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ACCEPTED VERSION BEFORE THE PROOF CORRECTIONS Do bimanual coordination, tool use and body posture contribute equally to hand preferences in bonobos?
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Approximately ninety percent of the human population is right-handed. The emergence of this hand preference in humans is thought to be linked to the ability to execute complex tasks and habitual bipedalism. In order to test these hypotheses, the present study explored, for the first time, hand preference in relation to both body posture (seated and bipedal) and task complexity (bimanual coordination and two tool use tasks of different complexity) in bonobos (Pan paniscus). Few studies have explored the effects of both posture and task complexity on handedness and investigations with bonobos are scarce, particularly studies on tool use. Our study aims to overcome such a gap by addressing two main questions: 1) Does a bipedal posture increase the strength of hand preference and/or create a directional bias to the use of the right hand? 2) Independent of body posture, does task complexity increase the strength of the hand preference and/or create a directional bias to the use of the right hand? Our results

show that independent of body posture, the more complex the task, the more lateralization occurred. Moreover, subjects tended to be right-handed for tasks involving tool use. However, posture had no significant effect on hand preference in the tasks tested here. Thus, for a given task, bonobos were not more lateralized in a bipedal posture than in a seated one. Task complexity might thus have contributed more than a bipedal posture to the emergence of human lateralization and the preponderance of right-handedness, even if a larger sample size and more data are needed to be conclusive.

Introduction

Laterality, defined as the functional dominance of one side of the body relative to the other, has been studied primarily in humans (Homo sapiens). [START_REF] Broca | Perte de la parole. Ramollissement chronique et partiel du lobe antérieur gauche du cerveau[END_REF] studied the relationships between language disorders and brain damage, and was the first to reveal hemispheric functional specialization of the human brain. Moreover, the link between cortical asymmetry and manual asymmetry was established very early in humans (e.g. [START_REF] Broca | Perte de la parole. Ramollissement chronique et partiel du lobe antérieur gauche du cerveau[END_REF][START_REF] Annett | The distribution of manual asymmetry[END_REF], and has been confirmed in other vertebrates [START_REF] Marchant | Hand preference in a captive island group of chimpanzees (Pan troglodytes)[END_REF][START_REF] Bradshaw | Animal asymmetry and human heredity: Dextrality, tool use and language in evolution-10 years after Walker[END_REF][START_REF] Bisazza | Rightpawedness in toads[END_REF][START_REF] Hopkins | Handedness in great apes. A review of findings[END_REF].

The human population is predominantly right-handed at 90% [START_REF] Annett | Left, Right, Hand and Brain: The Right Shift Theory[END_REF][START_REF] Perelle | An international study of human handedness: the data[END_REF], which would correspond to a left hemisphere specialization for manual control. This phenomenon is thought to have played a prominent role in lateralization of human language (e.g. [START_REF] Warren | Handedness and laterality in humans and other animals[END_REF][START_REF] Ettlinger | Hand preference, ability and hemispheric specialization. How far are these factors related in the monkey?[END_REF][START_REF] Corballis | Cerebral asymmetry: motoring on[END_REF][START_REF] Crow | Who forgot Paul Broca? The origin of language as test case for speciation theory[END_REF] and other cognitive functions such as tool use (e.g. [START_REF] Kimura | Neuromotor mechanisms in the evolution of human communication[END_REF]Gibson and Ingold, 1993;[START_REF] Preston | Cognition and Tool Use[END_REF], manual gestures (Kimura, 1973a;[START_REF] Hopkins | Hand use and gestural communication in chimpanzees (Pan troglodytes)[END_REF][START_REF] Rizzolatti | Language within our grasp[END_REF][START_REF] Corballis | From mouth to hand: gesture, speech and the evolution of righthandedness[END_REF][START_REF] Pollick | Ape gestures and language evolution[END_REF], and throwing [START_REF] Calvin | A stone's throw and its launch window: Timing precision and its implication for language and hominids brain[END_REF][START_REF] Hopkins | Posture and reaching in chimpanzees (Pan troglodytes) and orangutans (Pongo pygmaeus)[END_REF]Hopkins et al., , 2005a;;[START_REF] Colell | Hand preferences in chimpanzees (Pan troglodytes), bonobos (Pan paniscus), and orangutans (Pongo pygmaeus) in foodreaching and other daily activities[END_REF]. As non-human primates are genetically close to humans, they are often used as models to understand the origins of human brain asymmetry [START_REF] Cashmore | The evolution of handedness in humans and great apes: a review and current issues[END_REF][START_REF] Fagot | Manual laterality in nonhuman primates. A distinction between handedness and manual specialization[END_REF][START_REF] Macneilage | Primate handedness reconsidered[END_REF][START_REF] Mcgrew | On the other hand: current issues in and metaanalysis of the behavioral laterality of hand function in non-human primates[END_REF]; for a review, see [START_REF] Papademetriou | A meta-analysis of primate hand preferences, particularly for reaching[END_REF]. To date, such a bias of 90% for the right hand has never been observed in any other species of primate [START_REF] Vallortigara | Survival with an asymmetrical brain: Advantages and disadvantages of cerebral lateralization[END_REF] and the origin of human hand preference remains unclear. However, several hypotheses have been proposed. MacNeilage and collaborators (2009) suggested that early primates evolved in an ecological context where it was necessary to undertake more difficult and more elaborate tasks than for example simple grasping, in order to find food, which led to a concomitant increase in hand preference. [START_REF] Fagot | Manual laterality in nonhuman primates. A distinction between handedness and manual specialization[END_REF], according to their "theory of the complexity of the task", proposed that hand preference would depend on the demands of the task. They defined complexity "in terms of the movement precision, relative to the spatiotemporal dimension of the task" and classified tasks according to two broad categories: "high-level" tasks and "low-level" tasks [START_REF] Fagot | Manual laterality in nonhuman primates. A distinction between handedness and manual specialization[END_REF]. High-level tasks are more complex than low-level tasks in terms of postural, perceptual, and cognitive demands.

