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Primates

Studies involving oro-facial asymmetries in nonhuman primates have largely demonstrated a right hemi-
spheric dominance for communicative signals and conveyance of emotional information. A recent study
on chimpanzee reported the first evidence of significant left-hemispheric dominance when using
attention-getting sounds and rightward bias for species-typical vocalizations (Losin, Russell, Freeman,
Meguerditchian, Hopkins & Fitch, 2008). The current study sought to extend the findings from Losin
et al. (2008) with additional oro-facial assessment in a new colony of chimpanzees. When combining
the two populations, the results indicated a consistent leftward bias for attention-getting sounds and a
right lateralization for species-typical vocalizations. Collectively, the results suggest that both volun-
tary-controlled oro-facial and gestural communication might share the same left-hemispheric specializa-
tion and might have coevolved into a single integrated system present in a common hominid ancestor.

© 2012 Elsevier Inc. All rights reserved.

1. Introduction

Since the 19th century, it has been well established that most of
the language functions involved a functional dominance of the left
hemisphere of the brain (e.g., Broca, 1865; Wernicke, 1874)
especially for production, whereas perception of signals involves
both the left and right hemispheres depending of the information
processed from the signals (e.g., Hickok & Poeppel, 2007). Specifi-
cally, left-lateralization for language has been demonstrated at
functional levels including hemispheric perfusion asymmetries
within the middle cerebral arteries (e.g., Knecht et al., 2000) or
regional asymmetries within the posterior frontal and temporal
cortex and in subcortical areas (e.g., Indefrey & Levelt, 2000;
Vigneau et al., 2006). In contrast, understanding the cerebral mech-
anisms underlying the production and perception of emotions in
humans was relatively neglected until the 1970s (e.g., Borod,
Haywood, & Koff, 1997). Two primary theories attempt to explain
cerebral specialization for emotional processing. The first, and
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more popularly accepted theory, proposes that the right hemi-
sphere is involved in perception and production of both positive
and negative emotions (Borod et al., 1997). The second theory,
known as the “valence theory”, argues that the right hemisphere
is specialized for processing negative emotions whereas the left
hemisphere is specialized for positive emotions (Davidson, 1995).
Cerebral specialization and population-level behavioral asym-
metries were historically considered as a unique trait of human
evolution (e.g., Crow, 2004). However, this latter view has been
contested by a growing number of studies providing evidence of
population-level brain and behavioral asymmetries in a wide range
of vertebrates species (MacNeilage, Rogers, & Vallortigara, 2009;
Rogers & Andrew, 2002; Vallortigara, Chiandetti, & Sovrano,
2011), particularly in nonhuman primates (Hopkins, 2007). Con-
sidering the phylogenetic proximity between human and nonhu-
man primates, investigating lateralization in nonhuman primates
for cognitive processing, including communication and emotions,
as well as the motor system, such as handedness and manual ges-
tures, may provide relevant clues to determine the precursors of
hemispheric specialization in humans (for reviews, see Hopkins,
2007; Hopkins & Vauclair, 2012; Vauclair, Fagot, & Dépy, 1999).
In primate species, natural communicative signals such as
vocalizations, facial expressions and manual gestures are critical
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for the coordination of social activities and exchange between
social partners. Thus, many behavioral studies have examined
hemispheric specialization related to communicative gestures in
nonhuman primates within the theoretical framework on the ori-
gin of left-hemispheric specialization for language (Hopkins
et al, 2005; Meguerditchian, Gardner, Schapiro, & Hopkins,
2012). However, little research has been done on the lateralization
of the oro-facial and vocal communicative systems while they may
provide insight into cerebral asymmetries in nonhuman primates
associated to communication and its potential continuities with
hemispheric specialization for language.

In humans, during speech production, the right side of the
mouth opens first and wider, reflecting the left hemispheric dom-
inance for language control. In contrast, oro-facial expressions of
emotion, such as smiling, elicit a left-hemimouth asymmetry
(i.e., right hemisphere specialization, Graves & Landis, 1990). In
nonhuman primates, a left oro-facial asymmetry (i.e. right
hemisphere dominance) for species-specific vocalizations has been
similarly reported in chimpanzees, marmosets, rhesus monkeys
and baboons (Fernandez-Carriba, Loeches, Morcillo, & Hopkins,
2002; Hauser, 1993; Hauser & Akre, 2001; Hook-Costigan & Rogers,
1998; Losin et al., 2008; Wallez & Vauclair, 2011). Right hemi-
sphere lateralization for the production of vocalizations and facial
expressions is consistent with the idea that these behaviors might
be used in an emotional context rather than being used as a lin-
guistic signal (Seyfarth & Cheney, 2003; Vauclair, 2003).

