prevent
biases in scoring, we flipped half of the files in the
horizontal plane. Consequently, when observers scored
each file for temporal asymmetries in the expression, they
were unaware of the actual orientation of the subject with
respect to the camera. Once a file was scored, we referred
to a master list to determine whether it had been flipped
from the original.

As in previous analyses (Hauser 1993b, 1999), we
scored each expression for timing asymmetry or
symmetry. An expression was scored as asymmetrical if,
on the first frame in which the mouth opened, one side
opened before the other; such asymmetries occur if the
lips open on one side before the other, or if the jaw drops
on one side before the other. An expression was scored
as symmetrical if, on the first frame in which the mouth
opened, both sides opened simultaneously. These
analyses represent a first step in our attempt to charac-
terize motor asymmetries during facial and vocal expres-
sion; analyses currently underway (M. D. Hauser, K.
Akre & D. Goldenberg, unpublished data) explore asym-
metries in timing at other temporal points in the
expression, as well as differences in overall mouth
opening (i.e. area).

A total of 40 film clips were scored by three different
observers. Using Cohen’s (1960) kappa to assess agree-
ment between observers, we obtained scores of 0.67 and
0.77; these values fall within the ‘good’ to ‘excellent’
range based on the analyses of Fleiss (1981).
The Rhesus Monkey’s Facial and Vocal Expression
Repertoire

Rhesus monkeys produce a variety of facial and
vocal expressions, and previous work has attempted to
characterize this repertoire (Rowell & Hinde 1962;
Gouzoules et al. 1984; Hauser 1993a, 1999; Hauser &
Marler 1993; Hauser & Schön Ybarra 1994; Hauser et al.
1993; Rendall et al. 1996). Given the difficulty of acquir-
ing high-quality video, the repertoire analysed in this
report represents only a subset of the overall repertoire.

Table 1 presents a list of the rhesus facial and vocal
expressions we analysed together with a general descrip-
tion of the relevant contextual and kinematic details. We
also provide a coarse-grained classification of each expres-
sion in terms of the negative/withdrawal to positive/
approach continuum. There are at least two problems
with this classification scheme. First, some negative
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Table 1. Description of rhesus monkey facial and vocal expressions

Expression Context Kinematics

Facial
Copulation grimace*
Positive-approach

Given by adult males during copulation Lips are retracted and teeth are clenched

Fear grimace†
Negative-withdraw

Given by subordinates to dominants Lips are retracted, showing the teeth (unclenched)

Lip smack‡
Negative-approach

Given by subordinates to dominants; sometimes also
given by individuals grooming each other

Lips are smacked together rapidly, often resulting
in a clicking noise

Open-mouth threat§
Negative-approach

Given by dominants to subordinates Mouth is opened and placed into an
O-configuration, with slight lip protrusion

Play face
Positive-approach

Given by infants, yearlings and juveniles while
playing

Mouth is opened wide and placed into an
O-configuration, similar to the open-mouth threat;
lips cover up teeth

Vocal
Barkt§
Negative-approach

A high-level aggressive call given by a dominant to a
subordinate

Mouth is opened either wide as in the open-mouth
threat or slightly less; lips are occasionally
protruded forward

Coo
Positive-approach

A contact call given during affiliative interactions
such as grooming, eating and approaching

Mouth can be either opened wide or not at all;
when opened, lips are often protruded forward

Copulation scream*
Positive-approach

A call given by males during copulation Lips are retracted and teeth are clenched

Grunt
Positive-approach

A call given during affiliative interactions such as
grooming and eating

Slight mouth opening and lip protrusion

Gecker
Negative-approach

A call given by distressed infants, usually following
maternal rejection

Mouth open slightly, with rapid lip opening and
closing cycle

Girney‡
Positive-approach

A call given by an individual initiating a social
interaction such as grooming or infant handling

Given with the mouth almost completely closed;
lips move around in a chewing motion

Harmonic arch
Positive-approach

A call given by an animal that has discovered a
high-quality, rare food item

Starts with relatively closed mouth, and then opens
wide in rounded configuration

