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Grasping ability is defined as "movements in which an object is seized and held securely More generally, tool use is not the only interest of non-human primate manual abilities 122 as the hand serves to explore and interact with the environment as a whole. Manual, but also 123 pedal, skills in primates can be observed during more diverse grasping and manipulative 124 behaviors, such as locomotion, feeding behavior and social interactions. Even if it is now 125 known as insufficient and non-exclusive, one of the historical hypotheses on the origins of 126 grasping abilities in primates has focused on the selective pressures linked with food 127 properties and the arboreal environment . Bonobos express arboreal and terrestrial feeding 128 behaviors and although this environmental context has been well-studied in chimpanzees 129 since 1960s (e.g., [START_REF] Jones-Engel | Precision Grips in Young Chimpanzees[END_REF][START_REF] Marzke | Grips and hand movements of 693 chimpanzees during feeding in Mahale Mountains National Park, Tanzania: Chimpanzee 694 Feeding Grips and Hand use in Mahale[END_REF][START_REF] Marzke | Chimpanzee and human grips: A new classification with a 697 focus on evolutionary morphology[END_REF]; [START_REF] Altmann | Observational study of behavior: Sampling methods[END_REF]. Videos were divided 197 according to our definition of a "manipulative sequence", including contact, grasping and 198 manipulation of the food items. It began with the first contact between an individual and an 199 item (direct or through the use of a tool) and ended when the food was consumed in its 200 entirety (whole fruit/vegetable, bunch, branch previously sectioned, bark, buds, etc.) or 201 abandoned before total consumption (partially or not consumed). A total of 3h30 of recorded 202 sequences (N=792) were analyzed. The parameters recorded during the sequence were the 203 individual, the food item (details of food items are available in Appendix 1), the manual/pedal 204 grip adopted, the hand(s)/foot used and the duration of each behavior. We recorded data 205 with the frequencies technique, in which every sequence was considered and not only the first 206 of a series of similar actions (i.e., bout technique) (e.g., [START_REF] Bardo | Behavioral and functional 557 strategies during tool use tasks in bonobos[END_REF][START_REF] Hopkins | Hand preferences for a coordinated bimanual task in 110 chimpanzees (Pan 649 troglodytes): Cross-sectional analysis[END_REF]. 207 208

Grasping postures

209

Every encountered grasping posture involving the hands or the feet was described and 210 linked to the existing literature on humans and apes [START_REF] Bardo | Behavioral and functional 557 strategies during tool use tasks in bonobos[END_REF][START_REF] Bardo | Manual function and performance in 560 humans, gorillas, and orangutans during the same tool use task[END_REF]Jones-Engel & 211 Bard, 1996;[START_REF] Marzke | Grips and hand movements of 693 chimpanzees during feeding in Mahale Mountains National Park, Tanzania: Chimpanzee 694 Feeding Grips and Hand use in Mahale[END_REF][START_REF] Marzke | Chimpanzee and human grips: A new classification with a 697 focus on evolutionary morphology[END_REF][START_REF] Napier | The prehensile movements of the human hand[END_REF][START_REF] Parry | Rehabilitation of the Hand[END_REF] 212 [START_REF] Pouydebat | Diversity of grip in adults and young humans 745 and chimpanzees (Pan troglodytes)[END_REF]. To name the grasping postures, we used Marzke's grasping typology All statistics were computed using the R 3.6.3 statistical environment (R Core Team The two accumulation curves plateaued (Figure 2), which meant that there was little 283 benefit in carrying out additional sampling to extend our evaluation of the manipulative 284 repertoire [START_REF] Colwell | Interpolating, extrapolating, and comparing incidence-599 based species accumulation curves[END_REF]. Manual manipulations appeared in 83.5% of all sequences recorded (N=661/792; Table 288 1), and the remaining 16.5% are for the use of the mouth only (N=131/792; Table 1). Every 289 individual (N=17) was represented in the sequences (mean ± SEM=47 ± 5 sequences per 290 individual, including mean ± SEM=39 ± 6 sequences with manual manipulation per individual).

