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Syntax is considered a key feature distinguishing human language from other non-human animal communication systems. However, evidence for combinatorial capacities in a wide variety of species, such as birds and monkeys, has challenged this assumption. Nevertheless, a contentious debate surrounding the evolutionary origins of syntax remains, specifically whether the combinatorial capacities displayed in animals merely illustrate a case of convergent evolution or whether it could also represent, within the primate lineage, a homologous trait to syntax in humans. In this piece, I review the literature on combinatorial signalling in our closest-living relative, the chimpanzee (Pan troglotytes), central to demonstrating a more ancient evolutionary account of syntax. Specifically, I detail the combinatorial structures highlighted in chimpanzees, the experimental evidence pointing toward the syntactic-like nature of these combinations, as well as the limitations the field needs to overcome to go a step further and address the question of the evolution of syntax more holistically. I discuss future directions building on exciting recent evidence for combinatorial flexibility in chimpanzees and the potential for learning. Finally, by proposing a compositional analysis to documented combinations of gestures with facial expressions, I argue that a promising avenue for the study of the evolution of syntax lies in the understanding of multimodal combinatorial signalling in our closest-living relatives and its ontogeny.

The emergence of combinatoriality has been argued to represent one of the seven key evolutionary transitions in life [START_REF] Maynard-Smith | The Major Transitions of Evolution[END_REF]. Specifically, syntax -i.e. the ability to combine meaning-bearing units into larger structures [START_REF] Hurford | The origins of grammar: Language in the light of evolution II[END_REF] -freed human language from the constraints of perceptual errors: by combining existing signals to convey new meaning rather than creating new ones altogether, the repertoire expansion is not limited by an increasing acoustic ambiguity as the number of signals increases [START_REF] Nowak | An error limit for the evolution of language[END_REF][START_REF] Nowak | The evolution of syntactic communication[END_REF]. Ultimately, syntax facilitated the evolution of an open-ended, limitless communication system [START_REF] Nowak | An error limit for the evolution of language[END_REF][START_REF] Nowak | The evolution of syntactic communication[END_REF]. There are two different forms of syntactic structuring based on the semantic relationship between the sequence and the units composing it ( [START_REF] Townsend | Compositionality in animals and humans[END_REF]; see [START_REF] Berthet | Animal linguistics: A primer[END_REF] for a comprehensive introduction on semantic and syntax concepts). First, compositional syntax designates configurations in which the meaning of a structure is derived from the meaning of the units composing it (e.g. strong woman) [START_REF] Townsend | Compositionality in animals and humans[END_REF]. Second, non-compositional syntax (also called "combinatorial syntax", but see [START_REF] Berthet | Animal linguistics: A primer[END_REF]) designates configurations in which the meaning of a structure is unrelated to the meaning of the units composing it (e.g. idiomatic expressions: coming out of the closet) [START_REF] Townsend | Compositionality in animals and humans[END_REF]. Without syntax, humans would be hugely constrained in their communication, thus understanding its evolution is central to reconstruct the evolutionary progression of our language and our species.

Historically considered uniquely human [START_REF] Lieberman | Uniquely human : the evolution of speech, thought, and selfless behavior[END_REF], work conducted in non-human animal species over the last decade documents syntactic-like abilities in other taxa (e.g. birds [START_REF] Engesser | Meaningful call combinations and compositional processing in the southern pied babbler[END_REF][START_REF] Suzuki | Experimental evidence for compositional syntax in bird calls[END_REF]2017;[START_REF] Suzuki | Experimental evidence for core-Merge in the vocal communication system of a wild passerine[END_REF]; mongooses [START_REF] Jansen | Segmental concatenation of individual signatures and context cues in banded mongoose (Mungos mungo) close calls[END_REF][START_REF] Collier | Call concatenation in wild meerkats[END_REF][START_REF] Zuberbühler | Syntax and compositionality in animal communication[END_REF]; monkeys [START_REF] Arnold | Semantic combinations in primate calls[END_REF][START_REF] Coye | Suffixation influences receivers' behaviour in non-human primates[END_REF]2016;[START_REF] Berthet | Titi monkeys combine alarm calls to create probabilistic meaning[END_REF]). Whilst evidence for combinatorial structures in To appear in Revue de Primatologie monkeys suggests syntax could have its origins deeply rooted in the primate lineage, similar data in phylogenetically more distant species, such as birds, indicates convergent evolutionary processes are a viable alternative scenario [START_REF] Leroux | Call combinations in great apes and the evolution of syntax[END_REF].

Comparative data in our closest-living relatives, the great apes, are essential to disentangle these two scenarios and resolve the more recent evolutionary history of syntax. Among great apes, chimpanzees share the most recent common ancestor with humans and hence represent a key species to investigate this question [START_REF] Perelman | A molecular phylogeny of living primates[END_REF]. In this piece, I will review the current work on chimpanzee combinatorial communication and highlight the gaps in the literature that need to be filled to address the question of the evolution of syntax robustly.

I. On the chimpanzee vocal communication

The chimpanzee vocal repertoire is a highly graded system composed of about around 15 call types (depending on the classification, see [START_REF] Goodall | The chimpanzees of Gombe: patterns of behavior[END_REF]Slocombe & Zuberbühler, 2010;[START_REF] Crockford | Why does the chimpanzee vocal repertoire remain poorly understood and what can be done about it[END_REF]). In an effort to probe the extent to which core components of language can be found in the communication system of chimpanzees and unravel the evolutionary history of language, previous work has investigated further some of these vocalisations. For instance, "food calls" have been shown to be referential [START_REF] Slocombe | Functionally referential communication in a chimpanzee[END_REF] and vocally learned (Watson et al., 2015a,b), while "screams" [START_REF] Slocombe | Chimpanzees modify recruitment screams as a function of audience composition[END_REF][START_REF] Frith | Role of facial expressions in social interactions[END_REF] or "waa-barks" [START_REF] Crockford | An intentional vocalization draws others' attention: A playback experiment with wild chimpanzees[END_REF]Schel et al., 2013a) are produced intentionally. However, to date, the combinatorial dimension of chimpanzee vocal communication and the extent to which it compares to syntax has been largely neglected. It is long known chimpanzees combine calls in potentially meaningful ways, as Jane Goodall wrote in her 1986 seminal work:

"In our attempt to unravel the intricacies of chimpanzee vocal communication, we must also take into account the added complexity of combinations of calls " (p126, 1986). Nonetheless, it is only twenty years later that the chimpanzee combinatorial system was described for the first time [START_REF] Crockford | Call combinations in wild chimpanzees[END_REF]. In this paper, the authors report that chimpanzee combinatorial production, composed of at least 88 different sequences, represents 28% of their overall vocal production [START_REF] Crockford | Call combinations in wild chimpanzees[END_REF]. Furthermore, the authors describe the context accompanying the production of these combinations, providing a first glimpse into the potential meaning these structures may hold. However, there are no indications as to whether or not these sequences are non-random concatenations or simple happenstance juxtapositions, a key prior to probe the communicative relevance of such structures.

II. On the chimpanzee combinatorial system

It is only very recently, after almost twenty years again, that the first systematic investigations into the combinatorial system of chimpanzees have been conducted (Girard-Buttoz et al., 2022b;[START_REF] Leroux | Call combinations in chimpanzees: a social tool?[END_REF]. Girard-Buttoz et al. (2022b) reported 390 unique sequences in Taï chimpanzees and used transition probabilities to describe non-random association patterns between the calls composing the sequences observed in this population. Positional bias analyses highlighted that, within bigramic structures (i.e. two-call combinations), three call types ("hoo", "grunt" and "panted hoo") occurred in first position more than expected by chance while six ("panted grunt", "panted bark", "panted scream", "scream", "bark", and "pant") occurred in last position more than expected by chance. Furthermore, ordering frequency analyses (i.e. observed constructions compared to random distribution) revealed 14 bigrams occurred more than expected by chance, 7 of which produced by more than 10 individuals. In follow exactly the current literature on the subject, highlighting the acute need for an objective, standard, systematic description of the chimpanzee vocal repertoire. For instance, the "pant-hoot" vocalisation, a long-distance contact call traditionally considered a single compound call type composed of four distinct phases -the introduction, the build-up, the climax and the let-down [START_REF] Marler | Individuality in a Long Range Vocalization of Wild Chimpanzees[END_REF]Slocombe & Zuberbühler, 2010) -is absent from Girard-Buttoz et al.'s (2022b) repertoire, replaced by the "panted hoo". The spectrogram provided in this study for this call type seems to indicate the "panted hoo" is equivalent to the introduction and/or build-up phase(s) of the traditionally described "panthoot" (see Figure 1).

Considering this compound call as a set of distinct -hence individually meaning-bearing -call types without empirical validation could be problematic and artificially increase the number of non-random combinations observed. For instance, the "panted hoo+panted scream" combination, the most common structure reported in Girard-Buttoz et al. (2022b), likely corresponds to the combination of an introduction and/or build-up with a climax phase of a pant-hoot (see Figure 1). Nevertheless, as we will see in the next section, the potential for the "pant-hoot" to be indeed a combination of individually distinctive calls, and hence a syntacticlike structure, is a live contender and requires further investigation.

To appear in Revue de Primatologie 2022) investigated the combinatorial system of chimpanzees from the Sonso community in the Budongo forest, Uganda. Applying collocation analyses, a method borrowed from computational linguistics, we described the association pattern of calls produced in combinations using a more traditional vocal repertoire (Slocombe & Zuberbühler, 2010). Specifically, we highlighted 15 non-random constructions (see Table 2 in [START_REF] Leroux | Call combinations in chimpanzees: a social tool?[END_REF]). We further explored the potential function of combinatoriality in chimpanzees and demonstrated that non-random combinatorial signals are produced at higher rates in socially challenging situations (e.g. aggressive interactions), by socially challenged individuals (e.g. lower-ranked individuals) [START_REF] Leroux | Call combinations in chimpanzees: a social tool?[END_REF]. These results suggest chimpanzees might use call combinations as a way to better navigate their dynamic social world and that the social environment likely played a key role in driving the emergence of combinatoriality in this species [START_REF] Leroux | Call combinations in chimpanzees: a social tool?[END_REF].
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However, to confirm these data support the social complexity hypothesis (see [START_REF] Freeberg | Social complexity as a proximate and ultimate factor in communicative complexity[END_REF]), the field needs in-depth investigations into the contextual usage of each of these non-random combinatorial structures. Only then will we be able to fully grasp the fine function and meaning of these combinations and further our understanding of the chimpanzee combinatorial system and how it compares to human syntax.

III. On the contextual usage of these call combinations

The recent systematic descriptions of non-random call combinations in chimpanzees provided the field with promising candidates to search for meaningful, non-random constructions and hence, syntactic-like structures. For instance, the "pant-hoot+food call" combination -the most common and significant combination in [START_REF] Leroux | Call combinations in chimpanzees: a social tool?[END_REF] -has been further investigated to probe the potential function this structure may have (see Figure 2). After acoustic verification that the calls composing the combination were identical to the calls produced in isolation -key to confirm the combination is truly a concatenation of two meaning-bearing units together and not a distinct, third, novel call type -the context of production of the "pant-hoot+food call" sequence was examined [START_REF] Leroux | Chimpanzees combine pant-hoots with food-calls into larger structures[END_REF]. "Pant-

