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Handedness, one of the most prominent expressions of laterality, has been historically

considered unique to human. This noteworthy feature relates to contralateral inter-

hemispheric asymmetries in the motor hand area following the mid-portion of the cen-

tral sulcus. However, within an evolutionary approach, it remains debatable whether hand

preferences in nonhuman primates are associated with similar patterns of hemispheric

specialization. In the present study conducted in Old world monkeys, we investigate

anatomical asymmetries of the central sulcus in a sample of 86 olive baboons (Papio anubis)

from in vivo T1 anatomical magnetic resonance images (MRI). Out of this sample, 35 in-

dividuals were classified as right-handed and 28 as left-handed according to their hand use

responses elicited by a bimanual coordinated tube task. Here we report that the direction

and degree of hand preference (left or right), as measured by this manual task, relates to

and correlates with contralateral hemispheric sulcus depth asymmetry, within a mid-

portion of the central sulcus. This neuroanatomical manifestation of handedness in ba-

boons located in a region, which may correspond to the motor hand area, questions the

phylogenetic origins of human handedness that may date back to their common ancestor,

25e40 millions years ago.

© 2019 Elsevier Ltd. All rights reserved.
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1. Introduction

A prominent feature of the human brain is its hemispheric

specialization. Hemispheric specialization refers to the func-

tional lateralization of the brain for a particular cognitive

process, as well as to interhemispheric anatomical asymme-

tries for specific structures. In humans, handedness is one the

most well-known behavioral manifestations of such a hemi-

spheric specialization and shows a predominance of right-

handed individuals in all cultures (Annett, 1985; Marchant,

McGrew, & Eibl-Eibesfeldt, 1995). Handedness was historical-

ly considered to be associatedwith hemispheric specialization

for language (Knecht, 2000). Nevertheless, it turned out that

both right-handed and left-handed individuals present

similar pattern of left-lateralization for language, indicating

that handedness might involve its own lateralized brain

network which might be independent from language hemi-

spheric specialization (Mazoyer et al., 2014; Tzourio-Mazoyer

et al., 2015). In fact, an anatomical inter-hemispheric asym-

metry was found in the primary motor cortex along the cen-

tral sulcus (CS) in the hemisphere contralateral to the

preferred hand of the individuals (Hammond, 2002). The CS is

one of the primary sulci, developing very early during the

development of the brain (Chi, Dooling, & Gilles, 1977). The CS

lies along the primary motor and the primary sensory cortex,

where topographic sensory and motor representations of

human body parts are organized (Penfield & Boldrey, 1937).

Within this topographic organization, a morphological land-

mark of hand and finger representations has been docu-

mented across the dorsaleventral plane of the CS, known as

the motor hand area or the KNOB (Yousry et al., 1997).

Functional imaging studies have shown that the motor

hand area corresponds to the location of hand, finger, and

wrist movements (Boling, Olivier, Bittar, & Reutens, 1999;

Coulon et al., 2011). The KNOB is shaped by the primary

motor cortex displacing part of the CS due to the existence of a

“pli de passage” known as the “pli de passage fronto-parietal

moyen” (PPFM). PPFM connects the pre to the post central

gyri (Alkadhi & Kollias, 2004) and forms an epsilon or omega-

like shape (Yousry et al., 1997). In addition, this portion of the

CS that delimits the motor hand area is deeper in the hemi-

sphere contralateral to the preferred hand of the individual

(Amunts, J€ancke, Mohlberg, Steinmetz, & Zilles, 2000;

Foundas, Eure, Luevano, & Weinberger, 1998). In other

words, the neuroanatomical asymmetry of this region seems

to reflect handedness in humans.

Within an evolutionary framework, such hemispheric

specialization patterns, including both, handedness and lan-

guage, have been historically considered unique to human

evolution (Crow, 2004; Warren, 1980). However, this view has

been challenged by a large body of evidence showing brain

and behavioral asymmetries in many vertebrates including

nonhuman primates (Marie et al., 2018; Rogers, Vallortigara, &

Andrew, 2013). Nevertheless, the question whether handed-

ness is human-specific in terms of population-level laterality

remains unclear. This question has been addressed both by

paleoanthropological research (e.g., hand paintings, tool

making and skeletal asymmetries, reviewed in Cashmore,

Uomini, & Chapelain, 2008; Uomini, 2009) and by ethological
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research on our phylogenetically close primate relatives such

as great apes and monkeys (Fagot & Vauclair, 1991; Hopkins,

1996; McGrew & Marchant, 1997; Ward and Hopkins, 1993).

