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In both humans and apes, the production of commatine gestures appears to be controlled
by cerebral structures in the left hemisphere thatild be distinct from those involved in
noncommunicative actions. Whether communicativeuges also rely on specific lateralized
systems in monkeys remains unclear. We assessegaimaterality for requesting gestures,
thatwere pointing, and for grasping actions in species of Old World monkeys, Campbell’s
monkeys,Cercopithecus campbelignd red-capped mangabe@grcocebus torquatysising
the Bishop QHP task. The food items were placefivatpositions in front of the monkeys
and they were located at out-of-reach, far or cldstance from the monkeys, to induce

pointing gestures and grasping actions requiritigofulow arm extensions, respectively. The



mangabeys that exhibited the greatest skills famtpw referentially were more right-handed
for pointing gestures than for grasping actions. pk@ose that in Old World monkeys, as in
humans and apes, the production of intentional @ferential gestures may rely on the
activation of specific regions of the left hemisghespecialized in the processing of
communicative signals. Subjects from both speciefemed to use the hand that was closest
to the item for grasping actions requiring low aewtension whereas they used the
contralateral hand for grasping actions requiriaty &rm extension and pointing gestures.

These results are discussed in relation to hypethes postural control and arboreality.
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Broca’s homologue, Campbell’'s monkegercocebus torquatusCercopithecus campbelli

communicative signal, hand preference, hemisplspiecialization, red-capped mangabey.

In humans, communicative gestures are mainly paedrby the right hand, whether they are
co-speech gestures (gesticulation: Kimura 1973ardierential gestures (pantomime and
emblem including pointing gesture: Blake et al. 1,98dtes & Dick 2002; Butterworth 2002;
Vauclair & Imbault 2009; Cochet & Vauclair 2010a)y tanguage-like gestures (sign
language: Bonvillian et al. 1997; Hickok et al. 1298he production of gestures has been
shown to engage the same cerebral structures itethdemisphere as spoken language:

Broca's area (Corina et al. 1993; Horwitz et al020Skipper et al. 2007; Xu et al. 2009) and



Wernicke's areas (Corina et al. 1992). This suggélsat the left hemisphere would be
specialized in communicative activities, regardlesgs/hether the modality was vocal and/or
gestural. Recently, Xu et al. (2009, page 3) preddbat Broca’'s area and Wernicke’s area
“do not constitute a language network per se battion as a general modality-independent
system that support symbolic communication”.

Nonhuman primates, like humans, use communicaggtuges in a wide range of social
contexts (Call & Tomasello 2007a). In the last fgears, similarities between apes and
humans have been revealed in laterality for mageatures. First, right-hand population-
level biases for the production of manual gesturage been reported in several studies
(chimpanzeesan troglodytesHopkins & Wesley 2002; Hopkins & Cantero 2003;aKims
et al. 2005; Meguerditchian et al. 2010, 2012; baspPan paniscusHopkins & de Waal
1995; Shafer 1997; gorilla§orilla gorilla: Hopkins et al. 2012). Second, hand preferences
for manual gestures have been found to be linkddftward asymmetries in cortical regions
that are homologous to Broca’s area (i.e. infefiontal gyrus: Hopkins & Cantalupo 2004;
Taglialatela et al. 2006; Cantalupo & Hopkins 20Meguerditchian et al. 2012) and
Wernicke's area (i.e. planum temporale: HopkinsN& 2010). Finally, the left inferior
frontal gyrus has been shown to be activated duhiegproduction of communicative manual
gestures (Taglialatela et al. 2008. 2011).

Communicative and manipulative activities seem eocbntrolled by distinct cerebral
structures in both humans and nonhuman apes. Raid-use has indeed been shown to be
greater for communicative gestures compared topargs(humans: Cochet & Vauclair
2010Db; Esseily et al. 2010) and manipulative astighumans: Bonvillian et al. 1997,
chimpanzees: Hopkins et al. 2005; Meguerditchiaale2010). Moreover, several studies
found no relationship between the direction of hamdferences for communicative and

noncommunicative activities in either human chitdr@onvillian et al. 1997; Cochet &



Vauclair 2010b; Esseily et al. 2010; Cochet 2012cl&t et al. 2011) or chimpanzees
(Hopkins & Leavens 1998; Hopkins & Wesley 2002; kKiog & Cantero 2003;
Meguerditchian et al. 2012).

Studies on monkeys’ gestures may have strong iafphics for understanding the
evolutionary origins of hemispheric specializatitor language. Currently, it is unclear
whether communicative gestures also involve spelatieralized systems in monkeys. As far
as we know, hand preferences for gestures haveibeestigated in only one species of Old
World monkey, the olive babooRapio anubis In this species, a right-hand bias was found
for the production of a threat gesture, the ‘halagh’'s and the pattern of laterality differed
from that reported for grasping actions and mamijpeg actions (Meguerditchian & Vauclair
2006; Meguerditchian et al. 2011). To test whetther left-hnemisphere specialization for
communicative activities found in human and nonhoirapes is conserved in more distant
relatives, there is a need to enlarge the investigeof laterality for manual gestures in
several monkey species.

In the present study, we focused on requestingugesstwhich are imperative manual
gestures directed towards a desired item (Leav@@gl)2such as begging and pointing
gestures, produced by nonhuman primates towardsamain©On the one hand, one may
hypothesize that monkeys’ requesting gestures rdiffem those of apes in their
communicative functions. Indeed, a gap divides negekfrom apes in their production of
requesting gestures: apes often produce requegtstyres towards either conspecifics or
humans (Call & Tomasello 2007b) whereas, to ouritadge, monkeys have never been
observed to produce requesting gestures towardspeoifics. Moreover, in contrast to apes,
captive monkeys must generally be trained to predwrjuesting gestures (Gomez 2005).
Yet, we believe that requesting gestures of traimemhkeys are efficient communicative

signals since monkeys seem to be able to use rmugiegestures to communicate



intentionally with human recipients. Several stedredeed suggest that requesting gestures of
monkeys would be mostly directed towards an atteriuman audience (squirrel monkeys,
Saimiri sciureusAnderson et al. 2010; capuchin monkeysbus apell a Hattori et al.
2010; red-capped mangabeyBercocebus torquatusMaille et al. 2012; olive baboons:
Meunier et al. 2013). On the other hand, one mgyethat it is not relevant to investigate
manual laterality within the scope of interspecestural communication. Manual laterality
for communicative gestures may indeed differ adogrdo whether the gesture is directed
towards a conspecific or a human recipient. Howeseme studies have pointed out that
chimpanzees exhibit a right-hand bias for the prbdocof communicative gestures,
regardless of whether they produce gestures towardspecifics or humans (e.g. begging
gestures: Meguerditchian et al, 2010; clappindguges: Meguerditchian et al. 2012). We thus
assume that requesting gestures directed towardartsumould be controlled by the same
cerebral structures as communicative gesturestdadd¢owards conspecifics, in monkeys as in
nonhuman apes.

The requesting gestures of monkeys consist ofdutl extensions (Gomez 2005) but
the existing literature has only compared requgsgiestures of monkeys to grasping of items
located near to the subjects, thus requiring lomw ertensions (baboons: Meguerditchian &
Vauclair 2009; Meunier et al. 2012). We aimed tompare manual laterality in monkeys for
requesting gestures and for grasping actions reguaither full or low arm extensions. We
hypothesized that (1) monkeys, like humans and maam apes, would use their right hand
more frequently for pointing gestures than for ginag actions, (2) right-hand use for pointing
gestures would be greater in monkeys showing bettermunicative abilities and (3) hand
preferences for pointing gestures and for graspotgpns requiring full arm extensions would
be similarly affected by the position of the itebecause these two arm movements share the

same motor pattern.



To compare the respective patterns of hand prefesefar pointing gestures and for
grasping actions, we devised an experimental desigvhich the posture of the subject, the
position of the items to request/grasp and theadcs from the subject to the items were
standardized. The ‘quantification of hand prefeeshdask (QHP task: Bishop et al. 1996)
was first designed to measure handedness in huaréinipants for grasping actions towards
items that are presented in several locations amtfiof them. The QHP task has been
successfully adapted for monkeys using food iteMsufier et al. 2011; Chapelain et al.
2012). Moreover, this task has been previously usedompare handedness for pointing
gestures and for grasping actions requiring low axtensions in humans (infants: Jacquet et
al. 2012; Meunier et al. 2012; adults: Calvert &lp 1998) and baboons (Meunier et al.
2012). The QHP task thus appears suitable for tigasig hand preferences for pointing

gestures compared to grasping actions in humamamiduman primates.