Pant threat
Negative-approach

A low-level aggressive call given by a dominant to a
subordinate

Slight mouth opening and lip protrusion

Scream†
Negative-withdraw

A call given by a subordinate being attacked by a
dominant

Lips are retracted, revealing unclenched teeth

*†‡§Symbols refer to facial expressions and vocal articulations that have the same or similar kinematics. For example, the fear grimace and
scream share the same kinematics, a retraction of the lips (†).
emotions are associated with withdrawal while others
are associated with approach. Thus, for example, open-
mouth threats, barks and pant threats are each associated
with a negative emotion (aggression), but the signaller
approaches rather than withdraws from the receiver.
Rather than force an expression into the existing
dichotomy, we have attempted to use the negative–
positive emotional continuum as one dimension, and the
withdrawal–approach as a second dimension. Second,
some expressions are associated with relatively more
ambiguous emotional states. As mentioned earlier, for
example, copulation screams would appear to be associ-
ated with the positive emotion of copulation. However,
because competition for mates is often high, a copulating
pair will sometimes be attacked by other males lacking a
mate; the threat of attack could make the emotion associ-
ated with copulation somewhat negative. Similarly,
although lip smacks appear to be associated with a nega-
tive emotion given that they are produced by subordi-
nates approaching dominants, they are also produced by
individuals involved in grooming; the latter would
appear to be associated with positive emotions. Given
this ambiguity, the classification scheme presented in
Table 1 should be seen as a working model of emotional
valences in expression, one that will require much more
careful analysis.
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Statistics

To determine whether facial and vocal expressions are
produced asymmetrically, we first analysed each expres-
sion type with respect to the number of asymmetric
versus symmetric exemplars. We restricted our analyses to
expression types with a minimum of five individuals. To
alleviate problems associated with variance in sample size
among individuals, within expression types, no more
than 10 exemplars per individual per expression type
were used; for subjects with more than 10 exemplars, we
used a random number generator to reduce the data set to
10. Furthermore, we analysed each expression type by
subdividing the overall sample into adults, juveniles and
infants. We then used a sign test to determine, within
each expression type, whether a majority of exemplars
were symmetrical or asymmetrical. To determine whether
asymmetrical expressions were significantly biased to the
left or right, we coded each exemplar with a left bias as
‘L’ and each exemplar with a right bias as ‘R’. We then
used sign tests to determine whether rhesus exhibit a
significant left or right side bias for expression type.
All sign tests were two-tailed, with significance set at
P<0.05.

We also conducted analyses at the individual level. To
obtain a single value, we calculated an asymmetry index
for each individual within each expression type by
subtracting the number of symmetric exemplars from
the number of asymmetric exemplars and dividing by
the total number of exemplars. Positive values are thus
associated with asymmetric timing, whereas negative
values are associated with symmetric timing. We also
used this index to determine the direction of timing
asymmetries by subtracting the number of right-biased
exemplars from the number of left-biased exemplars,
and then dividing this value by the total number of
exemplars. Positive values are thus associated with
left side biases, whereas negative values are associated
with right side biases. These indices were then entered
into a one-sample t test with a hypothesized mean
of 0.0; tests were two-tailed with significance set at
P<0.05.
RESULTS
Are Rhesus Facial Expressions Asymmetric or
Symmetric?

Analyses of four facial expressions produced by adult
rhesus monkeys revealed strong evidence of a timing
asymmetry (Table 2). Of 177 facial expression exemplars,
169 showed a side bias (P<0.0001). More specifically,
when producing copulation grimaces, fear grimaces, lip
smacks and open-mouth threats, adults initiated these
expressions with either the left or right side leading.

At the individual level, the asymmetry index revealed
evidence of asymmetries for all expression types,
although due to sample size constraints, t tests could only
be calculated for lip smacks.

Although preliminary analyses of timing asymmetries
(Hauser 1999) suggested that infants were more variable
than adults, results presented in Table 2 show that
infants consistently produce facial expressions with a
right or left side timing bias. Of 80 exemplars, 77 showed
a side bias (P<0.0001). More specifically, one side of the
infant’s mouth tended to open before the other for fear
grimaces, lip smacks, play faces and open-mouth threats.
At the individual level, calculations of the asymmetry
index also revealed asymmetries, but due to the small
number of individuals producing a sufficient number
of exemplars, we were unable to carry out t tests on the
data.
Table 2. Tests of whether facial expressions are significantly more asymmetrical than symmetrical

Expression Age
Number of
individuals

Number of expressions

Sign test P
Mean

asymmetry index t (df) PAsymmetric Symmetric

All expressions Adult 54 169 8 0.0001 0.84 8.39 (17) 0.0001
Copulation grimace Adult 7 13 0 0.0002 1.0* (1) —
Fear grimace Adult 16 25 0 0.0001 1.0* (3) —
Lip smack Adult 15 72 4 0.0001 0.83 7.53 (8) 0.0001
Open-mouth threat Adult 26 59 4 0.0001 0.76* (3) —
All expressions Infant 18 77 3 0.0001 0.97 5 0.0001
Fear grimace Infant 9 13 0 0.0002 1.0* (1) —
Lip smack Infant 5 23 0 0.0001 1.0* (1) —
Play face Infant 5 16 2 0.001 0.90* (1) —
Open-mouth threat Infant 6 25 1 0.0001 — — —

*Sample too small for statistical testing.
Are Rhesus Vocal Expressions Asymmetric or
Symmetric?

