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Abstract:  22 

The evolution of human musicality has attracted immense and intense cross-disciplinary 23 

research attention. However, despite widespread interest, there has been surprisingly little 24 

explicit focus on the conserved roots and evolutionary precursors of musicality in our closest 25 

relatives, chimpanzees (Pan troglodytes) and bonobos (P. paniscus). We here aim to 26 

evaluate the extant literature on chimpanzees and bonobos in behavioural contexts relevant 27 

to evolutionary theories of musicality, especially simultaneous production of acoustics 28 

signals by multiple individuals (‘collective acoustics’). We illustrate the importance of this 29 

literature by evaluating and comparing a pair of recent, influential, and competing theories on 30 

the evolution of human musicality (music for social bonding and music for credible signalling) 31 

in light of the reviewed empirical evidence. We conclude by highlighting core remaining 32 

questions for future empirical studies on great ape collective acoustics that may have critical 33 

influence on our understanding of the evolution of human musicality. 34 
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1. Introduction 37 

1.1 General background 38 

Collective acoustics, or simultaneous production of acoustic signals by multiple individuals, 39 

is a staple of human group behaviour and musicality. One major approach to the scientific 40 

study of human musical origins is through analysis of non-human animal acoustic behaviour. 41 

Specifically, the biomusicology approach described by Fitch (2015) emphasizes a multi-42 

component, pluralistic, comparative, and ecologically-motivated perspective towards the 43 

evolution of musicality. Traditionally, much of this work has focused on cases of convergent 44 

vocal evolution, but as such there has been little attention paid to the conserved roots of 45 

human musicality found in our closest relatives, the Pan apes. Likewise, the majority of 46 

research attention on the function of great ape acoustics has so far focused on signals from 47 

a single caller, leaving the role of collective acoustics largely under-explored. We therefore 48 

address this gap by focusing explicitly on collective acoustics, both vocal and percussive, in 49 

bonobos and chimpanzees. We analyse the natural contexts and underlying factors involved 50 

in the simultaneous and synchronised vocalisations and drumming observed in great apes, 51 

and discuss their relevance and implications for broader theories targeting the evolution of 52 

musicality. 53 

 54 

Theorising about the evolutionary origins of music has been ongoing for nearly as long as 55 

theorising about evolution itself. Darwin himself first speculated that music’s evolutionary role 56 

was in the context of sexual selection (Darwin, 1871). Another influential, but opposing, 57 

perspective suggests instead that music is a mere byproduct of auditory preferences driven 58 

by other evolutionary processes (so-called “auditory cheesecake”) (Pinker, 2003). Other 59 

perspectives still, not always mutually exclusive, suggest core evolutionary roles for 60 

elements of musicality in contexts of offspring care (Dissanayake, 2001), frightening off 61 

predators  (Jordania, 2009), emotional communication (Mithen, 2006), or as a consequence 62 



of our switch to bipedalism (Larsson et al., 2019). There is no shortage of alternatives. While 63 

our paper aims to comprehensively review Pan collective acoustics (and related music-64 

related behaviours) relevant to any theory of human musicality, we here focus especially on 65 

illustrating the importance of this approach through application to two influential but 66 

competing hypotheses: music for social bonding and music for credible signalling. This pair 67 

of hypotheses both emphasise continuity between species, make testable predictions for 68 

non-human animal acoustic behaviour, and more specifically emphasize functional 69 

importance in behavioural contexts that significantly differ between our two closest relatives, 70 

bonobos and chimpanzees. The opposing predictions of this pair therefore provide a clear 71 

case study for the evaluating implications of conserved collective acoustic behaviour on our 72 

understanding of the evolution of human musicality. 73 

 74 

1.2 Chimpanzees and bonobos 75 

Chimpanzees and bonobos are humans’ two closest relatives. The Homo lineage split from 76 