In this study, we investigated manual laterality fequesting gestures and for grasping
actions in two genera of Old World monkeys that atesely related to baboons:
Cercopithecus(guenons) andCercocebus(one genus of mangabeys). We chose to study
Campbell's monkeysCercopithecus campbelliand red-capped mangabeySercocebus
torquatus because, in contrast to humans and baboons, venetboth terrestrial species,
Campbell’s monkeys are arboreal (Oates 1988) amdapped mangabeys are semiterrestrial
(Gautier-Hion et al. 1999). These variations in itesbmay affect manual laterality in
nonhuman primates. MacNeilage (1993, 2007) hypatedghat arboreal primates should be
more left-handed than terrestrial primates becafiseright-hand specialization for postural
support in the trees. Moreover, Rogers & KaplarB@)Suggested that an arboreal lifestyle

may induce a decrease in manual asymmetries beoclaseeed to adapt to the architecture



of the trees: to grasp food items safely in thedre@ne hand must be used to hang on to the
branches while the other hand grasps the food items

In both guenons and mangabeys, we compared mkategdlity for pointing gestures
and grasping actions and we evaluated the influehtlee position of the items on the hand
used to request/grasp. Therefore, we used thregouerof the QHP task to measure manual
laterality for pointing gestures and for graspingians requiring either full or low arm
extensions. When the food items were located orstigect’'s body midline, we predicted
that both guenons and mangabeys would be morehayided for pointing gestures than for
grasping actions and that there would be no relghipn between the hand preferences
exhibited for pointing gestures compared to graspictgpns. Moreover, we predicted that the
subjects showing the greatest skills for directimgr pointing gestures towards hidden items
located at one of five potential positions wouldrbere right-handed for the production of
pointing gestures than the other subjects. Finathen the items were located away from the
subject’s body midline, we postulated that thereilde a predominant use of the ipsilateral
hand to the food items for both pointing gestuned grasping actions requiring full or low

arm extensions.

<H1>METHODS

<H2>Subjects

Experimental subjects were 12 add@ampbell’'s monkeys (three males and nine
females) and 16 adult or juvenile red-capped maeygmlfeight males and eight females;

Table 1). All subjects were housed at the Statiemiogiqgue de Paimpont (Université de



Rennes 1, France). They lived in social groups;ages composed of indoor and outdoor
enclosures of various sizes (indoor enclosuresinmim: 9 m2 and 3.70 m high, maximum:
26 m2 and 3.70 m high; outdoor enclosures: minimithm2 and 4 m high, maximum: 330
mz2 and 4.50 m high). Food was given twice a dags{frfruits and vegetables in the morning,
monkey chows in the afternoon) and water was adailad libitum. Climbing furniture,
ground substrates (woodchips and straw) and suafl@eeds were provided as enrichment
on a daily basis. Experiments were conducted iesagljacent to the home cages of subjects.
The subject being tested was isolated from domirantspecifics and could move freely
during the test. All of the subjects were habitdate being tested and isolated. Subjects were
not deprived of food or water during testing. Theperiment was conducted between
February 2011 and May 2011 in guenons and betwepte@ber 2010 and January 2011 in
mangabeys.

The experiment was licensed by the departmentattibn of veterinary services of llle-et-
Vilaine (licence no. 04672) in accordance with Eneopean Communities Council Directive
of 24 November 1986 (86/609/EEC). Animal facilitiead animal care procedures were
regularly monitored by the responsible local authes, while animal husbandry and care
were under management of the staff of the bioldgstation in Paimpont, University of
Rennes 1, France. During the experiments, animate wonstantly monitored for signs of

distress and care was taken to provide a stresskperimental environment.

<H2>Experimental design

A semicircular board (guenons: PVC Celuka, diametet20 cm, thickness =1 cm;

mangabeys: wood covered with zinc-plated steemdtar = 160 cm, thickness = 2 cm; Fig.

1) was attached horizontally onto the wire-net mestside the cage (distance between the



board and the ground: guenons: 120 cm; mangab8ysm3. Five positions were marked on
the board, each separated by 30° from one anofigr {). The positions were labelled

according to their angle with the midline from th#bject’'s point of view: leftward positions

LL (- 60°) and L (-30°), central position C (0°)gintward positions R (+ 30°) and RR (+ 60°).
Conversely to the original QHP task (Bishop 1996),did not use the two extreme positions
(i.e. - 90° and + 90°) because of physical constsdinked to the cage mesh.

A rectangular opening in the wire-net mesh at thardbdevel (guenons: 28 x 6 cm;
mangabeys: 44 x 8 cm) allowed the subjects to ftess arms through the mesh and move
their arms freely over the board (Fig. 1). A st@bod and zinc-plated steel: 47 x 42 x 3 cm)
was fixed onto the wire-net mesh inside the cagst in front of the board centre. When
seated on the stool, the subjects were in a frgusition relative to the board. The stool was
removable and the distance between the stool anbdddard varied according to the size of the
subject so as to ensure that the elbows of theestsbjvere at the same level as the board
(guenons: males: 28 cm; females: 24 cm; mangabestes < 5 years: 28 cm; males > 5

years: 36 cm; females < 4 years: 20 cm; femaleyeads: 28 cm).

<H2>Experimental procedure

For each trial, a food item was placed at one effive positions that were marked on
the board (Fig. 1); the hand used by the experienewot place the food item was chosen at
random. We used various food items (sunflower seegisins, peanuts and pistachios)
according to the preference of the subject. We ssgpahe subjects to three experimental
tasks: the QHP-Pointing task (QHP-P), the QHP-FRas@ing task (QHP-FG) and the QHP-
Nearby Grasping task (QHP-NG). For each of theethesks, the trials began when the

subject was sitting on the stool with its arms pthsymmetrically. Two experimenters (E1



and E2) participated in the QHP-P task whereas oné/experimenter (E1) was involved in
the QHP-FG and the QHP-NG tasks.

Each test session consisted of a total of 25 fri@ds trials in each of the five positions,
which were presented in a random order (the samalf@ubjects and every experimental
task). Every subject participated in 12 test sessfor each task, for a total of 300 trials per
task (60 trials per position). The tasks were pené in the following order: QHP-NG,
QHP-FG and QHP-P tasks in guenons, and QHP-NG, RHid QHP-FG tasks in

mangabeys. We performed only one session per daafih subject.

<H3>QHP-Pointing task

In the QHP-P task, the food items were out of refchthe subject. The distance
between the centre of the board and the itemsd/aeording to the length of the arm of the
subject (guenons: males: 45 cm; females: 38 cmpataeys: males < 5 years: 52 cm; males
> 5 years: 65 cm; females < 4 years: 45 cm; femaldsyears: 55 cm). Five opaque tubes
(zinc-plated steel: diameter: 4 cm, length: 7 dmckness: 0.1 cm) were placed vertically on
the board, one tube per position (Fig. 1). The fdeths were hidden under the tubes to
prevent the subject from seeing them. At the bagmof each trial, one experimenter, E1,
stood with her back turned to the subject and tiheroéxperimenter, E2, stood facing the
subject. The trials were divided into the followitigee phases.

(1) Baiting phase: E2 showed the food item toghkject. She then lifted an opaque
tube (position chosen at random) to place and Higeitem underneath it. She finally
repositioned the tube in its original location. ifeinained blind to the baiting phase.

(2) Transition phase: E2 waited until the subgopped producing pointing gestures
and positioned its arms symmetrically. E2 thenddrher back to the subject while E1 turned

around to face the subject.
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(3) Pointing phase: E1 looked at the subject. d@nsas the subject extended one or
both arms towards a tube (i.e. pointing gesturd)ified the indicated tube. If the subject
succeeded, that is, if it produced a pointing gestawards the baited tube, E1 gave the food
item to the subject. If the subject failed, thatiist produced a pointing gesture towards an
unbaited tube, E1 looked inside the other tubestaoki away the food item from the baited
tube. If the subject did not produce any pointirestgres within 30 s, E1 acted as if the
subject had failed.