Analyses of eight vocal expressions produced by adult
rhesus monkeys revealed strong evidence of a timing
asymmetry (Table 3). Of 350 exemplars, 334 were
asymmetric (P<0.0001). More specifically, when produc-
ing barks, coos, copulation screams, grunts, girneys,
harmonic arches, pant threats and screams, adults initi-
ated these expressions with either the left or right side
leading.
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At the individual level, all vocal expressions showed
asymmetries as measured by the asymmetry index, and
for barks, coos and screams, this directional bias was
statistically significant.

Like adults, juveniles and infants also consistently
produced vocal expressions with a right or left side timing
bias (Table 3). Specifically, juvenile coos and screams
were produced with either the left or right side leading.
Similarly, infant coos, geckers, grunts and screams were
produced with either the left or right side leading. Sample
sizes for juveniles and infants were insufficient to
examine the statistical significance of the asymmetry
index at the individual level.
Table 3. Tests of whether rhesus vocal expressions are significantly more asymmetrical than symmetrical

Expression Age
Number of
individuals

Number of expressions

Sign test P
Mean

asymmetry index t (df) PAsymmetric Symmetric

All expressions Adult 35 334 16 0.0001 0.89 25.64 (34) 0.0001
Bark Adult 28 93 4 0.0001 0.95 27.53 (7) 0.0001
Coo Adult 20 69 3 0.0001 0.88 11.57 (8) 0.0001
Copulation scream Adult 5 15 2 0.002 0.80* (1) —
Grunt Adult 8 26 1 0.0001 1.0* (1) —
Girney Adult 5 23 1 0.0001 0.89* (2) —
Harmonic arch Adult 6 20 0 0.0001 1.0* (2) —
Pant threat Adult 21 41 3 0.0001 0.67 (1) —
Scream Adult 9 47 2 0.0001 0.85 7.72 (5) 0.0006
All expressions Juvenile 9 30 4 0.0001 — — —
Coo Juvenile 7 17 2 0.0007 — — —
Scream Juvenile 6 13 2 0.007 — — —
All expressions Infant 38 104 7 0.0001 0.96 9.99 (4) 0.0001
Coo Infant 25 45 6 0.0001 1.0* (1) —
Gecker Infant 6 12 0 0.0005 1.0* (1) —
Grunt Infant 6 9 0 0.004 — — —
Scream Infant 10 25 1 0.0001 0.86* (1) —

*Sample too small for statistical testing.
Table 4. Tests of whether rhesus facial expressions are more asymmetrical to the left or to the right

Expression Age
Number of
individuals

Number of expressions

Sign test P
Mean

asymmetry index t (df) PRight Left

All expressions Adult 31 40 127 0.0001 0.70 5.76 (17) 0.0001
Copulation grimace Adult 7 2 11 0.02 0.78* (1) —
Fear grimace Adult 16 6 19 0.01 1.0* (3) —
Lip smack Adult 15 21 50 0.0008 0.52 2.35 (8) 0.04
Open-mouth threat Adult 26 11 47 0.0001 0.77* (3)
All expressions Infant 13 21 31 NS 0.38* (3) —
Fear grimace Infant 9 3 12 NS 1.0* (1) —
Lip smack Infant 5 11 12 NS −0.04* (1) —
Play face Infant 6 7 9 NS 0.18* (1) —

*Sample too small for statistical testing.
Are Rhesus Facial Asymmetries Left or Right
Biased?

Analyses of four facial expressions produced by adult
rhesus monkeys revealed strong evidence of a left side
timing asymmetry (Table 4). Specifically, when produc-
ing copulation grimaces, fear grimaces, lip smacks and
open-mouth threats, adults initiated these expressions
with the left side leading. This pattern also emerged at the
individual level, although it was only possible to test for
statistical significance with lip smacks.

If one accepts the claim that copulation grimaces are
associated with positive emotion, while fear grimaces, lip
smacks, and open-mouth threats are associated with
negative emotion, then our timing analyses provide no
support for the emotional valence hypothesis. More
specifically, it appears that for adult rhesus monkeys, the
right hemisphere is dominant with respect to the timing
of all facial expressions, independently of their emotional
valence. Of course, if copulation grimaces turn out to be
associated with negative emotion, then the pattern
obtained would be consistent with the emotional valence
hypothesis.