For nonhuman primates, high-level tasks increase the strength of laterality, and induce a preference for the right hand [START_REF] Fagot | Manual laterality in nonhuman primates. A distinction between handedness and manual specialization[END_REF]. A large number of studies in nonhuman primates also indicated that individuals were more strongly lateralized during a bimanual task considered as "complex" than during a unimanual task considered as more "simple" (gorilla: [START_REF] Byrne | Hand preferences in the skilled gathering tasks of mountain gorillas (Gorilla gorilla berengei)[END_REF]bonobo: Hopkins and de Waal, 1995;orangutan: Rogers and Kaplan, 1996;chimpanzee: Hopkins et al., 2007a;capuchin: Meunier and Vauclair, 2007). However, if the effect of the task on hand preference has been demonstrated in many studies, there is a lack of consensus around the definition of the complexity of the task. Indeed, each task has its own constraints and each author identified various criteria depending on the task itself. This may be the reason why many definitions of task complexity are proposed in the literature. In addition, it is difficult to define exactly the various functional and cognitive requirements of a manual task, whereas it could help to define complexity and standardize the procedures and studies. We thus consider, in this study, the previous criteria mentioned in the literature, in addition to those we observed during the tasks in order to define complexity (see methods). Complexity of the task was previously defined according to criteria such as: the use of one hand versus two hands in bimanual coordination [START_REF] Hopkins | Hand preferences for a coordinated bimanual task in 110 chimpanzees (Pan troglodytes): cross-sectional analysis[END_REF][START_REF] Macneilage | Primate handedness reconsidered[END_REF], the number of stages required to realize the task [START_REF] Marchant | Laterality of function in apes: a meta-analysis of methods[END_REF], the level of precision of the required motor acts [START_REF] Healey | Handedness is not a unidimensional trait[END_REF][START_REF] Morris | Assessment of hand preference in two-language trained chimpanzees (Pan troglodytes): a multimethod analysis[END_REF], the use of visual guidance [START_REF] Macneilage | Primate handedness reconsidered[END_REF]Fagot andVauclair, 1988a, 1988b) or tactile discrimination [START_REF] Ettlinger | Lateral preferences in monkeys[END_REF], and finally any combination of these criteria [START_REF] Fagot | Manual laterality in nonhuman primates. A distinction between handedness and manual specialization[END_REF]. Regarding the literature, tool use should be considered as a complex task since many of the criteria mentioned above are involved in tool use. Many definitions of tool use exist (reviewed in [START_REF] St | Revisiting the definition of animal tool use[END_REF]) and here we use the widely accepted definition of [START_REF] Beck | Animal Tool Behavior: The Use and Manufacture of Tools by Animals[END_REF]: "the use of an object to change the shape, position or condition of another object, another body, or the user itself when the user holds or carries the tool during or just before using". If complex tasks increase laterality [START_REF] Fagot | Manual laterality in nonhuman primates. A distinction between handedness and manual specialization[END_REF], tool use tasks should induce a stronger hand preference than "simpler" tasks, which has been already shown in apes (chimpanzee [START_REF] Boesch | Handedness in wild chimpanzees[END_REF][START_REF] Sugiyama | Hand preference and tool use in wild chimpanzees[END_REF]orangutan: O'Malley and McGrew, 2006;gorillas: Pouydebat et al., 2010).

Another factor that might influence hand preference involves body posture. Bipedal or standing postures have been suggested to induce a stronger hand preference than other postures (e.g. chimpanzee and orangutan [START_REF] Hopkins | Posture and reaching in chimpanzees (Pan troglodytes) and orangutans (Pongo pygmaeus)[END_REF]bonobo: Hopkins et al., 1993). Moreover, a bipedal posture is also thought to influence the direction of laterality with a preference for the right hand (e.g., chimpanzee and orangutan [START_REF] Hopkins | Posture and reaching in chimpanzees (Pan troglodytes) and orangutans (Pongo pygmaeus)[END_REF]bonobo: Hopkins et al., 1993;macaque: Westergaard et al., 1998a;cercopithecus: Chapelain et al., 2006;capuchin: Westergaard et al., 1997). This led [START_REF] Kimura | Neuromotor mechanisms in the evolution of human communication[END_REF] to suggest both tool use and bipedalism contributed to the emergence of the lateralization of the brain, particularly the strong right hand preference in humans. This suggests the need to evaluate simultaneously the effects of tool use and bipedal posture on hand preference. To date, only two studies have examined hand preference when using tools in bipedal postures: one on chimpanzees [START_REF] Braccini | Bipedal tool use strengthens chimpanzee hand preferences[END_REF] and the other one on capuchins (Westergaard et al., 1998b). In both species, authors showed that individuals were more lateralized while manipulating tools in a bipedal posture than in a quadrupedal one, with no significant group-level difference for hand preference. These results tend to validate the hypothesis linking the emergence of lateralization to tool use and bipedalism, but more investigations on other individuals of the same and other species are needed. Specifically, it remains unclear whether task complexity or bipedal posture has the greatest effect on laterality. Moreover, it is unclear if effects of task complexity and bipedalism are independent, additive or interactive. Finally, it remains unknown whether either parameter induces a right or a left hand preference. A combined approach would help us to understand the respective implication of both parameters in the evolution of laterality and the emergence of the right hand bias in humans.

Our main objective was to test the interaction between task complexity and body posture on hand preference simultaneously. To this end, we investigated the interaction of these two parameters in captive bonobos by quantifying, for the first time, hand preference in relation to both body posture (seated and bipedal) and task complexity: (i) bimanual coordination, (ii) food extraction with a tool, and (iii) food recovery in a maze with a tool through a wire netting. The last two tasks required the use of a tool that has never been tested in bonobos. We conducted this study on bonobos because they are, like chimpanzees (Pan troglodytes), close to humans with respect to phylogeny, sharing 98.4% of their coding DNA sequences [START_REF] Wildman | Implications of natural selection in shaping 99.4% nonsynonymous DNA identity between humans and chimpanzees: enlarging genus Homo[END_REF]. However, behavioral data are scarce for bonobos, specifically concerning hand preference (around ten studies; e.g. Hopkins et al., 1993;[START_REF] De | Effect of posture on hand preferences during experimental food reaching in bonobos[END_REF][START_REF] Christel | How precisely do bonobos (Pan paniscus) grasp small objects?[END_REF][START_REF] Harrison | Handedness in captive bonobos (Pan paniscus)[END_REF][START_REF] Chapelain | Hand Preferences for Bimanual Coordination in 77 Bonobos (Pan paniscus): Replication and Extension[END_REF], hand preference during tool use [START_REF] Shafer | Hand preference behaviors shared by two groups of captive bonobos[END_REF][START_REF] Harrison | Handedness in captive bonobos (Pan paniscus)[END_REF][START_REF] Chapelain | Hand preferences in bonobos (Pan paniscus) for a variety of actions: spontaneous daily actions (non-social and social), bimanual coordination ("tube task"), tool-use ("termite fishing") and induced gestures (begging)[END_REF], and tool use in general (in wild: [START_REF] Kano | The use of leafy twigs for rain cover by the pygmy chimpanzees of Wamba[END_REF][START_REF] Ingmanson | Tool-using behavior in wild Pan paniscus: social and ecological considerations[END_REF][START_REF] Hohmann | Culture in bonobos? Between-species and within species variation in behavior[END_REF]in captivity: Jordan, 1982;[START_REF] Toth | Pan the tool-maker: investigations into the stone tool-making and toolusing capabilities of a bonobo (Pan paniscus)[END_REF][START_REF] Gold | Ladder use and clubbing by a bonobo (Pan paniscus) in Apenheul Primate Park[END_REF]. Finally, bonobos are often bipedal, similar to chimpanzees, making them an excellent model [START_REF] Doran | Comparative locomotor behavior of chimpanzees and bonobos: The influence of morphology on locomotion[END_REF]Videan andMcGrew, 2001, 2002;D'Aout et al., 2004).

Based on this existing literature, we thus suggested two main hypotheses (H): H1) bipedal posture increases the strength of hand preference and generates a directional bias to the use of the right hand; H2) the complexity of the task increases the strength of hand preference, and tool use creates a directional bias to the use of the right hand.