A training programme was conducted before the QH&sR in both species because it
was necessary to train monkeys to produce poimgesgures towards some tubes. During the
training programme, whenever the subjects stadeextend one or both arms towards the
location of a food item, E1 immediately gave thdma food item. At first (step 1), the food
item was visible and later (step 2) it was hiddedeanrone of two tubes. Each subject was
trained during 15 min daily sessions. The trairpnggramme was considered completed for a
subject when it was successful in at least fivagr{i.e. pointing gesture directed towards the

food item) per position in each step.

<H3>QHP-Far Grasping task

In the QHP-FG task, the food items were placedrtan the subject (for both arms):
subjects had to perform a full arm extension ireotd grasp the items. The distance between
the centre of the board and the food items varmxbraing to the length of the arm of the
subject (guenons: males: 30 cm; females: 23 cmgaiays: males < 5 years: 32 cm; males
> 5 years: 45 cm; females < 4 years: 25 cm; fentalésyears: 35 cm). At the beginning of

each trial, E1 stood facing the subject.

<H3>QHP-Nearby Grasping task

11



In the QHP-NG task, the food items were placedectosthe subject (for both arms).
The distance between the centre of the board anfbtd items varied according to the length
of the arm of the subject (guenons: males: 15 @mafes: 15 cm; mangabeys: males < 5
years: 20 cm; males > 5 years: 25 cm; females gadsy 15 cm; females > 4 years: 20 cm).

At the beginning of each trial, E1 stood facing slject.

<H2>Data scoring

In the QHP-P task, we scored the first pointingyesdirected towards an opaque tube
during the pointing phase of each trial (i.e. wignwas facing the subject). We did not score
the pointing gestures produced during the baitimg the transition phases of each trial (i.e.
when E2 was facing the subject) because E2 knewenthe food item was hidden and could
thus provide information about its location to thgbject during gesture production. We
recorded (1) which arm (left or right arm, or ba@hms) was used to perform the pointing
gesture and (2) the position of the opaque tubeated by the pointing gesture. We usually
recorded more or less than 60 trials per positi@abse some pointing gestures were directed
towards a tube other than the baited one.

In the QHP-FG and the QHP-NG tasks, we recordediwaim (left or right arm) was
used to grasp the food item on each trial.

All test sessions were videotaped and later codecEb. The videorecords were

analysed by E1 using a VLC Media Player.

<H2>Data analysis

12



We calculated an individual handedness index (Hi)position and per subject in each
experimental task. HI was calculated using the tdamHI = (number of right — number of
left)/(number of right + number of left). HI varié®tween -1 and +1 and gives the direction
of hand preference: negative values indicate atbiaards a preference for the left hand and
positive values indicate a bias towards a preferdac the right hand. When calculating HI
values from the QHP-P task, (1) we did not constdats in which pointing gestures were
performed bimanually (mean + SE per position: gmsnd..0 + 0.7; mangabeys: 6.1 = 2.8)
and (2) we considered trials in which pointing gess were directed towards an opaque tube
other than the baited one (mean = SE per positioengns: 9.7 = 2.1; mangabeys: 11.8 + 2.4)
but we allocated these trials to the pointed tulpgsition rather than to the baited tube’s

position.

<H3>Manual laterality for pointing gestures compakréo grasping actions

We determined whether subjects were left-handetbbt-handed at each position and
for each experimental task using the binomial é@sthe number of left and right actions. We
assessed population-level biases in hand prefergneach position using (1) the binomial
test on the number of left- and right-handers &)dhe one-samplitest on HI values.

We tested whether manual laterality at each posittas consistent between the three
experimental tasks using the Pearson correlatieh weth FDR (false discovery rate)

correction on HI values.

<H3>Manual laterality in homogeneous and heterogaumepointers
In the QHP-P task, we expected subjects to progocging gestures equally towards
each of the five positions. Indeed, we performecauivalent number of trials per position

(i.e. each of the five opaque tubes was baited @iriéls randomly distributed in the test
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sessions) and all the subjects were successfallye to produce referential pointing, that is,
pointing gestures directed towards the baited opagbe. In each subject, we assessed
homogeneity in the number of pointing gesturescatig@ towards each of the five opaque
tubes using the chi-square test: a statisticalifsignce revealed a lack of homogeneity, i.e.
under- or overrepresentation of trials for which gointing gestures were directed towards a
given container (usually referred to as ‘positioastii e.g. Jolly 1964). We classified subjects
into two pointer categories: heterogeneous poir(tdrssquare significant) and homogeneous
pointers (chi-square not significant); we assunmet homogeneous pointers exhibited the
greatest skills for pointing referentially comparea heterogeneous pointers. We tested
whether HI values differed between the two pointategories using repeated measures

ANOVA on HI values.

<H3>Influence of the position of items on manuaélality

We assessed whether manual laterality differedidot the two species and whether it
was affected by the task or the position of the fdeths using repeated measures ANOVA
on HI values. We analysed the correlation betwekvahlies and the numbers of the positions
(LL=1,L =2, C =3, R =4, RR = 5) using Pearsmrrelation tests to evaluate more

precisely the influence of the position on manatdality.

Finally, we analysed the potential influence of #ault subjects’ sex on the manual
laterality exhibited for each of the three QHP tasksg repeated measures ANOVA and
Pearson correlation tests on HI values.

We checked for equivariance and normality of treduals of the ANOVAs. We used
pairedt tests with FDR correction as post hoc tests. Sizdidests were two tailed and type |

error a was set at 0.05. All analyses were performed WitB.14.2 (The R Foundation for

14



Statistical Computing, Vienna, Austria, http://wwsproject.org); when statistical tests
yielded nonsignificant results, post hoc statistipawer was calculated with GPower 3.1

(Faul et al. 2007).

<H1>RESULTS

The number of pointing gestures or grasping actipeigormed with either the left
hand or the right hand by each subject as welhasridividual hand preferences and the Hl
values are reported in Table 2 (data for the ckmosition for the three tasks) and in
Appendix Tables Al, A2 and A3 (data for the fouetal positions for the QHP-P task, QHP-

FG task and QHP-NG task, respectively).

<H2>Manual laterality for pointing gestures compakréo grasping actions

<H3>Hand preferences (central position)

For pointing gestures (QHP-P task) directed tow#rdscentral position C, the mean Hl
was 0.33 (SE = 0.22) in guenons and -0.12 (SE %)dr2 mangabeys. The analysis of HI
values showed no significant group-level biasestli@ production of pointing gestures in
either guenons (one-sampleest:t;; = 1.52,P = 0.158, effect sizd = 0.44, power = 0.28) or
mangabeys (one-sampldest:t;s = -0.59,P = 0.567,d = -0.15, power = 0.09). Moreover,
there were no significant differences in the nundddeft- and right-handed subjects in either
species (binomial test: guenons= 12,P = 0.344; mangabeyst = 16,P = 0.774; Table 2).

For grasping items placed at the central positipth€ mean HIl was 0.28 (SE = 0.15) in
guenons and -0.21 (SE = 0.16) in mangabeys foQtHEe-FG task, whereas the mean HI was

0.21 (SE = 0.13) in guenons and -0.22 (SE = 0.4 mhangabeys for the QHP-NG task. The
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analysis of HI values showed no significant groeyel biases for the production of grasping
actions requiring either full or low arm extensionguenons (one-sampig¢est: QHP-FGt;;
=1.82,P =0.096,d = 0.52, power = 0.38; QHP-NG&; = 1.59,P = 0.140,d = 0.46, power =
0.22) and in mangabeys (one-sanmpiest: QHP-FGt;5 = -1.28,P = 0.221,d = -0.32, power

= 0.31; QHP-NG1;5 = -1.21,P = 0.243,d = -0.30, power = 0.21). Moreover, there were no
significant differences in the number of left- amght-handed subjects for the QHP-FG task
(binomial test: guenondd = 12,P = 0.180; mangabey® = 16,P = 0.581; Table 2) and the
QHP-NG task (binomial test: guenori¢:= 12, P = 0.289; mangabey$ = 16,P = 0.388;

Table 2).

