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a b s t r a c t

Whether precursors of the left-lateralization for human language can be found in the vocal

and gestural communication systems of nonhuman primates remains a topic of intense

research, particularly within theoretical discussions of the evolutionary origins of

language. Although previous studies in chimpanzees have reported evidence of right-

handedness for inter-species food-beg gestures produced exclusively toward humans,

some might question the generality of these results to intra-species communicative

signals. To address this issue, we recorded hand use in 70 captive chimpanzees for species-

typical signals, that could be directed either toward conspecifics or humans. We found

evidence of a predominance of right-handedness for species-typical gestures in captive

chimpanzees when directed to both humans and conspecifics. Hand preferences during

intra-species communication were significantly and positively correlated with gestures

directed toward humans. By contrast, hand preferences for gestures did not significantly

correlate with hand use for a non-communicative self-directed action. The collective

results suggest (a) that evidence of predominance of right-handedness for human-directed

gestures communication is not specific to this context and (b) the existence of a specific

communicative system involving gestures constitutes an ideal prerequisite for the cerebral

substrates of human language and its typical left-lateralization.

ª 2009 Elsevier Srl. All rights reserved.
1. Introduction historically linked to right-handedness for manipulative
Most language functions are under the control of the left

cerebral hemisphere in the majority of humans (e.g., Knecht

et al., 2000) and such a hemispheric asymmetry has been
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actions. In fact, right-hand dominance in humans is revealed

not only by actions associated with manipulation (almost 90%

are right-handed: Annett, 1985), but are also expressed in

manual gestural behaviors such as (a) signing in deaf people
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(Grossi et al., 1996; Vaid et al., 1989), (b) manual movements

produced simultaneously when people are talking (Kimura,

1973a, 1973b), and (c) pointing gestures by infants during

speech development (Blake et al., 1994). Moreover, using

functional brain imaging (such as Positron emission tomog-

raphy, PET), deaf people revealed an activation of Broca’s area

in the left-hemisphere when producing signs (e.g., Corina

et al., 2003; Emmorey et al., 2007). These findings collectively

suggest that the production of such ‘‘language-related’’

gestures may involve left-lateralized language areas (see

Kimura, 1993).

Many have previously argued that population-level

behavioral and brain asymmetries are uniquely human and

due, in part, to the emergence of language in humans (Crow,

2004; Ettlinger, 1988; Warren, 1980; Williams et al., 2006). This

view has been challenged by numerous of studies in a host of

vertebrates that have demonstrated behavioral and brain

asymmetries at a population-level (Hopkins, 2007; Rogers and

Andrew, 2002; Vallortigara and Rogers, 2005). Since

nonhuman primates, particularly great apes, are our phylo-

genetically closest relative and communicate frequently by

gestures with conspecifics in many social contexts (e.g., Call

and Tomasello, 2007;Goodall, 1986; Pika et al., 2005a, for

reviews), whether the left-lateralization for language in

humans has its precursors in the communicative gestural or

vocal system of nonhuman primates has been the topic of

recent studies on behavioral asymmetries.

There remains considerable discussion, yet very little data

on behavioral lateralization in the production of vocal and

gestural communication in animals, notably primates (Hop-

kins and Fernandez-Carriba, 2002; Taglialatela, 2007; Vauclair

and Meguerditchian, 2008), behaviors that would seemingly

be critical for evaluating different theories of language origins

as it relates to hemispheric specialization. Asymmetries in

vocal production have largely been derived by quantifying

oro-facial asymmetries during vocal communication.

Marmosets, rhesus monkeys and chimpanzees all predomi-

nantly show, though not exclusively, oro-facial asymmetries

in vocal production toward the left side of the mouth (i.e., right

hemisphere dominance), which is consistent with the view

that their vocalizations reflect emotional states (Fernandez-

Carriba et al., 2002; Hauser, 1993, 1999; Hook-Costigan and

Rogers, 1998; but see Losin et al., 2008).