Some authors support the view of a continuity on handedness

based on the increased number of studies showing

population-level right-handedness mostly in terrestrial

nonhuman primates (e.g., baboons, gorillas, chimpanzees)

especially on complexmanual tasks such as tool use (Hopkins,

Russell, Schaeffer, Gardner, & Schapiro, 2009; Lonsdorf et al.,

2005), bimanual coordinated action (Molesti, Vauclair, &

Meguerditchian, 2016; Vauclair, Meguerditchian, & Hopkins,

2005; Zhao, Wang, & Wei, 2016), and gestures

(Meguerditchian, Molesti, & Vauclair, 2011; Meguerditchian &

Vauclair, 2006; Prieur, Pika, Barbu, & Blois-Heulin, 2017).

One complementary way of addressing the question of

phylogenetic continuity among species concerning handed-

ness is to investigate, not only population-level asymmetry

but also the brain correlates of handedness in primates. In

nonhuman primates, brain imaging studies have confirmed in

great apes - but not in monkeys (Hopkins et al., 2014) - the

presence of morphological KNOB landmark along the CS,

which corresponds to themotor hand area as, described above

in humans (Hopkins & Cantalupo, 2004; Hopkins et al., 2014).

In the few studies conducted in chimpanzees, it has been

shown that hemispheric structural asymmetries of this region

are associated to contralateral hand preferences for a

bimanual coordinated task (Dadda, Cantalupo, & Hopkins,

2006; Hopkins et al., 2004, 2010a) as well as for a tool-use

task (Hopkins et al., 2017). These findings indicate that, simi-

larly to humans, handedness in chimpanzees is also repre-

sented in the KNOB region, which is assumed to be associated

to the motor hand area in chimpanzees.

Despite the absence of a morphological KNOB landmark in

Old and New World monkeys, finger and hand neuronal rep-

resentations have been documented along the primary motor

cortex by electrophysiological studies (Asanuma & Ros�en,

1972; Waters, Samulack, Dykes, & McKinley, 1990). Because

of the absence of the KNOB anatomical landmark in monkeys

(Hopkins et al., 2014), it remains unclear whether the motor

hand area of Old and New World monkeys shows any inter-

hemispheric anatomical asymmetries in relation to handed-

ness. In other words, does the continuity between humans

and chimpanzees concerning handedness representation in

the primary motor cortex extend to more distant primate

relatives such as Old World or New World monkeys? In fact,

there is some evidence for neuroanatomical correlates of

hand preferences within the motor cortex in New world

monkeys including squirrel and capuchin monkeys (Nudo,

Jenkins, Merzenich, Prejean, & Grenda, 1992; Phillips &

Sherwood, 2005). For instance, a deeper right central sulcus

was found for left-handed capuchin monkeys as defined by

bimanual coordination (Phillips & Sherwood, 2005) and tool-

use (Phillips & Thompson, 2013) tasks.

In respect to Old World monkeys, despite the absence of

the KNOB (Hopkins et al., 2014), baboons seem to constitute a

particularly interesting model for studying brain correlates of

handedness. Indeed, baboons have been found to show robust

and consistent patterns of population level-right handedness

for bimanual coordinated actions (Molesti et al., 2016; Vauclair

et al., 2005). Interestingly, this right-hand bias in baboons was
eys reflects hemispheric specialization within the central sulcus.
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similar to the one observed in terrestrial great apes such as

chimpanzees, gorillas and adult bonobos (Meguerditchian,

Vauclair, & Hopkins, 2013). Moreover, among Old World

monkeys (Rogers et al., 2010), baboons have the largest brains

(Leigh, 2004) and higher degree of folding i.e., gyrification,

including all the primary sulci such as the CS (Kochunov et al.,

2010; Love et al., 2016).

