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Despite recent scientific interest, our knowledge of rule-governed call exchanges in our 77 closest living great ape relatives is still partial. All confirmatory evidence to date comes from 78 captive groups of Western lowland gorillas Gorilla g. gorilla, and bonobos Pan paniscus, and 79 is limited to one group per species (gorilla: [START_REF] Lemasson | Social basis of vocal interactions in Western lowland 573 gorillas (Gorilla g. gorilla)[END_REF]bonobo: Levréro et al. 2019).

80 The only study investigating rule-governed call exchanges in a wild great ape species (Arcadi 81 2000) has been conducted on wild chimpanzees Pan troglodytes schweinfurthii, which tended 82 not to respond to most of the calls of their group members (within 5 sec). Rather, wild 83 chimpanzees often called in chorus, with vocalisations greatly overlapping among individuals 84 [START_REF] Arcadi | Vocal responsiveness in male wild chimpanzees: implications for the 505 evolution of language[END_REF]. Thus, from existing scientific knowledge, wild chimpanzees do not appear to 85 display rule-governed call exchanges, while captive bonobos do.

86

However, due to differences in environmental conditions (wild versus captive) between 87 the studied chimpanzees and bonobos, we cannot readily attribute that such variation in their 88 vocal behaviour reflects species-specific factors rather than study conditions. For example, 89 [START_REF] Arcadi | Vocal responsiveness in male wild chimpanzees: implications for the 505 evolution of language[END_REF] focused only on male Eastern chimpanzees, focusing on a small sample of males 90 (N = 11) across a broad range of social contexts (communication between distant parties, 91 agonistic interactions, copulations and feeding). In contrast, [START_REF] Levréro | Social bonding drives 586 vocal exchanges in Bonobos[END_REF] studied both 92 sexes in bonobos but only in calm contexts (grooming, resting, foraging), that are more 93 amenable to organised vocal exchanges [START_REF] Henry | Social coordination in animal vocal 548 interactions. Is there any evidence of turn-taking? The starling as an animal model[END_REF][START_REF] Levinson | Turn-taking in human communication -origins and implications for 578 language processing[END_REF]Pougnault et al. 94 2020a). Interestingly, our primary prediction would have been that non-agonistic vocal 95 exchanges are more essential in the wild, wherein individuals more often lose visual contact 96 with one another in closed forest habitats, than in captive groups. The fact that captivity 97 deprives bonobos from their natural fission fussion social system may indeed reduce the 98 importance of vocal turn-taking and overlap avoidance, as these vocal behaviours appear to 99 function to reinforce social bonds and increase community cohesion. At the same time, call 100 overlap avoidance seems essential when animals must deal with a large number of potential 311 factors in all GLMMs to avoid pseudo-replication. We used likelihood ratio tests (LRTs) and 312 Akaike Information Criteria (AIC) to determine best fitting models. GLMMs were performed 313 using the function glmer of the 'lme4' package [START_REF] Bates | Fitting Linear Mixed-Effects Models Using 511 lme4[END_REF].

315 RESULTS

316 In total we analysed 259 call intervals from 63 independent vocal events during peaceful 317 activities (on average 5.72 vocal events per day, range 0 to 31 per day). Among these 259 call 318 intervals, there were 217 call intervals for which callers were identified. Among the remaining 319 intervals, there were two call intervals for which the sex and age category of the callers were 320 known, six call intervals for which only the age of the callers was determined, and 34 call 321 intervals for which we had no information about the age category, sex, or identity of the callers 322 but we were certain that they were distinct callers. We excluded 382 call intervals from analysis 323 due to poor acoustic quality that did not allow us to define the onset of the call or to reliably 324 identify the vocalisers (see Fig. 1). In conclusion, this pilot study supports the existence of coordinated vocal exchanges in 450 a wild great ape species. We acknowledge that our findings are based on a small sample size, 451 nevertheless these data corroborate the observations obtained from a captive bonobo group, and 452 pave the road for replication studies. Although preliminary, these new data will serve future 453 comparative studies investigating the temporal and social patterns of call exchanges in primates 454 along their natural range of social systems, and can potentially provide further insight into the 455 function of turn-taking in primates, and ultimately, the evolution and origins of language 456 [START_REF] Levinson | Cognition at the heart of human interaction[END_REF][START_REF] Levinson | Turn-taking in human communication -origins and implications for 578 language processing[END_REF]. 
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 12 Fig. 1. -Distinct calling patterns considered in the study. The baseline threshold of 2100 msec between two calls was determined by an analysis of the distribution of call intervals (see Results and Fig. 2) and was used to define the calling patterns. 396x418mm (59 x 59 DPI)

  

  

  

  