For manual gestures, group-level right-handedness for

gestural communication has been previously reported in

small sample of captive bonobos and gorillas (Shafer, 1993;

Hopkins and de Waal, 1995) and in 60 captive baboons for

a hand slapping threat gesture directed either toward

conspecifics or humans (Meguerditchian and Vauclair,

2006). Hopkins et al. (2005) examined hand use for food-

begging manual gestures that were directed toward

a human holding food and they found a pronounced right-

hand bias in a sample of 227 captive chimpanzees. One

potential limitation of this finding in chimpanzees is that

the hand preferences were recorded on gestures exclusively

produced to human experimenters in order to request food

(extend hand or fingers through the cage, refer to ‘‘food-beg

gesture’’ or ‘‘pointing’’). Such behaviors are considered

a result of ritualization of motor processes exclusively

associated to the particular environmental conditions of
the chimpanzees (restrictive captivity and interactions with

humans in an out-of-reach food context, Leavens et al.,

2005). As such, it might be suggested that direct interac-

tions with right-handed humans that shaped the rituali-

zation of food-beg gestures may have influenced at least

the pattern of right-handedness revealed in these studies

(see McGrew and Marchant, 1997; Papademetriou et al.,

2005). This leads to the empirical question of whether

similar patterns of right-handedness are evident in chim-

panzees for their species-typical repertoire when commu-

nicating with each other.

To investigate this question, in the current study we

examined hand use for manual gestures used during intra-

species communicative exchanges between captive chim-

panzees during everyday social interactions. In the present

study, ‘‘communicative manual gestures’’ are defined as an

expressive movement of limbs that is directed to another

individual in order to influence its behavior and that is related

to a request and/or a desired action/event (Pika et al., 2005b).

In addition, for comparison to the data on hand use during

intra-species communication, we recorded hand use for

gestures from the same species-typical repertoire that were

directed toward humans. If being raised in captivity and

having long histories of interacting with humans differen-

tially influences handedness for gestural communication,

then it might be hypothesized that significant differences in

hand use may be present in these two contexts. Lastly, for

comparison to the handedness data for species-typical

gestural communication, we collected data on hand use for

non-communicative self-directed touching action and repli-

cated the measures of hand use for human-directed food-beg

gestures previously investigated in chimpanzees (Hopkins

et al., 2005). Including the human-directed food-beg gestures

allowed for the assessment of consistency in hand use over

time and to examine whether these patterns generalize to the

species-typical gestural repertoire by contrast to non-

communicative actions.
2. Method

2.1. Subjects

Observational data were collected in 97 chimpanzees

including 39 males and 58 females housed at the Yerkes

National Research Primates Center of Atlanta (USA). This

sample constituted the total number of possible subjects;

however, the total number of apes included in the different

analyses varied according to the frequency of occurrence of

specific behaviors of interests. All the apes were living in

social groups ranging from 2 to 12 individuals and ranged in

age from 6 to 50 years (Mean¼ 23.76, standard error,

S.E.¼ 1.05).

2.2. Procedure

Data were collected between 10:00 am and 6:00 pm each

observational day from March 2007 to January 2008. During

observational days, data were collected during two sessions,

2 h observation periods, one in the morning and one in the



Table 1 – Distribution of the number of observations per
category of manual actions.

n
Responses

N
subjects

Mean S.E.

a. Species-typical gestures

1. Extend arm 405 (13%) 50 8.02 1.06

- Intra-specific 397 50 7.94 1.05

- Human-directed 4 3 1.33 .33

2. Arm threat 156 (5%) 32 4.88 1.06

- Intra-specific 103 30 3.43 .59

- Human-directed 53 12 4.42 1.44

3. Hand slap 2570 (82%) 83 30.96 3.58

- Intra-specific 741 52 14.25 1.76

- Human-directed 1829 78 23.45 2.89

TOTAL gestures 3127 (100%) 89 35.13 3.98

- Total intra-specific 1241 (40%) 64 19.39 2.14

- Total human-directed 1886 (60%) 78 24.18 2.99

b. Comparative behaviors

Food-beg gestures 1549 94 16.48 1.36

Self-directed nose wipe 1287 71 18.13 2.23

Fig. 1 – Intra-species extend arm in chimpanzees. An adult

male extends his right arm toward an adult female in order

to greet her.

c o r t e x 4 6 ( 2 0 1 0 ) 4 0 – 4 842
afternoon. The social groups were randomly observed during

an observation session and an all occurrences sampling

procedure was used, in which responses of each individual

were collected opportunistically when a behavior of interest

occurred. When a given manual action was produced repeti-

tively by an individual, a recorded response of hand use was

distinguished from another when the subject returned to the

initial manual position between the separated manual

actions. In other words, if a sequence of repetitive gestures

occurred without such an interruption, we considered the

whole sequence as a single response of hand use.