291

We found 22 distinct grasping postures (Table 2): the most frequent was the "lateral thumb-292 index grip" (N=325/792 or 41% of the sequences) and the second most frequent were the 293 power grips (with thumb (N=158/792 or 20% of the sequences) and without thumb (N=49/792 294 or 6% of the sequences). This repertoire also included one new variant, never described for 295 bonobos in the literature. The dorsal scissor hold (in the "without thumb" category) is a variant 296 of the palmar scissor hold, with the hand in supination and the fingers flexed.

297

Every age category was represented in the sample with N=416/792 (or 53%) sequences 298 involving adults, N=135/792 (or 17%) with subadults and N=241/792 (or 30%) sequences with 299 juveniles (Table 3). Manual manipulation occurred in 80.0% (N=333/416) of the sequences in 300 adults, 78.5% (N=106/135) in subadults and 92.1% (N=222/241) in juveniles, and the 301 remaining 20.0% for adults, 21.5% for subadults and 7.9% for juveniles were are for the use 302 of the mouth only (respectively N=83/416, N=29/135 and N=19/241; Table 3). Both males and 303 females were also represented in the sample with N=530/792 (or 67%) sequences involving 304 females and N=262/792 (or 33%) sequences with males.

305

We detected a very limited use of the feet, always with an alternating use of the hands, 306 in 1.1% of the sequences (N=9/792), involving only one foot at a time and with only two 307 different postures (Table 4). These foot grips were used for storage only, not to grasp the item 308 or carry it to the mouth and occurred in both adults and juveniles (Tables 3 and4). There was 309 no significant difference between the two age categories in the sequence distribution The whole repertoire of the group included 28 distinct grip associations (bimanual 315 manipulation or compound grips) and 21 graspingle postures used in isolation (Table 5). One 316 of the grasping postures was never used in isolation (i.e, the "fifth finger probe" is always used 317 in association with "power grips") and only 28 grip associations out of the 484 possible ones GERARD-p15 334 different between the three age categories (mean adults ± SEM=13 ± 1; mean subadults ± SEM=14 335 ± 6; mean juveniles ± SEM=9 ± 2;) (Kruskal-Wallis test: khi2= 2.8006, df=2, p > 0.05). The most 336 frequent grip associations or grasping postures used in isolation were the same in the three 337 age categories: "lateral thumb-index grip" (N=145/416 or 35% of the sequences in adults, 338 N=58/135 or 43% of the sequences in subadults and N=122/241 or 51% of the sequences in 339 juveniles; Table 5) and "power grip with thumb" (N=62/416 or 16% of the sequences in adults, 340 N=25/135 or 19% of the sequences in subadults and N=48/241 or 20% of the sequences in 341 juveniles; Table 5). The major differences between adults and juveniles was the use of the fifth 342 finger for probing in adults and the middle finger in juveniles. Unlike the adults, the juveniles 343 did not use the "cup hold" grip and the "lateral thumb index" in grip associations. 344 Furthermore, juvenile individuals only used the "palmar scissor hold" grip and never used the 345 other variant (i.e., "dorsal scissor hold" grip). They also did not use the "finger tips support" 346 to maintain the food item.

347

The number of distinct grip associations and graspingle postures used in isolation per We observed tool use in the three age categories (4/9 individuals in adults, 1/2 in 361 subadults and 1/6 in juveniles) and there was no significant difference in frequencies between 362 these categories (Fisher's exact test, p>0.05) (Table 3). [START_REF] Almécija | The evolution of human and ape hand 553 proportions[END_REF][START_REF] Harrison | The hands of fossil non-hominoid anthropoids[END_REF][START_REF] Kivell | Evidence in hand: Recent discoveries and the early evolution of human manual 672 manipulation[END_REF][START_REF] Pouydebat | Evolution of grasping among anthropoids[END_REF], little is 370 known about the manipulative repertoire of bonobos, either in natural conditions or in zoos.

371

Our study provides the first description of the manipulative repertoire spontaneously used by 372 zoo-housed bonobos in a feeding context and is the first to include diverse foods and physical 373 environments. Our analyses show a large manipulative repertoire, including precision and 374 power grips, as well as one new grasping posture, labeled "dorsal scissor hold".. This study 375 also shows the enrichment of this manipulative repertoire from juveniles to adult individuals.