<H3>Consistency in manual laterality

HI values from the QHP-P task and the QHP-FG tastewot significantly correlated
in the two species (Pearson correlation test 0.05; detailed in Table 3), except at the two
rightward positions R and RR in mangabeys ( Pearsorelation testP < 0.05; detailed in
Table 3). Moreover, there were no significant datiens betweei| values from the QHP-P
task and the QHP-NG task, for all positions andcigse(Pearson correlation teBt> 0.05;
detailed in Table 3).

In contrast, there were significant positive catieins between HI values from the
QHP-FG task and the QHP-NG task at positions Ln@ R in mangabeys (and at position

LL in guenons ((Pearson correlation té3& 0.05; detailed in Table 3).

<H2>Manual laterality in homogeneous and heterogauee pointers

In guenons, the chi-square test classified tenestd)83.3%) as homogeneous pointers

and two subjects (16.7%) as heterogeneous poi(fatde 1). In mangabeys, the chi-square
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test classified seven subjects (43.8%) as homogengainters and nine subjects (56.2%) as
heterogeneous pointers (Table 1). We could thusgpeoenmanual laterality of homogeneous
and heterogeneous pointers only in mangabeys.

A mixed ANOVA on HI values of mangabeys as a fumctof task and pointer category
did not reveal a pointer category effect (ANOMA;15= 0.18,P = 0.676, effect sizé= 0.11,
power = 0.07) but it detected a task*pointer catggateraction (ANOVA:F 530=7.21,P <
0.001,f = 0.37). First, we conducted a mixed ANOVA on Hillues as a function of pointer
category for each task separately. This analysis/etl that homogeneous pointers were more
right-handed than heterogeneous pointers in the -QH&k (ANOVA:F;15 = 4.68,P =
0.048,f = 0.58; Fig. 2) whereas manual laterality did ddfer between the two pointer
categories for the QHP-FG task (ANOVA; ;5= 0.01,P = 0.924, f = 0.03, power = 0.05;
Fig. 2) and the QHP-NG task (ANOVA; 15= 0.75,P = 0.402,f = 0.23, power = 0.14; Fig.
2). Second, we performed a mixed ANOVA on HI valassa function of task in each pointer
category. We found a main effect of task in homegeis pointers (ANOVAF; 3, = 11.61,
P < 0.001,f = 0.49): homogeneous pointers used their right mack often for the QHP-P
task than for the QHP-FG task (paitdgdst:P = 0.021; Fig. 2) and the QHP-NG task (paired
test: P < 0.001; Fig. 2). In contrast, no task effect wide$ected in heterogeneous pointers

(ANOVA: Fz.30= 2.55,P = 0.083f = 0.20, power = 0.07).

<H2>Influence of the position of items on manuaélality.

A mixed ANOVA on HI values as a function of speciessk and position showed a
significant main effect of the species (ANOVAR; ,7 = 4.73,P = 0.039,f = 0.42): guenon
subjects were more right-handed than mangabey abjélowever, we performed the

following analyses in both species pooled togethecause there was no species*task
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interaction (ANOVA: Fys4 = 0.52, P = 0.593, f = 0.05, power = 0.05) and no
species*position interaction (ANOVAE, 108 = 2.01,P = 0.093, f = 0.15, power = 0.06)
indicating that the species effect occurred siryilam the three tasks and among the five
positions. The analysis revealed a task*positioeradtion (ANOVA: Fg216 = 18.72,P <
0.001,f = 0.64).

We conducted a mixed ANOVA analysis on HI valuesaaiinction of task at each
position separately to assess how manual laterdiffgred between the three tasks. The
analysis did not reveal a task effect at the céptraition (ANOVA: position CF, 54 = 0.27,

P =0.766,f = 0.10, power = 0.06). However, it showed a sigaift main effect of the task at
the four lateral positions (ANOVA: position LIE; 54 = 30.29,P < 0.001f = 1.07; position L:
Fose= 7.31,P = 0.002,f = 1.07; position RF, 54 = 4.35,P = 0.018,f = 0.39; position RR:
F2s54= 38.35,P < 0.001f = 1.15). Subjects used their left hand more fratjydor the QHP-
FG task than for the QHP-NG task at the two leftiyamsitions (paired test: position LL:P

< 0.001; position LP = 0.030; Fig. 3) whereas they used their rightdharore frequently at
the more rightward position RR (pairetest: position RP = 0.100; position RRP < 0.001;
Fig. 3). Similarly, subjects used their left handrenfrequently for the QHP-P task than for
the QHP-NG task at the two leftward positions (paitrtest: position LLP < 0.001; position
L: P = 0.008; Fig. 3) whereas they used their rightdhamore frequently at the more
rightward position RR (pairettest: position RP = 0.100; position RRP < 0.001; Fig. 3). In
contrast, HI values did not differ significantlytiseen the QHP-P and the QHP-FG tasks,
regardless of the position (pairédest: position LL:P = 0.930; position L:P = 0.474;
position R:P = 0.950; position RR? = 0.710; Fig. 3).

We then assessed how the position of the food iteffected manual laterality
according to the task. First, we conducted a mi&k&DVA on HI values as a function of

position in each task separately. The analysisaledea significant main effect of the position
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for the three tasks (ANOVA: QHP-F, 108 = 39.86,P < 0.001,f = 1.22; QHP-FGF, 108=
19.54,P < 0.001,f = 0.85; QHP-NG:F410s= 47.10,P < 0.001,f = 1.33). Second, we
performed Pearson correlation tests to evaluateheheghere was a linear variation in the
direction of manual laterality according to thedtion of the items. We found that HI values
decreased significantly from the more leftward posiLL to the more rightward position RR
for both the QHP-P task (Pearson correlation tgs§:= -0. 54,P < 0.001; Fig. 3) and the
QHP-FG task (Pearson correlation tegty= -0.61,P < 0.001; Fig. 3), but increased from
position LL to position RR for the QHP-NG task (P correlation test;zg = 0.28,P <

0.001; Fig. 3).

<H2>Influence of sex

In adult subjects from both species, we conductedxad ANOVA on Hl values as a
function of sex and task to assess whether mamtetality differed between males and
females according to the task. The analysis showegtther a sex effect (ANOVAF; 50 =
3.39,P =0.081f =0.47, power = 0.37) nor a sex*task interactidNQVA: F; 4= 0.15,P =
0.965,f = 0.04, power = 0.06). In both sexes, we found Hasalues decreased significantly
from the more leftward position LL to the more riglard position RR for both the QHP-P
task (Pearson correlation test: malkeg= -0. 62,P < 0.001; femalesigg = -0.50,P < 0.001)
and the QHP-FG task (Pearson correlation test:smale= -0. 59,P < 0.001; femaleSigo= -
0.62,P < 0.001). In contrast, HI values increased sigaiftly from position LL to position
RR for the QHP-NG task, but this was true of adeithales only (Pearson correlation test:

malesirs, = 0. 07,P = 0.688; femalegisy = 0.43,P < 0.001).

<H1>DISCUSSION
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Our study had three main findings about manualdéitg for pointing gestures in
guenons and mangabeys. First, we found a lack lafioeship between individual hand
preferences for pointing gestures and for graspictgpns to items located nearby. Second,
homogeneous pointers believed to possess the gireskifls for pointing referentially were
more right-handed for pointing gestures than faasgmg actions to items located either
nearby or far away, at least in mangabeys. Third, skowed that manual laterality for
pointing gestures and for grasping actions to itkyoated far away were similarly affected by
the position of items: when the items were placgdyafrom the body midline of the subjects,

guenons and mangabeys used the hand contralatéhal items.

In guenons and mangabeys, we did not find any glewgl right bias for the
production of pointing gestures directed towardmi located at the body midline in front of
the subjects. In contrast to several studies thatved greater right-hand use for pointing
gestures than for grasping actions in both huméamnia (Bonvillian et al. 1997; Cochet &
Vauclair 2010b; Esseily et al. 2010) and chimpasz@dopkins et al. 2005), our results
indicated no difference in manual laterality betwegminting gestures and grasping actions.
However, we found no relationship between indivicwend preferences for pointing gestures
and for grasping actions to items located nearlws finding parallels those found in human
infants (Cochet & Vauclair 2010b; Esseily et all@pJacquet et al. 2012) and chimpanzees
(Hopkins & Wesley 2002; Hopkins & Cantero 2003)efdwas also no relationship between
hand preferences exhibited for pointing gesturesfangrasping actions to items located far
away, except in the case of rightward items in rabegs. Although this lack of consistency
between hand preferences for pointing gesturesgassping actions may result from small

sample sizes, mangabeys’ hand preferences for goasytions requiring full or low arm
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extensions were, by contrast, strongly and posytivelated when items were located either
on the subject’s midline or 30° from the midline.

