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ABSTRACT
This is the first study to have examined hand preferences in Tonkean macaques on a
bimanual task. One of its objectives was to continue the move toward greater task

standardization, in order to facilitate comparisons between species and studies on handedness.
The main aim was to test and determine task robustness, by varying intratask complexity. To
this end, we administered several different tasks to the subjects: two unimanual tasks
(grasping task featuring items of different sizes) and three coordinated bimanual tasks (tube
task involving different materials, weights and diameters). Although we found no significant
hand preference in either task at the group level, the macaques were more strongly lateralized
for small items than for large ones in the unimanual grasping task. Moreover, the absence of a
correlation between these two versions of the unimanual task confirmed the weakness of this
grasping task for assessing handedness. Regarding the bimanual tube task, no difference was
found between the three versions in either the direction or the strength of hand preference.
Moreover, the highly correlated hand preferences between these three versions suggest that

the tube task provides a more robust means of measuring manual preferences.

Handedness refers to the functional dominance of one hand over the other for a given
manual action and has been linked to hemispheric lateralization of the brain. Some
researchers determine handedness on the basis of which hand performs manual tests the
fastest or most accurately, while others define it as the preferred use of a hand, regardless of
performance (Holder, 1992). Humans are predominantly right-handed for object manipulation
and writing (Annett, 1985). Despite numerous studies, the origins and functions of human
brain lateralization and handedness remain unresolved. Several hypotheses identify factors

that may have exerted selective pressure for the emergence of handedness, such as postural
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demands, bipedalism, tool use, gestural communication and language, precise actions and
bimanual coordination (Cashmore et al., 2008). Contradicting the traditional view that our
species is the only one to exhibit hemispheric and behavioral lateralization, possibly owing to
a link between hemispheric asymmetry and language, several studies have demonstrated
group-level handedness in large groups of nonhuman primates species for specific tasks (for
reviews, see Bradshaw and Rogers, 1993; Fagot and Vauclair, 1991; Hopkins et al., 2003;
MacNeilage et al., 1987; Spinozzi et al., 1998; Ward and Hopkins, 1993; Westergaard &
Suomi, 1996; Zhao et al., 2012). However, some researchers have claimed that reports of
group-level handedness in nonhuman primates could be due to experiential, environmental
and/or situational factors (McGrew and Marchant, 1997; Palmer, 2002; Papademetriou et al.,
2005). A multitude of factors could indeed affect the expression of manual laterality. These
factors could be linked to the environment in which the subject lives and/or to particular
features of the experimental tasks. Hand function laterality certainly seems to be related to
posture. Some authors have reported that individuals are more lateralized in the bipedal
posture than in the quadrupedal one (Blois-Heulin et al., 2006; Larson et al., 1989).
Methodological factors could also have an effect: Meunier et al. (2011) have shown that
baboons predominantly reach for an item located to the right of their body’s midline with their
right hand, and vice versa. For their part, Fagot and Vauclair (1991) suggest that the level of
task complexity may influence manual preferences. For these authors, low-level tasks elicit
symmetrical distributions of hand biases within the group. By contrast, high-level tasks lead
to asymmetrical distributions. The communicative or otherwise nature of the task is also
important, as gestural communication has been found to reflect right-hand use preference
(Meguerditchian and Vauclair, 2006). The main difficulty with interpreting findings on
handedness has been the lack of common testing procedures and measures of hand use, both