In the present study, we further question the evolutionary

continuity for hemispheric specialization among primates in

investigating brain anatomical correlates of handedness in

baboons. For this purpose, we examine anatomical asymme-

tries of depth across the CS in 86 baboons (Papio Anubis) from

in vivo anatomical magnetic resonance imaging (MRI) scans.

Moreover, we explore the effect of hand preferences e previ-

ously assessed in those subjects for bimanual coordination

actions (i.e., tube task) - on depth asymmetries all along the

CS. Indeed, the tube task has been shown to be the most

relevant task to assess and compare hand preference in

nonhuman primates (Westergaard, Champoux, & Suomi,

1997; Spinozzi, Castorina, & Truppa, 1998; Hopkins, Stoinski,

Lukas, Ross, & Wesley, 2003:; Meguerditchian et al., 2013),

including baboons (Molesti et al., 2016; Vauclair et al., 2005).

Based on the current knowledge on handedness and

neuroanatomical asymmetries along the CS depth in humans

(e.g., Amunts 1996) and in nonhuman primates (Dadda et al.,

2006; Hopkins & Cantalupo, 2004), in the present study, we

expected a larger depth in the CS contralateral to the preferred

hand of the individuals, particularly at the mid-ventral topo-

graphic representation of the motor hand area (Waters et al.,

1990).
2. Methods

2.1. Subjects

Magnetic resonance images were collected in 86 baboons (56

females and 30males). The subjects were aged from 2,5 to 26,5

years (mean of 12.0 ± 6.0 S.E.) and, to our knowledge, did not

display any neurological antecedents or brain abnormalities.

Out of this sample, hand preferences were documented in 74

baboons that were previously assessed by a bimanual coor-

dinated task (i.e., tube task: Vauclair et al., 2005; Molesti et al.,

2016). All baboons are housed in social groups at the Station de

Primatologie CNRS (UPS 846, Rousset, France) and have free

access to outdoor areas connected to indoor areas. Enclosures

are enriched by wooden platforms and vertical structures.

Baboons are fed four times a day with monkey pellets, seed

mixture, fresh vegetables and fruits. Water is available ad

libitum. The experimental procedure complied with the cur-

rent French laws and the European directive 86/609/CEE and

has been approved by the ethic committee of Provence

(Agreement number for conducting experiments on verte-

brate animals at the Station de Primatologie CNRS: D130877).

2.2. MRI image acquisition

From December 2012 to January 2015, in vivo imaging was

performed with a 3T MRI scanner MEDSPEC 30/80 ADVANCE

(Bruker) located at the Marseille Functional MRI Center
Please cite this article as: Margiotoudi, K et al., Handedness in monk
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(Institut de Neuroscience de la Timone). Whole brain

anatomical MRI data were acquired using a Rapid-Biomed

surface antenna on top of the head for reception. High-

resolution structural T1-weighted images were obtained

thanks to two MPRAGE sequences depending on acquisition,

namely female/young male (TR: 9.4 ms; TE: 4.3 ms; flip angle:

30�; inversion time: 800 ms; field of view: 108 � 108 � 108 mm;

isotropic voxel size: .6 mm3) or adult male (same parameters

except for field of view: 126 � 126 � 126 mm, and isotropic

voxel size: .7 mm3). For each MRI session, premedication was

released with an intramuscular injection of ketamine (10 mg/

kg) at the Station de Primatologie and subjects remained

immobilized during their transportation to the MRI center.

Once arrived at the MRI center, the focal subject was further

immobilized with an intramuscular injection of tiletamine

and zolazepam (Zoletil™, 7 mg/kg) and acepromazine (Calm-

ivet™, 0.2e0.5 mg/kg). The latter injection was needed to

provoke a myorelaxation and avoid snoring or motions.

Finally anesthesia was maintained during the whole experi-

ment thanks to a drip irrigation setup including tiletamine,

zolazepam (Zoletil™, 4 mg/kg/h) and NaCl (0.9% of 4 ml/kg/h).

Cardiovascular and respiratory functions were monitored

respectively with a SpO2 device placed on the lower lip and

with a respiratory belt (mechanical captor). Each subject was

placed in ventral decubitus position in the MRI scanner and

the head of the subject was maintained using foam position-

ers, cushions and Velcro strips in order to obtain a straight

position of the head and reduce potentialmotion occurrences.