BOX 1: Issues on the definition of a call combination

Until recently, work on combinatoriality in animals relied mostly on subjective categorisations of combinatorial structures, merely using a temporal threshold to distinguish a call combination from a random juxtaposition of calls. The studies reviewed in this section attempt to circumvent this issue by implementing statistical methods to highlight non-random structuring (Girard-Buttoz et al., 2022b;[START_REF] Leroux | Call combinations in chimpanzees: a social tool?[END_REF]. However, the initial operationalisation of a call combination on which these studies based their approach remain the adoption of a subjective -not standardisedtime interval (≤2 s in [START_REF] Leroux | Call combinations in chimpanzees: a social tool?[END_REF], <1 s in (Girard-Buttoz et al., 2022b)). Besides its subjectivity, this criterion is problematic since it has no basis in human language. In fact, silence is an integral part of speech and can provide additional meaning [START_REF] Kano | The effects of speech speed and pauses on recognition of English words and listening comprehension[END_REF][START_REF] Ephratt | Linguistic, paralinguistic and extralinguistic speech and silence[END_REF]. The introduction of a rigorous, objective method to define a call combination in animal systems is paramount in the fields of animal communication and evolutionary linguistics.

hoots" in isolation encode reliably the identity of the caller [START_REF] Mitani | Selection for Acoustic Individuality Within the Vocal Repertoire of Wild Chimpanzees[END_REF][START_REF] Kojima | Identification of vocalizers by pant hoots, pant grunts and screams in a chimpanzee[END_REF] while "food calls" are highly context specific and produced to advertise the presence of valuable food sources [START_REF] Slocombe | Functionally referential communication in a chimpanzee[END_REF]Slocombe et al., 2010;[START_REF] Kalan | Wild chimpanzees modify food call structure with respect to tree size for a particular fruit species[END_REF]. It has been shown chimpanzees combine these two call types when feeding on large food patches, specifically when high-ranked males are joining the feeding party [START_REF] Leroux | Chimpanzees combine pant-hoots with food-calls into larger structures[END_REF]. By combining a "pant-hoot" with a "food call", chimpanzees transmit information about both the identity of the signaller and the context, potentially enhancing group cooperation and cohesion [START_REF] Leroux | Chimpanzees combine pant-hoots with food-calls into larger structures[END_REF]. An alternative function discussed in the study is an appeasement function. High-ranked individuals joining a feeding patch tend to aggress lower-ranked individuals that fail to vocalise upon the discovery of a new food source (e.g. macaques, [START_REF] Hauser | Food-associated calls in rhesus macaques (Macaca mulatta): II. Costs and benefits of call production and suppression[END_REF], though see [START_REF] Clark | Chimpanzee Arrival Pant-Hoots: Do They Signify Food or Status?[END_REF]). Furthermore, "food calls" in chimpanzees have been suggested to diffuse aggressions during a feeding event [START_REF] Ischer | The relationship between food calling and agonistic behaviour in wild chimpanzees[END_REF]. Transmitting information about the presence of food and who has encountered it when high-ranked individuals are joining a feeding party could help chimpanzees avoid such aggression from taking place [START_REF] Leroux | Chimpanzees combine pant-hoots with food-calls into larger structures[END_REF]. Both functions would confirm combinatoriality helps chimpanzees navigate complex social interactions, but additional data are necessary to disentangle between these two hypotheses. Specifically, the cohesion function could be tested by demonstrating a correlation between the production of the "pant-hoot+food call" combination and the time the caller and the joining individual spend feeding within the same party. Furthermore, the appeasement function could be tested by comparing the aggressive behaviour produced by high-ranked males joining when the combination is produced versus when it is not. Another non-random combination highlighted in [START_REF] Leroux | Call combinations in chimpanzees: a social tool?[END_REF] that has been followedup is the "pant-grunt+pant-hoot" combination (see Figure 3). "Pant-grunt" vocalisations are produced as a standalone signal by chimpanzees to greet higher-ranking individuals (Slocombe & Zuberbühler, 2010). As such, "pant-grunt" production dynamics within a specific chimpanzee community are a reliable indicator of dominance relationships among the group [START_REF] Goodall | The chimpanzees of Gombe: patterns of behavior[END_REF]. Girard-Buttoz et al., (2022a) investigated the combination of this submissive call type with the identity-encoding "pant-hoot" and showed it occurred specifically when lower-ranking individuals greet higher-ranking individuals during fusion, i.e. when two parties or sub-groups from the same community join each other after some time apart (Girard-Buttoz et al., 2022a). The authors suggest that, similarly to the "pant-hoot+food call" combination, adding an identity component to a submissive signal could help reduce the ambiguity of a message in this very tense, highly vocal fusion context, and therefore reduce the risk for future aggression (Girard-Buttoz et al., 2022a). Such a function would confirm once more chimpanzees use call combinations to better navigate their intricate social world, but again, additional data are necessary to test this hypothesis.

To appear in Revue de Primatologie Another key finding from this study is that by comparing the production pattern of the "pant-grunt+pant-hoot" combination from two different populations, the authors highlighted that Budongo chimpanzees (Pan troglodytes troglodytes) produced almost exclusively the combination with the pant-grunt first (i.e. "pant-grunt+pant-hoot") while Taï chimpanzees (Pan troglodytes verus) produced the reversed order most often (i.e. "pant-hoot+pant-grunt") (Girard-Buttoz et al., 2022a). The authors explain this variation via the difference in intracommunity levels of aggression observed in both populations: high in Budongo and low in Taï (Girard-Buttoz et al., 2022a). According to this, the order of the combination would follow the "urgency principle", where the most urgent call appears first (see (Schlenker et al., 2016a,b) for discussion about the urgency principle). In Taï, where aggression is unlikely but fusion is the most salient context, chimpanzees would signal their identity as reliably as possible by commencing with the "pant-hoot", while in Budongo, where the risk of receiving an aggression from high-ranked individuals is the most urgent context, they would signal their submissive status first with the "pant-grunt" ((Girard-Buttoz et al., 2022a).