between and within species.
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Owing to discordant results between studies, and in order to facilitate comparisons,
researchers have started to administer the same experimental task but with varying degrees of
complexity, including a simple reaching (unimanual) task and a coordinated bimanual task
(Tube task) (see Hopkins, 1995, for details; e.g., Meunier and Vauclair, 2007; Vauclair et al.,
2005; Westergaard and Suomi, 1996). Fagot and Vauclair (1991) proposed a theory whereby
handedness depends on task complexity. These authors divided tasks into two categories,
according to their degree of complexity: low-level and high-level. Low-level tasks involve
grossly regulated, familiar, practiced and simple activities requiring undemanding cognitive
processes. They are assumed not to induce biases at the group level and thus do not reflect
hemispheric specialization. This would be the case, for example, of reaching for food items
scattered on the ground. High-level tasks involve novel, fine-tuned motor actions that are
demanding both spatio-temporally and in terms of complex cognition. These tasks produce a
manual bias at the group level, thus providing evidence of hemispheric specialization. This
would be the case of a coordinated bimanual manipulative action in which one hand
manipulates an object held by the other hand. Many studies have supported this theory for
unimanual tasks (Cordeiro de Sousa et al., 2001; Leca et al., 2010; Meunier and Vauclair,
2007; Vauclair et al., 2005; Zhao et al., 2010) and for coordinated bimanual tasks (Leca et al.,
2010; Vauclair et al., 2005; Zhao et al., 2010; Zhao et al., 2012).

Continuing these moves toward greater task standardization, we carried out the first
ever quantitative investigation of the manual preferences displayed by an Old World monkey
species, the Tonkean macaque (Macaca tonkeana), in different versions of unimanual and
bimanual tasks. Tonkean macaques live in lowland and hill forests on Sulawesi Island in
Indonesia. These macaques are predominantly frugivorous, with a diet consisting of fruit,
young leaves and a small proportion of flowers, stems, birds’ eggs and insects. Tonkean

macaques appear to have particular manipulative skills and reportedly use tools to obtain food
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(Anderson, 1985; Ducoing & Thierry, 2005). The only study to allude to hand preferences in
Tonkean macaques concerned only one subject during spontaneous tool use. This subject
exhibited a left-hand preference when reaching for a stick on the left. (Ueno and Fujita, 1998;
but see also Meunier et al., submitted). The two main purposes of our study were thus to
gauge the robustness (i.e., the hand preference consistency) of two tasks of varying
complexity and to assess handedness in Tonkean macaques. Two versions of a simple
grasping task (small items in the shape of chocolate puffed rice and large food items in the
shape of apple pieces) and three versions of a coordinated bimanual tube task (tubes varying
in material, diameter and weight) were used to test task robustness and intratask complexity.
Based on the model proposed by Fagot and Vauclair (1991), we predicted that the macaques
would be lateralized at the group level for the coordinated bimanual task (high-level task) but
not for the unimanual task (low-level task). For the unimanual grasping task, we expected the
macaques to be more strongly lateralized for the small-item version than for the large-item
one, given that the small brown grains would be harder to make out in the grass than the apple
pieces. For the bimanual task, we expected the macaques to be more strongly lateralized for
the lighter, narrower tube, which would be more difficult to handle and require more stability

and precision than the heavier and/or wider tubes.

METHODS
Subjects

The subjects were 19 Tonkean macaques (Macaca tonkeana), all housed and raised at
the Primate Center of Strasbourg University, France. The group comprised 10 adults (five
males and five females aged 6-15 years), four subadults (three males and one female aged 4-5

years) and five juveniles (three males and two females, aged two years). The macaques lived
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in a 5000 m? wooded enclosure. All the subjects were tested in their social group, inside their
enclosure. Animals were fed with commercial pellets and water ad [libitum. Fruit and
vegetables were distributed twice a week, outside the observation sessions. Observations were
performed in real time by CC from February 2011 to April 2011. All the experiments adhered

to the American Association of Physical Anthropologists Code of Ethics.