  101 vocal interlocutors, particularly because their identity is less predictable in the wild, and hence 102 it may be relatively important to extract vocal identity cues from the calls of conspecifics 103[START_REF] Keenan | 564 The reliability of individual vocal signature varies across the bonobo's graded 565 repertoire[END_REF]. Thus, even if we assume that studies of wild chimpanzees and captive 104 bonobos are comparable, the fact that captive bonobos show organised vocal exchanges and 105 wild chimpanzees do not is not in line with our predictions, and makes these opposing 106 observations even more puzzling. Critically, the avoidance of overlap and the reciprocal 107 exchange of alternating short turns remains to be confirmed in wild great ape species. Such 108 confirmation is of high interest to understand the evolutionary pressures that have shaped rule-151 habituation that lasted 6 months over 2010-2011(Narat et al. 2015b). The proper habituation 152 of the bonobos started in May 2012 (6 days per week; seeNarat et al. 2015b for details). The 153 community is now well habituated and tolerant to human presence(Narat et al. 2015b). An 154 approach of a minimum distance of 10 m was possible between the closest individual and the 155 observers. This minimum distance was maintained to decrease the risk of disease transmission.156 During our pilot study period (February to March 2019), the studied community was composed 157 of 20 weaned free-ranging individuals. Dependant infants (N = 2) were excluded from our 158 analyses as in similar studies investigating general patterns of vocal behaviour(Lemasson et al. All statistical analyses were performed using R version 3.6.1 (R Core Team 2019).302 We conducted a series of Generalised Linear Mixed Models (GLMMs) in R software. A first 303 GLMM tested whether the sex and/or age of bonobos were significant predictors of calling 304 patterns. Two additional GLMMs tested the contribution of the two behavioural contexts and 305 call type categories on calling patterns. The sex, age, behavioural context and call type 306 categories were respectively included as fixed factors. We coded a binary pattern where 1 was 307 attributed to a vocal exchange and 0 to a vocal non-exchange. The models were run using a 308 logit link function with a binomial distribution. Because one individual could be involved in 309 several vocal interactions and vocal interactions could come from the same or different vocal 310 events, the identity of the emitters and the code of the vocal event were included as random
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In the present study, we describe the general calling patterns of a wild community of 111 bonobos in peaceful contexts and within subgroups. To date, the vocal behaviour of wild 112 bonobos has been mainly investigated in terms of group coordination (e.g.

Hohmann & Fruth 113 1994;[START_REF] White | Function of loud calls in wild 651 bonobos[END_REF][START_REF] Schamberg | Call combinations, vocal 625 exchanges and interparty movement in wild bonobos[END_REF][START_REF] Schamberg | Bonobos use call 628 combinations to facilitate inter-partytravel recruitment[END_REF]

, which is in the context of long-distance 114 communication (but see

[START_REF] Clay | Functional fexibility in wild bonobo vocal behaviour[END_REF]

. We thus first aimed to look at intimate vocal 115 interactions for evidence of conversational-like rules in wild bonobos, and second, to assess close connection with the local community since 2001

(Narat et al. 2015a

). The forest 139 is located in the Maï Ndombe Province, 300 km north of Kinshasa. The habitat is a forest-140 savanna mosaic with 58% forest and 42% savannah

[START_REF] Pennec | Floristic and structural vegetation typology of bonobo habitats in a forest-603 savanna mosaic (Bolobo Territory, D.R. Congo)[END_REF]

) but bonobos spend 141 more than 97% of their time in the forest

[START_REF] Pennec | Spatiotemporal variation in bonobo (Pan paniscus) habitat use in a forest-savanna mosaic[END_REF]

). The dry season extends from 142 June to September and the wet season from October to May

[START_REF] Pennec | Spatiotemporal variation in bonobo (Pan paniscus) habitat use in a forest-savanna mosaic[END_REF]

.

143 The home range of the bonobos in the Manzano forest covers approximately 20 km 2 with a 144 bonobo density of 1.2 individuals/km² (Pennec et al. 2020), thus comprised in the average 145 density of the broader Bolobo Territory, between 0.5 to 2.2 individuals/km 2 (Inogwabini et al. 146 2008; Serckx et al. 2014; Pennec et al. 2020). 147 148 Study group 149 Search of regular visual contact with the bonobo community started in 2007 with the presence 150 of local trackers in the forest twice a week during 3 years and was followed by a pilot study of 159 2018; Levréro et al. 2019). We used the age classes defined by Van Krunkelsven et al. (1999): 160 juveniles (3-9.9 years), subadults (10-14.9 years) and adults (15 + years). For individuals born 161 between 2012 and 2019, the exact month of birth was known while for individuals born between 162 2007 and 2012, the exact year of birth was known. Regarding individuals born before 2007, the 163 year of birth could be estimated for individuals who were still dependent infants in 2007 and 164 the other individuals were considered as adults at the time of our study (i.e., they were over 15 165 years old in 2019).