Vocal production in nonhuman primates has been historically
considered as involuntary signals associated to a specific emotional
state and produced in response to specific stimuli (Lieberman,
1998). In addition, vocalizations are emitted by the signaler toward
the whole social group, rather than directed to a single individual
(Arbib, 2005). More recently, a class of novel idiosyncratic atypical
sounds produced by some captive chimpanzees, called attention-
getting vocalizations, have been described (see Marshall, Wrang-
ham, & Arcadi, 1999 for the first description). Three attention-get-
ting vocalizations have been identified including the “raspberry”,
the “extended grunt” and the “kiss” (Hopkins, Taglialatela, & Leav-
ens, 2007). The report of the use of attention getting vocalizations
by chimpanzees has challenged the view of a lack of voluntary con-
trol over vocalizations and facial expressions, and that these
behaviors are related to innate emotional responses. Indeed, it
has been shown that attention-getting vocalizations are socially
learned and voluntarily and selectively produced to capture the
attention of an otherwise inattentive human (Hopkins et al.,
2007; Hostetter, Russell, Freeman, & Hopkins, 2007; Taglialatela,
Reamer, Schapiro, & Hopkins, in press). Because the signaler “in-
tends” to influence a social partner by producing attention-getting
vocalizations towards a human, it has been suggested that these
sounds may be referential and intentionally produced (Hopkins
et al., 2007), whereas the species-typical vocal repertoire of chim-
panzees and of the rest of nonhuman primate species is likely used
in relation to a specific emotional state (e.g., Goodall, 1986) and is
dependent on a specific context (Pollick & De Waal, 2007).

Losin et al. (2008) assessed oro-facial asymmetries of learned
sounds (raspberry and extended grunt) compared to species-typi-
cal vocalizations (food-bark and pant-hoot) to examine whether
differences in hemispheric specialization of the neuropsychological
mechanisms emerged. Interestingly, a rightward asymmetry (i.e.
left hemisphere) was reported for the two atypical sounds (i.e.,
raspberry and extended grunt) whereas a significant leftward hem-
iface lateralization was found for species-typical vocalizations (i.e.,
the pant-hoot and the food-bark). The authors suggested that the
left-hemisphere implication for oro-facial motor control during
attention-getting sounds production could be a crucial stage for
the evolution of more sophisticated motor systems that allowed
for the emergence of human speech. However, while the involve-

ment of the right-hemisphere for several species-typical vocaliza-
tions has been frequently reported in nonhuman primate species,
little is known about the robustness finding of a left-hemisphere
lateralization during attention-getting sounds production in
chimpanzees.

Therefore, the current study proposed to assess oro-facial asym-
metries during the production of species-typical vocalizations and
attention-getting sounds in a new cohort of chimpanzees. Then, we
increased the sample size of captive chimpanzee individuals and
the sample number of still facial expressions by compiling our
new sample data with the sample data set of Losin et al. (2008)
in order to address the consistency of their previous findings
regarding hemispheric specialization for the raspberry, extended
grunt, pant-hoot and the food-bark. We also quantified oro-facial
asymmetries for the “kiss” sound. Furthermore, we evaluated the
hypothesis advanced by Losin et al. (2008) regarding a specific
neuropsychological substrate for the production of emotional and
intentional signals. To assess hemispheric specialization for
expressions, the physical feature of each hemimouth area was cal-
culated and statistics were performed on the entire set of data.

2. Results

First, we performed an independent samples t-test to control
the consistency of the FAI measures from the sample of chimpan-
zees of Losin et al. (2008) and the new data set for each expression
category. No significant difference between the two samples was
noticed for the raspberry: t(62) = —1.22, p =.23; the extended food
grunt: t(12)=—1.66, p =.12; the food-bark: t(55)=—-0.12, p=.90
and the pant-hoot: t(51) =1, p =.32. Thus, because the FAI values
of the two samples of data were nearly identical, we subsequently
used the combined sample for the following analyses.