Unimanual Task

Two versions of a simple grasping task were administered to the subjects in order to
test the effect of item size on hand preferences: a grain (chocolate-coated puffed rice grains
measuring approx. 3 x 6 mm) grasping task, conducted in February 2011, and an apple (pieces
measuring approx. 3 x 3 cm) grasping task, conducted in March 2011. Several handfuls of
items were scattered in the macaques’ enclosure to minimize competition between subjects.
Each daily session lasted approximately one hour. Hand preferences in this unimanual task
were assessed by following one individual at the time (focal sampling method; Altmann,
1974). We recorded which hand was used when it reached for food. A response was recorded
each time the subject was in a quadrupedal or seated posture, grasped food in front of it in a
sagittal median plane (to control for the influence of item position; see Meunier et al., 2011)
and moved between reaches. We collected no more than 10 bouts per individual per day. In
all, a minimum of 100 bout-responses was required per subject for the grain-grasping task,
while a minimum of 20 bout-responses per subject was collected for the apple-grasping task.
This difference in the number of minimum responses between these two tasks can be
explained by the fact that when we administered the grain-grasping task, we found that there
was no difference between a handedness index (number of right-hand responses minus
number of left-hand responses / total responses; HI) calculated with 100 responses and a HI

calculated with the first 20 responses (Pearson product-moment correlation coefficient: » =
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0.76; p = 0.0001; N = 19). We therefore decided to retain only 20 responses for this task and
to collect only 20 responses for the subsequent apple-grasping task. Nineteen individuals

performed the grain-grasping task and 17 individuals the apple-grasping task.

Bimanual Coordinated Task

Three versions of a bimanual task featuring a tube containing chocolate paste were
administered to the subjects to assess the effects of tube weight and diameter on hand
preferences. In the first block of trials, between six and eight stainless-steel tubes measuring
2.8 cm in diameter and 10 cm long, attached to a metal chain and with a total weight of about
300 g (Fig. 1a) were simultaneously given to the animals, in order to avoid competition
among individuals. In the second block of trials, between six and eight PVC tubes measuring
2.8 cm in diameter and 10 cm long, attached to a metal cable and with a total weight of about
80 g (Fig. 1b) were given to the macaques. In the third block of trials, between six and eight
PVC tubes measuring 1.8 cm in diameter and 10 cm long, attached to a metal cable and with a
total weight about of 80 g (Fig. 1c) were given to the animals. The macaques removed the
chocolate paste by holding the tube in one hand and inserting one or several fingers of the
other hand into one of the two open ends of the tube. We noted which hand was used to
remove the chocolate paste and carry it to the mouth, and recorded both frequency (i.e., all the
occurrences of this behavior) and the number of bouts (i.e., one sequence of identical actions).
We considered that a new bout began whenever the subject dropped the tube, changed the
hand holding the tube, brought it to its mouth or manipulated the tube with both hands. Bouts
were thus regarded as independent. For the metal tube task, 14 individuals were tested and a
minimum of 100 responses were obtained from each one across approximately 10 sessions.
For the two PVC tube tasks, 13 individuals were tested and a minimum of 20 responses were

obtained from each one across three or four sessions. The numbers of minimum responses for
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the three versions of the tube task differed for the same reasons as for the two versions of the
unimanual task, in that there was a significant positive correlation between the Hls calculated
with 100 responses and the HIs calculated with the first 20 responses for the metal tube task

(Pearson’s product-moment correlation coefficient: » = 0.91; p <0.00001; N = 14).

INSERT FIGURE 1 ABOUT HERE

Data analysis

As in many earlier studies of primate handedness (Hopkins, 1999), we calculated two types of
index to assess individual hand preferences in each task. First, we used z scores as a
qualitative indicator (z = [R-(R+L)/2\[(R+L)/4], where R = number of right-hand responses,
and L = number of left-hand responses) to classify the macaques as left-handed (z < -1.96),
right-handed (z > 1.96), or ambiguously handed (-1.96 < z < 1.96). Second, a HI, varying
from -1.0 to 1.0, was calculated to quantify the degree of individual lateral bias. Negative
values indicated a left-hand bias, positive values a right-hand one. Absolute values (ABS-HI)
reflected the strength of hand preference. Because of the relatively small size of the sample,
we ran nonparametric permutation tests for paired replicates (Siegel & Castellan, 1988) to test
for the effect of task complexity on handedness (exact method or Monte Carlo method
software StatXact 3.1). When running multiple comparisons (between tasks), we corrected
our p values using the sequential Bonferroni-Holm procedure (Rice, 1989). All the
permutation tests and correlations were performed on the individual HI values. Pearson’s
correlation tests were run in order to test the tasks’ robustness and data consistency (20-100