At the end of the MRI session, baboons were returned in their

social group at the Station de Primatologie.

2.3. Image processing

Images were first denoised using the Spatial Adaptive

Nonlocal Means filter (SANLM) and skull stripped with the

freely distributed Multi Atlas Skull Stripping software

(MASS,http://www.cbica.upenn.edu/sbia/software/MASS/

index.html).

Finally, intensity inhomogeneities were corrected in the

skull stripped images using the N4 algorithm (for an exten-

sive description of the methods our previous study, Love

et al., 2016). After this step we imported images in Brain-

VISA 4.4.0 (BV) (http://brainvisa.info, Mangin et al., 2004), a

sulcus-based morphometry software that allows the quan-

tification of depth of the cortical sulci. The pipeline process of

the BV Morphologist tool was used in order to extract suc-

cessfully the sulci from the cortex after a series of steps.

During the whole pipeline procedure some manual tuning

was necessary in order for the pipeline tomeet specificities of

the baboons’ brain anatomy. Firstly, the anterior and poste-

rior commissures are selected manually at the point where

they intersect with the mid-sagittal slice. After this step

spatial inhomogeneities of the signal intensities across the

brain are corrected providing a spatial smoothed bias field.

Then, the signal histogram andmathematic morphology was

computed in order to acquire a binary mask of the brain. The

computed brainmask was divided into left, right hemisphere

and cerebellum. Once the brain mask is divided, a negative

mold of the white matter is computed where the outside

boundary of the mold is a 5 mm morphological closing of the
eys reflects hemispheric specialization within the central sulcus.
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Fig. 1 e Picture of an adult male olive baboon performing

the bimanual coordinated tube task.
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masked hemisphere, which fills up the fold. Thismold is later

skeletonized in order to detect the cortical folding of the

brain.

2.4. Sulci parameterization

Once the cortical folding is constructed, the CS was manually

labeled on a 3D visualization interface using the Anatomist

toolbox included in BrainVISA. After that we extracted the

sulcus depth (mm) and profile with the process of sulcus

parameterization (Coulon et al., 2006). This process extracts

depth values for each sulcus at each hemisphere, after an x-y

coordinated system is being applied on themesh of the sulcus.

This coordinated system is extended across the length of the

sulcus from position y ¼ 1 to y ¼ 100 and from the brain en-

velope x ¼ 1 to the fundus of each sulcus x ¼ 100. This system

indicates the positions of each sulcus's relative to its depth (x-

coordinate) and its position along the sulcus between the

dorsal and the ventral extremities (y-coordinate). The depth is

calculated on 100 positions as the length of x ¼ 1 to x ¼ 100

positions on the y-iso-coordinate from positions y¼ 1 through

y ¼ 100 (Coulon et al., 2006). The sulcus profile allows the

visualization of the bending pattern of the CS across the dorsal

to ventral direction (Cykowski et al., 2008) (see supplementary

material; Figure S1).

2.5. Central sulcus asymmetry depth measures

First, among the 100 positions of the sulcus, we excluded from

our analysis the 14 first and last portions of the two extreme

portions of the sulcus, in accordance to previous studies

(Hopkins et al., 2017; McKay et al., 2013). Indeed it has been

described that the CS branches with the Sylvian fissure and

the interhemispheric fissures resulting in spikes in the depth

measurements at the extreme positions (McKay et al., 2013).

Secondly, for each CS position from positions 14 to positions

85, we calculated for each subject, the asymmetry quotient

(AQ) based on the following formula: AQ ¼(R-L)/[(R þ L)*0.5],

with R and L represent depth values for the right and left

hemisphere correspondingly (Cantalupo, Pilcher, & Hopkins,

2003; Hopkins et al., 2010a). Positive AQ values indicate

rightward asymmetry, whereas negative AQ values indicate

leftward asymmetry.