2.2.1. Behavioral ethogram for species-typical gestures
During the observation periods, hand use data for several

species-typical gestures (e.g., Nishida et al., 1999; Goodall,

1989) were recorded and included in the analyses. These

behaviors included arm-threat gestures, extend arm and hand

slap.

Arm-threat gestures were defined by Goodall (1989) as the

raise of the arm (whole or forearm only) in a quick jerky

movement with the fingers flexed slightly.

Extend arm concerned all gestures that consisted of

extending one arm or hand (wrist and/or fingers with palm up

or down) toward a partner in various social contexts: recon-

ciliation, submission, greeting, invitation of grooming, when

shared excitation, reassurance-seeking after stress or

aggressions, play, etc. (Goodall, 1989; see for a review Nishida

et al., 1999).

Hand Slap was recorded when a chimpanzee slapped

repeatedly the ground, the cage or the wall (with their whole

hand or the back of his wrist) in direction of a recipient (a

human or a conspecific) in order to invite them to play, to

threat them, or to attract their attention (Goodall, 1989;

Nishida et al., 1999).

2.2.2. Comparison measures of hand preferences
For evaluating whether or not the patterns of hand preference

for gestures were solely related to its communicative prop-

erty, we recorded hand use for two other manual actions,

serving as comparison behaviors to the species-typical
gestures: these actions included (a) self-directed nose wipe,

a non-communicative face-touching action, and (b) a replica-

tion of the human-directed food-beg gestures (Hopkins and

Cantero, 2003; Hopkins et al., 2005).

The ‘‘nose wipe’’ consists of a quick passage of the hand

across the bridge of the nose (e.g., Marchant and McGrew,

1996). Such self-directed behaviors are not considered in the

literature as communicative signals but rather as external

signals of edginess, motivational ambivalence or frustration

in primates including chimpanzees (Aureli and de Waal, 1997;

Leavens et al., 2004).

Human-directed food-beg gesture consists of extending

fingers through the wire mesh of the chimpanzee’s enclosure

toward the human recipient or toward an out-of-reach piece

of food in order to request food. This behavior occurred

frequently in presence of a human observer and was the

behavior previously recorded by Hopkins et al. (2005) in this

same sample of chimpanzees.
2.3. Data analysis

For all manual behaviors, we did not include in the final

analysis the subjects that produced less than 6 responses. In

accordance with the literature on nonhuman primate hand-

edness (see Hopkins, 1999), an individual z-score was calcu-

lated on the basis of the total left and right-hand responses in

order to determine the direction of hand preference for each

subject and manual actions (specific-typical gestures, nose

wipe, human-directed food begs). The chimpanzees were then

classified as left-handed (z��1.96), right-handed (z� 1.96) or

ambiguously handed (�1.96< z< 1.96) for each category of

manual action on the basis of a level of significance at p< .05.

In addition, for each subject, the degree of manual asymmetry

was evaluated by calculating an individual handedness index

(HI) score using the formula HI¼ (#R� #L)/(#Rþ #L), where R
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and L represent the total number of right- and left-hand

responses, respectively. The HI values varied on a continuum

from �1.0 to 1.0 with the sign indicating direction of hand

preferences (positive¼ right-hand preference, negative¼ left-

hand preference). The absolute value of the HI (ABS-HI) scores

reflects the strength of individual hand preference.
3. Results

3.1. Descriptive data

Because of the unequal distribution in the number of obser-

vations across the three gestural categories (threat, extend

arm, slap) due to natural variation of the frequencies between

each behavior (see Table 1a for distribution of the data per

category of gesture), all the hand use data for these gestures

were combined together for each individual and constituted

a single category of gestures referred to ‘‘species-typical’’.

Combining the data allowed for a larger sample of individual

responses per subject concerning the species-typical gestures.

Among the 3127 responses collected on 89 individuals (1241

intra-specific gestures, 1886 gestures directed to humans),

3083 were included in the final analysis from 70 chimpanzees

(24 males, 46 females), each of whom performed a minimum

of 6 responses (observations per subject varied from 6 to 175

responses, M¼ 44.04, S.E.¼ 4.50).