Such data are ground-breaking and suggest combinatorial production in chimpanzees can be flexible, opening new perspectives worth investigating in the context of language evolution and chimpanzee communication. However, one critical point prevents us from concluding on the nature of this combinatorial structuring: while the "pant-grunt+pant-hoot" -but, critically, not "pant-hoot+pant-grunt" -has been highlighted as a non-random combination in Budongo chimpanzees [START_REF] Leroux | Call combinations in chimpanzees: a social tool?[END_REF], neither version was shown to be non-random in Taï chimpanzees (Girard-Buttoz et al., 2022b). This suggests that the combination of a pantgrunt" with a "pant-hoot", while potentially meaningful in Budongo (because produced nonrandomly), might not be communicatively relevant in Taï (neither the "pant-grunt+pant-hoot"

nor the "pant-hoot+pant-grunt" are produced above chance level). In other words, in Taï, the concatenation of a "pant-hoot" with a "pant-grunt" could merely be attributed to rapid concomitant shifts in contexts -i.e. fusion often followed by high-ranked individual approaching -leading to the random juxtaposition of these call types next to one another.

Critically, in this case, the combination of the two calls would not carry a specific, additional function compared to each calls taken separately and would unlikely represent a syntacticlike structure. In Budongo however, an increased social pressure (i.e. high risk of aggression) could have led chimpanzees to systematically signal their submissive status first with the "pant-grunt" to reduce the risk of being attacked by higher-ranking individuals joining during these fusion contexts (Girard-Buttoz et al., 2022a). Ultimately, this structure could have crystallised into a non-random, syntactic-like structure, emitted even in the absence of higher-ranking individuals approaching, for instance in cases where fusion happens over thick, low visibility forest patches with high uncertainty regarding the identity of joining individuals.

Although highly speculative at this stage, such a scenario would offer a promising mechanism for the emergence of syntactic-like patterning worth investigating further. Key data exploring variations in combinatorial structuring as social pressure decreases in Budongo (e.g.

stabilisation of the hierarchy) could potentially validate or refute this scenario and
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Both combinations investigated so far (i.e. "pant-hoot+food call" and "pant-grunt+panthoot") followed the current literature (e.g. [START_REF] Kojima | Identification of vocalizers by pant hoots, pant grunts and screams in a chimpanzee[END_REF][START_REF] Mitani | Contexts and social correlates of long-distance calling by male cimpanzees[END_REF]Slocombe & Zuberbühler, 2010;[START_REF] Soldati | Audience sensitivity in chimpanzee display pant hoots[END_REF]) and considered the "pant-hoot" vocalisation as a single call type (although the definition employed in (Girard-Buttoz et al., 2022a) is ambiguous). However, this vocalisation is a compound call composed of four distinct phases that could potentially be considered meaning-bearing units [START_REF] Zuberbühler | Syntax and compositionality in animal communication[END_REF]. This is supported by previous research that showed a different set of information is encoded in each phase: identity-related information is encoded in the introduction and the climax, age in the introduction and the build-up, and social status in the climax [START_REF] Fedurek | Sequential information in a great ape utterance[END_REF].

Furthermore, "pant-hoots" produced in a feeding context are less likely to contain a let-down phase compared to "pant-hoots" produced in a travelling context [START_REF] Fedurek | Sequential information in a great ape utterance[END_REF]. Two interpretations could account for such data. First, the presence or absence of the let-down phase could potentially alter the meaning of the sequence, indicating to receivers the activity of the signaller, i.e. travelling or feeding (akin to suffixation; see [START_REF] Jansen | Segmental concatenation of individual signatures and context cues in banded mongoose (Mungos mungo) close calls[END_REF] for similar system in banded mongooses (Mungos Mungo)). Second, the omission of the let-down phase in a feeding context could be merely due to co-articulation phenomena [START_REF] Kühnert | The origins of coarticulation[END_REF]. In this context, the "pant-hoot" is often combined with "food calls" [START_REF] Leroux | Chimpanzees combine pant-hoots with food-calls into larger structures[END_REF], which could induce minor acoustic changes in the structure of the calls, for example at the offset of the pant-hoot: the let-down phase is omitted to help the articulation of the following "food call". The latter hypothesis would indicate the presence or absence of the letdown phase is not meaningful to chimpanzees per se, but it would strengthen the argument that the "pant-hoot+food call" combination is a non-random syntactic-like structure bound by coarticulation phenomena in similar ways to what is observed within human speech.

More recently, another study highlighted that chimpanzees alter the composition of their "pant-hoots" during displays according to the composition of the audience and whether the display is targeted at a specific individual or not [START_REF] Soldati | Audience sensitivity in chimpanzee display pant hoots[END_REF]. Specifically, introduction phases are more likely to be produced when more males are present in the audience and when the display "pant-hoot" is directed at a specific individual [START_REF] Soldati | Audience sensitivity in chimpanzee display pant hoots[END_REF].

Furthermore, climax phases are produced more often when individuals that outrank the signaller are present [START_REF] Soldati | Audience sensitivity in chimpanzee display pant hoots[END_REF]. Such variations indicate the presence or absence of specific phases in the "pant-hoot" could be meaningful to chimpanzees. For example, the authors postulate the addition of an introduction phase could warn surrounding individuals of an incoming aggression, hence reducing confrontation costs (e.g. by advertising an incoming display to surrounding individuals, bystanders can anticipate and reduce the risk of escalation by producing submissive signals such as the pant-grunt), while the production of a climax phase could signal confidence or dominance [START_REF] Soldati | Audience sensitivity in chimpanzee display pant hoots[END_REF]. Critically, it has been shown in this study that both the introduction and the build-up phases can occur in isolation, suggesting they could be independent, meaning-bearing units [START_REF] Soldati | Audience sensitivity in chimpanzee display pant hoots[END_REF]. When considering that each of these phases is associated with different information [START_REF] Fedurek | Sequential information in a great ape utterance[END_REF] and that their use in a sequence is uniquely affected by social factors [START_REF] Soldati | Audience sensitivity in chimpanzee display pant hoots[END_REF], such data empirically support Girard-Buttoz et al's (2022b) suggestion that this compound call could resemble a syntactic-like structure. This would represent a uniquely complex syntactic-like structure in non-human primates as most of the structures documented so far are limited to the combination of two units only ( [START_REF] Miyagawa | Systems Underlying Human and Old World Monkey Communication: One, Two, or Infinite[END_REF], but see (Girard-Buttoz et al., 2022b;[START_REF] Leroux | Call combinations in chimpanzees: a social tool?[END_REF]). Furthermore, it would suggest chimpanzees embed an existing syntactic-like structure (the "pant-hoot") into larger sequences to form complex -potentially hierarchical -utterances ("pant-hoot+food call", "pant-grunt+pant-hoot"), very much like in human language. However, additional data are necessary to assess the credibility of this scenario.

