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Abstract

Humans are mainly right-handed for many actions including gestures. This bias is strongly linked to a left cerebral hemispheric dominance for
language functions. Whether similar lateralized systems for communicative behaviors are present in other animals is unclear. Here we report the
first evidence of strong population-level right-handedness in 60 captive baboons for a species-specific communicative manual gesture. Our findings
support the view that lateralization for language may have evolved from a gestural system of communication controlled by the left hemisphere.

© 2006 Elsevier B.V. All rights reserved.
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1. Introduction

Comparative studies of non-human and human primates con-
cerning communicative gestures show arenewed interest regard-
ing the evolution of communicatory systems, in particular lan-
guage. Although gestures are efficient means of communication
among groups of non-human primates (e.g., [8,30]), they have
been relatively little studied compared to vocalizations and facial
expressions. The available studies have shown that Pongidae use
their arm and their hand to communicate intentions to other indi-
viduals [5,7,19,24]. Whether these communicative behaviors
involve lateralized systems is still unclear. Humans are mainly
right-handed for many actions [1] including manual gesturing
and such asymmetries are linked to a left cerebral hemispheric
dominance for the perception and the production of language
[21]. Thus, in a broad approach on the origin of speech and its
lateralization, the study of manual communicative gestures and
their asymmetries in non-human primates constitutes an ideal
framework to clarify the hypothesis of the gestural origin of
language and its lateralization [6,31].
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Some investigations of manual gestural communications by
humans reveal links between handedness and hemispheric spe-
cialization for language. Firstly, it has been shown that the
activity of the right hand is predominant for manual movements
when people are talking [20] and for signing by deaf humans
with left-hemispheric dominance for the control of sign language
functions [2,9]. Secondly, the degree of right-hand asymmetries
for manual communication such as “pointing” increases during
the development of speech in young children [3]. Additionally,
the use of the right hand is more pronounced for signing than
for non-communicative manual actions among children of deaf
parents [4].

Concerning non-human primates, research on handedness
has mainly focused on non-communicative motor actions (see
Ref. [28] for a review) and some studies have reported a sig-
nificant population-level handedness in particular those using a
coordinated bimanual manipulative tube task (a task designed
by Hopkins [11]) which consisted in removing food with fin-
gers of one hand from inside a PVC tube while holding it
with the opposite hand (in capuchin monkeys [29], in Olive
baboons [32] and in great apes [11,17,18]). Concerning the later-
alization of communicative behaviors, if strong left-hemispheric
advantages have already been reported for the perception of
vocalizations in rhesus monkeys (e.g., [10]), research on ges-
tural communication has only concerned captive chimpanzees
(Pan troglodytes). These studies have shown a population-level
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Fig. 1. Communicative gesture in a baboon. An adult female intimidates another individual by quickly rubbing her right hand on the ground. Time is indicated in

milliseconds (ms).

right-handedness for communicative gestures [14,15], a bias
which is stronger than the bias exhibited in manipulative tasks
[16]. Thus, the continuity between humans and chimpanzees
has been interpreted as supporting the hypothesis [6] that lat-
eralization for language may have evolved from a gestural
system of communication lateralized in the left hemisphere
in the common ancestor as recently as 5 or 6 million years
ago [16].

To our knowledge, no investigation has been undertaken
in monkeys. Our research aims thus at detecting communica-
tive gestures and their lateralization in Olive baboons (Papio
anubis).

2. Method
2.1. Subjects

At the Center of Primatology of Rousset (France), a sample of 60 captive
Olive baboons (Papio anubis) living in social groups in parks or in large cages
was selected. The sample was composed of 30 males and 30 females; 37 were
young (age range: 1-4 years, mean=2.38, S.E.=0.17) and 23 were adults (age
range: 5-28 years, M=11.48, S.E. = 1.20).