2.6. Behavioral measures

Hand preferences in baboons for coordinated bimanual ac-

tions were assessed using the tube task (Fig. 1). The tube task

data were collected across several sessions between 2004 and

2015. During this task a pipe is given to social groups of ba-

boons. Peanut butter is smeared about 4 cm into both edges of

the pipe. The focal subject is holding the pipe with the one

hand and extracts the peanut butterwith the other hand. Each

time one of the focal subjects was putting its finger into the

tube and was bringing it to its mouth, we counted one

response of hand use (Molesti et al., 2016; Vauclair et al., 2005).

In case a subject has been assessed in multiple sessions

within 2004e2015, the final classification as right or left

handed was selected based on the session with the most

observations.
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For classifying the subjects as significantly left-handed and

right-handed, z-score was calculated on the basis of the total

number of right and left hand responses for each individual (z

values z � 1.96 indicates right-handedness, z � �1.96 left-

handedness, �1.96 < z < 1.96 ambidextrousness). Based on

such criteria, among the 86 baboons, 35 subjects were classi-

fied as right-handed, 28 as left-handed, 11 as ambiguously

handed and 12 as undetermined because of a lack of data.

The handedness index (HI), or degree of individual manual

asymmetry, was calculated based on the formula (#R-#L)/

(#Rþ#L), with #R indicating the number of right hand re-

sponses and #L, the number of left hand responses. The HI

values vary between�1 andþ1with positive values indicating

right hand preference and negative values indicating left hand

preference. Absolute values of the HI indicated the strength of

the manual asymmetry.
3. Data analysis

To determine the effect of handedness on brain asymmetry

along the CS, we first evaluated the observed difference in
eys reflects hemispheric specialization within the central sulcus.
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mean AQ score between the right- and left-handed groups of

baboons using a t-test (two sided, uncorrected) for each

position from positions 14 to positions 85. Next, in order to

address the correction of multiple t-test comparisons and to

determine whether the location of the AQ differences (if

any) is robust, we used a non-parametric permutation-

based approach. Permutation tests were used to determine

if the observed t-values fell within the range of what would

have been observed by chance if there was no spatial or-

ganization. For each permutation, we randomly changed the

position of the AQ score of each baboon and recalculated the

t-values. This procedure allowed us to maintain the char-

acteristics of each individual (the values of the AQ remained

the same for each individual) while at the same time

modifying the spatial organization (the position of the AQ

values changed). This permutation procedure generates the

true distribution of t-values under the assumption of no

spatial organization. If the observed t-values fall outside the

95% confidence interval of the distribution, it can be

concluded that the observed difference in AQ score is not

within the normal range of variation observed in the rest of

the data.

Last, we performed a linear correlation between (1) the

Handedness Index (HI) values calculated from the 74 in-

dividuals (including the 28 left-handed, the 35 right-handed

and the 11 ambiguously handed individuals) and (2) the AQ

depth values of those 74 baboons calculated from the

continuous depths positions of the sulcus for which signifi-

cant difference in AQ score were detected by the previous t-

tests computed between the right- and left-handed groups.

Fig. 2 e a) 3-D representation of a baboon's right

hemisphere. b) 3-D representation of Central Sulcus (CS). c)

Depth CS Asymmetry (Mean Asymmetry Quotient values

AQ ± SE) from posterior to anterior CS positions (14e85) in

left-handed versus right-handed groups of baboons.

Positive AQ values indicate rightward hemispheric

asymmetry, negative AQ values leftward hemispheric

asymmetry. Highlighted in purple the MH region from

position 56 to position 61 of the CS where difference of

depth asymmetry (Mean AQ values) was significant

between the right-handed and the left-handed baboons'
groups. *p < .05.
4. Results

According to the mean depth values and profiles plotted

across all the positions from 0 (dorsal) to 100 (ventral) of the CS

(see Fig. S1 in the supplementary materials), no difference in

profile or depth curve was observed between the right and the

left hemisphere. From position 0 to position 100, the CS depth

curve did not draw any omega or epsilon-likemotor hand area

shape comparable to the one observed in humans and great

apes (Hopkins et al., 2014).