The examples reviewed in this section are indicative of a rich combinatorial system that seems to help chimpanzees move beyond the limits of single units' communication power and convey additional, more complex information to conspecifics. However, data exploring the function and meaning of the other combinations highlighted as non-random are critical to test this hypothesis and gain a holistic understanding of this combinatorial system.

Furthermore, whilst the observational data reviewed so far seem to indicate the combinations investigated are meaningful to receivers, rigorous systematic playback experiments are critical to rule out that these structures are not just read-outs of concomitant shifts in context. Finally, the mechanisms by which receivers extract a specific meaning from these call combinations remain ambiguous (i.e. is a structure compositional or not?) and playback experiments are key to disentangle between the different potential scenarios.

IV.

On the syntactic-like nature of these structures To date, playback experiments have seldom been conducted, notably because of the extensive logistic and ethical considerations involved when performing such procedures with

To appear in Revue de Primatologie wild apes (see (Schel et al., 2013b;[START_REF] Slocombe | Wild chimpanzees (Pan troglodytes schweinfurthii) distinguish between different scream types: Evidence from a playback study[END_REF]). Recently, a new study implemented such experiments to examine the function of the "alarm-huu+waa-bark" combination and investigate its syntactic-like nature [START_REF] Leroux | Call combinations and compositional processing in wild chimpanzees[END_REF] (See Figure 4).

"Alarm-huus" are produced in isolation when chimpanzees are surprised or afraid (e.g. deadmonkey, researchers wearing waterproof cloaks; (Slocombe & Zuberbühler, 2010)) while "waa-barks" are produced in various situations warranting recruitment (e.g. aggressive interaction, intercommunity encounters [START_REF] Goodall | The chimpanzees of Gombe: patterns of behavior[END_REF]). For example, barks produced during a hunt result in the recruitment of conspecifics to the caller, improving significantly the success of the hunt [START_REF] Mine | Vocal signals facilitate cooperative hunting by wild chimpanzees[END_REF]. In [START_REF] Leroux | Call combinations and compositional processing in wild chimpanzees[END_REF], natural observations supported by snake presentations suggest chimpanzees combine both calls specifically when an individual encounters a snake. Furthermore, more individuals joined the subject after a snake presentation if the subject produced an "alarm-huu+waa-bark" combination, suggesting this combination functions as a recruitment signal in a dangerous situation specifically [START_REF] Leroux | Call combinations and compositional processing in wild chimpanzees[END_REF]. Finally, subjects responded most strongly to the playback of the "alarm-huu+waa-bark" construction compared to both calls produced in isolation (i.e.

longest time looking at the loudspeaker) and displayed specific behaviours, such as approaching the speaker or climbing up trees, confirming receivers extracted a specific meaning from this combination [START_REF] Leroux | Call combinations and compositional processing in wild chimpanzees[END_REF]. Together, these results indicate the "alarm-huu+waa-bark" combination is most likely a compositional syntactic-like structure where the meaning of the structure is derived from the meaning of its parts. Such conclusion would suggest syntax might not be a de novo evolved trait in the human lineage but rather has its origins back to our last common ancestor with chimpanzees (but see [START_REF] Schlenker | Beyond Anthropocentrism in Comparative Cognition: Recentering Animal Linguistics[END_REF] for an alternative scenario). However, being the first of its kind, this study needs to be followed-up by additional experimental conditions to further our understanding of the system in place. For instance, combinatorial repertoires established previously document specific ordering in combinatorial structuring in chimpanzees (Girard-Buttoz et al., 2022b;[START_REF] Leroux | Call combinations in chimpanzees: a social tool?[END_REF], and playing back the reversed order combination (i.e. "waa-bark+alarm-huu") to the subjects could help investigate whether such ordering is relevant to receivers, potentially strengthening the claims for syntactic-like structuring (see [START_REF] Suzuki | Experimental evidence for compositional syntax in bird calls[END_REF] for similar experiments in birds). In addition, a recent review paper suggested the current framework applied to animal linguistics needs further improvement to unambiguously confirm whether receivers extract the meaning from a sequence as a whole (i.e. non-trivial compositionality)

or simply as a conjunction of separate utterances (i.e. trivial compositionality) [START_REF] Schlenker | The ABC-D of Animal Linguistics: Are Syntax and Compositionality for Real?[END_REF]). In the latter scenario, a combination "alarm-huu+waa-bark" produced by one individual alone would elicit the same reaction from receivers as an "alarm-huu" produced by one individual followed immediately by a "waa-bark" produced by another individual (see little Johnny example p.13; [START_REF] Schlenker | The ABC-D of Animal Linguistics: Are Syntax and Compositionality for Real?[END_REF]. Playing back an artificial combination composed of calls produced by two distinct individuals (i.e. "alarm-huu" from ID-1 + "waabark" from ID-2) would help disentangle these two potential scenarios and further our understanding of the syntactic-like nature of this structure and the extent to which it compares to human syntax (see [START_REF] Suzuki | Experimental evidence for core-Merge in the vocal communication system of a wild passerine[END_REF] for a similar experiment in birds). Finally, focusing on a single structure at a time can lead to underestimating the complexity of the system as a whole and prevents fair comparison with human syntax.