trials; see Methods section). We tested the effects of age, sex and relatedness on individual
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HIs using nonparametric permutation tests for two independent samples (Siegel & Castellan,

1988).

RESULTS
Comparison between the two versions of the unimanual task

Seventeen macaques were tested in the two versions of the unimanual task. On the
basis of individual z scores, six macaques were classified as right-handed, five as left-handed
and six as ambiguously handed for the grain-grasping task (Table 1). The mean HI score for
this first task was 0.11 (standard error of the mean, SEM = 0.03), representing a slight right-
hand preference. On the basis of individual z scores, three macaques were classified as right-
handed, one as left-handed and 13 as ambiguously handed for the apple-grasping task (Table
1). The mean HI score for this second task was 0.10 (SEM = 0.02), illustrating a weak right-
hand preference. A nonparametric permutation test failed to revealed a hand preference at the
group level, either for the grain-grasping task (p = 0.34) or for the apple-grasping task (p =
0.27). No difference was found in the direction of hand preference between these two versions
of the unimanual task (p = 0.76) (Fig. 2a), and there was no correlation between them (r =
0.48, p = 0.056, N = 17). Nevertheless, the macaques were more strongly lateralized for the

small-item grasping task than for the large-item one (p = 0.0096) (Fig. 2b).

INSERT FIGURE 2 ABOUT HERE

Comparison between the three versions of the bimanual task
Thirteen macaques were tested in each of the three versions. On the basis of individual

z scores, two macaques were classified as right-handed, five as left-handed and six as
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ambiguously handed for the metal tube task (Table 1). The mean HI score for this task was -
0.09 (SEM = 0.04), representing a very slight left-hand preference. For the wide PVC tube
task, four macaques were classified as right-handed, five as left-handed and four as
ambiguously handed (Table 1). The mean HI score for this task was -0.05 (SEM = 0.06). For
the narrow PVC tube task, four macaques were classified as right-handed, four as left-handed
and five as ambiguously handed (Table 1). The mean HI score for this task was -0.10 (SEM =
0.05). A nonparametric permutation test failed to reveal hand preferences at the group level
for the metal tube task (p = 0.60), the wide PVC tube task (p = 0.83), or the narrow PVC tube
task (p = 0.58). No difference was found between these three versions of the bimanual task in
either direction or strength of hand preference (p > 0.05), and there were strong positive
correlations between the wide and narrow PVC tube tasks (» = 0.91, p; = 0.0001, N = 13), the
metal tube and wide PVC tube tasks (»r = 0.71, p, = 0.0082, N = 13), and the metal tube and
narrow PVC tube tasks (r = 0.59, p; = 0.037, N = 13). These results remained significant even
after a sequential Bonferroni-Holm procedure had been applied (p’; = 0.0003, p’, = 0.0164,
p’s = 0.037) (Fig. 3). Spearman’s rank correlation coefficient was calculated to test the effect

of dependence of data points. This revealed strong positive correlations between the HI values
calculated on the basis of frequency and the HI values calculated on the basis of bouts for the
metal tube task (» = 0.96, p < 0.00001, N = 14), the wide PVC tube task (» = 0.98, p <

0.00001, N = 13) and the narrow PVC tube task (» = 0.95; p <0.00001; N = 13).