Methods

Subjects

This study was conducted from 19 January to 27 April 2012 at the "Vallée des singes" (France, 86), on a small group of nine captive bonobos (five females and four males), ranging in age from 4 to 43 years (mean age of 15.88 years, SE= 4.12). One young female (4 years old) had not yet included tool use in her behavioral repertoire and she was not included in the analyses. The bonobos were housed in an indoor building consisting of a network of 8 cages from 30 to 98 m² with a height of up to 6 m (2 main large cages and 6 smaller cages). Animals had access to a large wooded outdoor island. Water was available ad libitum in their pens and the food used for our protocol was part of the daily diet. All subjects were tested within their social group, in cages not visible to the public. Before our study, this group was already used to receive pipes and pierced logs requiring tools to extract various foods on a weekly basis and was thus already experienced in food extraction.

General Procedure

Hand preference was documented in three tasks differing by their complexity and for each task, in a seated posture and a bipedal posture. We considered individuals to be in a bipedal posture when they were upright, that is to say when the angle between the trunk and the thigh was greater than 90 degrees with the knee extended (thigh-leg angle> 90 degrees).

Only one task was imposed each day per session. A session lasted 30 minutes on average and lasted until the food was gone. Two cameras (Sanyo ® Full HD) at 60 frames/second, one fixed and the other one mobile, were used during the tests, thus optimizing the collection of data. The mobile camera was always filming the same cage and the other camera was used to randomly film different cages every day. A focal sampling method of 5 minutes of filming on average for one individual was conducted until the food was eaten. Video analysis was performed with Windows Media Player ® using a focal sampling protocol [START_REF] Altmann | Observational study of behavior: Sampling methods[END_REF].

Experimental tasks

Task 1: Coordinated bimanual task The first experiment was the "TUBE" task [START_REF] Hopkins | Hand preferences for a coordinated bimanual task in 110 chimpanzees (Pan troglodytes): cross-sectional analysis[END_REF]. In this task, the individual maintained a tube containing food with one hand, and reached inside the tube with one or more fingers of the other hand (the dominant hand). The tubes presented to the bonobos were made of PVC (30 cm long, 40 mm diameter, 155 g empty, 400 g full). They were filled with sticky food on the inside edge of both extremities.

According to the literature, the complexity of this task resides in the fact that the tube requires coordinated bimanual hand movements with different roles for each hand (e.g. [START_REF] Byrne | Hand preferences in the skilled gathering tasks of mountain gorillas (Gorilla gorilla berengei)[END_REF][START_REF] Byrne | Manual dexterity in the gorilla: bimanual and digit role differentiation in a natural task[END_REF]. Two criteria of success were observed for this task: individuals had to grab and hold the tube with one hand and then extract the food with the other hand. We provided fourteen tubes horizontally suspended by the center at a height necessitating a bipedal posture (Fig. 1a) and fourteen tubes on the ground to induce a seated posture. Twenty-eight sessions were conducted with one session per day. On average, each subject was observed on 12.9 ± 1.2 days for the seated posture and 9.8 ± 1.4 days for the bipedal posture. The hand used to extract the food was noted with two different recording techniques: "frequencies" and "bouts". For the frequencies, we counted each time the subject inserted one or more fingers into the tube and subsequently brought them to its mouth. This variable has been used in most other tube task studies (e.g. [START_REF] Hopkins | Hand preferences for a coordinated bimanual task in 110 chimpanzees (Pan troglodytes): cross-sectional analysis[END_REF]Hopkins et al., 2003;[START_REF] Meunier | Hand preferences on unimanual and bimanual tasks in whitefaced capuchins (Cebus capucinus)[END_REF] and we used the same technique in order to favor comparisons. However, this method has been criticized as lacking data independence [START_REF] Marchant | Laterality of function in apes: a meta-analysis of methods[END_REF][START_REF] Palmer | Reply to Hopkins and Cantalupo: chimpanzee right-handedness reconsidered-sampling issues and data presentation[END_REF]. So, to ensure data independence, we also recorded bouts, corresponding to a series of identical actions, by recording only the first pattern of each sequence (e.g. [START_REF] Marchant | Laterality of function in apes: a meta-analysis of methods[END_REF]. A bout was considered completed each time the subject performed an action allowing a change of the dominant hand.

Hand preference was analyzed for each individual with a minimum of ten bouts.

Insert Figure 1 about here Task 2: The food extraction task In this task, hand preference was studied during a manipulative task involving tool use for food extraction. The task was comparable to the "termite-fishing" task, well known in wild chimpanzees [START_REF] Goodall | Behavior of free-living chimpanzees of the Gombe Stream area[END_REF]) but still never observed in wild bonobos [START_REF] Mcgrew | Prospects for bonobo insectivory: Lui Kotal, Democratic Republic of Congo[END_REF]. To accomplish this task, twelve logs (53.25 cm long; SE =2.90 cm and diameter 9.17 cm; SE=0.88 cm), pierced in their center, were hung vertically at different heights (6 logs hung low and 6 high) so that individuals could perform this task in seated and bipedal posture (Fig. 1b) within each session. Sticky food was placed inside the holes. Branches (maximum length of 3 m) were provided to bonobos. The hand used to hold the branch was recorded each time a subject inserted a branch into a hole of a log, removed it from the hole, and brought it to its mouth with one hand. We considered this task more complex than the tube task because more criteria were required to succeed. Indeed, individuals had to use a tool with one hand to be able to extract the food and visual guidance was required to insert the tool into the holes. The other hand was placed on the log or on the mesh. As with the tube task, we used two recording techniques: "frequency" and "bouts".

Eleven test sessions were conducted with one session per day, and each subject was observed between five and nine days (mean = 6.875, SE = 0.58).

Task 3: The maze task This experimental setup represents a new task, specifically created for this study. The subject needed to recover walnuts positioned on a wooden maze (Fig. 1c) outside the cage (grid with a mesh size of 5x5 cm), with a stick. Nine mazes (45 cm wide by 60 cm long) differing in the shape, position, and size of the wooden obstacles (providing a different potential path of the walnut in each maze), were fixed outside the cages at different heights. In order to minimize as much as possible the social tensions in the group, the mazes were moved away from each other and the walnuts were placed in the mazes at the same moment. Four mazes were placed at 30 cm from the floor in the two mains cages and five mazes at 60 cm height in the smaller cages so that individuals could choose to position themselves in a seated or bipedal posture. The walnuts were placed at the end of the maze (at 60 cm away from the individual). This task was considered the most complex one in this study because it required several steps to be performed. As in the food extraction task, individuals had to use a tool to succeed. However, the maze task require the use of a tool to recover the walnut by facing many obstacles: first, obstacles placed inside the maze in order to complicate the trajectory of the walnut and second, between the maze and the individual (wire netting). These obstacles involved several constraints in terms of forelimb coordination, body posture adjustments, manual skills and vision. The behavior studied was the hand holding the branch. Fifteen sessions (each session comprising between 2 and 8 walnuts by maze per day) were filmed. As for the two other tasks, we first planned to use "frequency" and "bouts" recording techniques, thinking that subjects would have alternated hand use or could leave their tool during the task. However, the individuals never changed hands nor left their tool during all the maze sessions and we have thus recorded frequencies only. The hand holding the branch when recovering the walnut was thus recorded. Each subject was observed between nine and fourteen days (mean = 11.85 and SE = 0.70) and only those who obtained a minimum of six successes for the maze were kept for the analyses. Among our nine subjects, a young male never succeeded to access the mazes and two other individuals (one male and one female) did not perform this task in a bipedal posture.