Therefore, similar experimental verifications should be conducted on a larger set of combinations highlighted as promising candidates in previous studies to shed light onto the complexity of the chimpanzee syntactic-like system. However, one should choose the structures investigated further extremely carefully: conducting such experiments with chimpanzees, especially in the wild, comes with an array of logistical and ethical challenges that need to be given thorough consideration. V.

On the ontogeny of combinatoriality in chimpanzees

To gain a holistic understanding of syntax and its evolution, one cannot investigate combinatorial structures produced in mature individuals only. Syntax in humans does not appear ex nihilo in adults but is sensitive to environmental input. It has been argued learning shapes language acquisition from infancy to adulthood [START_REF] Freeman | Research methodology on language development from a complex systems perspective[END_REF][START_REF] Kretzschmar | Language and complex systems[END_REF] and critical insights into the evolution of syntax can be gained by investigating how this system develops [START_REF] Griebel | Developmental Plasticity and Language: A Comparative Perspective[END_REF]. However, the ontogenetic processes underlying the development of our closest-living relative's combinatorial communication are largely understudied [START_REF] Griebel | Developmental Plasticity and Language: A Comparative Perspective[END_REF][START_REF] Oller | Vocal Development as a Guide to Modeling the Evolution of Language[END_REF][START_REF] Genty | Vocal-gestural combinations in infant bonobos: new insights into signal functional specificity[END_REF].

A recent case study reported the vocal production of a newborn from the Sonso community, Budongo, which was observed to produce 6 distinct call types, both in isolation and in combination [START_REF] Soldati | The Ontogeny of Vocal Sequences: Insights from a Newborn Wild Chimpanzee (Pan troglodytes schweinfurthii)[END_REF]. Out of these 6 call types, one was further separated into two sub-categories, phase 1 and phase 2, which the authors described as infantile versions of the introduction and climax phases of the "pant-hoot" respectively [START_REF] Soldati | The Ontogeny of Vocal Sequences: Insights from a Newborn Wild Chimpanzee (Pan troglodytes schweinfurthii)[END_REF]. The apparent differences in acoustic structure between the newborn calls and adult onesincluding the "pant-hoot" -indicate that while the chimpanzee vocal repertoire appears to be present very early in life, it might undergo developmental maturation, including in terms of combinatorial structuring [START_REF] Soldati | The Ontogeny of Vocal Sequences: Insights from a Newborn Wild Chimpanzee (Pan troglodytes schweinfurthii)[END_REF].

Another recent study confirmed this hypothesis and demonstrated that chimpanzees produce adult-like levels of sequential complexity from 8 to 10 years of age only [START_REF] Bortolato | Slow development of vocal sequences through ontogeny in wild chimpanzees (Pan troglodytes verus)[END_REF]. Specifically, the authors showed call diversity within a sequence (i.e. number of distinct call types within a sequence) increased mostly around 2.5 years of age, sequence length around 4 years of age, panted inhalation at 5 years of age and serial panted inhalations (here two adjacent panted units) at 7 years of age [START_REF] Bortolato | Slow development of vocal sequences through ontogeny in wild chimpanzees (Pan troglodytes verus)[END_REF].

Together, these studies suggest the chimpanzee combinatorial communication system increases in complexity throughout the development of young individuals. However, besides this general trend, very little is known regarding which changes occur qualitatively (e.g. which call types are combined, in which order, etc) at what developmental stage of the chimpanzee's life. For example, some combinatorial structures seem to be universal, such as the "pant-hoot+food call" observed in seemingly the same context in Taï communities [START_REF] Crockford | Call combinations in wild chimpanzees[END_REF] and Budongo communities (Sonso: [START_REF] Leroux | Chimpanzees combine pant-hoots with food-calls into larger structures[END_REF]; Waibira:

Leroux, unpublished data) and potentially produced in rudimentary forms from birth [START_REF] Soldati | The Ontogeny of Vocal Sequences: Insights from a Newborn Wild Chimpanzee (Pan troglodytes schweinfurthii)[END_REF]. For these reasons, such combinations are not primary candidates to investigate social learning in combinatoriality. However, some structures, such as the "pant-grunt+panthoot", have the potential to be socially learned (Girard-Buttoz et al., 2022a). As mentioned in section III., chimpanzees from different communities produce this call combination in various orders while seemingly maintaining the same overall meaning (Girard-Buttoz et al., 2022a).

Although, as the authors discuss themselves, the data presented in this study cannot confirm [START_REF] Seyfarth | Vocal development in vervet monkeys[END_REF] to chimpanzee combinatorial signalling could help further our understanding of these questions.

VI. On the multimodal dimension of combinatorial signalling in chimpanzees

One additional missing piece to the puzzle of chimpanzee combinatorial communication and syntax evolution is the inherent multimodal dimension combinatorial communication has.

Our communication system is not based solely on vocal signalling but is intrinsically