INSERT FIGURE 3 ABOUT HERE

Comparison between unimanual and bimanual tasks
The HIs of the two versions of the unimanual task were compared with those of the

three versions of the bimanual task, taking them in pairs in order to test inter-task complexity.
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The Tonkean macaques appeared to be more strongly lateralized for the wide PVC tube task
than for the large-item grasping task (p = 0.02), but this result lost its significance after the
sequential Bonferroni-Holm procedure was applied (p’ = 0.12). The pairwise comparisons
failed to reveal any differences between the other versions of the unimanual and bimanual
tasks, in either the direction or strength of hand preferences, and there were no significant

correlations between them (p > 0.05).

Effect of sociodemographic factors on hand preferences
We found no significant effect of age (adults vs. juveniles), sex, or relatedness (kin vs.

nonkin) on individual Hls, whatever the task.

INSERT TABLE I ABOUT HERE

DISCUSSION

This study, the first to investigate the hand preferences of Tonkean macaques in a
bimanual task, sought to assess task robustness and measure the impact of intratask
complexity on handedness. Our results confirmed many previous findings (e.g., Fagot and
Vauclair, 1991; Vauclair et al., 2005; Zhao et al., 2012), by highlighting the weakness of the
unimanual grasping task and the greater reliability of the tube task for measuring manual
preferences in nonhuman primates.

In line with our hypothesis, the unimanual task results showed that the macaques were
more strongly lateralized for the grain-grasping task than for the apple-grasping task. This
difference can be attributed to the greater complexity of the former in which the puffed rice

grains to be picked up were very small and spread out in the grass, thus requiring visual
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discrimination and precision grasping. The level of precision in motor actions and visual
guidance are two determinants of task complexity (Fagot and Vauclair, 1991). Our result
suggests that task complexity influences the strength of manual preferences more than their
direction. Furthermore, the hand preferences assessed with the unimanual task seemed to be
affected by methodological factors such as substrate and item size. These factors had not been
considered in previous studies (e.g., Forsythe and Ward, 1988). Furthermore, the absence of a
correlation between these two versions of the same unimanual task suggests individual
inconsistency between them and underscores the weakness of simple reaching tasks for
measuring handedness. The manual preferences observed with these unimanual measures
seemed to be a poor indicator of hemispheric specialization. Moreover, many studies have
reported the absence of a significant group bias for one particular hand in simple reaching
within groups of different primate species and for different sample sizes (e.g., 46 marmosets:
Cordeiro de Sousa et al., 2001; eight capuchins: Meunier and Vauclair, 2007; 52 Barbary
macaques: Schmitt et al., 2008; 94 baboons: Vauclair et al., 2005), as well as in small-bodied
rooting quadrupedal mammals such as the tree shrew (Joly et al., 2012). The absence of a
significant group bias for one hand in the two versions of our grasping task seems to be
consistent with these findings and with the task-complexity model, given their low level of
complexity. However, we cannot completely endorse this model, given our relatively small
sample.

Concerning the results of the three versions of the tube task, the absence of a
significant group bias for one hand contradicted the task-complexity model, which predicts
manual specialization for tasks with a high level of complexity (Fagot & Vauclair, 1991).
Other studies have also failed to demonstrate a hand bias at the group level for the tube task:
neither a group of 30 Barbary macaques (Schmitt et al., 2008) nor a large group of 124 rhesus