In contrast with adults, infants showed no evidence of
a directional bias with respect to timing (Table 4). At
present, it is difficult to determine whether the lack of a
significant directional bias is due to a lack of a directional
hemispheric bias prior to 1 year of age, variability in the
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ages represented in our sample, or the relatively small
sample of exemplars and individuals per expression type.
If hemispheric asymmetries for facial expression emerge
at around 1 year, then our sample of infants, ranging in
age from 6–12 months, would potentially obscure this
effect.
Are Rhesus Vocal Asymmetries Left or Right
Biased?

Analyses of asymmetry in the timing of adult vocal
expressions revealed far greater variability than those of
adult facial expressions (Table 5). In all cases where a
statistically significant asymmetry was obtained, how-
ever, the bias was to the left; this was true at both the
exemplar and individual level. Thus, at the exemplar
level, adult rhesus monkeys showed a statistically signifi-
cant left side bias for coos, copulation screams, harmonic
arches and screams. At the individual level, there were
significant left side biases for coos and screams.

The emotional valence hypothesis predicts that barks,
pant threats and screams should be associated with a left
side of the face bias, whereas coos, copulation screams,
grunts, girneys and harmonic arches should be associated
with a right side of the face bias. The results do not
support this prediction. The approach–withdrawal dis-
tinction also fails to account for the pattern of results
obtained. Coos, copulation screams, harmonic arches and
pant threats are all associated with approach, and yet the
directional bias was opposite from the predicted right side
of the face bias.

In contrast with adults, juveniles showed no evidence
of a statistically significant, directional bias. For coos and
screams, some individuals showed a bias to the left, and
some to the right. At the exemplar level, infants showed
significant left side biases for coos, geckers and screams,
but no significant bias for grunts; statistical analyses were
not possible at the individual level. Given that coos are
associated with positive/approach, geckers with negative/
approach, and screams with negative/withdrawal, the left
side bias provides no support for the emotional valence
hypothesis.
Table 5. Tests of whether rhesus vocal expressions are more asymmetrical to the left or to the right

Expression Age
Number of
individuals

Number of expressions

Sign test P
Mean

asymmetry index t (df) PRight Left

All expressions Adult 46 122 211 0.0001 0.30 2.26 (34) 0.03
Bark Adult 28 38 55 NS −0.23 −0.80 (7) NS
Coo Adult 20 23 46 0.008 0.61 2.64 (8) 0.03
Copulation scream Adult 5 2 13 0.007 1.0* (1) —
Grunt Adult 8 12 14 NS −0.19* (1) —
Girney Adult 5 9 14 NS −0.02* (2) —
Harmonic arch Adult 6 1 19 0.0001 0.90* (2) —
Pant threat Adult 20 14 26 NS 0.67* (1) —
Scream Adult 9 23 24 NS 0.72 3.07 (5) 0.03
All expressions Juvenile 9 14 16 NS — — —
Coo Juvenile 7 7 10 NS — — —
Scream Juvenile 6 7 6 NS — — —
All expressions Infant 29 26 65 0.0001 0.86 9.99 (4) 0.006
Coo Infant 25 15 30 0.04 0.8* (1) —
Gecker Infant 6 2 10 0.04 1.0* (1) —
Grunt Infant 6 2 7 NS — — —
Scream Infant 10 7 18 0.04 0.86* (1) —

*Sample too small for statistical testing.
DISCUSSION

The goal of this paper was to assess whether rhesus
monkeys show evidence of directional asymmetries in the
timing of facial and vocal expressions, to explore whether
asymmetries change over the course of development, and
to assess whether there are differences between facial and
vocal expressions. Results showed that all age classes
produced facial and vocal expressions that were signifi-
cantly asymmetric with respect to timing. The direction
of this asymmetry was generally biased to the left side of
the face, thereby implicating right hemisphere domi-
nance. In terms of developmental change, juveniles
showed no directional bias, while infants showed either a
left side of the face bias or no consistent directional bias.
Although changes in brain organization do occur after
the first year of life, we think that a more likely explana-
tion for the lack of an effect in juveniles is the small
sample of subjects and expression types. In general,
infants showed no evidence of a statistically significant
directional bias for facial expressions, but showed a sig-
nificant left side of the face bias for three out of the four
vocal expressions. These data suggest that the hemi-
spheric asymmetries underlying the production of facial
expressions may develop more slowly than the asym-
metries underlying vocal expression. Why there should
be a difference in developmental timing between facial
and vocal expression is currently unclear.