Data analysis

The data obtained in this study were analyzed using the methods proposed by [START_REF] Hopkins | On the other hand: statistical issues in the assessment and interpretation of hand preference data in non-human primates[END_REF]. For each subject the binomial z-scores were calculated based on frequency (Table 1) and bouts. The z-scores allowed us to categorize the bonobos individually as right-handed (z ≥ 1.96), left-handed (z ≤ -1.96), or without hand preference (-1.96 < z < 1.96). Next, the individual hand preference index (Handedness Index, denoted by HI) was calculated using the formula: HI = (R -L) / (R + L). HI varies from -1 to 1; negative values indicating a left-hand bias, and positive values indicating a right hand bias. Thanks to these individual HI, we evaluated hand preference at group level using a Wilcoxon signed-rank test for one sample.

Finally, we calculated for each subject the absolute value of HI (denoted ABS-HI), which indicates the strength of hand preference. The stronger the laterality, the closer the ABS-HI is to 1. We evaluated if the hand preference based on z-score changed for each subject between the postures and tasks with a chi-square goodness of fit test (e.g. [START_REF] Bogart | Termite fishing laterality in the Fongoli savanna chimpanzees (Pan troglodytes verus): further evidence of a left hand preference[END_REF]. For pairwise comparisons, we considered only the individuals who were represented in both compared tasks. We compared only tasks performed by a minimum of 6 individuals. All statistical tests were performed with the software R (R development Core Team 2013) (exact method) and were two-tailed with a level of significance set at p < 0.05.

Results

Bouts versus frequency

Regarding the z-scores, we found differences between frequency and bout data for the tube task in bipedal posture where two bonobos previously classified as left-handed were classified with no preference (Table 1). To test data independence [START_REF] Marchant | Laterality of function in apes: a meta-analysis of methods[END_REF], we compared the HI values found between the two recording techniques (see Methods) for the two postures in the tube task and the food extraction task. For all conditions we found a significant positive correlation between HI measured with frequencies and HI measured using bouts (Spearman correlation, N = 8: tube task seated r = 0.97, p < 0.001; tube task bipedal r = 0.95, p < 0.01; food extraction task seated r = 1, p < 0.01; food extraction task bipedal r = 1, p < 0.05) indicating that these two approaches are similarly sensitive to individual hand preferences [START_REF] Bogart | Termite fishing laterality in the Fongoli savanna chimpanzees (Pan troglodytes verus): further evidence of a left hand preference[END_REF][START_REF] Hopkins | Independence of data points in the measurement of hand preferences in primates: Statistical problem or urban myth?[END_REF]. Thus, all analyses only used frequency data for determining individual hand preference as has been proposed in other studies (e.g. [START_REF] Bogart | Termite fishing laterality in the Fongoli savanna chimpanzees (Pan troglodytes verus): further evidence of a left hand preference[END_REF]. Task 3: The maze task Individuals were exclusively right-or left-handed and they never changed hand between the nine different mazes suggesting that the manual preference was not affected by the structure of the mazes. Thus, we added the data of each maze to consider hand preference in the seated (N = 7) and the bipedal (N = 5) postures. Individuals never changed their body posture (from seated to quadrupedal and conversely) during the maze task.

Insert Table 1 about here

Quantification of hand preference and influence of posture

Considering hand preference, we showed that in the seated posture six bonobos demonstrated an exclusive use of the right hand and one individual an exclusive use of its left hand. Among the six right-handed individuals in seated posture, only five performed the task in bipedal posture and remained all right-handed in that case. At the group level, a preference for the right hand seemed to appear in seated posture (One-sample Wilcoxon signed-rank test; N = 7, z = 24, p = 0.06) and in bipedal one with only right-handed individuals. For both postures, the strength of lateralization was maximal for all the individuals (ABS-HI = 1).

Influence of the complexity of the task and body posture

In both seated (Fig. 2a) and bipedal postures (Fig. 2b), individuals classified as left handed or no preference during the tube task inverted to the right-hand during the food extraction and the maze task, except one. One individual remained left-handed throughout the study (Table 1).

Insert Figure 2 

Insert Figure 3 about here

Discussion

This study is the first to simultaneously analyze both the effect of complexity and body posture on hand preference in bonobos. Our main result indicated that, independent of body posture, task complexity resulted in a greater lateralization for the two tool use tasks, with a tendency to preferentially use the right hand. In addition, one tool task was new and more complex than the other one, and specifically created for this study. Moreover, little research has been conducted on laterality in bonobos (with around ten studies e.g. [START_REF] Hopkins | Posture and reaching in chimpanzees (Pan troglodytes) and orangutans (Pongo pygmaeus)[END_REF][START_REF] De | Effect of posture on hand preferences during experimental food reaching in bonobos[END_REF][START_REF] Christel | How precisely do bonobos (Pan paniscus) grasp small objects?[END_REF][START_REF] Harrison | Handedness in captive bonobos (Pan paniscus)[END_REF][START_REF] Chapelain | Hand Preferences for Bimanual Coordination in 77 Bonobos (Pan paniscus): Replication and Extension[END_REF] and very few studies have discussed the effects of both posture and complexity of a tool task on hand preference (e.g. Westergaard et al., 1998b;[START_REF] Braccini | Bipedal tool use strengthens chimpanzee hand preferences[END_REF]. These different arguments make this research useful and compelling in spite of our small sample size. Indeed, even if in our study we analyzed "only" 8 individuals, the large number of independent data points suggests robust results.