Pan an estimated 5-6 million years ago, while the two Pan species split from one another 77 

only around 1-2 million years ago (de Manuel et al., 2016; Prado-Martinez et al., 2013; 78 

Prüfer et al., 2012; Takemoto et al., 2015). In this time, the three extant Hominins each 79 

developed a distinct range of collective acoustic behaviour, both in form and context. In 80 

order to explain why humans alone display the diversity of musical behaviour universally 81 

expressed in this species, we therefore also require a careful assessment of the collective 82 

acoustics of bonobos and chimpanzees. We must explain when and why the forms that 83 

existed in the last common ancestor were insufficient, and why the two Pan species show 84 

differing overlap with humans in key properties of their collective acoustic repertoire. A full 85 

understanding of the evolution of musicality will entail explanation of both what humans 86 

share with other apes, but also what they do not, and further will identify the behavioural 87 

precursors that human-unique forms likely developed from. 88 

 89 



Both chimpanzees and bonobos are flexible frugivores, exhibit fission-fusion grouping 90 

structures, and have male philopatry (Gruber & Clay, 2016). Despite their recent divergence 91 

and similar ecological niches, however, they show some striking differences in social 92 

behaviour. Notably, chimpanzees are characterised by violent intergroup relations, have 93 

strict male dominance hierarchies shaped by coalitionary aggression, and in some 94 

populations engage in group hunting. Bonobos, on the other hand, have largely tolerant 95 

intergroup relations (even lasting weeks at a time) and an absence of inter-group lethal 96 

aggression, their dominance hierarchies are often described as co-dominant between males 97 

and females (with strong female but little male coalitions), and they outperform chimpanzees 98 

at most captive dyadic cooperation tasks (Hare & Yamamoto, 2017). Both species also have 99 

rich, overlapping yet distinct, acoustic repertoires, a key difference being the notably 100 

elevated pitch of bonobo vocalisations as compared to those of chimpanzees (Grawunder et 101 

al., 2018). As humans’ two closest relatives, comparisons between these three species have 102 

provided key insights about humans’ evolutionary past (see Hare & Yamamoto, 2017 for a 103 

review). While the other great apes, gorillas and orangutans, are undoubtedly relevant as 104 

well, we limit our focus to Pan to allow a more thorough and focused discussion of the two 105 

sister species. 106 

 107 

 108 

1.3 Music for social bonding and music for credible signalling 109 

The first of the two major theories we explore in apes is the music for social bonding (MSB) 110 

hypothesis (Savage et al., 2021). As the name suggests, this theory argues that the principle 111 

unifying evolutionary function of musicality is to support the development and maintenance 112 

of social bonds. Focusing on the effects of joint music production on social relations between 113 

performers, Savage et al. (2021) review evidence on music’s structural suitability for large-114 

scale social bonding (amenable to a reliable prediction of large numbers of participants 115 

through repetitive structure), neurobiological evidence for its effects on social affiliation and 116 



reward (especially highlighting the release of oxytocin and dopamine in musical and bonding 117 

contexts), and cross-cultural and cross-species evidence for the contexts in which certain 118 

elements of musicality can reliably be found. MSB is proposed to also apply to parent-119 

offspring bonds and mate bonding through the same mechanisms, but emphasises 120 

especially music’s evolutionary role in group-wide social cohesion. The argument is that 121 

music and its evolutionary precursors allowed individuals to align in time, coordinate in large 122 

groups, and share emotions through expressive performance. The authors thus predict that 123 

music is not an all-or-nothing phenomenon, but rather emphasise continuity, and predict that 124 

elements of musicality, even in the absence full-fledged music, will have similar social and 125 

physiological effects across species. They therefore predict that synchronous and 126 

predictable acoustic production will promote social bonding across species, and that the 127 

occurrence of music-like behaviour should reflect species’ socio-ecologies (being more 128 

pronounced in species requiring scalable bonding mechanisms beyond the dyadic level). 129 