As in humans and chimpanzees, manual lateralitypfonting gestures seems to be
relatively distinct from manual laterality for gmsg actions in guenons and mangabeys:
pointing gestures may rely on different cerebratugtires to those involved in
noncommunicative actions in monkeys as in humans raanhuman apes. By contrast, a
strong relationship exists between manual latgrédit grasping actions requiring either full
or low arm extension. Our study thus provides aoiditi evidence that the cognitive
processes underlying the production of requestegjuges in monkeys might be distinct from
that involved in the execution of grasping actioesen if monkeys had to be trained to
produce requesting gestures from a ritualizatioreathing movements.

We found that the mangabey individuals possesdieggreatest skills for pointing
referentially were more right-handed for pointingstures than for grasping actions (towards
items located either nearby or far away). Thesers@wividuals (i.e. homogeneous pointers)
were more right-handed than the other nine indivisli.e. heterogeneous pointers) for the
production of pointing gestures whereas these mtegories of individuals did not differ in
their direction of manual laterality for graspinctians (requiring full or low arm extensions).
Thus, we actually found a greater right-hand us@éstures compared to noncommunicative
actions when we considered the mangabeys that therebest referential pointers. This
predominant right-hand use for pointing gesturey neflect the activation of a specific left-
lateralized communicative cerebral system involwedthe production of communicative
gestures which would be distinct from that invohwedhe production of purely motor actions.
One may note that the probability of detecting gnsicant group-level right-hand bias in
mangabeys for gesturing was fairly low in the préstudy. No more than 16 mangabeys

were available for testing and among them only ehibst possessed the greatest skills for
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pointing referentially were more right-handed foirpimg gestures than for grasping actions.
We believe that an increase in sample size shollddv ahe detection of a right-hand
preference for the production of pointing gestunesangabeys. Our findings suggest that the
referential nature of the communicative signal rhaya necessary condition for the activation
of the left-hemispheric communicative system. Inufat laterality studies, we encourage
investigations on interindividual differences iretheferential abilities for the production of
communicative signals.

Surprisingly, we did not find any increase in rigfind use for pointing gestures
compared to grasping actions in guenons, althougloflibe 12 tested subjects exhibited
considerable skills for pointing referentially. Hewer, guenons were more right-handed than
mangabeys for both pointing gestures and graspitigns. A simple explanation might thus
be that the right-sided asymmetry was already toangly marked in the tested group of
guenons to increase it any further for the produnctf communicative gestures compared to
grasping actions. Such an effect was indeed repantestrongly right-handed human adults
(Calvert & Bishop 1998; Cochet & Vauclair 2012).

Guenons and mangabeys produced pointing gestures the hand contralateral to the
items. Conversely, humans of various ages (infaBtsterworth 2002; Esseily et al. 2010;
Jacquet et al. 2012; Meunier et al. 2012; childidii: & Khanem 2009; adults: Calvert &
Bishop 1998; Bryden et al. 2000), baboons (Meusieal. 2012) and chimpanzees (Krause &
Fouts 1997; Hopkins & Wesley 2002) have been shiowrse the ipsilateral hand to the items
to make requests.

Additionally, guenons and mangabeys mainly perfalmeasping actions requiring low
arm extensions using the hand ipsilateral to theast Similarly, humans (infants: Jacquet et
al. 2012; children: Bishop et al. 1996; Gabbard8 3001, Carlier et al. 2006, Leconte &

Fagard 2006; adults: Seltzer et al. 1990; Harri€&lson 1993; Calvert & Bishop 1998;
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Bryden et al. 1999; Doyen & Carlier 2002; RezaealeR010), macaques (Cronholm et al.
1963; Lehman 1978, 1980a, b), baboons (Meuniet.2041) and lemurs (Forsythe et al.
1988) usually grasp using the hand closest to témas, although they more often perform
midline crossing with the preferred hand rathemthiae nonpreferred hand. Surprisingly,
guenons and mangabeys performed grasping actigosing full arm extension using the
hand contralateral to the items. Similarly, bushespihich are arboreal prosimian primates,
have been shown to engage in contralateral grasplivay they had to pick up items placed
laterally and far away from them (Ward et al. 1999)ogether, these results stand in contrast
to many reports from human studies which show ititiual laterality for grasping actions to
items located laterally is not affected by an iaseein the distance between the individual and
the items (e.g. adults: Harris & Carlson 1993; Sahal. 2001).

Briefly, manual laterality for pointing gesturesddior grasping actions directed towards
items located laterally and far away were similaffected by the position of the items in
guenons and mangabeys. One could argue that tiéngpe the cage mesh was too small to
allow subjects to produce movements requiring dath extensions using the hand ipsilateral
to the items located leftward or rightward. Howe\atult females from both species used the
hand contralateral to the objects when they peraorpointing gestures and grasping actions
requiring full arm extensions to objects placeeérally, despite the fact that they were smaller
than the adult males and consequently less consttdiy the cage mesh. We propose that the
use of the contralateral hand is preferred by gogrmmd mangabeys for pointing gestures and
grasping actions requiring full arm extensions beeathese two activities are subject to the
same biomechanical constraints. Mark et al. (1%Qiggested that contralateral movements
involving multiple parts of the body may be moremdortable for movements directed
towards items placed laterally and far away becausee of the limb segments approach

complete extension. In addition, differences initabmay explain the controversial results
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between species: arboreal primates adapted talineleing, such as guenons, mangabeys and
galagos, may not avoid postural instability in cast to more terrestrial primates such as
humans, chimpanzees and baboons. Arboreal prinvebesd thus perform forward and
lateral movements of the upper torso to producerdralateral reaching whereas terrestrial
primates would prefer to extend one shoulder tadpee an ipsilateral reaching (humans:
Mark et al. 1997; Westwood et al. 2000). Moreowahoreal primates may use postural
adjustments to secure sideway motions. They would do with the hand ipsilateral to the
item to request/grasp to ensure their safety wigdming laterally, the contralateral hand
remaining the only one free. In the present stugyindeed observed that sideway motions of
guenons and mangabeys often co-occurred with hgpldmto the stool or to the cage mesh
with the ipsilateral hand to the item. Our finditlms suggests that, when primates have to
perform pointing gestures or grasping actions tiedowards distant and laterally placed
items, arboreal species but not terrestrial speng deal with the biomechanical constraints

of these movements by using the contralateral batite items.

In conclusion, we showed that hand preferencespénting gestures and grasping
actions that required low arm extensions were afated in guenons and mangabeys. This
finding suggests that communicative gestures dorelgton the same cerebral structures as
noncommunicative actions in Old World monkeys. Imaotly, we also revealed an
interaction between referential abilities and hgm@ferences for pointing gestures in
mangabeys: the monkeys possessing the greatdst fekilpointing referentially were more
right-handed for gesturing than for grasping. Weppsse that in Old World monkeys, as in
chimpanzees, the production of intentional andregfigal gestures may involve the activation
of specific regions of the left hemisphere sper&liin the processing of intentional and

referential communicative signals. Finally, we fouhdt guenons and mangabeys used the
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hand contralateral to the items for the executibrbath pointing gestures and grasping
actions requiring full arm extensions. We postuldiat the position of the items similarly
affects manual laterality for these two types ofh anovements because they are subject to the

same biomechanical constraints in species adaptieee climbing.
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Table 1.Individual characteristics of each subject

QHP-Pointing task

Subject  Sex  Age Class LL L C R RR # p Pointer
category

Guenons
Ecureuil Female 4.5 Adult 70 58 597 55 463 0.327 Hom.
Chili Female 5.5 Adult 62 59 559 65 0.93 0.920 Hom.
Amande Female 6.5 Adult 67 55 @& 48 460 0.331 Hom.
Chilula Female 15.0 Adult 63 65 553 63 1.95 0.744 Hom.
Tilamook Female 15.0 Adult 65 62 53 83 20.96<0.001 Het.
Maricopa Female 16.0 Adult 56 55 BB 62 483 0.305 Hom.
Lowina Female 17.5 Adult 72 65 589 53 5.33 0.255 Hom.
Shawnee Female 17.5 Adult 59 66 47 50 9.95 0.041 Het.
Plume Female 18.5 Adult 58 70 @&IF 53 2.72 0.605 Hom.
Lombrik Male 4.0 Adult 53 70 752 53 6.77 0.149 Hom.
Lowi Male 55 Adult 50 58 7466 52 6.67 0.155 Hom.
Arbok Male 8.5 Adult 59 50 7%9 52 8.81 0.066 Hom.