Out of the 100 positions of CS, only 6 continuous posi-

tions revealed significant contralateral difference of depth

asymmetry between the left-handed and right-handed

groups according to unpaired t-test (two sided, uncorrec-

ted). These significant consecutive positions include posi-

tion 56 (2.02, p ¼ .047), position 57 (2.15, p ¼ .036), position

58 (2.37, p ¼ .021), position 59 (2.50, p ¼ .015), position 60

(2.69, p ¼ .009) and position 61 (2.10, p ¼ .039). Specifically,

in these 6 positions located in the mid-ventral portion of

the CS (labeled as “MH” for “Motor Hand area”), the

preferred hand showed CS depth asymmetry in the

contralateral hemisphere. Whereas left-handed subjects

showed CS depth asymmetry toward the right-

hemisphere, right-handed subjects showed CS depth

asymmetry toward the left-hemisphere. In contrast, any

other positions showed significant difference on the depth

AQ values for the two groups of handedness (Fig. 2). Ac-

cording to the permutation tests for correction, the
Please cite this article as: Margiotoudi, K et al., Handedness in monk
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observed t-values at positions 56, 57, 58, 59, 60 and 61 fall

outside the 95% confidence interval of the distribution,

indicating that observed differences in AQ scores at those

positions between left-handed and right-handed are not

within the normal range of variation observed in the rest of

the data (see Fig. S2 in the supplementary materials).

Finally, there was a significant negative correlation be-

tween the individual AQ depth values at this MH segment and

the individual hand preference's degree (HI): r(74) ¼ �.316;

p ¼ 0,0061 (i.e., the stronger the hand preference is for one

hand, the deeper is the CS asymmetry at the MH segment in

the contralateral hemisphere, Fig. 3). The AQ score per subject

representing the depth asymmetry of the whole MH segment

was calculated from the sum of the CS depths from positions

56 to 61 in the left hemisphere and the sum of CS depths from

position 56 to 61 in the right hemisphere.
eys reflects hemispheric specialization within the central sulcus.
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Fig. 3 e Individual AQ depth values for the MH segment

(i.e., 56e61 positions) plotted with individual Handedness

Index (HI) values in 74 baboons: 35 right-handed, 28 left-

handed and 11 ambiguously handed. Pearson's.
r(74) ¼ ¡.316, p < .007.
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5. Discussion

We found, in the largest sample size ever investigated in

nonhuman primates, a clear association between hand pref-

erences for bimanual tube coordination, both in direction and

degree, and neuroanatomical depth asymmetries at a specific

portion of the CS in the contralateral hemisphere.

In addition, with respect to the depth patterns of the CS, we

confirmed the absence of a clear omega or epsilon-like motor

hand area comparable to the one observed in humans and

great apes (Hopkins et al., 2014). The absence of this omega or

epsilon-like motor hand area might be related to the lower

degree of gyrification of themonkeys’ brains in comparison to

the brains of humans and great apes (Zilles, Armstrong,

Moser, Schleicher, & Stephan, 1989).

Interestingly, the specific portion of the CS (labeled as “MH”)

which was associated with hand preference was localized at

the mid-ventral portion of the CS. This MH portion of the CS

seems to correspond to the topographic representation of the

hand and fingers within the primary motor cortex of baboons

according to electrophysiological data from the same species

(Waters et al., 1990). Additional electrophysiological studies in

Old World monkeys such as macaques reported consistent

location for the motor hand area (e.g., Schaffelhofer, Agudelo-

Toro, & Scherberger, 2015), indicating that the hand region in

monkeys might be located much more ventrally along the CS

than in humans. In other words, even with the absence of a

clear anatomical landmark of amotor hand area, theKNOB,we

were able to show difference in CS depth asymmetries be-

tween right-handed and left-handed subjects at the portions

where hand and finger representations are likely present,
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similarly to the asymmetries reported previously in humans

and in great apes along the motor hand area (Amunts et al.,

2000; Hopkins & Cantalupo, 2004). Moreover, histological

studies in post-mortem chimpanzees' brains showed that

microstructural asymmetry in this region within the primary

motor cortex predict handedness (Sherwood, Wahl, Erwin,

Hof, & Hopkins, 2007). Thus, baboons’ neuroanatomical cor-

relates of handedness found in this region might relate to

histological asymmetry at the neuronal level.