They also predict that similar physiological mechanisms, acoustic structural properties, and 130 

emotional content should be found across species in these contexts. 131 

 132 

Alternatively, the second major theory we explore is music for credible signalling (MCS) 133 

hypothesis (Mehr et al., 2021). This theory instead focuses on credible signalling of 134 

cooperative intent in two domains: coalitional strength and parental attention. As the 135 

empirical evidence relevant for the latter in chimpanzees and bonobos is largely insufficient 136 

for evaluation of this hypothesis at this time, we focus here on the arguments for credible 137 

signalling of coalitional strength. In this domain, Mehr et al. (2021) suggest that the primary 138 

evolutionary function of musicality is in its effects on listeners as opposed to the producers. 139 

According to the MCS, collective acoustic signals in the context of cooperative signalling can 140 

reliably indicate the number of individuals, their coordination ability, and the willingness of 141 

the participants to join the cooperative act (i.e., louder more cohesive and coordinated 142 

acoustic displays can be a signal of larger more coordinated coalitions). They highlight that 143 

complex acoustic signals have evolved independently across species in territorial defence, 144 



that coordination requires substantial effort and could therefore be a costly signal of 145 

investment in the coalition, and that group coordination ability could thus signal value in a 146 

biological market of potential allies for both within-group and between-group contests. MSC, 147 

like MSB, emphasises continuity between species. Predictions relevant to other species 148 

arising from this view are therefore that collective acoustics will vary by degree of coalitional 149 

and intergroup competition, that they will be associated with cooperative intent in species-150 

typical cooperative contexts, and that individuals should be highly sensitive to the acoustic 151 

coordination of potential allies and opponents. 152 

 153 

1.4 Previous studies 154 

Despite the emphasis on continuity in both proposals, most previous comparative 155 

biomusicology has focused on convergent rather than conserved behaviour. Work with 156 

songbirds, marine mammals, and pinnipeds, for example, have shaped evolutionary thinking 157 

around complex vocal learning (Fitch, 2005; Patel, 2021; Ravignani et al., 2016), while the 158 

duetting of some birds and primates (e.g. gibbons, Hylobatidae; titi monkeys, Callicebinae; 159 

and indris, Indri indri) have provided insights on the biological roots of vocal synchronisation 160 

(Clink et al., 2020; Gamba et al., 2016; Geissmann, 2002; Haimoff, 1986; Müller & 161 

Anzenberger, 2002). Attention to great apes has thus far been more limited (Wagner & 162 

Hoeschele, 2022). Some authors have speculated on the relevance of attention to our 163 

closest relatives, but largely without detailed reference to available empirical literature. Of 164 

note, Merker (1999) appealed explicitly to the context of synchronous chorusing in our great 165 

ape relatives in the origins of music, and Hagen and Hammerstein (2009) build from this 166 

perspective, suggesting “Thus did the calls of human ancestors, which were probably 167 

functionally analogous to chimpanzee pant hoots or wolf howls, evolve into the music of 168 

modern humans.” Fitch (2015) pays more attention to another great ape behaviour 169 

potentially relevant to the evolution of music, noting that “ape drumming represents a striking 170 

parallel to human percussive behaviour, and its appearance in our closest living relatives 171 

(but not, apparently, among orangutans or other primates) strongly suggests the possibility 172 



of an overlooked and important homology for human instrumental music making.” 173 

Conversely, Killin (2024) suggests “wild chimps might drum along on tree buttresses or their 174 

bodies, and indeed make a racket, but not a racket with a steady beat” and McDermott and 175 

Hauser (2005) judge that it “seems unlikely that any resemblance between some elements 176 

of human and animal song is due to a homology.” Clearly, more attention to the empirical 177 

evidence is needed, both to specify the key similarities and differences between Homo and 178 