Contributions to the theory of task complexity

We observed a significant increase in the strength of laterality according to task complexity, with a stronger hand preference in both tasks involving tool use. Moreover, four bonobos who were left-handed or with no preference in the tube task were right-handed for both the food extraction task with a tool and the maze task. Our results were in agreement with our hypotheses, based on the task complexity hypothesis [START_REF] Fagot | Manual laterality in nonhuman primates. A distinction between handedness and manual specialization[END_REF] and the tool use hypothesis [START_REF] Frost | Tool behavior and the origins of laterality[END_REF][START_REF] Kimura | Neuromotor mechanisms in the evolution of human communication[END_REF]. In the course of evolution, complex behaviors might have increased and demanded greater time and energy costs [START_REF] Mutha | Rethinking Motor Lateralization: Specialized but Complementary Mechanisms for Motor Control of Each Arm[END_REF]. It has been hypothesized that these costs may have been counterbalanced by the hemispheric specialization that emerged to accommodate increasing motor complexity during hominoid evolution [START_REF] Mutha | Rethinking Motor Lateralization: Specialized but Complementary Mechanisms for Motor Control of Each Arm[END_REF]. There are probably other correlations with the hemispheric specialization like the evolution of the size of the brain in primates. The evolution of larger brain size in primates would be accompanied by diminished interhemispheric connectivity and augmented intrahemispheric connectivity that might accompany the emergence of cerebral lateralization [START_REF] Rilling | Differential expansion of neural projection systems in primate brain evolution[END_REF]. Moreover, the increased motor complexity might lead to larger more gyrified brains, which would then lead to hemispheric specialization (e.g. [START_REF] Aboitiz | Fiber composition of the human corpus callosum[END_REF][START_REF] Rilling | Differential expansion of neural projection systems in primate brain evolution[END_REF]. Thus, complex behaviors such as tool use would be strongly lateralized and could be managed in a specific hemisphere in bonobos such as the left hemisphere, as in humans (reviewed in [START_REF] Johnson-Frey | The neural bases of complex tool use in humans[END_REF]) and chimpanzees (Hopkins et al., 2007b). The tool use tasks conducted in this study might demand higher and more costly cognitive abilities than the bimanual coordinated task, and as such, might promote the specialization of a cerebral hemisphere, particularly the left hemisphere, which controls the right hand. This could explain why our bonobos tended to preferentially use their right hand during our tool use tasks.

Concerning the tube task in the seated posture, we observed individual preference but no bias at the group level, which contrasts with results obtained for the same task in other species (e.g. chimpanzee [START_REF] Hopkins | Hand preferences for a coordinated bimanual task in 110 chimpanzees (Pan troglodytes): cross-sectional analysis[END_REF]Hopkins et al., 2003;orangutans: Hopkins et al., 2003;baboon: Vauclair et al., 2005) which showed a bias in hand preference at the group level. One explanation might be our small sample size compared to other studies (e.g. Hopkins, 1995 with 110 Chimpanzees;[START_REF] Vauclair | Hand preferences for unimanual and coordinated bimanual tasks in baboons (Papio anubis)[END_REF] with 104 Baboons). However, our results converged with a similar study on bonobos [START_REF] Chapelain | Hand Preferences for Bimanual Coordination in 77 Bonobos (Pan paniscus): Replication and Extension[END_REF], which showed no bias in hand preference at the group level with a sample of 77 bonobos, but rather a pronounced individual hand preference. We have no explanation for this difference between species [START_REF] Chapelain | Hand Preferences for Bimanual Coordination in 77 Bonobos (Pan paniscus): Replication and Extension[END_REF]. Studies on hand preference for bonobos are scarce (e.g. Hopkins et al., 1993;[START_REF] De | Effect of posture on hand preferences during experimental food reaching in bonobos[END_REF][START_REF] Christel | How precisely do bonobos (Pan paniscus) grasp small objects?[END_REF][START_REF] Harrison | Handedness in captive bonobos (Pan paniscus)[END_REF][START_REF] Chapelain | Hand Preferences for Bimanual Coordination in 77 Bonobos (Pan paniscus): Replication and Extension[END_REF] and the ecology of bonobos in their natural environment is poorly known (e.g. [START_REF] Mcgrew | Prospects for bonobo insectivory: Lui Kotal, Democratic Republic of Congo[END_REF]. More studies should be conducted to explore if bonobos use bimanual coordination more or less than other species do both in captivity and in the wild. Subsequently one may try to better understand the potential role of bimanual coordination from an evolutionary point of view.

Concerning the tool use tasks tested in this study, our results showed that the hand preference of bonobos was very strong, and even exclusive (i.e. individuals always used the same hand) for the maze task. Even if bonobos did not appear to use tools to obtain food in their natural environment [START_REF] Ingmanson | Tool-using behavior in wild Pan paniscus: social and ecological considerations[END_REF], they successfully completed these tool use tasks. [START_REF] Chapelain | Hand preferences in bonobos (Pan paniscus) for a variety of actions: spontaneous daily actions (non-social and social), bimanual coordination ("tube task"), tool-use ("termite fishing") and induced gestures (begging)[END_REF] studied tool use with 19 bonobos in a task ("termite fishing") similar to our food extraction task and she observed 11 individuals that were lateralized (4 lefthanded and 7 right-handed). [START_REF] Harrison | Handedness in captive bonobos (Pan paniscus)[END_REF] examined hand preference for tool use actions that occurred in the daily activities with 12 bonobos. They observed seven lateralized individuals (3 left-handed, 4 right-handed). These results differ from ours since all our subjects were lateralized and we found one left-handed and six right-handed individuals for the food extraction task. This difference could be explained by the fact that during observations in previous studies, many parameters might have affected hand preference. In fact, in both studies, they quantified the hand preference without taking into account the potential influence of the body posture and the potential influence of the variability of the type of tool used in spite of their potential complexity differences. Regarding the findings in wild chimpanzees for "termite fishing", a significant group level left bias was reported by Londsdorf and Hopkins (2005) and recently by Bogart and collaborators (2012), who combined their data with those obtained by McGrew and[START_REF] Mcgrew | Chimpanzees, tools and termites: hand preference or handedness?[END_REF][START_REF] Ingmanson | Tool-using behavior in wild Pan paniscus: social and ecological considerations[END_REF] and Londsdorf and Hopkins (2005) and based on this combined data set showed a left-hand bias for wild chimpanzees. In captivity, the same left bias was found by [START_REF] Fletcher | Laterality of hand function in naturalistically housed chimpanzees (Pan troglodytes)[END_REF] but no bias was detected in the study by [START_REF] Hopkins | Manual specialization and tool use in captive chimpanzees (Pan troglodytes): the effect of unimanual and bimanual strategies on hand preference[END_REF]. In wild chimpanzees, most individuals were lateralized and showed an almost exclusive use of one hand [START_REF] Nishida | Natural history of a tool-using behaviour by wild chimpanzees in feeding upon wood-boring ants[END_REF]McGrew andMarchant, 1992, 1999;[START_REF] Marchant | Laterality of limb function in wild chimpanzees of Gombe national park: comprehensive study of spontaneous activities[END_REF][START_REF] Lonsdorf | Wild chimpanzees show population-level handedness for tool use[END_REF][START_REF] Bogart | Termite fishing laterality in the Fongoli savanna chimpanzees (Pan troglodytes verus): further evidence of a left hand preference[END_REF], which was more consistent with our results (all individuals lateralized and 66 % exclusively lateralized). Finally, because "termite-fishing" behavior has never been observed in wild bonobos [START_REF] Mcgrew | Prospects for bonobo insectivory: Lui Kotal, Democratic Republic of Congo[END_REF], comparison between natural and artificial habitat is still not possible for this task.

The results of the maze task must be considered as preliminary because we had only a limited number of individuals to compare (seated posture N = 7 and bipedal posture N = 5).

Yet, for both seated and bipedal postures, all individuals showed a strong hand preference with a tendency for the use of the right hand. Moreover, in this novel task we observed an exclusive hand preference, whereas only 66% were exclusively lateralized for the food extraction task with a tool. One explanation might be the task novelty. Indeed, novel tasks are known to elicit higher hand preferences than highly familiar tasks [START_REF] Fagot | Manual laterality in nonhuman primates. A distinction between handedness and manual specialization[END_REF].