166 The group composition was thus three adult males, seven adult females, three subadult males, 167 two subadult females and five juvenile females. For the study of their vocal behaviours we 168 considered two age classes: the "immature class" which included juveniles and subadults, and 169 the adult class (see Table

1

) because of the limited sample size. Individual identification was 170 based on repetitive direct observations from 2012 and from photographs and film banks (M.

  8%, N = 43/56 for isolated calls and 60.5%, N = 75/124 for vocal turn-taking, Table5).[START_REF] Lemasson | Social basis of vocal interactions in Western lowland 573 gorillas (Gorilla g. gorilla)[END_REF]. We cannot rule out the possibility that the lack of differences 410 across ages was due to the small sample size and notably the low number of juveniles, who 411 consequently were included in the same category than subadults, as immature individuals.412 Similar to age, we found that calling patterns did not vary between males and females.
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384 Vocal exchanges represented half of the calls produced and bonobos almost systematically 385 avoided overlapping the call of a previous caller, leaving a short delay of on average 2.1 sec 386 between callers. This call delay was consistent with that observed in other ape studies (2.5 sec 387 in captive bonobos:

[START_REF] Levréro | Social bonding drives 586 vocal exchanges in Bonobos[END_REF]

; 3 sec in captive gorillas:

[START_REF] Lemasson | Social basis of vocal interactions in Western lowland 573 gorillas (Gorilla g. gorilla)[END_REF]

.

398 composition is stable and individuals are more often in visual contact, and thus individual 399 recognition can be achieved through visual cues. Despite this, we acknowledge that the sample
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Table 2 .

 2 661Distribution of call intervals for different calling patterns. In italics we give the percentage of occurrence for each given

	662

Table 3 .

 3 667 Distributions of calling patterns per caller sex and age. Numbers in brackets refer to individual vocal rate production 668 obtained by dividing the total number of recorded calls by the number of individuals within each age and sex class.

	669					
		Non-exchanged calls	Vocal exchanges	Total calls
		Isolated calls N = 51	Repeated calls N = 59	Vocal turn-taking N = 104	Overlapping calls N = 5	N = 219
	Adult males (N = 3)	14 (4.7)	5 (1.7)	22 (7.3)	2 (0.7)	43
	Adult females (N = 7)	16 (2.3)	26 (3.7)	45 (6.4)	0	87
	Subtotal adult inds (N = 10)	30 (3)	31 (3.1)	66 (6.6)	2 (0.2)	131
	Immature males (N = 3)	19 (6.3)	16 (5.3)	37 (12.3)	3 (1)	75
	Immature females (N = 7)	2 (0.3)	12 (1.7)	0	0	14
	Subtotal immature inds (N = 10)	21 (2.1)	28 (2.8)	37 (3.7)	3 (0.3)	89
	670					
	671					

Table 4 .

 4 674Distribution of calling patterns as a function of behavioural context. Percentages in italics correspond to the contribution of 675 each behavioural context to each calling pattern. The majority of the group was feeding or half of the group was feeding while the other half 677 was resting or grooming. 678 b About half of the group moved towards other group members or played or there was a 679 general movement of the group members.

		Non-exchanged calls	Vocal exchanges	Total calls
	Behaviour					
		Isolated calls N = 57	Repeated calls N = 52	Vocal turn-taking N = 117	Overlapping calls N = 8	N = 234
	Sedentary behaviour a	39 68.4%	19 36.5%	108 92,3%	6 75%	172
	Movement b	18 31.6%	33 73.5%	9 7.7%	2 25%	62
	676 a 680					
	681					

Table 5 .

 5 684Contribution of the seven broad call type categories (defined fromBermejo & Omedes 1999 and de Waal 1988) to calling 685 patterns. Percentages in italics correspond to the contribution of each call type category to each calling pattern. Distinct calling patterns considered in the study. The baseline threshold of 2100 msec 690 between two calls was determined by an analysis of the distribution of call intervals (see Results 691 and Fig.2

		Non-exchanged calls	Vocal exchanges	Total calls
	Call type category	Isolated calls N = 56	Repeated calls N = 49	Vocal turn-N = 124 taking	Overlapping N = 6 calls	N = 235
	Peep category	43 76.8%	24 49%	75 60.5%	1 16.7%	143
	Bark category	9 16.1%	22 44.9%	34 27.4%	4 66.7%	69
	Whistle category	1 1.8%	3 6.1%	4 3.2%	0 0%	8
	Low hooting	1 1.8%	0 0%	4 3.2%	1 16.7%	6
	Hiccup	1 1.8%	0 0%	4 3.2%	0 0%	5
	Grunt category	0 0%	0 0%	3 2.4%	0 0%	3
	Pout moan	1 1.8%	0 0%	0 0%	0 0%	1
	686					
	687					
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