The present result is in clear congruency with similar find-

ings inhumans (Amuntsetal., 1996) andchimpanzees (Hopkins

& Cantalupo, 2004), where the motor hand area of the CS is

deeper at the hemisphere contralateral to thepreferredhandof

the individuals (i.e., right-handed individuals have a leftward

CSdepth asymmetry at theMHportion of the sulcus,while left-

handed individuals have a rightward CS depth asymmetry at

the sameportion). In capuchinmonkeys, a NewWorldmonkey

species, two studies revealed a contralateral CS depth asym-

metry only for left-handed individuals andnot for right-handed

(i.e., Phillips & Sherwood, 2005; Phillips & Thompson, 2013).

Perhaps these latter results do not extend to right-handers ca-

puchins and can not generalize to a populationelevel because

of the relative small sample size of those studies. Some differ-

ences must also be noted between baboons and humans con-

cerning CS depth asymmetry. Whereas in the Amunts et al.’s

(1996) study in humans, CS contralateral anatomical asymme-

try was found more prominent in right-handers than in left-

handers, we found that left-handed baboons were more

strongly asymmetrical in the CS than the right-handed sub-

jects. Those results suggest a potential difference in hand di-

rection effect on the degree of CS asymmetry between the two

species.Nevertheless, asmentionedabove inbothbaboonsand

humans, left- and right-handed are essentially mirror sym-

metrical in their contralateral direction of CS depth asymmetry

within the CS. The consistency of the present findings with

previous research in humans gives credits for the continuity

hypothesis of handedness represented at the primary motor

cortex of our distant relatives.

In addition, handedness and interhemispheric depth of CS

asymmetries in baboons might be related not only at a quali-

tative level but also at a quantitative level, as shown by the

significant negative correlation of AQ depth values at the mid-

ventral CSportionwith theHandedness Index (HI) values of the

individuals. Basedon this correlation, individualswith a higher

degreeofhandpreferencehave larger CSdepth asymmetries in

the hemisphere contralateral to their preferred hand.

One issue raised in this study is whether bimanual coordi-

nated behaviors in baboons would similarly stimulate cortical

activation in the contralateral MH segment (mid-ventral CS

portion) instead of simply being related to variation in neuro-

anatomy. Although no functional neuroimaging data are avail-

able for handedness in baboons at the present time, one

functional brain imaging study published in another primate

species, the chimpanzee, using positron emission tomography

(PET) suggests that such a hypothesis would be supported. A

study on grasping in chimpanzees has demonstrated that the

neuroanatomical landmark of the motor hand area (KNOB)

overlaps with the functional maps generated by PET analysis,

indicating that neuroanatomical asymmetry of the brainmight

predict functional asymmetry in chimpanzees (Hopkins,
eys reflects hemispheric specialization within the central sulcus.
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Taglialatela, Russell, Nir, & Schaeffer, 2010b). Regarding the

present finding in baboons, we propose the hypothesis that the

neuroanatomical correlates of handedness foundwithin the CS

might be related to functional contralateral activation in this

region. Further neurofunctional studies in baboons would be

needed to address this hypothesis.

To sum up, the findings assemble empirical evidence on the

assumption of evolutionary continuities between neuroana-

tomical asymmetries and behavior, as has been previously

addressed by Hopkins (2013), questioning the human unique-

ness of handedness organization (Corballis, 1991). Such repre-

sentation of handedness in the monkey brain clearly supports

the idea that hand preferences in baboons is a robust phe-

nomenon. As reported in previous studies, bimanual coordi-

nated behaviors in baboons, asmeasured by the tube task, elicit

not only a consistent predominance of right-handedness across

independent groups, but also stable patterns of individual hand

preferences across time (Molesti et al., 2016). According to the

present study, those individual hand preferences in baboons

seem clearly related to hemispheric specialization of the brain.

Nonhuman primates offer thus a compelling model for the

evolution of human handedness contrary to what has been

previously suggested by some authors (McGrew & Marchant,

1997). Consistency about contralateral neuroanatomical corre-

lates of handedness betweenhumans, great apes, andmonkeys

suggest that such a handedness feature might be well spread

across primate evolution, and might be inherited from their

common ancestor back to 25e40 million years ago.
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