2.1. Hemispheric specialization for atypical sounds expressions

For the raspberry, according to the individual Asymmetry Quo-
tient (AQ), 35 individuals showed a right- and 15 a left-hemimouth
asymmetry. Only 6 subjects did not show oro-facial biases. This
distribution differed significantly from chance based on a chi-
square goodness-of-fit test, ¥* (2, N=55)=23.61; p <.001. A one-
sample t-test on the mean FAI (M.FAI = .06, SD = .18) showed a sig-
nificant rightward asymmetry for the raspberry (t(55)=2.27;
p =.025). For the Kkiss; (Nrignt = 6, Nieft = 5, Nno bias = 0) and the ex-
tended grunt (Nyigne =7, Nieft =5, Nno bias = 2), the distributions of
oro-facial preferences did not significantly differ from chance
based on a chi-square goodness-of-fit test, y? (2, N=10)=5.64;
p=.06, ¥*> (2, N=13)=2.71; p = .26, respectively. According to an
ANOVA on the FAls, no significant effect of sex was found for the
raspberry (F(1, 54)=0.35, p=.55), the extended grunt (F(1,
12)=3.54, p=.08) and the kiss (F(1, 9)=0.15, p=.71). According
to Spearman’s rank correlation, no significant associations were
found between age and the FAI measures: (r(54) = —0.04, p =.74;
1(12)=0.09, p =.76; r(9) = —0.17, p = .61, respectively).

2.2. Hemispheric specialization for species-typical vocalizations

From the 57 individuals of which food-bark vocalizations were
observed, the majority of subjects (N = 34) showed a left-side bias,
fewer individuals (N =15) showed a rightward asymmetry. Only
eight individuals did not exhibit oro-facial biases. This distribution
differed significantly from chance based on a chi-square goodness-
of-fit test, x* (2, N=57)=19.05, p <.001). A one-sample t-test on
the M.FAI of the subjects (M.FAI = —.05, SD = .15) indicated a signif-
icant degree of oro-facial bias at a group-level toward the left-side
of the mouth (t(56) = —2.5; p =.01). For the pant-hoot, 27 individ-
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uals showed an oro-facial asymmetry toward the left-side of the
mouth whereas18 showed a right-side asymmetry. Six individuals
exhibited no asymmetry. This distribution differed significantly
from chance based on a chi-square goodness-of-fit test, x? (2,
N =50)=13.06; p<.001. However, the degree of oro-facial asym-
metry of the subjects (M.FAI = —.015, SD =.25) was not significant
according to a one sample t-test: t(50) = —0.42; p =.68. This ab-
sence of significant bias could be explained by the high variability
in the degree of hemiface asymmetry between subjects. No influ-
ence of sex on the mean FAIs was found for the food-bark (F(2,
54)=0.89, p =.42) and for the pant-hoot (F(1, 49)=1.15, p =.29).
Finally, no influence of age on the mean FAIs was found for the
food-bark and the pant-hoot (respectively: r¢(54)=0.11, p=.4
and r(49) = -0.009, p = .95).

3. Discussion

Our aim with this study was to test the validity of hemispheric
specialization with regards to the functionality of vocalizations and
facial expressions reported by Losin et al. (2008). Consistent pat-
terns of lateralization were found for each category of vocalization
between the two populations of chimpanzees investigated sepa-
rately in the previous and present studies. When combining the
two samples of subjects, a significant oro-facial bias toward the
right-side of the mouth consistently occurred when chimpanzees
produced raspberry sounds, and a significant leftward oro-facial
asymmetry for the production of food-barks vocalizations (see
Fig. 1). The current study confirms previous findings that differen-
tial cerebral processing occurs according to the function of the
expression, namely, a left hemispheric dominance for the produc-
tion of learned attention-getting sounds, and right hemispheric
dominance for the production of species-typical vocalizations both
at a group-level. Regarding the theory of the involvement of the
right hemisphere for emotion processing (Borod et al., 1997), this
latter finding is consistent with the view that the production of
species-specific vocalizations might be related to a specific emo-
tional state that involved a right-hemispheric dominance. Never-
theless, given that the species-specific vocalizations tested in the
present study seem rather related to a positive context (presence
of food) than to a negative context, no data are available so far
for discussing the ‘“valence theory” for emotions (Davidson,
1995). In other words, we cannot evaluate whether the variation
of emotions (negative versus positive emotions) in vocal produc-
tions drives the direction of the hemispheric specialization (i.e.,
right or left hemisphere dominance, respectively) in chimpanzees.
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Fig. 1. Oro-facial asymmetries for species-typical vocalizations and attention-
getting sounds. Means FAI for attention-getting sounds: raspberry (N =56),
extended grunt (N =14) and kiss (N =11) and species-typical vocalizations: pant-
hoot (N =55) and food-bark (N =57) with SE. Negative values correspond to left
hemiface asymmetries and positive scores indicate right ones. One sample t-test
result: “p <.05.