In fact, bonobos were supplied weekly with pipes and pierced logs requiring tools to extract various foods and thus all of them were already experienced in food extraction before our experiments. However, the maze task was novel for the bonobos we studied, which could explain the greater strength in hand preference compared with the familiar actions of food extraction. Moreover, we considered the maze task more complex (regarding the definitions of literature and the presence of more criteria) than the food extraction task, which could explain why we observed an exclusive hand preference for all individuals in the maze task.

Our results brought additional reflections on hand preference and supplied task complexity data on bonobos, specifically. Indeed, the maze task was interesting in terms of complexity because it required several cognitive processes such as using a tool and moving around obstacles to retrieve walnuts. Bonobos might be exclusively lateralized for this task because it demanded many abilities, which were managed by one hemisphere to optimize manipulation, and specifically by the left one linked to calculation abilities in humans [START_REF] Popper | The self and its brain[END_REF]. However, some authors inferred that there was likely to be right hemisphere specialization for trajectory perception in humans [START_REF] Boulinguez | Hemispheric asymmetry for trajectory perception[END_REF]. In addition, the right hemisphere seems to be used to process geometrical and global spatial cues in many species (humans: [START_REF] Wendt | Cortical activation during visuospatial processing: relation between hemispheric asymmetry of blood flow and performance[END_REF]rats: Cowell et al., 1997;chicks: Tommasi and Vallortigara, 2004). Finally, some authors have suggested that preferred directions of arm movements are independent of visual perception of spatial directions [START_REF] Dounskaia | Preferred directions of arm movements are independent of visual perception of spatial directions[END_REF] and that hemispheric specialization emerged to accommodate increasing motor complexity during evolution in humans [START_REF] Mutha | Rethinking Motor Lateralization: Specialized but Complementary Mechanisms for Motor Control of Each Arm[END_REF]. In particular, some studies suggested an enhanced role for the left hemisphere during the learning of new sequences and skills and that this specialization emerged from a left hemisphere specialization for predictive control (the ability to plan and coordinate motor actions) [START_REF] Mutha | The effects of brain lateralization on motor control and adaptation[END_REF]. This last idea is in agreement with our results but neurological studies in primates during different manipulation tasks would be needed to better understand the hemispheric specialization for the hand preference.

Effect of posture on hand preference

Our results did not indicate posture (seated or bipedal) as an influencing factor on the direction of hand preference, nor on the strength of lateralization during the three tasks. Thus, our hypotheses that a bipedal posture should increase the strength of manual preference and generate a directional bias for the right hand were not supported by our data. According to these hypotheses, individuals in a bipedal posture should have been more strongly lateralized and should have had a directional bias in favor of the right hand. Other studies in bonobos showed an increase in the strength of hand preference and a right hand preference for a reaching task, when individuals shifted from a quadrupedal posture to a bipedal one (Hopkins et al., 1993). On the contrary, De Vleeschouwer and colleagues (1995) showed, in a group of five bonobos, a preference for using the left hand while the animals shifted from a seated to a bipedal posture. However, most of these studies considered simple reaching tasks [START_REF] Fagot | Manual laterality in nonhuman primates. A distinction between handedness and manual specialization[END_REF]. In our study we examined complex tasks for which individuals were already strongly lateralized in a seated posture, with a tendency to be right-handed. Thus, this could explain the lack of increase in right hand preference in a bipedal posture. However, as previously discussed, because complexity differences elicited differences in direction and strength of hand preference, our results also suggest that the complexity of the task has a greater effect on hand preference than posture. This idea is supported by a study involving a bimanual coordination similar to the tube task (vertically hung tubes) and taking into account the body posture (crouched and upright), of capuchins [START_REF] Spinozzi | Hand preferences in unimanual and coordinated-bimanual tasks by tufted capuchin monkeys (Cebus apella)[END_REF]. The results showed that individuals had no significant difference, neither in the direction of hand preference, nor in the strength of lateralization between the two postures. These results are in accordance with ours in that capuchins and bonobos were already lateralized in crouched and seated posture (respectively for the two species) and their hand preference and strength of laterality did not change when they performed the task in an upright posture. This suggests both that a bimanual coordinated task (that requires a precise bimanual coordination while manipulating a tube) is a high level, complex task [START_REF] Fagot | Manual laterality in nonhuman primates. A distinction between handedness and manual specialization[END_REF] and that the bipedal posture might not provide any supplementary bias in laterality. However, the postural effect on bimanual coordination tasks should be studied in many other species of nonhuman primates to confirm this hypothesis.

Our study is the first one involving bipedal tool use in bonobos, and to date, only two studies have been conducted on bipedal tool use in non-human primates: one in chimpanzees [START_REF] Braccini | Bipedal tool use strengthens chimpanzee hand preferences[END_REF] and the other one in capuchins (Westergaard et al., 1998b). Our two tasks involving tool use showed no significant difference in direction of hand preference between a seated and a bipedal posture, in agreement with these two previous studies.

However, these authors showed that chimpanzees and capuchins were more strongly lateralized when using tools in a bipedal posture, in contrast to our results showing that bonobos were strongly lateralized for both postures. This suggests three possible explanations: (1) our sample size was too small to show a significant effect of the posture, (2) the difference between laterality patterns found in other studies and our results could be due to an effect of the task (as suggested above), and (3) bonobos may be less sensitive to the effect of bipedalism compared to chimpanzees. Indeed, bonobos seem more adept at maintaining balance in a bipedal posture and might therefore be less susceptible to the effect thereof on hand preference than other species. For instance, Braccini and colleagues (2010) noted that:

"the bipedal posture appeared to be difficult for the chimpanzee". These authors noticed that in a bipedal posture the legs of chimpanzees were shaking and some individuals did not want to perform the task in this posture. We did not observe this phenomenon during our observations in bonobos. However, one can note that two individuals did not use a bipedal posture for the maze task and one, the youngest subordinate male, never had access to mazes for the two postures. We could explain this observation by a problem of access opportunity related to the hierarchy. Indeed, the young subordinate male avoided the small cages that housed the mazes, most likely due to the higher amount of competition and his low ranking status. The second individual was the dominant female who only used the maze of the main cage which necessitated a seated posture. This could be explained by the fact that the dominant female often occupied the large cages in order to keep a close watch on group members. It would be interesting to conduct the maze task with isolated individuals, in the same cage, and/or by proposing only mazes necessitating bipedal posture in order to better understand the influence of comfort and hierarchy.