With respect to nose wipes, 1287 responses were recorded

from 71 subjects (see Table 1b). A total of 1212 were included in

the final analysis and 43 chimpanzees (13 males, 30 females)

which performed a minimum of 6 responses contributed to

this sample (the number of observations per subject varied

from 6 to 85 responses, M¼ 28.19, S.E.¼ 2.75).

Lastly, for food begs, 1549 responses were recorded from 94

subjects (see Table 1b). Seventy-four chimpanzees (28 males,

46 females) that produced a minimum a 6 responses were

included in the final analysis, which included 1488 responses

(the number of observations per subject varied from 6 to 68

responses, M¼ 20.11, S.E.¼ 1.46).
Table 2 – Distribution of hand preferences and degree of group

Manual behaviors #L #R #A

Species-typical gesture 3 34 33

- Intra-specific 1 23 22

- Human-directed 4 26 27

- Males 1 9 14

- Females 2 25 19

Self-directed nose wipe 5 5 33

- Males 2 2 9

- Females 3 3 24

Food-beg gestures 6 32 36

- Males 2 12 14

- Females 4 20 22

#L: number of left-handed subjects; #R: number of right-handed subjects

M.HI: Mean Handedness Index score of N individuals that corresponds to d

of the manual bias (negative value: left-hand bias, positive value: right-h

from a t-test; p: significance of p; ns: nonsignificant; s.: significant.
3.2. Direction of hand preferences

The mean HI scores as well as the distribution of handed-

ness for each of the three manual actions are shown in Table

2. Initially, we evaluated whether the mean HI values for

each manual action was skewed to the right or left and

differed significantly from 0 using a one-sample t-tests (see

Fig. 2). Significant population-level right-handedness was

found for species-typical gestures, t(69)¼ 6.59, p< .001 and

human-directed food begs, t(73)¼ 6.54, p< .001, but not for

nose wipes, t(42)¼ .53, p> .60.

Chi-square analyses of the categorical handedness data

largely confirmed the one-sample t-tests results. Significant

differences in the number of left and right-handed chimpan-

zees were not found for nose wipe c2 (1, N¼ 10)¼ .00, p¼ 1, but

only for species-typical gestures c2 (1, N¼ 37)¼ 25.97, p< .001

and human-directed food begs c2 (1, N¼ 38)¼ 17.79, p< .001.

For both communicative behaviors, there was significantly

more right- than left-handed individuals.

The effects of sex on handedness were assessed for each

behavioral action using an analysis of variance (ANOVA) with

the HI score serving as the dependent measure while sex was

the between group factor. There were no significant differ-

ences between males and females for species-typical

gestures, F(1,70)¼ 2.89, p¼ .10, self-directed nose wipes,

F(1,43)¼ .50, p> .40, or human-directed food-beg gestures,

F(1,74)¼ .32, p> .50 (see Table 2).
3.3. Potential effects of the human experimenter on
asymmetries of species-typical gestures

Recall that species-typical gestures could be directed toward

both humans and conspecifics. In this analysis, we evaluated

whether hand use varied as a function of whether the gestures

were directed toward humans or conspecifics. Among the

total of 1886 species-typical gestures directed to humans, 1823

were included in the final analysis from the 57 chimpanzees

which performed a minimum of 6 inter-species responses

(from 6 to 134 responses, M¼ 31.98, S.E.¼ 3.57). Concerning
-level manual bias for each investigated manual behaviors.

N M.HI S.E. t p

70 .34 .05 6.59 <.001, s.

46 .37 .06 6.20 <.001, s.

57 .35 .06 6.01 <.001, s.

24 .22 .09 2.48 ¼.02, s.

46 .41 .06 6.48 <.001, s.

43 �.03 .05 .53 >.60, ns

13 �.08 .11 .75 >.40, ns

30 �.01 .05 .10 >.90, ns

74 .37 .06 6.54 <.001, s.

28 .41 .09 4.81 <.001, s.

46 .35 .08 4.59 <.001, s.