To appear in Revue de Primatologie multimodal: humans integrate facial expressions and gestures into their speech which are fully integral to the information transmitted from the producer to the receiver [START_REF] Goldin-Meadow | The role of gesture in communication and thinking[END_REF][START_REF] Frith | Role of facial expressions in social interactions[END_REF]. A plethora of studies already emphasised the central role of gestures and facial expressions in chimpanzee communication (e.g. gestures: [START_REF] Hobaiter | The gestural repertoire of the wild chimpanzee[END_REF][START_REF] Hobaiter | The meanings of chimpanzee gestures[END_REF][START_REF] Wilke | Declarative referential gesturing in a wild chimpanzee (Pan troglodytes)[END_REF][START_REF] Hobaiter | Are ape gestures like words? Outstanding issues in detecting similarities and differences between human language and ape gesture[END_REF]; facial expressions: [START_REF] Parr | Understanding chimpanzee facial expression: insights into the evolution of communication[END_REF][START_REF] Parr | Classifying chimpanzee facial expressions using muscle action[END_REF]). However, despite the growing number of studies supporting the multimodal origins of language [START_REF] Taglialatela | Multimodal communication in chimpanzees[END_REF][START_REF] Wacewicz | The multimodal origins of linguistic communication[END_REF] -and advocation for adopting a multimodal approach to the comparative study of communication [START_REF] Slocombe | The language void: The need for multimodality in primate communication research[END_REF][START_REF] Liebal | Primate communication: a multimodal approach[END_REF][START_REF] Fröhlich | Multimodal communication and language origins: integrating gestures and vocalizations[END_REF], work on multimodal combinatorial communication in chimpanzees remains extremely rare [START_REF] Liebal | The language void 10 years on: multimodal primate communication research is still uncommon[END_REF].

This means the field currently risks overlooking the potentially extensive complexity of our closest-living relative's combinatorial system and hence its comparability to language.

Two studies in the wild [START_REF] Hobaiter | Wild chimpanzees' use of single and combined vocal and gestural signals[END_REF][START_REF] Wilke | Production of and responses to unimodal and multimodal signals in wild chimpanzees, Pan troglodytes schweinfurthii[END_REF] and one in captivity [START_REF] Taglialatela | Multimodal communication in chimpanzees[END_REF] investigated rates of production of multimodal combinations in chimpanzees. Specifically, [START_REF] Taglialatela | Multimodal communication in chimpanzees[END_REF] showed that chimpanzees are more likely to produce multimodal combinatorial signals when the signal is directed towards a specific individual. Furthermore, [START_REF] Hobaiter | Wild chimpanzees' use of single and combined vocal and gestural signals[END_REF] found that chimpanzees were more likely to produce a multimodal combinatorial structure after an initial vocal signal failed to elicit an expected outcome, while [START_REF] Wilke | Production of and responses to unimodal and multimodal signals in wild chimpanzees, Pan troglodytes schweinfurthii[END_REF] highlighted that chimpanzees were more likely to respond to a multimodal combinatorial signal than a vocalisation alone. Together, these studies indicate that multimodal combinatorial communication help chimpanzees refine and disambiguate the meaning of their message, very much like what has been suggested for vocal combinatoriality (see [START_REF] Nowak | The evolution of syntactic communication[END_REF][START_REF] Leroux | Call combinations in chimpanzees: a social tool?[END_REF]). In addition, although age, sex or rank have not been shown to influence the production of multimodal combinations to date [START_REF] Hobaiter | Wild chimpanzees' use of single and combined vocal and gestural signals[END_REF][START_REF] Wilke | Production of and responses to unimodal and multimodal signals in wild chimpanzees, Pan troglodytes schweinfurthii[END_REF], such signals are predominantly produced during socially driven contexts (i.e. affiliative and agonism) [START_REF] Hobaiter | Wild chimpanzees' use of single and combined vocal and gestural signals[END_REF], which reflects once more what has been observed for vocal combinatoriality [START_REF] Leroux | Call combinations in chimpanzees: a social tool?[END_REF]. Whilst such results are key starting points, they remain superficial and more detailed analyses on the production of specific multimodal structures, the function they may have, and the meaning receivers might extract from them is absolutely necessary. Indeed, if receivers process the information coming from distinct modalities separately, multimodal combinatorial structuring might be a mere by-product of contextbut not communicatively relevant per se.

A recent study aiming to tackle this arduous task documented the potential for meaningful concatenations of gestures with a facial expression [START_REF] Oña | A stepping stone to compositionality in chimpanzee communication[END_REF]. Specifically, chimpanzees produce both "stretched arm" and "bent arm" gestures when requesting an object (i.e. "reach" and "arm raise" in [START_REF] Hobaiter | The meanings of chimpanzee gestures[END_REF]). However, these gestures appear to have a distinct, secondary function, namely to initiate ("stretched arm" gesture) or interrupt ("bent arm" gesture) contact [START_REF] Hobaiter | The meanings of chimpanzee gestures[END_REF]. Furthermore, chimpanzees produce "bared-teeth" displays, a facial expression used in various contexts suggested to have an appeasement function, communicating the benign intent of the signaller [START_REF] Parr | Understanding chimpanzee facial expression: insights into the evolution of communication[END_REF]. [START_REF] Oña | A stepping stone to compositionality in chimpanzee communication[END_REF] document that chimpanzees combine these signals from different modalities in various contexts and that the addition of the "bared-teeth" facial expression to the arm gestures alters the response from recipients elicited during an affiliative context. Specifically, the production of a "stretched-arm+bared-teeth" combination increased the likelihood to receive an affiliative response while the production of a "bent-arm+bared-teeth" combination had an opposite effect [START_REF] Oña | A stepping stone to compositionality in chimpanzee communication[END_REF]. The authors conclude that, while it appears the combinations are meaningful to receivers, a non-To appear in Revue de Primatologie compositional (rather than compositional) account of the data is likely given the "baredteeth" display affects gestures' meanings in opposite directions [START_REF] Oña | A stepping stone to compositionality in chimpanzee communication[END_REF]. Whilst more data are necessary to confirm this, I would like to offer a potential compositional interpretation of this system (see Figure 5). I assume the "bared-teeth" expression communicates benign intentions [START_REF] Parr | Understanding chimpanzee facial expression: insights into the evolution of communication[END_REF], while arm gestures are somewhat ambiguous: both gestures can be interpreted as a begging signal produced to acquire an object, but one is also produced to initiate and prolong affiliative interactions ("stretched-arm" gesture) while the other one is also used to end or avoid an affiliative interaction ("bent arm" gesture) [START_REF] Hobaiter | The meanings of chimpanzee gestures[END_REF]. I propose that adding a facial expression signalling benign intent could inform the receiver that a given communicative event pertains to an affiliative interaction specifically -and not begging. In the first case, a "stretched-arm+bared-teeth" combination would indicate the intention to initiate affiliative interaction while reassuring the receiver about the absence of aggressive intents. This would explain the increase in affiliative behaviour observed in [START_REF] Oña | A stepping stone to compositionality in chimpanzee communication[END_REF].