Mangabeys
Lorette Female 2.0 Juvenile64 55 5751 71 4,22 0.378 Hom.
Many Female 2.0 Juvenile 74 57 5244 73 11.57 0.021  Het.
Chipse Female 4.5 Juvenile60 53 8257 48 11.43 0.022  Het.
Julie Female 6.0 Adult 62 57 681 61 293 0.569 Hom.
Bell Female 8.5 Adult 55 51 780 61 10.29 0.036 Het.
Goffrette Female 13.5 Adult 48 46 5B 76 11.97 0.018 Het.
Chipie Female 18.0 Adult 61 87 685 43 20.93<0.001 Het.
Zunie Female 23.0 Adult 27 1195 34 24 120.91<0.001 Het.
Carillon Male 3.5 Juvenile 90 22 5459 75 43.43<0.001 Het.
Lenni Male 3.5 Juvenile 53 72 6353 59 420 0.380 Hom.
George Male 4.0 Juvenile 68 59 6268 43 7.03 0.134 Hom.
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Isba Male 6.5 Juvenile 58 60 7066 46 560 0.231 Hom.

Marti Male 11.5 Adult 55 54 73%F9 49 7.20 0.126 Hom.

Filou Male 17.0 Adult 79 53 748 48 13.69 0.008  Het.

Pirate Male 17.5 Adult 71 57 7B2 49 6.94 0.139 Hom.

Rapide Male 22.0 Adult 117 57 2824 73 96.10<0.001  Het.
Age = age in years; class = age class; LL = nurabpointing gestures directed towards the positibr{- 60°); L = number of pointing gestures
directed towards the position L (- 30°); C = numbgpointing gestures directed towards the posiGo(0°); R = number of pointing gestures
directed towards the position R (+ 30°); RR = numiiepointing gestures directed towards the posifRR (+ 60°);° = chi-square random

variable from the chi-square teBt= probability from the chi-square test; pointetegmry = pointer category based on the chi-squeste(Hom.

= homogeneous pointer; Het. = heterogeneous pjinter
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Table 2.Raw data and individual handedness index (HI) ®n§ing gestures (QHP-Pointing task) and graspetgpas (QHP-Far Grasping task

and QHP-Nearby Grasping task) directed towardsé¢néral position

QHP-Pointing task QHP-Far Grasping task QHP-Nearby Grasping task
Subject LeftRight P Bias HI Left Right P Bias HI Left Right P Bias HI
Guenons
Ecureull 13 31 0.010R 041 49 11 <0001 L -063 35 25 0.245 A -0.17
Chili 55 0 <0001 L -100 10 50 <0001 R 067 3 57 <0.001 R 0.9
Amande 3 43 <0.001R 087 44 16 <0001 L -047 11 49 <0.001 R 0.63
Chilula 22 30 0332 A 015 21 39 0027 R 030 45 15 <0.001 L -0.50
Tilamook 11 38 <0.000lR 055 10 50 <0001 R 067 11 49 <0.001 R 0.63
Maricopa 0 74 <0.001R 100 14 46 <0001 R 053 25 35 0.245 A 0.17
Lowina 1 46 <0001R 09 12 48 <0001 R 060 10 50 <0.001 R 0.67
Shawnee 0O 50 <000lIR 100 7 53 <0001 R 077 30 30 1.000 A 0.00
Plume 58 3 <0.001L -090 24 36 0.155 A 020 21 39 0.027 R 0.30
Lombrik 50 13 <0001 L -064 35 25 0.245 A -0.17 41 19 0.006 L -0.37
Lowi 12 50 <0001 R 061 35 25 0.245 A -0.17 34 26 0.366 A -0.13
Arbok O 78 <0001R 100 O 60 <0001 R 100 20 40 0.013 R 0.33
Mangabeys
Lorette 24 33 0.289A 0.16 16 44 <0.001 R 047 23 37 0.092 A 0.23
Many 45 0 <0001L -100 18 42 0003 R 040 2 58 <0.001 R 0.93
Chipse 7 10 0.629A 0.18 26 33 0435 A 012 42 18 0.003 L -0.40
Julie 2 67 <0001R 094 20 40 0013 R 033 51 9 <0.001L -0.70
Bell 21 11 0.110 A -031 31 29 0.897 A -0.03 30 30 1.000 A 0.00
Goffrette 54 5 <0001L -083 60 O <0001 L -100 52 8 <0.001L -0.73
Chipie 62 0 <0001L -100 45 15 <0.001 L -050 45 15 <0.001 L -0.50
Zunie 3 91 <0.001R 094 10 50 <0001 R 067 16 44 <0.001 R 0.47
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Carillon 10 8 0815 A -0.11 34 26 0366 A -0.13 14 46 <0.001 R 0.53
Lenni 3 60 <0001 R 09 1 59 <0.001 R 097 31 29 0.897 A -0.03
George 2 28 <0.001R 0.87 58 1 <0001 L -097 60 O <0.001 L -1.00
Isba 1 36 <0001R 09 54 8 <0001 L -074 34 26 0.366 A -0.13
Marti 73 0 <0001 L -1.00 57 1 <0001 L -0.97 59 1 <0001 L -0.97
Filou 71 0 <0001L -1.00 40 20 0.013 L -0.33 1 59 <0.001 R 0.97
Pirate 53 13 <0.001L -061 48 12 <0001 L -060 60 O <0001 L -1.00
Rapide 28 0 <0001L -100 60 O <0001 L -100 60 O <0001 L -1.00

Left = number of trials performed with the left lamight = number of trials performed with the ridtand;P = probability from the binomial
test comparing the number of trials performed whih left or the right hand; bias = hand preferdmasged on the binomial test (A = ambiguously

handed; L = left-handed; R = right-handed).
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Table 3.Consistency in manual laterality between the QHRPvig task (QHP-P), the QHP-Far Grasping task (€45 and the QHP-Nearby

Grasping task (QHP-NG)

QHP-P vs QHP-FG  QHP-P vs QHP-NG  QHP-FG vs QHP-NG

Position r P Power r P Power r P Power
Guenons(N=12)
LL (-60°) -0.250.439 0.11 -0.49 0.156 0.35 0.76 0.011 0.85
L (-30°) 0.05 0.872 0.04 -0.29 0546 0.13 0.57 0.155 0.49
C (09 0.15 0.958 0.06 0.02 0.962 0.04 0.42 0.517 0.26
R (+30°) 0.61 0.098 0.56 0.04 0.894 0.04 0.55 0.098 0.45
RR (+60°) 0.36 0.529 0.19 0.20 0.529 0.08 0.27 0.529 0.12
Mangabeys(N=16)
LL (-60°) 0.43 0.144 0.38 0.02 0.936 0.04 0.49 0.144 0.49
L (-30°) 0.45 0.116 041 0.02 0.953 0.04 0.64 0.023 0.78
C (09 0.44 0.128 0.39 0.10 0.707 0.06 0.60 0.040 0.71
R (+30°) 0.54 0.047 0.59 0.30 0.258 0.19 0.58 0.047 0.67
RR (+60°) 0.78 0.013 0.97 0.37 0.160 0.28 0.48 0.086 0.47

Position = location (angle from the subject’'s mdlj of either the opaque tube to which the sulgetited (QHP-P) or the food item it grasped
(QHP-FG and QHP-NGY, = coefficient of correlation for the Pearson ctatien test performed on HI valueB;= FDR-adjusted probability

from the Pearson correlation test (FDR = falsealiscy rate): power = post hoc statistical powegn8icant results are shown in bold.
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Table Al. Raw data and individual handedness index (HI) @nfing gestures (QHP-Pointing) directed towardesg placed at lateral

positions
Position LL ~ 60° Position L - 30°) Position R (+ 30¢ Position RR (+ 60