The emotional valence hypothesis, originally proposed
for humans (reviewed in Davidson 1995, 1999), and
recently supported by some animal studies (e.g. Hopkins
& Bennett 1994; Hook-Castigan & Rogers 1998), was not
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supported in the present study. In particular, for those
expressions showing significant directional biases, some
were associated with negative/withdrawal emotions and
some with positive/approach emotions. All expressions
with a significant directional bias, however, showed a left
side of the face timing asymmetry. Similarly, there was no
support for the hypothesis that functionally referential
vocal signals show different patterns of asymmetry from
vocalizations that convey more affective information.

At present, it is unclear why Hook-Castigan & Rogers
(1998) found support for the emotional valence hypoth-
esis in marmosets, whereas our investigation of rhesus did
not. There are, however, several possible explanations
for this apparent species difference. First, differences in
brain structure between these species could underlie the
observed differences in vocal expression. At present,
although we know a great deal about the circuitry under-
lying emotion in rhesus monkeys, we know relatively
little about marmosets (Aggleton et al. 1981; Amaral et al.
1992; Dias et al. 1996; Rolls 1999). Until such com-
parative data are obtained, we cannot evaluate this expla-
nation. Second, while the marmoset work presents results
from one facial expression and two call types, from a
small sample of subjects, work on rhesus monkeys
presents results from a large sample of subjects, and
includes eight call types and four facial expressions. It is
thus unclear whether the pattern obtained for marmosets
will generalize to a larger sample of subjects tested on
both the same and different call types, as well as to an
analysis of different facial and vocal expressions.

An interesting result to emerge from these findings
is the contrast between vocal production and vocal per-
ception. In work by Hauser and colleagues (Hauser &
Andersson 1994; Hauser et al. 1998), playback exper-
iments revealed a significant right ear bias in adults for
orienting to conspecific calls, but no orienting bias in
infants. This pattern was robust, and consistent across all
call types. Together with data from laboratory studies of
rhesus and Japanese macaques (Petersen et al. 1978;
Heffner & Heffner 1984; C. LePrell, M. D. Hauser &
D. Moody, unpublished data), we have interpreted the
orienting bias as evidence of a left hemisphere specializ-
ation for processing conspecific vocalizations. In contrast,
in the present study adult rhesus monkeys tended to
show a right hemisphere/left side of the face bias for
producing vocalizations, as did infants. These results raise
two hypotheses, one concerning differences in hemi-
spheric specialization as a function of production versus
perception mechanisms, the second concerning the
development of such mechanisms.

In humans, the production and perception mech-
anisms underlying speech are both lateralized to the left
hemisphere in a high percentage of right handers and in
a strong majority of left handers (Kosslyn et al. 1999).
In rhesus, it appears that the facial/motor control sys-
tem is lateralized to the right hemisphere, the vocal
perception system to the left hemisphere, and the hand
motor control system to the right hemisphere (Hauser
et al. 1991). If this characterization is correct, it suggests
that an important change in brain organization
occurred during the evolutionary transition from Old
World monkeys to humans. This hypothesis must be
tested with additional data on rhesus monkeys, as well
as additional studies of other species, especially the
great apes.

Although we still need more data on infants, the
current results suggest that the production system for
vocal communication is lateralized quite early in life,
whereas the perceptual system requires 1 year or more to
become lateralized. This makes sense if the production of
vocalizations is mediated by a mechanism that requires
relatively little experiential input, whereas the perception
of vocalizations, and specifically, the recognition of
vocalizations as having specific informational impor-
tance (e.g. conspecific, alarm, food, etc.), develops as a
function of considerable experiential input. Current
studies of vocal learning in primates support this conclu-
sion (reviewed in Hauser 1996; Seyfarth & Cheney 1997).
Based on observations and experiments, it appears that
nonhuman primates are born with the ability to produce
species-typical, acoustically appropriate vocalizations;
experience plays little to no role in shaping the ontogeny
of a call’s acoustic morphology. In contrast, research on
vocal comprehension suggests that nonhuman primates
require a year or more to respond appropriately to vocal-
izations in their species-typical repertoire. Our timing
asymmetry data add to these results, suggesting that
the directional bias seen in adult vocal expressions is
also seen in infants. In contrast, infants fail to show
the directional bias that adults show while perceiving
vocalizations.

In conclusion, these data add to the growing literature
on lateralization in nonhuman animals (MacNeilage
1991; Bradshaw & Rogers 1993; Vauclair et al. 1993; Ward
& Hopkins 1993; Hopkins & Bard 1995; Bisazza et al.
1998; Hook-Castigan & Rogers 1998; Hauser 1999;
Suthers 1999). Not only do animals show asymmetries in
hand preferences and detour behaviour, but they also
show asymmetries in motor actions related to social
interactions. Future work will explore other aspects of
such production asymmetries.
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