; #A: number of ambiguous handed subjects; N: sample of subjects;

egree of population-level handedness, the sign indicates the direction

and bias); S.E.: Standard Error of the mean; t: value of the t resulting
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intra-species gestures, among the 1241 observations, 1189

were included in the final analysis from the 46 chimpanzees

which performed a minimum of 6 intra-specific responses

(from 6 to 78 responses, M¼ 25.85, S.E.¼ 2.37). The mean

handedness index (M.HI) scores for these two sub-samples

were nearly identical (see Table 2) and did not differ signifi-

cantly based on a paired-samples t-test, t(34)¼ .53, p> .50. A

Pearson product-moment correlation indicated that the HI

scores for intra-species gestures significantly correlated with

human-directed species-typical gestures, within the 34 indi-

viduals who produced at least 6 intra- and inter-species-

typical gestures, r(34)¼ .51, p< .01. Moreover, the strength of

manual biases (i.e., mean of absolute values of handedness

index scores, M.ABS-HI) was similar between intra-specific

gestures (M.ABS-HI¼ .44, S.E.¼ .05) and inter-specific gestures

(M.ABS-HI¼ .48, S.E.¼ .04) and the ABS-HI did not significantly

differ according to a paired-sample t-test, t(34)¼ .07, p> .90.

3.4. Consistency of food-begs data

Since the replicated measures of hand preferences for

human-directed food-beg gestures have been collected by

a second observer 3 years after the collection of the data by

Hopkins et al. (2005), it provided an opportunity to assess

consistency in hand use across time of this behavior. The two

sets of data revealed the same patterns of handedness insofar

as (a) they exhibited similar degree of group-level right-hand

bias (first session 2004 in 227 subjects: M.HI¼ .34; second

session 2007 in 74 subjects: M.HI¼ .37) and (b) the measures of

hand preferences (HI) significantly correlated between the two

session within 58 subjects tested on both occasions,

r(58)¼ .68, p< .001.
3.5. Comparison of handedness indexes between
different behaviors

Using paired-sample t-tests, a comparison in the HI values did

not differ between species-typical gestures and replication of
Fig. 2 – Degrees of group-level handedness (M.HI) for self-directe

and species-typical gestures in both inter- and intra-specific com

S.E. around the M.HI score. Asterisk indicates that the M.HI sco

M.HI values indicates the direction of the group-level handedne

negative [ group-level left-handedness). The absolute values o

bias.
human-directed food begs, t(59)¼�.50, p> .60 but did differ

significantly between species-typical gestures and nose wipe,

t(41)¼ 5.94, p< .001, and between food begs and nose wipe,

t(39)¼�3.38, p< .003. The Pearson product-moment correla-

tion confirmed the paired-sample t-test results. The measures

of hand preferences (HI) for species-typical gestures statisti-

cally correlated with the measures for food-beg gestures

within the 59 common individuals, r(59)¼ .53, p< .001, but did

not statistically correlate with the measures for non-

communicative self-directed nose wipe within the 41

common individuals, r(41)¼ .26, p¼ .09. Moreover, the

measures of hand preferences for nose wipe did not correlate

either with the measures for food-beg gestures within the 39

common individuals, r(39)¼ .11, p> .10.

Predominance of right-handedness has been previously

reported in captive chimpanzees for non-communicative

motors’ actions, particularly for bimanual coordinated actions

referred to the TUBE tasks (e.g., Hopkins, 1995; Hopkins et al.,

2004). The TUBE task consists of removing food with fingers of

one hand from inside a polyvinyl chloride (PVC) tube while

holding it with the opposite hand. It has been demonstrated

that the pattern of right-handedness differ between food-beg

gestures and the measures of the TUBE task in captive chim-

panzees. Indeed the hand preferences for food-beg gestures

not only revealed a more pronounced degree of population-

level right-handedness than the TUBE task measures but also

did not correlated with the individual hand preferences

assessed with the TUBE task in the same subjects (Hopkins

et al., 2005; Hopkins and Wesley, 2002). Here, we compared our

measures of hand preferences (HI) for species-typical gestures

with the measures of the TUBE task published in the literature

(e.g., Hopkins et al., 2004). Among the 97 chimpanzees

observed in the present study, 93 have performed the TUBE

task (M.HI¼ .11, S.E.¼ .05) including 67 subjects that produced

also species-typical gestures. First, as can be seen in Fig. 3,

the HI score for species-typical gestures did not statistically

correlate with the HI values for the TUBE task within

the 67 common individuals, r(67)¼�.22, p¼ .075. Moreover,
d ‘‘nose wipe’’, the TUBE task, replicated food-beg gestures