376

The following discussion details the implications of our findings with regard to the evolution 377 of manual abilities in hominids. tool-use context because of a greater variety of consumed food and environments than in 384 experimental settings. We also expected to describeobserve a similar variety of manual 385 postures to that documented in chimpanzees given their closely similar hand anatomy. Our 386 results confirm these predictions with a wide variety of grip categories, from precision to 387 power grips. This species has proportionally longer fingers and shorter thumb than humans, 388 and lacks a true flexor pollicis longus muscle (FPL) [START_REF] Marzke | Chimpanzee and human grips: A new classification with a 697 focus on evolutionary morphology[END_REF][START_REF] Susman | Hand function and tool behavior in early hominids[END_REF] 389 van Leeuwen et al., 2018), all of which constrain the use of powerful opposition of the thumb 390 to the other digits in comparison to human hands. The use of precision grips, close to those 391 used by humans, confirms the results of previous studies in bonobos for both tool use (Bardo 392 et al., 2016) and for grasping small items [START_REF] Christel | Grasping techniques and hand preferences in Hominoidea[END_REF][START_REF] Christel | How precisely do bonobos (Pan paniscus) grasp small 597 objects? 30[END_REF]. Our study 393 supports the general capacities of great apes to manipulate items with a great variety of 394 grasping postures since we have identified 22 distinct grasping postures used in 49 grip 395 associations and graspingle postures. Twenty-one used in isolation. All the grasping postures 396 of the repertoire were already described in the literature on apes and humans (Bardo et al., 397 2016(Bardo et al., 397 , 2017;;[START_REF] Jones-Engel | Precision Grips in Young Chimpanzees[END_REF][START_REF] Marzke | Grips and hand movements of 693 chimpanzees during feeding in Mahale Mountains National Park, Tanzania: Chimpanzee 694 Feeding Grips and Hand use in Mahale[END_REF][START_REF] Marzke | Chimpanzee and human grips: A new classification with a 697 focus on evolutionary morphology[END_REF]Napier, 398 1956;[START_REF] Parry | Rehabilitation of the Hand[END_REF][START_REF] Pouydebat | Diversity of grip in adults and young humans 745 and chimpanzees (Pan troglodytes)[END_REF], and we described one new variant (i.e, the "dorsal 399 scissor hold") never observed in other species, including chimpanzees. These but these new 400 data enrich our knowledge on grasping postures and grip associations variety in bonobos.

401

In our study a focus has been made on the compound grips as there is a lack of their 402 description in bonobos and more broadly, few studies have taken them into account in non-403 human primates (e.g., "digit role differentiation" and "compound grips" in gorillas (Gorilla 404 gorilla beringei) in respectively [START_REF] Byrne | Manual dexterity in the gorilla: Bimanual and digit role 591 differentiation in a natural task[END_REF][START_REF] Neufuss | Manual skills for food 721 processing by mountain gorillas (Gorilla beringei beringei) in Bwindi Impenetrable National 722 Park, Uganda[END_REF]"unimanual 405 multitasking" in chimpanzees in [START_REF] Corp | The ontogeny of manual skill in wild chimpanzees: Evidence from 602 feeding on the fruit of Saba florida[END_REF]; "compound grips" in macaques (Macaca 2016)). Only two cases were recorded in our study because 408 of our consideration of one item in a time according to our definition of a manipulative 409 sequence. These two cases correspond to one item broken into two pieces but we suspect 410 that the study of storage behavior, especially in a competitive environment like in zoo, 411 including the manipulation of several items in aat the same time, would have led to many 412 more observations of compound grips. As described in the literature (and named "the one-413 handed storage grip" in [START_REF] Macfarlane | Diversity of grip in Macaca mulatta[END_REF], the two compound grips were an 414 association between a power grip ("power grip with thumb") used to store the first piece 415 against the palm and a more precise grip (respectively "lateral thumb index grip" and "palmar 416 scissor hold") involving two digits. These compound grips involve a high level of coordination 417 with independent digit movements. So, despite the low frequency of these behaviors in our 418 study, our results confirm this ability in bonobos, as previously shown in chimpanzees. 419 Furthermore, although present, the in-hand movements have not been considered in this 420 study. But, the passage from one grip to another, without a change of hand, are "transfer 421 movements" [START_REF] Fragaszy | Functions of the hand in primates[END_REF]. These would be interesting to describe in the 422 manipulative behavior as a dynamic process in further studies [START_REF] Bardo | Behavioral and functional 557 strategies during tool use tasks in bonobos[END_REF].