Pan collective acoustic behaviour and to evaluate the evolutionary reasons for the 179 

differences between the three species. An accumulating body of work, both on acoustic 180 

behaviour and musical precursors such as rhythm perception in apes, now allows for more 181 

direct comparison of theory and evidence as applied to the potentially conserved elements of 182 

our species’ musicality. 183 

 184 

For the remainder of this paper we follow Duranton and Gaunet (2016) in distinguishing 185 

behavioural synchrony (performing the same behaviour at the same time) and temporal 186 

synchrony (fine-scale temporal alignment, but not necessarily the same behaviour). Table 1 187 

illustrates a (non-exhaustive) set of predictions for species commonalities and differences 188 

that can be drawn from the Music for Social Bonding (MSB) and Music for Credible 189 

Signalling (MCS) hypothesis for the evolution of human musicality as applied to Pan 190 

collective acoustics. The two hypotheses make some similar and some different predictions 191 

in each case. Where they agree, they can be used to assess how well the hypotheses 192 

together account for collective acoustic behaviour in Pan, and where they differ they can be 193 

used to identify which gives more accurate predictions. Caution is required, as even similar 194 

proximate behaviours may have different ultimate functions, and likewise similar ultimate 195 

functions may produce different proximate behaviours. We therefore survey both the range 196 

of contexts of ape collective acoustics as well as our knowledge on their proximate 197 

underpinnings, and propose several future directions in bridging the fields of biomusicology 198 

and great ape acoustics. 199 

  200 



Table 1. Summary of differing predictions of MSB and MCS for Pan collective acoustics. 201 

Hypothesis Main evolutionary 
function of music 

Predicted 
commonalities 

across Pan species 

Predicted 
differences within 
and between Pan 

species 

Music for Social 
Bonding (MSB) 

Promote bonds 
between joint callers 

Collective acoustics 
track affiliative (e.g. 
grooming, food 
sharing) networks. 
 
Low importance of 
listeners on 
collective acoustic 
production. 
 
Collective acoustics 
most common in 
socio-positive 
affiliative settings. 
 

Collective acoustics 
match species 
differences in 
bonding patterns 
(most prominent in 
chimpanzees in 
males and at the 
group-level, in 
bonobos most 
prominent in 
females and at the 
dyadic-level). 
 
Collective acoustics 
in intergroup 
encounters more 
prominent in 
bonobos (intergroup 
affiliation and 
bonding only in 
bonobos). 
 
Small between-
species compared 
to within-species 
differences in overall 
collective acoustics 
and rhythmic ability  
(similar importance 
of social bonds 
overall to both 
species despite 
distinctions in form). 

Music for Credible 
Signalling (MCS) 

Honestly signal 
coalitionary strength  

Collective acoustics 
track coalitionary 
aggression 
networks. 
 
High importance of 
listeners on 
collective acoustic 
production. 
 
Collective acoustics 
most common in 
socio-negative 
competitive settings. 
 

Collective acoustics 
match species 
differences in 
coalition patterns 
(prominent only in 
male chimpanzees 
and female 
bonobos). 
 
Collective acoustics 
in intergroup 
encounters more 
prominent in 
chimpanzees 
(intense intergroup 



competition only in 
chimpanzees). 
 
More collective 
acoustics and 
rhythmic ability in 
chimpanzees 
(intense intergroup 
competition and 
coalitionary 
dominance 
networks only found 
in chimpanzees). 

 202 

2. Contexts of ape collective acoustics 203 

2.1 Joint calling with others: social factors associated with calling together 204 

Joint calling, when two or more individuals vocalise at the same time, is a common 205 

behaviour in many animal species ranging from insect species to humans (Bailey & 206 

Hammond, 2003; Demartsev et al., 2018; Levinson, 2016; Merker, 1999; Pika et al., 2018; 207 

Schulz et al., 2008; Snowdon & Cleveland, 1984; Takahashi et al., 2013). Coordinated 208 

calling, as used here, takes place when two or more calling individuals additionally actively 209 

coordinate their vocal behaviour (e.g. temporally align their calls or engage in turn taking) 210 

rather than merely calling at the same time. Since human music and singing often involve 211 

such coordinated joint vocal displays, investigating the evolutionary basis of this behaviour, 212 

especially in our closest evolutionary ape relatives can inform about its evolution in humans 213 