"Bouts" versus "Frequency"

Concerning the two different recording techniques ("Bouts" versus "Frequency"), our measurements for HI values were significantly and strongly correlated. Thus, using HI values based on frequency or bouts provided similar results in agreement with other studies [START_REF] Bogart | Termite fishing laterality in the Fongoli savanna chimpanzees (Pan troglodytes verus): further evidence of a left hand preference[END_REF][START_REF] Hopkins | The use of bouts and frequencies in the evaluation of hand preferences for a coordinated bimanual task in chimpanzees (Pan troglodytes): an empirical study comparing two different indices of laterality[END_REF][START_REF] Hopkins | Does variation in sample size explain individual differences in hand preferences of chimpanzees (Pan troglodytes)? An empirical study and reply to Palmer (2002)[END_REF][START_REF] Hopkins | Chimpanzees (Pan troglodytes) are predominantly right-handed: replication in three populations of apes[END_REF]Hopkins et al., 2005b;[START_REF] Hopkins | Independence of data points in the measurement of hand preferences in primates: Statistical problem or urban myth?[END_REF][START_REF] Palmer | Chimpanzee right-handedness reconsidered: evaluating the evidence with funnel plots[END_REF][START_REF] Palmer | Reply to Hopkins and Cantalupo: chimpanzee right-handedness reconsidered-sampling issues and data presentation[END_REF][START_REF] Westergaard | Hand preference for a bimanual task in tufted capuchins (Cebus apella) and rhesus macaques (Macaca mulatta)[END_REF]. However, regarding the z-scores, we found differences between frequency and bout data for the tube task in bipedal posture. In this case, the number of data points had an effect on our estimate of laterality. Some authors suggested that the use of frequencies may influence laterality estimates and may thus introduce sampling biases [START_REF] Hopkins | Does variation in sample size explain individual differences in hand preferences of chimpanzees (Pan troglodytes)? An empirical study and reply to Palmer (2002)[END_REF][START_REF] Mcgrew | On the other hand: current issues in and metaanalysis of the behavioral laterality of hand function in non-human primates[END_REF][START_REF] Palmer | Chimpanzee right-handedness reconsidered: evaluating the evidence with funnel plots[END_REF][START_REF] Palmer | Reply to Hopkins and Cantalupo: chimpanzee right-handedness reconsidered-sampling issues and data presentation[END_REF]. However, in a recent article, [START_REF] Hopkins | Independence of data points in the measurement of hand preferences in primates: Statistical problem or urban myth?[END_REF] suggested that the use of the z-score with bout data might bias data towards the null hypothesis (no significant hand preference) because the z-score is sensitive to sample size and with bout data we have typically fewer numbers of right and left hand use for bouts than frequencies. Moreover, [START_REF] Hopkins | Independence of data points in the measurement of hand preferences in primates: Statistical problem or urban myth?[END_REF] suggested that there is no statistical justification for claims that the independence of data points introduces biases in the measurement of hand preference in nonhuman primates. Thus, as suggested by Hopkins ( 2013), it appears opportune to continue to record and report bouts and frequencies in behavioral asymmetry studies in order to resolve the disagreement about these two recording techniques.

Contributions to human evolution: link between hand preference, tool use, locomotion and language

Task complexity had a greater effect than posture on hand preference in our subjects.

Our results have interesting implications for theories on the emergence of human lateralization in relation with tool use and bipedalism. Even if our data cannot by themselves explain the preponderance of right-handers in the human species, they support the tool use hypothesis [START_REF] Frost | Tool behavior and the origins of laterality[END_REF][START_REF] Kimura | Neuromotor mechanisms in the evolution of human communication[END_REF] which proposed that the preference for the right hand might have emerged in humans as an adaptation for complex tool use and manufacture.

Bonobos do not often use tools in the wild for feeding [START_REF] Ingmanson | Tool-using behavior in wild Pan paniscus: social and ecological considerations[END_REF], but in this study they used tools in this context with preferentially the right hand. Moreover, it seemed to require little effort for them to remain in a bipedal posture. [START_REF] Kimura | Neuromotor mechanisms in the evolution of human communication[END_REF] suggested that tool use and bipedalism are linked to the emergence of the lateralization of the brain and particularly to the strong right hand preference in humans. In accordance with this hypothesis several studies suggested that hand preference in great apes might be linked to posture and/or tool use [START_REF] Olson | Hand preferences in captive gorillas, orangutans, and gibbons[END_REF][START_REF] Hopkins | Posture and reaching in chimpanzees (Pan troglodytes) and orangutans (Pongo pygmaeus)[END_REF]Hopkins et al., 2007b;[START_REF] Cantalupo | Handedness for tool use correlated with cerebellar asymmetries in chimpanzees (Pan troglodytes)[END_REF][START_REF] Braccini | Bipedal tool use strengthens chimpanzee hand preferences[END_REF]. However, the bonobos we studied here often preferentially used the right hand in seated posture and bipedal posture did not have a supplementary effect on hand preference during tool use tasks. Moreover, several studies showed a preference for the right hand when individuals manipulated in bipedal postures but not in other postures such as seated or triped ones (e.g., chimpanzee and orangutan [START_REF] Hopkins | Posture and reaching in chimpanzees (Pan troglodytes) and orangutans (Pongo pygmaeus)[END_REF]bonobo: Hopkins et al., 1993;macaque: Westergaard et al., 1998a;cercopithecus: Chapelain et al., 2006;capuchin: Westergaard et al., 1997). However, only one study directly examined bipedal tool use [START_REF] Braccini | Bipedal tool use strengthens chimpanzee hand preferences[END_REF] and did not report a preference for the right hand when chimpanzees used tools in this posture.

It is unlikely that bipedalism had such an important role in the elaboration of tool use and in the preponderance of the right hand preference in humans. Indeed, a recent neurological study conducted by Hashimoto and collaborators (2013) suggested "that adaptations underlying tool use evolved independently of those required for human bipedality". Hand preference might be older than bipedalism in origin and rather linked to an arboreal lifestyle which requires complex body postures and manipulation. In fact, arboreal locomotion requires fine motor control and the anatomical specializations of the forelimbs of arboreal species are probably associated with a well-developed grasping ability [START_REF] Fabre | Getting a grip on the evolution of grasping in musteloid carnivorans: a threedimensional analysis of forelimb shape[END_REF]. In addition, there might have existed a link between the mode of locomotion and manipulative abilities, with a tendency for an exaptation of manipulation for arboreal species [START_REF] Sustaita | Getting a grip on tetrapod grasping: form, function, and evolution[END_REF]. In this context, the capacity to grasp has been posed as a "critical adaptive innovation" for arboreal primates [START_REF] Kivell | Hand and foot pressures in the aye-aye (Daubentonia madagascariensis) reveal novel biomechanical trade-offs required for walking on gracile digits[END_REF]) and a "key feature" of primate evolution [START_REF] Ravosa | Primate origins: adaptations and evolution[END_REF]). An arboreal lifestyle could have led to the elaboration of manual skills and tool use in primates, and hand preference could have emerged from arboreal ancestors coming down on the ground to use tools like some apes today.

Finally, the present work shows that the link between bipedalism and hand preference is far from being established and that the link between bipedalism and the capacity to use and manufacture tools is far from being obvious. It thus remains to be demonstrated and more studies are needed to explore the link between arboreal lifestyle and manual preference. In this framework, species such as gibbons, gorillas, orangutans and bonobos are of particular interest.