423

The existence of preferred grasping postures in bonobos is consistent with previous 424 results in human and other great apes (e.g., [START_REF] Christel | Grasping techniques and hand preferences in Hominoidea[END_REF][START_REF] Pouydebat | Diversity of grip in adults and young humans 745 and chimpanzees (Pan troglodytes)[END_REF]Bardo et 425 al., 2016). In our study, the most frequent grasping posture is the "lateral thumb index grip", 426 as also reported in the literature, whether it involves tools [START_REF] Bardo | Behavioral and functional 557 strategies during tool use tasks in bonobos[END_REF] or to grasp 427 small objects [START_REF] Christel | How precisely do bonobos (Pan paniscus) grasp small 597 objects? 30[END_REF]. The second preferred grasping postures used by the 428 bonobos were the power grips involving the thumb and without the thumb. This strong 429 preference for powerful postures has been described in stone hammer tasks in sanctuary [START_REF] Neufuss | Nut-cracking behaviour in wild-born, 717 rehabilitated bonobos ( Pan paniscus ): A comprehensive study of hand-preference, hand 718 grips and efficiency[END_REF]) but these postures were not as frequent in previous studies focusing on 431 tool use [START_REF] Bardo | Behavioral and functional 557 strategies during tool use tasks in bonobos[END_REF] or small object manipulation [START_REF] Christel | How precisely do bonobos (Pan paniscus) grasp small 597 objects? 30[END_REF]. Thus, this is 432 the first report showing a high prevalence of the powerful postures used by bonobos coping 433 with a wide range of food items (in size, shape and hardness) not exclusively in a tool use 434 context. This result is also consistent with the manipulation of large objects in chimpanzees, 435 in which the preferred grasping postures are the "power grips" [START_REF] Pouydebat | Diversity of grip in adults and young humans 745 and chimpanzees (Pan troglodytes)[END_REF]. Our 436 results highlight the importance of considering the size and shape of manipulated objects in 437 studies addressing manipulation of food/objects/tools, in non-human primates as well as 438 humans, to better understand the evolution of these behaviors (e.g., [START_REF] Key | Hand grip diversity and frequency during the use of Lower 666 Palaeolithic stone cutting-tools[END_REF] 439 [START_REF] Pouydebat | Biomechanical study of grasping according to 739 the volume of the object: Human versus non-human primates[END_REF]. 440 Despite their marked differences in whether or not to use tools in natural conditions 441 (but see [START_REF] Hohmann | Culture in Bonobos? Between-Species and Within-Species Variation 647 in Behavior[END_REF], chimpanzees and bonobos are very similar not only in their 442 hand morphology [START_REF] Diogo | Bonobo anatomy reveals stasis and mosaicism in 607 chimpanzee evolution, and supports bonobos as the most appropriate extant mode l for the 608 common ancestor of chimpanzees and humans[END_REF][START_REF] Druelle | 611 Segmental morphometrics of bonobos ( Pan paniscus ): Are they really different from 612 chimpanzees ( Pan troglodytes )?[END_REF]van Leeuwen et al., 2018), but also 443 in their manipulative abilities. However, some differences appear when comparing our 444 findings to the literature on apes, specifically the preference for the "palmar thumb index" 445 grip in human and chimpanzees with small object manipulation (including both "tip-to-tip" 446 and "pad-to-pad" grips) [START_REF] Christel | Grasping techniques and hand preferences in Hominoidea[END_REF][START_REF] Pouydebat | Diversity of grip in adults and young humans 745 and chimpanzees (Pan troglodytes)[END_REF]. Nevertheless, our findings Based on the literature in chimpanzees, our predictions were a more limited 455 manipulative repertoire in juveniles and no significant differences between sexes. These are 456 confirmed by our results showing that juveniles used less diverse grip associations and 457 grasping postures used in isolation than adults, and that males and females used the same 458 diversity of grip associations and grasping postures used in isolation.