(Merker, 1999).  214 

 215 

Joint calling has been especially well researched in wild chimpanzees, with one call type, the 216 

pant hoot, receiving particularly close attention. Pant hoots play an important role in 217 

coordinating movements of individuals in a society with a high degree of fission-fusion 218 

dynamics (Mitani & Nishida, 1993). However, pant hoots are also commonly produced in 219 

choruses with other individuals, with males in some populations calling more often jointly 220 

with others than alone (Fedurek, Machanda, et al., 2013; Pougnault et al., 2021). Pant 221 

hooting seems to be a coordinated vocal event, and there is evidence that joint pant hooting 222 



plays an important role in cultivating social bonds, especially between males, who are more 223 

likely to chorus with bonded individuals (Fedurek, Machanda, et al., 2013; Mitani & Gros-224 

Louis, 1998). Pant-hoots are sometimes, but not always, steadily isochronous (van der 225 

Vleuten et al., 2024) and tend to accelerate in tempo in the build-up relative to introduction 226 

phase (Fedurek, Schel, et al., 2013). While isochrony is sometimes hailed as prerequisite for 227 

fine-scale temporal synchrony, predictable acceleration may also enable predictable 228 

interbeat intervals. Although bonobos also produce a homologous call, the high-hoot (de 229 

Waal, 1988), significantly less work has focused on bonobo acoustic communication, 230 

including joint calling. Nevertheless, one study conducted in captivity suggestively found 231 

evidence for preferential joint calling with close social partners (Levréro et al., 2019). 232 

Interestingly, where joint sound production in chimpanzees is predominantly characterised 233 

by overlapping calls of several individuals (Pougnault et al., 2021), joint calling in bonobos is 234 

more typically characterised by dyadic overlap avoidance (Levréro et al., 2019) and even 235 

turn-taking (Cornec et al., 2022; Schamberg et al., 2016). The similar social effects and 236 

presence of coordination in both species, but diverging acoustic structures, may be 237 

consistent with MSB and with recent discussion differentiating dyadic from group bonding 238 

strategies in bonobos and chimpanzees (Brooks & Yamamoto, 2022).  239 

 240 

At the same time, however, pant hoot chorusing among chimpanzees may facilitate 241 

coalitions between males, regardless of the level of social bonds between them. For 242 

example, one study showed that males were more likely to tolerate each other at feeding 243 

sites, and support each other in agonistic interactions, on days when they chorused together 244 

(Fedurek, Machanda, et al., 2013). On a short term basis, chorusing was a better indicator of 245 

other affiliative behaviour than even social grooming (Fedurek, Machanda, et al., 2013). 246 

There is additional evidence for call convergence and active accommodation in chimpanzee 247 

pant hoots. Calls produced together become more similar both acutely during choruses 248 

(Mitani & Gros-Louis, 1998), and longitudinally as a function of time associating together 249 

(Mitani & Brandt, 2010). This indicates a dynamic process of matching acoustic properties 250 



with coalition partners, perhaps more consistent with the predictions of MCS in invoking 251 

coalitionary aggression and honest signals of alliance strength through coordination.  252 

Relatedly, there is even evidence for between-group differences in the calls of both species 253 