Consistent rightward behavioral oro-facial asymmetry results
during the production of learned atypical vocalizations support
the interpretation by Losin et al. (2008) of greater left hemispheric
involvement in these behaviors. In regards to the prevalence in
which captive chimpanzees use learned vocalizations, Hopkins,
Taglialatela, and Leavens (2011) reported that the raspberry
vocalization was most often produced by contrast to the others
attention-getting sounds. The authors suggest that the raspberry
sound may be easier to produce than the other sounds. It is impor-
tant to note that for the raspberry, a non-voiced sound signal, a
chimpanzee only needs to learn novel oro-facial muscular move-
ments for expelling air through the lips. In contrast, the production
of extended grunt requires to learn also controlling the vocal appa-
ratus including the vocal tract in order to produce a voiced sound.
Recent comparative stereology and cytoarchitecture studies have
demonstrated that chimpanzees have a greater potential for neural
control of facial expressions in comparison with monkeys. Both
chimpanzees and humans exhibited larger volumes of facial nuclei
(Sherwood et al., 2005) and a wider Layer III in the face area of the
primary motor cortex (Sherwood et al., 2003) in comparison to
other nonhuman primates. Research on the cortical control of
oro-facial movements is limited, although electrical stimulation
of Brodmann’s area 44 in the frontal cortex has been shown to in-
duce oro-facial movements in monkeys (Petrides, Cadoret, & Mac-
key, 2005). Thus, further investigation on the cortical substrate
underlying the oro-facial system in nonhuman primates including
the production of attention-getting sounds in chimpanzees are
needed for better understanding the evolution of the control of
oro-facial movements involved in spoken language.

Within this theoretical framework about the origins of lan-
guage, in contrast with the “vocal origin of language” hypothesis
(e.g., Snowdon, 2001; Zuberbiihler, 2005), an alternative theory
claims that language first evolved from manual communicative
gestures (e.g., Corballis, 2002; Meguerditchian & Vauclair, 2008;
Vauclair, 2004). For instance, findings from several studies that re-
ported predominance of right-handedness for gestural communi-
cation in captive chimpanzees and in baboons have suggested a
left cerebral specialization (Hopkins et al., 2005; Meguerditchian,
Molesti, & Vauclair, 2011; Meguerditchian, Vauclair, & Hopkins,
2010). Furthermore, anatomical brain imaging studies have re-
ported that right-handed chimpanzees for manual communicative
gestures had greater leftward neuroanatomical asymmetries for
the inferior frontal gyrus (IFG) and the planum temporale (PT)
compared to left-handed subjects (Meguerditchian et al., 2012;
Taglialatela, Cantalupo, & Hopkins, 2006). Given that the IFG and
PT are known to overlap with Wernicke’s and Broca’s areas in hu-
mans, these findings suggested that the cerebral homologues of
language areas in humans could be involved during gestural com-
munication in chimpanzee.

Recently, research has reported that a subpopulation of captive
chimpanzees produced manual gestures in conjunction with
learned attention-getting sounds as a function of the human exper-
imenter’s attentional state (Hostetter et al., 2007; Leavens, Hostet-
ter, Wesley, & Hopkins, 2004). Interestingly, this subpopulation
was observed to have an increased right hand preference for man-
ual gestures when they were produced simultaneously with atten-
tion-getting vocalizations (Hopkins et al., 2005; Hostetter et al.,
2007; Leavens & Hopkins, 1998; Leavens et al., 2004), indicating
that both the oro-facial and gestural system might share the same
left-hemispheric specialization. Moreover, using positron emission
tomography (PET) studies reported an activation of the homologue
of Broca’s area in the left hemisphere during the production of
manual gestures used concurrently with learned atypical sounds
in order to capture the attention of an experimenter (Taglialatela,
Russell, Schaeffer, & Hopkins, 2008; Taglialatela, Russell, Schaeffer,
& Hopkins, 2011). The authors assert that activation of cortical and



78 C. Wallez et al./Brain & Language 123 (2012) 75-79

subcortical areas during communicative signals is reminiscent of
the neural mechanisms involved in the production of human
language (Lieberman, 2007). These collective findings including
the confirmation of the left hemisphere involvement for atten-
tion-getting sounds in the present study reappraised the “gestural
origin of language” hypothesis. Both oro-facial and gestural
communication in chimpanzees seems to share the same atten-
tion-getting functions and left-hemispheric lateralization and
might be thus ultimately integrated into a single communicative
system lateralized in the left-hemisphere. These neuropsychologi-
cal correlates in chimpanzees provide additional supports to the
“bimodal origin of language hypothesis” (McNeill, 1992).