munication. M.HI scores ± S.E. The error bar represents the

re differed significantly from zero. *p < .05. The sign of the

ss (positive [ group-level right-handedness,

f the M.HI scores reflect the strength of group-level manual



Fig. 3 – Scatterplot that relates the HI of the non-

communicative bimanual TUBE task with the HI of the

communicative species-typical gestures within the same

67 subjects who performed these both types of manual

actions. Each of these individuals is represented by a black

point with HI values in both manual actions (bimanual

TUBE task on the X-axis, communicative species-typical

gestures on the Y-axis). The sign of the HI values indicates

the direction of hand preferences (positive [ right-hand

preference, negative [ left-hand preference). The absolute

values of the HI scores reflect the strength of individual

hand preferences. As can be seen, the line that crosses the

figure shows that there is no correlation of individual hand

preferences (HI) between the TUBE task and the

communicative species-typical gestures, r(67) [ L.22,

p [ .075.

Fig. 4 – Funnel plot of the percentage right hand for each

subject plotted against the number of observations in hand

use for gestures. The black triangles and white circles

represent the critical z-score value at p < .05 for

hypothetical different numbers of observations in each

individual subject. The gray points are the individual

subjects’ z-scores based on the number of individual

observations of hand use for manual gestures. Gray data

points that lie above or below the theoretical z-score

distribution represent subjects with significant right- or

left-hand preferences ( p < .05). Gray data points that lie

between the two theoretical z-score values represent those

individuals who fail to show a significant hand preference.

As can be seen, the majority of individuals that fail to show

a significant hand preference fall at the front of the funnel,

indicating that these individuals had the fewest

observations.
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a paired-sample t-test showed a significant difference of

HI values between these two manual actions, t(67)¼ 3.00,

p< .005. The degree of group-level right-handedness for

species-typical gestures (M.HI¼ .34) was significantly higher

than for the TUBE task (M.HI¼ .11), see Fig. 2.

3.6. Potential effect of the number of responses per
subject

Palmer (2002) has suggested that some studies of handedness

in nonhuman primates are problematic due to differences in

the number of observations that derive a given HI value.

Specifically, it has been suggested that when sample size is

not uniform, there is a need to demonstrate that the distri-

bution of left and right-handedness follows predictable

sampling patterns. That is, as sample size increases, there

should be fewer non-lateralized subjects with higher sample

sizes because you are increasing the probability of measuring

a statistically significant behavioral trait. Because the number

responses per subject varied between 6 and 175 responses for

the species-typical gestures in this study, we addressed this

issue in two different ways.

First, we tested the robustness of the handedness evidence

of the lateralized subjects for species-typical gestures. We

compared the respective degrees of group-level handedness

(M.HI) between the 15 lateralized chimpanzees who per-

formed less than 25 gestures (M.HI¼ .58, S.E.¼ .17) and the 22
lateralized chimpanzees who performed more than 25

gestures (M.HI¼ .53, S.E.¼ .05). In both groups, the M.HI scores

were significantly different from 0, t(15)¼ 3.38, p< .005;

t(22)¼ 9.41, p< .001, respectively. The small difference

observed in the degree of group-level right-handedness (see

M.HI) between the two groups is not significant using an

ANOVA with the HI score serving as the dependent measure,

F(1,37)¼ .12, p> .10.

Second, whether the measures of hand preferences

(z-scores) were potentially skewed by the variation of the

number of responses per subject was assessed by creating

a funnel plot. The number of responses was plotted against the

individual z-scores. As can be seen in Fig. 4, as the number of

responses per subject increased, we noticed fewer ambigu-

ously handed individuals (that could be seen in the center of

the funnel between the two lines drawn by the white points

and the black triangles). This suggests that our hand prefer-

ence classification data were not biased due to differences in

sample sizes.
4. Discussion

This study provides new findings that support the view that

the prerequisite of human left-lateralization for language may

be found in the gestural system of nonhuman primates. First,

to our knowledge, this is the first evidence in chimpanzees
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that intra-specific species-typical gestures involve a group-

level right-hand bias and exhibit similar pattern of handed-

ness when directed to humans. Second, hand preferences for

species-typical gestures not only exhibit a similar degree of

right-hand bias with human-directed food-beg gestures (see

Hopkins and Cantero, 2003; Hopkins and Leavens, 1998; Hop-

kins et al., 2005; Hopkins and Wesley, 2002) but also correlate

significantly with the measures of hand preferences for food

begs in the same individuals. Third, by contrast, the hand

preferences for a non-communicative self-directed action

(nose wipe) did not correlate with the hand preferences of any

category of communicative gestures and did not reveal group-

level manual asymmetries. This nonsignificant result is

consistent with previous reports in the literature on lateral-

ized face-touching behaviors in monkeys and apes (Aruguete

et al., 1992; Dimond and Harries, 1984; Marchant and McGrew,

1996; but see Hopkins et al., 2006; Rogers and Kaplan, 1996).