459

Nevertheless, whileWhile sharing the same preference for the "lateral thumb index 460 grip" in adults and juveniles, juvenile individuals also used the precision grips as the "palmar 461 thumb-index grip" and the "dynamic tripod grip", showing the same ability as the adults to 462 use precision in their manipulative behavior. These results are consistent with the previous 463 studies in young chimpanzees where they used the two categories (i.e., precise and unprecise 464 grips) but more often "the unprecise grip category" [START_REF] Pouydebat | Diversity of grip in adults and young humans 745 and chimpanzees (Pan troglodytes)[END_REF] including the use 465 of the lateral side of the index finger. But the third precision grip of our study, the "middle-466 thumb grip", has not been observed in juveniles. This result suggests that this grip could be an 467 additional manipulative strategy developed by individuals later in ontogeny. A study focusing 468 on mother-juvenile pairs would be useful to evaluate the resemblance between mother and 469 juvenile manipulative repertoire and to better understand the developmental processes of 470 the manipulative behaviors in bonobos, especially the influence of individual and social 471 learning [START_REF] Hayashi | Cognitive development in apes and humans 644 assessed by object manipulation[END_REF]. Indeed, young chimpanzees are particularly observant of their 472 mother's behavior while they use tools [START_REF] Biro | Cultural 574 innovation and transmission of tool use in wild chimpanzees: Evidence from field 575 experiments[END_REF][START_REF] Lonsdorf | Sex differences in the development of termite-fishing skills in the wild 678 chimpanzees, Pan troglodytes schweinfurthii, of Gombe National Park, Tanzania[END_REF].

473

Besides sex and age, additional individual parameters also could be important in the 474 range of the manipulative repertoire and the preference for grasping postures, as suggested 475 by the inter-individual differences found in previous manipulative studies in zoo and sanctuary 476 bonobos [START_REF] Bardo | Behavioral and functional 557 strategies during tool use tasks in bonobos[END_REF][START_REF] Neufuss | Nut-cracking behaviour in wild-born, 717 rehabilitated bonobos ( Pan paniscus ): A comprehensive study of hand-preference, hand 718 grips and efficiency[END_REF] and chimpanzees [START_REF] Pouydebat | Diversity of grip in adults and young humans 745 and chimpanzees (Pan troglodytes)[END_REF]. 477 Social status could be particularly important [START_REF] Garber | Primate cognition: 627 Integrating social and ecological information in decision-making[END_REF] 

  observed during the day in an indoor building where two large 170 cages, connected to each other (98m 2 and 8 m height each), were visible. They also had access analyzed frame by frame with VLC Media Player (VideoLan, 196 2020), using the individual focal sampling method

  movement" in[START_REF] Marzke | Grips and hand movements of 693 chimpanzees during feeding in Mahale Mountains National Park, Tanzania: Chimpanzee 694 Feeding Grips and Hand use in Mahale[END_REF] and these contacts are 241 called "non-prehensile movements" in[START_REF] Jones | Human hand function[END_REF].242During the same sequence, the passage from one grip to another, without a change of 243 hand, involved in-hand movements but this part of the sequence was not described included the cases of bimanual manipulation where the grasping 248 posture of each hand was recorded and compiled. In the case of asymmetric coordinated 249 bimanual movements, individuals held or maintained the food or the enrichment with one 250 hand and extracted or picked up the food with the other hand.251We also included the compound grips (e.g.,[START_REF] Jones | Compound grips in tufted capuchin monkeys ( Sapajus spp and 658 Sapajus libidinosus )[END_REF] Neufuss et al., 252 2018) in which several pieces of the same item were held in one hand. Compound grips could 253 be used when the item broke during the course of manipulation. extent to which our observations maximized the number of possible 258 grasping posturesincluded the whole manipulative repertoire, we plotted two accumulation 259 curves[START_REF] Colwell | Interpolating, extrapolating, and comparing incidence-599 based species accumulation curves[END_REF] of the number of grip associations and graspingle postures used 260 in isolation (i.e., only one grasping posture used during unimanual manipulation) as a function 261 of the number of sequences and as a function of the number of food items.