2.2. Procedure

Baboons produce a species-specific manual gesture that is clearly commu-
nicative. It consists in a quick and repetitive rubbing or slapping of the hand on
the ground; this gesture is used to threat or intimidate other individuals [22] (see
Fig. 1 and the video-clip available online). Hand slapping is probably intentional,
insofar as it was most of the time repetitive and as 100% of the observed ges-
tures were performed toward a social partner (human or conspecific). Thus, this
behavior seems to fulfill the criteria usually retained to define intentional com-
munication [23], namely (a) it is only performed when an audience is present, (b)
the visual orienting behavior of the signaler is in phase with the social partner,
and (c) the signaler persists when the social partner is not attending or is not
responding.

Data were collected in two contexts: (a) spontaneous agonistic interactions
between conspecifics and (b) between baboons and the human experimenter. In
this latter case, the experimenter would trigger agonistic responses (hand slap-
ping) from a baboon, for example by abruptly shaking of the head and glancing
at the focused animal. In total, 1828 communicative gestures were observed on
115 baboons. Sixty subjects performed the minimum of 10 responses fixed to
assess individual hand preference (the number of gestures per subject varied
from 10 to 111 responses, M =28.13, S.E. = 3.02). Among the 1688 hand slap-
ping gestures retained, 1246 (74%) came from interactions between baboons and
the experimenter, the 442 others (26%) provided from 92 interactions observed
between baboons.

2.3. Data analysis

First, a z-score was calculated for each baboon on the basis of the total left-
and right-hand responses for threat gestures; this score was used to classify
baboons as left-handed (z < —1.96), right-handed (z > 1.96) or ambiguously-
handed (1.96 <z<1.96).

Second, an individual handedness index score (HI) was calculated for each
subject using the formula (R — L)/(R + L), where R and L represent the total right-
and left-hand responses, respectively. The HI values varied on a continuum from
—1.0 to 1.0 and the sign indicates the direction of hand preferences: positive,
right-hand preference; negative left-hand preference. The absolute values reflect
the strength of hand preference.

3. Results
3.1. Direction of hand preference

Thirty-five animals were classified as right-handed, 10 as
left-handed and 15 as ambiguously-handed. Thus, among the
45 lateralized subjects, 78% were right-handed (see Fig. 2).
The number of right-handed baboons (35 subjects) was sig-
nificantly higher than the number of left-handed subjects (10
subjects), x> (1, N=45)=13.89, p <0.0002, indicating a signif-
icant population-level right-handedness.
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Fig. 2. Asymmetries of manual gestures in baboons’ population. Percentages of
right-, left- and ambiguously-handed baboons for gestures (N = 60). *p < 0.0002.
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Fig. 3. Degrees of population-level right-handedness. Mean handedness index
scores (MHI) £ S.E. The error bar represents the standard error around the MHI
score. Asterisk indicates that the MHI score differed significantly from zero.
*p <0.05. (a) MHI for total communicative hand slapping gestures (N = 60); (b)
MHI scores for age classes: young baboons (N =37) and adults (N =23); (c)
MHI scores for baboons who produced gestures toward a conspecific (N =27)
and for subjects who produced gestures toward the experimenter (N =48).

The mean handedness index score (MHI) of the 60 individuals
for threat gestures was equal to 0.32 (S.E. = 0.09), and this result
confirms the clear right-hand bias in the population, as revealed
by one sample #-test, #(60) =3.58, p <0.0008 (see Fig. 3a).

3.2. Potential effects of age and sex

The effects of age and sex were assessed using an anal-
ysis of variance (ANOVA) with the handedness index score
serving as the dependent measure. A non-significant differ-
ence in population-level handedness was found between sexes
(F(1,60)=1.39, p>0.05, MHI=0.42, SEE.=0.11 for the 30
females; MHI = 0.21, S.E. =0.14 for the 30 males), but a signif-
icant difference was found between age classes, F(1,60)=6.67,
p<0.03 MHI=0.14, S.E.=0.12 for the 37 young baboons;
MHI =0.60, S.E.=0.10 for the 23 adults). The degree of
population-level right-handedness was stronger for adults than
for young baboons, indicating that age classes could have an
effect on the development of the population-level right-hand
bias (see Fig. 3b). Only adults’ MHI value differed significantly
from 0, #(23) =6.00, p <0.0001.