In brief, our results demonstrate that hemispheric specializa-
tion is related to the function of the vocalization. Right
hemispheric specialization was evident for species-typical
vocalizations, which reinforces the idea that they are used in an
emotional context. By contrast, a right hemiface asymmetry was
found for atypical sounds suggesting a specific left-lateralized pat-
tern for these communicative signals. The review of indirect
behavioral and direct functional assays on hemispheric specializa-
tion of communicative signals allow us to suggest that in the
course of the origin of language, voluntary oro-facial and gestural
communicative signals might have coevolved into a single inte-
grated communicative system in a common hominid ancestor.

4. Method
4.1. Subjects

The new cohort included 431 still images from 42 chimpanzees
housed at the Michale E. Keeling Center for Comparative Medicine
and Research (KCCMR) of The University of Texas MD Anderson
Cancer Center in Bastrop, TX. The previous sample of data from Lo-
sin et al. (2008) was 267 still images from 69 chimpanzees housed
at the Yerkes National Primate Research Center (YNPRC) in Atlanta,
GA. For this current study, the both sample were combined and
698 still images from 111 individuals were used for analysis. The
number of still images per subject ranged from 1 to 39 pictures
(M =6.29, SD =6). For the learned sounds, 319 still images from
56 individuals producing the raspberry, 37 still images from 14
individuals producing the extended grunt, and 67 images from
11 individuals producing the kiss were collected. For species typi-
cal vocalizations, 160 still images from 57 individuals producing
the food-bark, and 115 still images from 55 individuals producing
the pant-hoot were included. The age range of the sample was
5-44 years (M =20.7, SD =9.8). Images from the YNPRC subjects
were collected prior to 2008 and images from the KCCMR subjects
were recorded between May 2008 and April 2009.

4.2. Behaviors of interest

The raspberry sound is a non-voiced, bilabial fricative in which
the individual purses their lips and expels air out through these
closed lips in a sputtering fashion. The kiss is produced in a manner
similar to the raspberry, except that it requires the subject to purse
or pucker their lips and inhale air. Finally, the extended grunt is a
low frequency, broadband and atonal voiced sound. Concerning the
species-typical vocalizations, two emotional valences were
observed. The food-bark, a positively-valenced emotional behavior,
is a repeated and often high-pitched bark produced by expelling air
from the lungs with the lips slightly parted and mouth corners
withdrawn. Finally, the pant-hoot, a negatively-valenced
emotional behavior, consists of alternating “hoo” vocalizations,
produced with forward-protruding rounded lips, and voiced inha-
lations, during which the mouth is open widest.

4.3. Apparatus and image analysis

Losin et al. (2008) provides an in depth description of the spec-
ifications of the camcorder used to record video sequences and of
the video software used to capture still images. The contexts of
video recording behavioral sequences were also described in Losin
et al. (2008) as well as the entire procedural steps to assess oro-fa-
cial asymmetries.

4.4. Data analysis

Firstly, the direction of hemiface lateralization was determined
for each subject in order to classify an individual with left, right or
no hemispherical specialization for each behavior. A cut point
value named Asymmetry Quotient (AQ), traditionally applied in
the neuroanatomical literature for humans and apes (Cantalupo,
Pilcher, & Hopkins, 2003) was used. It is based on the same formula
used in the literature dealing with emotional oro-facial asymme-
tries. Individuals with an AQ score greater than .025 or less than
—.025 showed respectively right- or left-hemimouth asymmetry.
All other subjects were categorized as exhibiting no bias. Second,
a Facial Asymmetry Index (FAI) indicating the degree of oro-facial
lateralization for a given individual was computed based on the
formula (R — L)/(R + L) where the R and the L were the values of
the Right and Left hemimouth area measures. FAI values varied
on a continuum from —.1 to 1, where negative values correspond
to a left asymmetry and positive values to a right asymmetry.

In accordance with Losin et al.’s (2008) procedure, we con-
trolled for the potential influence of orientation face toward the
camera on the FAIs results. No asymmetry was observed after com-
bining the entire data set for each behavior (raspberry: t(54) = 0.84,
p=.4; extended grunt: t(12)=-0.8, p=.43; kiss: t(9)=1.19,
p=.25; food-bark: t(56)=0.03, p=.98; pant-hoot: t(50)=1.05,
p=.3). A score of inter-rater reliability also was calculated in the
previous study indicating a good rate of agreement between the
experimenter and a naive rater (Losin et al., 2008). To avoid possi-
ble variability in the measurement method, the same experimenter
assessed the new set of data.
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