  (Fisher's exact test, p>0.05) nor between males and females (Fisher'

  318(N=22 ^2) were actually observed. The number of distinct grip associations and graspingle 319 postures used in isolation per sequence ranged from 1 to 8 (mean ± SEM=1.46 ± 0.04) and 320 each individual used between 3 and 19 distinct grip associations and graspingle postures used 321 in isolation (mean ± SEM=11 ± 1 or 23.3 ± 2.4% of the recorded grip associations and graspingle 322 postures used in isolation).323The bimanual manipulations represented the large majority of the grip associations 324 while only two cases of compound grips were observed. The first one was the "Palmar scissor 325 hold + Power grip with thumb" that occurred in one sequence involving an adult female during 326 the prehension of an item that broke into two pieces. The second one was the "Power grip 327 with thumb + Lateral thumb-index grip" in one sequence involving a subadult female in the 328 same context (i.e., prehension of one item broken into two pieces).329The manipulative repertoire was significantly larger in adults with 43 grips associations 330 and graspingle postures used in isolation used againstcompared with 24 in juveniles (Pearson's 331 Chi-squared test, p<0.05). We also detected 21 grips associations and graspingle postures 332 used in isolation in the two subadult individuals. But the number of distinct grip associations 333 and graspingle postures used in isolation used observed per individual was not significantly
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  The use of tools occurred significantly more frequently in female (N=77/530 or 15% of 364 the sequences in 11 individuals) than in males (N=4/262 or 2% of the sequences in 6 365 individuals) (Pearson's chi-squared test, p<0.05). -recognized importance of hand functionality in hominid evolution 369

  manipulative repertoire and preferred grasping postures 380The aim of our study was to provide a first description of the spontaneous repertoire 381 used by bonobos in a feeding context, under zoo conditions. Our hypothesis was that bonobos much wider range of manipulative behaviors than those described previously in a 383

  [START_REF] Macfarlane | Diversity of grip in Macaca mulatta[END_REF] and in capuchins in Jones and Fragaszy, 2020) (and 407 see the review ofFragaszy & Crast (

  447confirm the ability of bonobos to execute this grip. Our observations suggest that bonobos are 448 not markedly different from chimpanzees in terms of morphological constraints associated 449 with food manipulation. This supports the hypothesis that the functional mechanisms 450 underlying flexible manipulation are shared by both species and would have already
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  All the means were calculated with the standard error of the mean (SEM). The 265 distribution of sequences and the number of distinct grip associations and graspingle postures 266 used in isolation in the manipulative repertoire were compared between the three age
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 1 . Sequences with tool use included 27 grip associations and graspingle postures used i.e., 55.1% of the whole repertoire) of which 8 (i.e., 16.5% of the repertoire) are 359 not found in sequences without tools (Table5).
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	352	difference was not significant when weighted by the number of individuals (Fisher's Exact Test,
	353	p>0.05).
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  in bonobos since dominant Vanhoof, M. J. M., Kerkhof, F. D., Stevens, J. M. G., & Vereecke, E. E. (2018). Insights 775 into the musculature of the bonobo hand. Journal of Anatomy, 233(3), 328-340.
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Table 1 .

 1 Distribution and characteristics of the sample of manipulative sequences.

	Page 35 of 49			
	Tables:			
		N sequences	Proportion of the	ID
			sample (%)	
	Total	792	100	17
	With manual manipulation	661	83.46	17
	With unimanual manipulation	615	77.65	17
	With bimanual manipulation	115	14.52	12
	With pedal manipulation	9	1.14	4
	With the mouth only	131	16.54	10
	Without tool	711	89.77	17
	With tool	81	10.23	6
	Complete	769	97.10	17
	Incomplete	23	2.90	NA

F o r P e e r R e v i e w

Table 2 .

 2 Variability of grasping postures involving the hands: occurrence in isolation or in grip associations (number of sequences) and individuals using them in isolation or in grip associations.

Table 3 .

 3 Distribution and characteristics of the sample of manipulative sequences in every age category (adults, subadults and juveniles).

	Age category	Adults	Subadults Juveniles
	N total sequences (/792)	416	135	241
	N sequences with manual manipulation	333	106	222
	N sequences with the mouth only	83	29	19
	N sequences with pedal manipulation	3	0	6
	N sequences with tool use	55	3	23

[START_REF] Marzke | Grips and hand movements of 693 chimpanzees during feeding in Mahale Mountains National Park, Tanzania: Chimpanzee 694 Feeding Grips and Hand use in Mahale[END_REF][START_REF] Marzke | Chimpanzee and human grips: A new classification with a 697 focus on evolutionary morphology[END_REF] and we divided manual postures into six grip

categories (Table2):

 Precision grips (PCG): contact between distal phalanges of the thumb and the index

Acknowledgements