3.3. Potential effect of the experimenter

In the next analysis, the potential effect of the experi-
menter on population-level right-handedness was evaluated.
Both gestures produced among conspecifics (442 gestures per-
formed by 27 individuals, MHI=0.53, S.E.=0.12) and those
induced by the experimenter (1246 gestures performed by
48 individuals, MHI=0.23, S.E.=0.11) led to a significant
population-level right-handedness as revealed by one sample 7-
test, #(27)=4.50, p <0.0002, #(48) =2.18, p <0.04, respectively
(see Fig. 3c). Thus, the emergence of this right-handedness
pattern did not result from biases due to the experimenter.
Although right-handedness was stronger for intra-specific ges-
tures compared to inter-specific gestures (see MHI), this dif-
ference is not significant (F(1,75)=3.26, p>0.05, using an
analysis of variance with the HI score serving as the dependent
measure.

3.4. Comparison of handedness indexes between threat
gestures and non-communicative motor actions

Additionally, results for gestures were compared with results
obtained previously in the tube task and in a unimanual reaching
task (see Ref. [32]) with some of the baboons also involved in the
present study. Handedness index scores did not significantly cor-
relate within the 16 same individuals which produced the threat
gestures and performed the tube task (Pearson product-moment
correlation: r(16)=0.214, p>0.10), as 10 subjects out of the
16 exhibited dissimilar hand preferences. In addition, hand-
edness index scores did not significantly correlate within the
18 same individuals which produced the threat gestures and
performed the unimanual task (Pearson product-moment cor-
relation: #(18)=0.245, p>0.10), as 12 subjects out of the 18
exhibited dissimilar hand preferences. It must be noted that
the degree of right-handedness in baboons’ populations was the
strongest for communicative gestures (MHI=0.32, S.E.=0.09
versus MHI = 0.13, S.E. = 0.06 for the tube task and MHI = 0.00,
S.E. = 0.05 for the unimanual task).

Finally, 10 subjects performed the three tasks (gesture:
MHI=0.69, tube: MHI=-0.01, reaching: MHI=0.21). A
repeated ANOVA showed a strong significant task effect on HI
scores, F(1,10)=10.22, p <0.006.

3.5. Potential effect of the number of responses per subject

The potential effect of the sample size (the number of
responses per subject) on reported handedness is a topic of
recent debate [18,27,32]. In fact, some researchers are not con-
vinced by the handedness data collected on captive primates
[25-27]. For example, Palmer [27] is particularly suspicious of
the reliability of handedness indices calculated on fewer than
about 25 observations. This author called into question chim-
panzees’ right-handedness in showing an effect of the sample
size on manual laterality data. In fact, right-handedness reported
in chimpanzees seems to be less pronounced among individu-
als who performed more than 25 responses [27]. To test the
reliability of our results, the MHI scores were calculated for
the 24 baboons whose number of responses was 25 gestures
and above (from 25 to 111 responses, M =49, S.E.=15.05):
MHI =0.45, S.E. =0.12, a score which is significantly differ-
ent from 0 (#(24) = 3.88, p <0.0009). We calculated also the MHI
scores for the 36 baboons whose number of responses was under
25 gestures (from 10 to 23 gestures, M =14.25, S.E.=0.77):
MHI =0.23, S.E. =0.12, a score which is not significantly dif-
ferent from 0, (#(36)=1.81, p=0.07). The observed difference
in the degree of population-level right-handedness (see MHI) is
not significant using an analysis of variance with the HI score
serving as the dependent measure (F(1,60) = 1.59, p>0.05). This
analysis supports the view that our right-handedness data did not
result from a sample-size effect.