monkeys exhibited hand preferences (Bennett et al., 2008). Therefore, our results contradict
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those of several other studies with apes and baboons (e.g., Hopkins, 1995; Hopkins et al.,
2011; Vauclair et al., 2005). Most notably, this coordinated bimanual task was administered to
a group of 55 rhesus macaques, in which a significant right-hand group bias emerged
(Westergaard and Suomi, 1996) and to a small sample of 19 nursery-reared infant rhesus
monkeys in which a significant left-hand bias emerged (Westergaard et al., 1997). In the first
study (Westergaard and Suomi, 1996), the tubes used (plastic tubes 10 cm long and 2.5 cm in
diameter) were similar to our wide PVC tube (2.8 cm), except perhaps for the weight, which
was not indicated by the authors. This study had a larger sample than ours, which could
explain the discrepancy between the results. It would be useful to increase the size of our
sample for the tube task, in order to compare our results at the group level with the findings
yielded by previous studies. In order to verify one of our hypotheses, we set out to test intra-
task complexity by varying the weight and diameter of the tubes in the tube task. However,
we can now hypothesize that the variations in weight and diameter were too small to elicit
behavioral differences. It would be interesting to replicate the tube task with greater
differences in tube weight and diameter, in order to test the degree of manual precision
required more accurately. Nonetheless, individual hand preferences for the three versions of
the tube task were highly correlated, suggesting a similar strength of these three tasks and,
more generally, attesting to the robustness of the tube task. Even if no group bias for the left
or right hand was highlighted in the tube task, individuals were mainly consistent in their
hand preferences across the three versions, unlike the two versions of the unimanual grasping
task. The absence of a difference in manual preference direction between these three versions
can be explained by the fact that they were all very similar, and all of them required the same
precision and distal movements. These results underscore the robustness of the tube task and

its reliability for assessing handedness in nonhuman primates due to the stable data it yields.
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In conclusion, we observed hand preferences in Tonkean macaques at an individual
level in coordinated bimanual actions and in simple reaching, but not at the group level. Given
the fact that our sample size was relatively small, it is difficult to reach any conclusions at the
group level. Even so, our study underlines the weakness of the unimanual grasping task, and

the robustness of the tube task for assessing handedness in nonhuman primates.
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Figure legends

Figure 1

The three different types of tubes used to assess manual preferences in the tube task: a)
metal tube (length 10 cm; diameter 2.8 cm; weight approx. 300 g) attached to a metal
chain; b) PVC tube (length 10 cm; diameter 2.8 cm; weight approx. 80 g) attached to a
metal cable; ¢) PVC tube (length 10 cm; diameter 1.8 cm; weight approx. 80 g) attached to

a metal cable.

Figure 2

Comparisons of a) mean individual handedness indices (HIs) and b) mean absolute values
of individual HIs (ABS-HIs) between the two versions of the unimanual simple grasping
task: grains (small items) and apple pieces (large items) (20 responses), N = 17. The error
bars represent the standard error of the mean (SEM) for the mean HIs and ABS-HIs.

Asterisks indicate the mean ABS-HIs that differed significantly from zero. ** = p < 0.01.

Figure 3
Comparison of the handedness indices (HIs) for the three versions of the tube task and for

each individual.

Table 1
Table setting out the z score, handedness index (HI) and preferred hand (PH) for each
individual for each version of the grasping task and the tube task, calculated on the basis of

20 bouts per individual.
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Figures and Table

Figure 1

Fig. 1. The three different types of tubes used to assess manual preferences in the tube task:

(a) metal tube (length 10 cm; diameter 2.8 cm; weight approx. 300 g) attached to a metal
chain; (b) PVC tube (length 10 cm; diameter 2.8 cm; weight approx. 80 g) attached to a
metal cable; (¢c) PVC tube (length 10 cm; diameter 1.8 cm; weight approx. 80 g) attached

to a metal cable.
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Fig. 2. Comparisons of (a) mean individual handedness indices (HIs) and (b) mean
absolute values of individual HIs (ABS-HIs) between the two versions of the unimanual
simple grasping task: grains (small items) and apple pieces (large items) (20 responses),
N = 17. The error bars represent the standard error of the mean (SEM) for the mean HIs
and ABS-HIs. Asterisks indicate the mean ABS-HIs that differed significantly from zero.

**=pP<0.01.
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Table setting out the z score, handedness index (HI) and preferred hand (PH) for each
individual for each version of the grasping task and the tube task, calculated on the basis of

20 bouts per individual.