Subijec Left Right P Bias HI Left Right P Bias HI Left Right P Bias HI Left Right P Bias HI

Guenons
Ecureui 0 7C <0.000 R 1.0C 2 53 <0.00: R 0.9¢ 49 15 <0.000 L -0.5: 54 1 <0.00 L -0.9¢
Chili 62 0 <0.00 L -1.0C 58 1 <000 L -0.9i 59 0 <0.00 L -1.0C 65 0 <0.000 R -1.0C
Amands 1 66 <0.000 R 0.97 2 54 <0.00 R 0.9: 62 3 <0.000 L -0.91 5C 0 <0.000 R -1.0C
Chilula 0 63 <0.000 R 1.0C 5 58 <0.00 R 0.8 45 7 <0.00 L -0.7¢ 63 0 <0.000 A -1.0C
Tilamook 0 65 <0.000 R 1.0C 1 61 <0.00 R 0.97 30 5 <0.000 L -0.71 82 1 <000 R -0.9¢
Maricopse 0 56 <0.000 R 1.0C 0 55 <0.00. R 1.0C 0 53 <0.000 R 1.0C 0 62 <0.00. R 1.0C
Shawne 0 59 <0.000 R 1.0C 0 66 <0.000 R 1.0C 3 74 <0.000 R 0.9 1¢ 31 0.11¢ R 0.2¢
Lowina 0 72 <0.000 R 1.0C 0 65 <0.00. R 1.0C 3 56 <0.000 R 0.9C 3¢ 14 <0.00: A -0.4i
Plume 3 55 <0.000 R 0.9C 69 1 <000 L -0.9i 49 8 <0.000 L -0.72 4€ 7 <0.000 R -0.7¢
Lombrik 0 53 <0.000 R 1.0C 16 53 <0.000 R 0.4 47 4 <0.000 L -0.84 53 0 <0.00 L -1.0C
Lowi 1 48 <0.000 R 0.9¢ 4 49 <0.000 R 0.8t 51 15 <0.00 L -0.5t 52 0 <0.000 R -1.0C
Arbok 0 59 <0.000 R 1.0C 0 50 <0.00: R 1.0C 2 52 <0.00 R 0.9: 49 3 <0.00 R -0.8¢

Manaabev:
Lorette 7 57 <0.000 R 0.7¢ 9 46 <0.00. R 0.67 30 19 0.152 A -0.2z 48 19 <0.00. L -0.4:
Many 51 8 <0.000 L -0.7¢ 29 0 <0.00: L -1.0C 36 0 <0.000 L -1.0C 7C 1 <000 L -0.97
Chipse 1 48 <0.000 R 0.9¢ 3 16 <0.000 R 0.6¢ 9 7 0.80¢ A -0.1c 45 0 <0.00: L -1.0C
Julie 0 62 <0.000 R 1.0C 0 57 <0.00: R 1.0C 3 48 <0.00 R 0.8¢ 3C 31 1.00( A 0.0z
Bell 2 53 <0.000 R 0.9¢ 3 37 <0.00. R 0.8t 37 1 <000 L -0.9t 61 0 <0.00: L -1.0C
Goffrette 20 27 0.382 A 0.1f 29 17 0.10¢ A -0.2¢ 69 2 <0.000 L -0.94 76 0 <0.00: L -1.0C
Chipie 57 4 <0.00 L -0.87 87 0 <0.00: L -1.0C 45 0 <0.000 L -1.0C 43 0 <0.00 L -1.0C
Zunie 0 27 <0.000 R 1.0C 1 111 <0.000 R 0.9¢ 1 32 <0.000 R 0.94 13 11 0.83¢ A -0.0¢
Carillon 0 90 <0.000 R 1.0C 4 10 0.18C A 0.4: 16 8 0.152 A -0.3¢ 49 7 <0.00 L -0.7¢
Lenni 0 53 <0.000 R 1.0C 0 72 <0.00 R 1.0C 6 47 <0.000 R 0.77 23 36 0.117 A 0.2Z
Georat 0 65 <0.000 R 1.0C 3 31 <0.000 R 0.8Z 16 2C 0.61¢ A 0.11 29 7 <0.00 L -0.61
Isbe 1 56 <0.000 R 0.9¢ 2 29 <0.00. R 0.87 7 22 0.00¢ R 0.5Z 3C 7 <0.00 L -0.6z
Marti 5 50 <0.000 R 0.8Z 51 3 <0.00 L -0.8¢ 69 0 <0.000 L -1.0C 49 0 <0.00 L -1.0C
Filou 30 49 0.042 R 0.24 5C 2 <000 L -0.92 48 0 <0.000 L -1.0C 48 0 <0.00 L -1.0C
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Pirate 0 71 <000 R 1.0C 24 29 058: A 00¢ 50 2 <000 L -09z 49 (0 <0.000 L -1.0C
Rapide 11y 0 <000 L -10C 57 0 <000 L -10C 24 0 <000 L -10C 73 0 <0.000 L -1.0C

Left = number of trials performed with the left lamight = number of trials performed with the ridtand;P = probability from the binomial

test comparing the number of trials performed whih left or the right hand; bias = hand preferdmasged on the binomial test (A = ambiguously
handed; L = left-handed; R = right-handed).
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Table A2. Raw data and individual handedness index (HI) fasging actions requiring full arm extensions (QF#-Grasping task) directed
towards item placed at lateral positions

Position LL +~ 60°) Position L - 30°) Position R (+ 30¢ Position RR (+ 60

Subijec Left Righi P Bias HI Left Right P Bias HI Left Right P Bias HI Left Right P Bias HI

Guenons
Ecureui 8 52 <0.000 R 0.7¢ 47 13 <0.00. L -0.57 39 21 0.027 L -0.3C 56 4 <0.00: L -0.8i
Chili 0 6C <0.000 R 1.0C 4 56 <0.00. R 0.87 18 42 0.00: R 0.4cC 5¢ 1 <0.00 L -0.9i
Amande 0 60 <0.000 R 10C 3C 30 1.00c A 00C 49 11 <000 L -0 6C 0 <0.00: L -1.0C
Chilula 5 55 <0.000 R 0.8¢ 22 38 0.052 A 0.27 28 32 0.69¢ A 0.07 55 5 <0.00 L -0.8¢
Tilamook 0 6C <0.000 R 1.0C 7 53 <0.00: R 0.77 11 49 <0.000 R 0.62 58 2 <0.00 L -0.9:
Maricopse 11 49 <0.000 R 0.6z 43 17 0.001 L -0.4< 2 58 <0.000 R 0.9¢ 43 17 0.001 L -0.4<
Lowina 4 56 <0.000 R 0.87 16 44 <0.000 R 0.4 12 48 <0.000 R 0.6C 58 2 <0.00 L -0.9:
Shawne 0 6C <0.000 R 1.0C 7 53 <0.00 R 0.77 10 5C <0.000 R 0.67 57 3 <0.00 L -0.9C
Plume 4 56 <0.000 R 0.87 42 18 0.00: L -0.4C 16 44 <0.000 R 047 29 31 0.897 A 0.0¢
Lombrik 2 58 <0.000 R 0.9¢ 29 31 0.897 A 0.0z 47 13 <0.00 L -0.57 57 3 <0.00: L -0.9C
Lowi 0 6C <0.000 R 1.0C 18 42 <0.000 R 0.4C 52 8 <0.00 L -0.7¢ 6C 0 <0.00: L -1.0C
Arbok 0 60 <0.000 R 1.0C 3 57 <0.00: R 0.9C 17 43 0.001 R 0.4 6C 0 <0.00 L -1.0C