4. Discussion

To our knowledge, this is the first study reporting manual
asymmetries for gestures in monkeys which suggests a left cere-
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bral dominance for the control of communicative functions of
the hands.

Previous studies showing population-level right-handedness
for communicative manual behaviors in apes have concerned
inter-specific gestures only produced to communicate with
humans [14—-16]. The present study is the first of its kind realized
with non-human primates on the lateralization of intra-specific
gestures and confirms the results obtained for inter-specific ges-
tures in chimpanzees [14—16]. Additionally, it must be noted that
the relationships between the captive baboons and humans (staff
and experimenters) are not easy to engage and are avoided at the
field station where the study was carried out. Thus, the gestures
we recorded being spontaneous, species-specific and realized in
social groups, our study strongly supports the view that hand
preference did not result from biases induced by humans, as it
has been proposed by some researchers [25-27]. In effect, our
results have showed that both intra- and inter-specific gestures
are significantly right-handed and that the degree of population-
level right-asymmetries is the most pronounced for intra-specific
gestures.

We also showed that the number of responses per individual
did not significantly bias our right-handedness data. And we
observed that the degree of right-handedness (see MHI) was
the strongest when the data collected per individual were above
25 responses. This is in the opposite direction to the prediction
made by Palmer [27] about handedness in chimpanzees.

We showed in a previous study that baboons also presented a
population-level right-handedness (61% were right-handed, see
Ref. [32]) for the tube task. We could think that an individual
would rather communicate with the hand used preferentially for
manipulations. Thus, according to this view, we could expect that
the same bias would appear for gestures and for the manipulative
task. However, we showed that patterns of laterality were dif-
ferent, with non-significant correlations of manual preferences
within the same individuals who performed both types of actions
and we showed that the population-level right-handedness was
the strongest for communicative gestures. Such a difference of
degree between communicative and non-communicative actions
has also been reported in chimpanzees [16] and in children
raised by deaf parents [4]. It turns out that the MHI scores
reported for hand slapping gestures (MHI=0.32) and the tube
task (MHI=0.13) in baboons are very closed to those reported in
chimpanzees by Hopkins et al. [16] (MHI =0.31 for gestures and
MHI =0.14 for the tube task). Moreover, whereas an effect of age
classes on the development of population-level right-handedness
was shown for communicative gestures, this was not the case
for the tube task [32]. We note that these findings were contrary
to what has been shown in chimpanzees [11,16]: a significant
main effect for age has been reported in the strength of right-
handedness for the tube task [11], but not for asymmetries of
communicative gestures [16].

We thus suggest that the communicative functions of the hand
could imply a different cerebral substrate than that involved in
their manipulative functions: a communicatory left-hemisphere
system may be involved for the production of gestures. This
system would more strongly favor the use of the right hand
than bimanual coordinations for object manipulations. More-

over, results from recent studies in chimpanzees that used RMI
(magnetic resonance imaging) to investigate the neurobiological
basis of handedness are convergent with this argument. In effect,
it was found that asymmetries of homologous language areas did
not correlate with handedness for non-communicative motor
actions [13], but a significant correlation was shown between
asymmetries in Brodmann’s area 44 (homologous of Broca’s
area) and hand preferences for communicative gestures [12].

From a comparative viewpoint, regarding our results and
the literature, we suggest the existence of a continuity between
asymmetries of speech related gestures and asymmetries of com-
municative gestures in chimpanzees and now in baboons, even
though the degree of population-level right-handedness is lower
in non-human primates than in humans. From an evolution-
ary viewpoint, we suggest that the neuroanatomical substrate
of manual communication controlled by the left cerebral hemi-
sphere may have existed in their common ancestor at least 30
million years ago and may be considered as the precursor of the
human language area. Our results hence bring additional support
to the view that lateralization for language in humans may have
evolved from a gestural system of communication lateralized in
the left hemisphere (e.g., [6,16]).
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