Another factor often invoked in the emergence of the strong hand preference for the right hand in humans is language. A predominance of right hand use has been reported in gestures occurring while humans are talking (Kimura, 1973a(Kimura, , 1973b)), including communication between deaf people [START_REF] Grossi | Hemispheric specialization for sign language[END_REF]. These asymmetrical gestures reflect the dominance of the left hemisphere for the perception and production of speech [START_REF] Knecht | Language lateralization in healthy right-handers[END_REF]. Moreover, studies in humans showed that brain regions implicated in the perception and production of speech (Broca's area and Wernicke's area) were also implicated with tool use behavior (Hopkins et al., 2007a). Some authors suggest that the neuronal substrates of tool use may have served as a preadaptation for the evolution of language and speech in modern humans (e.g. [START_REF] Bradshaw | The evolution of lateral asymmetries, language, tool use, and intellect[END_REF][START_REF] Greenfield | Language, tools and brain: The ontogeny and phylogeny of hierarchically organized sequential behavior[END_REF]. Hopkins and collaborators (2007a) reported asymmetries in chimpanzees in the homologues to Broca's and Wernicke's areas associated with hand preference for tool use. Consequently, these authors suggested that control of complex motor tool use action may have served as a preadaptation for the emergence of neural capacities required for language in humans (Hopkins et al., 2007a). Our results in bonobos showed a tendency to preferentially use the right hand for tool use tasks, which reflects the dominance of the left hemisphere for these actions. Moreover, Kanzi, a bonobo, was thought to have rudimentary language comprehension skills of a 2.5 year-old child and also displayed impressive symbolic communicative skills (e.g. [START_REF] Savage-Rumbaugh | Spontaneous gestural communication among conspecifics in the pygmy chimpanzee (Pan paniscus)[END_REF][START_REF] Savage-Rumbaugh | The capacity of animals to acquire language: do species differences have anything to say to us?[END_REF][START_REF] Savage-Rumbaugh | Spontaneous symbol acquisition and communicative use by pygmy chimpanzees (Pan paniscus)[END_REF][START_REF] Savage-Rumbaugh | Communication, symbolic communication, and language: reply to Seidenberg and Petitto[END_REF]. So, it appears interesting to apply in bonobos the same neurological study of Hopkins and collaborators (2007a) to confirm the link between tool use and language. This could bring us more information about the emergence of language regarding hypotheses that propose a relationship between language and hand preference [START_REF] Corballis | From mouth to hand: gesture, speech and the evolution of righthandedness[END_REF][START_REF] Hewes | Primate communication and the gestural origin of language[END_REF][START_REF] Vauclair | Lateralization of communicative signals in nonhuman primates and the hypothesis of the gestural origin of language[END_REF], in that the emergence of right hand preference would be a pre-adaptation to language. However, more studies are needed to test the hypothesis that lateralization based on tool use preceded that for language (e.g. [START_REF] Steele | Can the archeology of manual specialization tell us anything about language evolution? A survey of the state of play[END_REF].

To conclude, although our sample size does not allow us to generalize at the group level, and even less at the population level, our large number of independent data points suggests robust results. It appears therefore essential to replicate our study in more groups of bonobos and to compare the maze task between different species of primates, including humans, in order to provide additional leads on the evolution of hand preference. Comparing this task among different primates would be of particular interest regarding the hypothesis proposing tool use as a selective pressure for hand preference [START_REF] Frost | Tool behavior and the origins of laterality[END_REF][START_REF] Kimura | Neuromotor mechanisms in the evolution of human communication[END_REF]. It would also be essential to quantify hand preference in several primate species during natural activities varying in complexity in their natural habitat, on the ground, but also in trees. 

Task 1 :

 1 The coordinated bimanual task Three bonobos were classified as right-handed, one was classified with no preference, and four were classified as left-handed for both postures.At the group level, we had no differences on the HI values for the seated posture (One-sample Wilcoxon signed-rank test; N = 8, z = 15, p = 0.74) and the bipedal one (One-sample Wilcoxon signed-rank test; N = 8, z = 20, p = 0.84), indicating individualistic hand preferences. A significant difference in the HI values was found between the seated and bipedal postures (Wilcoxon signed-rank test; N = 8, z = 2, p = 0.02) indicating a trend that bonobos were more lateralized in the seated posture over that of the bipedal posture. When we considered hand preferences based on z-scores for the two postures, a chi-square goodness of fit test revealed that the distribution of hand preference was random [χ²(2, n = 8) = 0 , p = 1], indicating that there was no difference in the hand used between the postures. Concerning the ABS-HI values, no difference appeared between seated and bipedal postures, (Wilcoxon signed-rank test; N = 8, z = 24, p = 0.46), indicating that individuals were not more significantly strongly lateralized in seated than bipedal posture. Task 2: The food extraction task All the individuals were lateralized in the food extraction task for both postures. Seven bonobos were classified as right-handed and one as left-handed. At the group level, a preference for the right hand appeared for seated posture (One-sample Wilcoxon signed-rank test; N = 8, z = 36, p < 0.01) and in bipedal posture individual also seemed to have a preference for the right hand (One-sample Wilcoxon signed-rank test; N = 8, z = 31, p = 0.05). When we considered hand preferences based on z scores for the two posture, a chi-square goodness of fit test revealed that the distribution of hand preference was not random [χ²(2, n = 8) = 10.75, p < 0.01]. For both posture, there were significantly more right than left handed subject [χ²(1, n = 8) = 4.5, p < 0.05]. No significant difference on HI values (Wilcoxon signed-rank test; N = 8, z = 2, p = 0.59), nor on ABS-HI values (Wilcoxon signedrank test; N = 8, z = 0, p = 0.11), was observed between bipedal and seated postures.

  about here In the seated posture, the HI values were significantly higher for the maze task than during the tube task (Wilcoxon signed-rank test; N = 7, z = 26, p < 0.05) indicating a preference for the right hand during the maze task. Between the HI values of the tube task and the food extraction task we did not find differences in seated posture (Wilcoxon signed-rank test; N = 8, z = 8, p = 0.19) and in bipedal posture we observed a trend for a preference for the right hand during food extraction than tube task (Wilcoxon signed-rank test; N = 8, z =3, p = 0.06).When we considered hand preferences categories for the three tasks in seated posture, a chisquare goodness of fit test revealed that the distribution of hand preference was random [χ²(4, n = 7) = 7.2857, p = 0.12], indicating that there was actually no difference in the actual hand used between tasks. When only the right-handed and left-handed categories are examined, we observed a trend for a preference for the right hand than left hand [χ²(2, n = 7) = 5.4875, p = 0.06]. Between the tube and food extraction tasks in bipedal posture, the distribution of hand preference was random [χ²(2, n = 8) = 4.4, p = 0.11], indicating that there was actually no difference in the actual hand used between the two tasks. Considering ABS-HI values, individuals were significantly more strongly lateralized in a seated posture during the maze task compared to the tube task (Wilcoxon signed-rank test; N = 7, z = 0, p < 0.05). Moreover, they were significantly more strongly lateralized in a bipedal posture during the food extraction task compared to the tube task (Wilcoxon signed-rank test; N = 8, z = 2, p < 0.05) (Fig.3).
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