Manaabev:
Lorette 0 6C <0.000 R 1.0C 5 53 <0.00: R 0.8¢ 27 33 0.51¢ A 0.1C 4C 20 0.01: L -0.3¢
Many 4 56 <0.000 R 0.87 2 57 <0.00: R 0.9: 42 18 0.00: L -0.4C 50 10 <0.00: L -0.67
Chipse 1 58 <0.000 R 0.97 4 56 <0.00. R 0.87 55 5 <0.00 L -0.8¢ 56 4 <0.00. L -0.87
Julie 9 51 <0.000 R 0.7C 14 46 <0.000 R 0.5:Z 49 11 <0.00: L -0.6: 48 12 <0.00: L -0.6C
Bell 8 51 <0.000 R 0.7¢ 19 40 0.00¢ R 0.3¢ 55 4 <0.000 L -0.8¢ 59 1 <0.00 L -0.9i
Goffrette 26 32 051z A 0.1C 48 12 <0.00. L -0.6C 60 0 <0.000 L -1.0C 59 0 <0.00: L -1.0C
Chipie 31 26 0.597 A -0.0¢ 34 26 0.36¢ A -0.1: 46 1C <0.00 L -0.e< 44 12 <0.00. L -0.57
Zunie 5 55 <0.000 R 0.8¢ 6 54 <0.00. R 0.8C 11 49 <0.000 R 0.6z 12 47 <0.000 R 0.5¢
Carillon 6 54 <0.000 R 0.8C 6 54 <0.00 R 0.8C 56 4 <0.00 L -0.87 58 1 <000 L -0.97
Lenni 1 580 <0.000 R 0.97 1 58 <0.00: R 0.97 7 53 <0.000 R 0.77 21 39 0.027 R 0.3C
Georat 8 50 <0.000 R 0.7Z 42 16 0.001 L -0.4¢ 60 0 <0.000 L -1.0C 57 0 <0.00 L -1.0C
Isbe 35 24 0.19: A -0.1¢ 39 21 0.027 L -0.3C 57 1 <000 L -0.97 54 4 <0.00 L -0.8¢
Marti 59 1 <000 R -0.97 58 0 <0.00: L -1.0C 59 0 <0.000 L -1.0C 57 0 <0.00: L -1.0C
Filou 6 54 <0.000 R 0.8C 21 39 0.027 R 0.3 45 15 <0.00 L -0.5C 55 5 <0.00 L -0.8¢

42



Pirate 13 47 <0.000 R 057 4C 20 0.01: L -03: 58 2 <000 L -09: 59 1 <0.000 L -0.97
Rapide 58 0 <000 R -10C 58 0 <000 L -10C 58 0 <000 L -10C 58 0 <0.00: L -1.0C

Left = number of trials performed with the left lamight = number of trials performed with the ridtand;P = probability from the binomial
test comparing the number of trials performed whih left or the right hand; bias = hand preferdmased on the binomial test (A = ambiguously
handed; L = left-handed; R = right-handed).
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Table A3. Raw data and individual handedness index (HI) fasging actions requiring low arm extensions (QHFuy Grasping task)
directed towards items placed at lateral positions

Position LL (- 60°) Position L (- 30°) Position R (+ 30°) Position RR (+ 60°)
Subject Left Right P Bias HI Left Right P Bias HI Left Right P Bias HI Left Right P Bias HI
Guenons
Ecureuil 48 12 <0001 L -0.60 47 13 <0001 L -057 33 27 0519 A -010 39 21 0.027 L -0.30
Chili 5 55 <0001R 083 7 53 <0001 R 077 3 57 <0001 R 09 5 55 <0.001 R 0.83
Amande 9 51 <0001 R 070 14 46 <0001 R 053 12 48 <0001 R 060 10 50 <0.001 R 0.67
Chilula 54 6 <0001 L -080 52 8 <0001L -073 28 32 0699 A 0.07 29 31 0.897 A 0.03
Tilamook 17 43 0001 R 043 13 47 <0001 R 057 7 53 <0001 R 077 10 50 <0.001 R 0.67
Maricopa 49 11 <0.001 L -0.63 42 18 0003 L -040 14 46 <0001 R 053 9 51 <0.001 R 0.70
Shawnee 20 40 0013 R 033 17 43 0001 R 043 8 52 <0001 R 073 21 39 0.027 R 0.30
Lowina 43 17 0001 L -043 46 14 <0001 L -053 31 29 1.000 A -0.03 32 28 1.000 A -0.07
Plume 43 17 0001 L -043 32 28 0699 L -007 12 48 <0001 R 060 10 50 <0.001 R 0.67
Lombrik 40 20 0013 L -033 43 17 0001 L -043 38 22 0.052 A -0.27 41 19 0.006 L -0.37
Lowi 38 22 0.052 A -0.27 37 23 0.092 A -023 29 31 0897 A 003 19 41 0.006 R 0.37
Arbok 17 43 0001 R 043 23 37 0.092 A 023 17 43 0.001 R 043 17 43 0.001 R 043
Mangabeys
Lorette 1 59 <0001 R 097 2 58 <0001 R 093 2 58 <0001 R 093 0 60 <0001 R 100
Many 35 25 0.245 A -017 25 35 0.245 A 017 34 26 0.366 A -0.13 42 18 0.003 L -0.40
Chipse 47 13 <0.001 L -0.57 42 18 0.003 L -0.40 42 18 0003 L -040 52 8 <0.001L -0.73
Julie 54 6 <0001 L -080 54 6 <0001L -0.80 42 18 0.003 L -040 32 28 0.699 A -0.07
Bell 53 7 <0001 L -077 48 12 <0001 L -0.60 32 28 1.000 A -0.07 16 44 1.000 A 047
Goffrette 59 1 <0001 L -097 57 3 <0001 L -09 44 16 <0.000 L -047 38 22 0.052 A -0.27
Chipie 59 1 <0001 L -097 58 2 <0001L -093 37 23 0.092 A -023 23 37 0.092 A 0.23
Zunie 40 20 0013 L -033 16 44 <0001 R 047 5 55 <0001 R 083 3 57 <0.001 R 0.9
Carillon 36 24 0.155 A -020 26 34 0366 A 013 10 50 <0001 R 067 10 50 <0.001 R 0.67
Lenni 51 9 <0001 L -070 50 10 <0001 L -0.67 25 35 0.245 A 017 21 39 0.027 R 0.30
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George 60

Isba 57
Marti 59
Filou 2

Pirate 60
Rapide 59

Left = number of trials performed with the left lsgiRight = number of trials performed with the tigtand;P = probability from the binomial

rodrwo

<0.001
<0.001
<0.001
<0.001
<0.001
<0.001

r— o r

-1.00
-0.90
-0.97

0.93
-1.00
-0.97

60
54
59
0
60
60

o
coZ8roo

<0.001
<0.001
<0.001
<0.001
<0.001
<0.001

r- o r

-1.00
-0.80
-0.97

1.00
-1.00
-1.00

60
20
58
0
60
60

<0.001

0.013
<0.001
<0.001
<0.001
<0.001

L
R
L
R
L
L

-1.00
0.33
-0.93
1.00
-1.00
-1.00

58
11
50
1
60
60

49
10
59

<0.001
<0.001
<0.001
<0.001
<0.001
<0.001

o or

test comparing the number of trials performed whih left or the right hand; bias = hand preferdmasged on the binomial test (A = ambiguously
handed; L = left-handed; R = right-handed).

45

-0.93
0.63
-0.67
0.97
-1.00
-1.00



Figure captions

Figure 1. Experimental design for the QHP-Pointing task. tMamn adult male mangabey,
sitting on the stool attached onto the cage mesdduses a left-handed pointing gesture
directed towards the tube located in the positiof+ B0° from the midline) by extending the

left arm through the rectangular opening cut indghge mesh.
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Figure 2. Handedness index (HI) for the three experimentsfgan mangabey$resented

values are the means + SE for heterogeneous poiflack squares) and homogeneous
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pointers (white squares) in the QHP-Pointing (QHPtre QHP-Far Grasping (QHP-FG) and
the QHP-Nearby Grasping (QHP-NG) tasks. FDR-adjuBtgalues from pairetitests: P <

0.05; **P < 0.001 (FDR = false discovery rate).
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Figure 3. Handedness index (HI) at each position and fortkinee experimental tasks in
guenons and mangabeys. Presented values are #rms meSE for the QHP-Pointing task
(black triangles), the QHP-Far Grasping task (wbkgaares) and the QHP-Nearby Grasping
task (grey circles) at positions LL (- 60°), L (-°30C (0°), R (+ 30°) and RR (+ 60°). FDR-

adjustedP values from pairetitests: P < 0.05; **P < 0.001 (FDR = false discovery rate).

47