In the second case, a "bent-arm+bared-teeth" combination would indicate the intention to interrupt an affiliative interaction while reassuring the receiver about the absence of aggressive intents. This would explain the decrease in affiliative behaviour observed in [START_REF] Oña | A stepping stone to compositionality in chimpanzee communication[END_REF]. In both cases, expressing the benign intents and hence, the affiliative dimension of the signal, could explain the effects the combinations have on the affiliative behaviour of the recipient (see Figure 5). In such a scenario, adding a "bared-teeth" expression would disambiguate the meaning of signals that are otherwise ambiguous when produced alone (akin to the English word "bill" for example: "can I have the bill please" vs "the bill of the duck"; or akin to the BSL signs "TODAY" and "NOW", that are disambiguated only with the lip outline of the signer [START_REF] Von Agris | Recent developments in visual sign language recognition[END_REF]). Such a function would be paramount to chimpanzee social dynamics: the misinterpretation of a gesture signalling the start or end of an affiliative interaction could result in increased aggression risks that may have severe consequences for either the signaller, the receiver, or both. Furthermore, this example would be additional evidence multimodal combinatorial communication could help chimpanzees navigate their complex social world. However, this scenario remains highly speculative at this stage and more data are necessary to rule out potential alternative explanations.
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Conclusion

Overall, the studies reviewed here indicate chimpanzees combine calls in systematic ways that resemble syntactic structuring in humans. Specifically, playback experiments suggest chimpanzees are able to derive the meaning of a specific structure from the meaning of its constituent parts, akin to compositional constructions in language. Such data seem to indicate the key building blocks to syntax are unlikely to be de novo evolved in the human lineage but rather are evolutionary more ancient and present in our last common ancestor with chimpanzees. However, additional data expanding our knowledge of the chimpanzee combinatorial system as a whole are critical to assess to what extent such a conclusion is fair.

Preliminary data indicate combinatorial structures in chimpanzees can be flexibly produced, but the role of learning in the acquisition of such capacity in chimpanzees is still unknown, yet central in a comparison with syntax. Furthermore, a pioneer study exploring compositionality in multimodal structures sheds light on an the potentially extensive combinatorial complexity in chimpanzees that has yet to be investigated. Increasing research efforts into the study of multimodal combinatorial structuring in chimpanzees, its ontogeny, and whether and how it relates to human syntax represent, in my opinion, the next steps towards a better understanding of chimpanzee combinatorial communication and the evolution of syntax.

Finally, comparable data in bonobos (Pan paniscus), that share our last common ancestor with chimpanzees, are essential to confirm an evolutionary ancient account of syntax, and therefore language.

Figure 1 :

 1 Figure 1: Spectrogram of (a) the "panted hoo+panted scream" combination extracted from Figure S4c, Girard-Buttoz et al. (2022b) and (b) a "pant-hoot" vocalisation I recorded from the Sonso community. Black brackets indicate Girard-Buttoz et al.'s (2022b) nomenclature. Red brackets indicate the nomenclature traditionally used in the literature (see Soldati et al., 2022).

Figure 2 :

 2 Figure 2: Spectrogram of the "pant-hoot+food call" combination extracted from Figure 1, Leroux et al. (2021).

Figure 3 :

 3 Figure 3: Spectrogram of the "pant-grunt+pant-hoot" combination extracted from Figure 1b, Girard-Buttoz et al. (2022a). Interestingly, in this study, Girard-Buttoz et al. (2022a) seem to name "pant-hoot" only the "panted hoo" elements they define in their previous study (Girard-Buttoz et al. 2022b), which makes it unclear what they are referring to exactly, and further work should investigate the potential consequences of such a definition.

Figure 4 :

 4 Figure 4: Spectrogram of the "alarm-huu+waa-bark" combination extracted from Figure S6c, Leroux et al. 2023.

Figure 5 :

 5 Figure 5: Assumed context of production of each signal in isolation and in combination: (top left) "bent-arm" gesture; (top right) "stretched-arm" gesture; (center) "bared-teeth" facial expression; (bottom left) "bent-arm+bared-teeth" combination; (bottom right) "stretched-arm+bared-teeth" combination. Disclaimer: this graphic representation is purely for illustration purposes and I do not assume chimpanzees possess any complex theory of mind. Illustration credits: Adèle Trévilly.

  To appear in Revue de Primatologie the variation in ordering is due to vocal learning -and despite the concerns raised previously -, it indicates nevertheless that chimpanzees might be able to learn the appropriate configuration of a combinatorial structure based on the environmental input received. More data are needed to determine which form (if any) such vocal learning would take in this context. For instance, do chimpanzees produce combinations in random orders when younger and learn the appropriate order with experience? Do they conform to the group norm (akin to what has been observed in the acoustic structure of "food calls"(Watson et al., 2015b)) or do they learn that an incorrect construction does not elicit the same reaction from the receivers? How do young chimpanzees acquire the meaning of attested syntactic-like structures? Future work should address these gaps in the literature systematically. For instance, qualitatively comparing the structures produced at various age classes could help investigate how call types are combined (e.g. which calls, in which order…) at different ages and test whether combinatorial signalling in chimpanzees changes through development.

	Furthermore, investigating potential shifts in contextual usage of specific call combinations
	throughout ontogeny (i.e. is the contextual use of a specific structure refined with age?) could
	help determine whether chimpanzees learn the appropriate function of a specific structure
	with experience. Adapting the set of experimental procedures conducted to investigate
	referential signalling ontogeny in vervet monkeys
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