Fourth, species-typical gestures, as well as human-directed

food begs (Hopkins et al., 2005), elicited stronger degree of

population-level right-handedness that manipulative

bimanual actions (i.e., TUBE task). Such a difference of later-

alization between the manipulative actions and communica-

tive gestures has been also reported in captive baboons

(Meguerditchian and Vauclair, 2006; Vauclair et al., 2005) and

in children raised by deaf parents (Bonvillian et al., 1997).

Fifth, we demonstrated the robustness and the consistency of

the pattern of right-handedness for human-directed food-beg

gestures with a strong and significant correlation in the same

individuals between the measures of hand preferences of the

first session and the measures of the second session collected

3 years later by an observer blind to the previous handedness

data. Finally, there were no significant sex differences in

handedness for all manual behaviors investigated; however, it

is of note that greater degree of right-handedness for species-

typical gestures in females compared to males approached

conventional levels of statistical significance.

These collective findings indicate that evidence of group-

level right-handedness previously reported for human-

directed food-beg gestures is neither attributable to solely this

context nor to human influences, but generalize to species-

typical gestures and intra-specific signaling behaviors as it has

been previously reported in captive baboons (Meguerditchian

and Vauclair, 2006). By contrast to non-communicative

actions, different categories of communicative gestures show

the same patterns of right-handedness and may thus share

the same lateralized cerebral system. This evidence raises the

possibility that chimpanzees and perhaps baboons may

possess a specific left-lateralized communicative cerebral

system (different from the one involved in purely motor

manipulative actions), which may be involved in the produc-

tion of gestures. Consequently, gestural behaviors in

nonhuman primates may constitute an ideal prerequisite

from the common ancestor of baboons, chimpanzees and

humans for the emergence of language and its typical left-

lateralization (Meguerditchian and Vauclair, 2006, 2008).

This latter hypothesis is supported by recent evidence using

brain imaging (magnetic resonance imaging, MRI) in chim-

panzees. It has been shown that morphological left-asymme-

tries in the homologue of ‘‘Broca’s area’’ (inferior frontal gyrus)

are related to right-handedness for food-beg gestures
(Taglialatela et al., 2006) whereas handedness for non-

communicative bimanual motor actions (TUBE task) are

correlated with asymmetries of the primary motor cortex but

not with asymmetries of any homologous language areas

(Hopkins and Cantalupo, 2004). These findings support the

view that the specific communicative system involved in

the production of gestures in chimpanzees may be located in

the homologous regions of human language areas. Moreover, it

is likely that this communicative system may be not only

gestural but rather bimodal (vocalþ gestural). Indeed, it has

been described that chimpanzees voluntarily produce two

novel atypical sounds (an ‘‘extended grunt’’ involving the vocal

tract and a ‘‘raspberry’’ involving the air of the mouth which

exhaled through the lips) exclusively in the presence of both

out-of-reach food and a human experimenter in order to

request food (Hopkins et al., 2007). Interestingly, these auditory

signals when produced simultaneously with food-beg

gestures, induced a more pronounced right-hand preference

than when the gestures were produced alone (Hopkins and

Cantero, 2003), indicating a greater activation of a common

left-lateralized system in case of bimodal signaling to humans.

More impressively, a recent study using functional brain

imaging (PET) demonstrated that communicative signaling

(either food-beg gestures, atypical novel sounds, or both of

them simultaneously) activated the inferior frontal gyrus,

usually considered as an homologous of Broca’s area (Taglia-

latela et al., 2008). Regarding these global findings, we support

the hypothesis than left-lateralization for language may result

from an ancestral gestural communicative system in which

vocalizations have been progressively inserted in the common

ancestor of chimpanzees and humans at least 6 millions years

ago (Corballis, 2002; Hopkins and Cantero, 2003).
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