(Crockford et al., 2004; Girard-Buttoz et al., 2022; Mitani et al., 1992, 1999; Schamberg et 254 

al., 2024). In wild bonobos, adults often produce long-distance high hoot choruses in a 255 

seemingly coordinated way (Hohmann & Fruth, 1994), however compared to chimpanzee 256 

pant hoot choruses considerably less is known about their function and there are no studies 257 

of acoustic and coalitional network similarity. Nevertheless, some differences may be 258 

anticipated. Most notably, although male chimpanzees show strong coalitionary alliances, 259 

reflected in their coordinated pant hoot calling, bonds among male bonobos are typically 260 

weak with an absence of strong coalitionary ties (Surbeck et al., 2012, 2017). Therefore, 261 

high hoots would be expected to show less acoustic coordination among male bonobos as 262 

compared to chimpanzees under both MSB and MCS. Female bonobos do, by contrast, 263 

show stronger coalitionary relationships (Furuichi, 2011), although it remains unclear 264 

whether these may be signalled through acoustic displays such as hoot chorusing.   265 

 266 

Besides the pant hoot, joint calling can also be observed in other contexts such as hunting, 267 

social grooming, and alarm calling. For example, in wild chimpanzees joint calling can 268 

precipitate engagement in group hunts, where the bark vocalisation serves as a reliable 269 

indicator of hunting motivation, promotes recruitment of others to the hunt, and joint calling is 270 

associated with increased hunt efficiency (Mine et al., 2022). In at least this context, 271 

therefore, joint calling is a credible signal of both cooperative intent and coordinative ability, 272 

consistent with MCS, but time-series data is needed to evaluate the presence of active 273 

coordination of barks. While wild bonobos engage in hunting, it is mostly opportunistic and 274 

individual-based, with little evidence of group coordination (Ihobe, 1992; Surbeck & 275 

Hohmann, 2008). Both species also regularly produce sounds (e.g. lip-smacks, sputters, 276 

teeth chomps) during grooming bouts, which are associated with longer and reciprocated 277 

grooming (Fedurek et al., 2015) as well as grooming with higher-ranking and closer coalition 278 



partners (Watts, 2016). These sounds are typically produced only by individuals actively 279 

grooming (and not those simply receiving grooming) (Fedurek et al., 2015), and while no 280 

coordination of these vocalizations has been quantitatively assessed, bouts with multiple 281 

simultaneous groomers are more common in chimpanzees than bonobos (both mutual and 282 

polyadic grooming)  (Allanic et al., 2020; Girard-Buttoz, Surbeck, Samuni, Boesch, et al., 283 

2020; Sakamaki, 2013; Surbeck & Hohmann, 2015). Individually, lip-smacks are the only 284 

chimpanzee vocalization so far have been found to contain speech-like rhythmic properties 285 

(Pereira et al., 2020), suggesting this may be a worthwhile direction of study. MSB, but less 286 

so MCS, would predict the social bonding context to be particularly salient for collective 287 

acoustic behaviour. Finally, alarm call vocalisations are common to both species and can 288 

often overlap. Of relevance, in a field experiment chimpanzees’ alert calling was more 289 

effective at alerting groupmates of a potential threat (model viper) than bonobos in a group 290 

context, presumably involving some degree of coordination (Girard-Buttoz, Surbeck, 291 

Samuni, Tkaczynski, et al., 2020).  292 

 293 

Evidence from both great apes, but primarily chimpanzees, therefore provides some 294 

empirical support to both MSB and MCS. Across studies, these findings point towards 295 

continuity between humans and other apes in the form and function of collective acoustic 296 

production. 297 

  298 



2.2 Joint calling to others: audience sensitivity 299 

Here, we discuss two examples of processes in ape vocal behaviour which have importance 300 

for both MSB and MCS: sensitivity to audience presence and sensitivity to the audience’s 301 

response. 302 

 303 

Audience effects - sensitivity to the presence and type of audience when signalling- are 304 

common processes in many animal species and are informative about both signal function 305 

and the mechanisms involved in its production (Zuberbühler, 2008). Audience effects play a 306 

role in joint signalling, as again demonstrated by research on long-distance chimpanzee pant 307 

hooting and bonobo high-hooting. A recent study, for example, showed that male 308 

chimpanzees were more likely to produce pant hoots during displays when other males, 309 

especially dominant males, were nearby (Soldati et al., 2022). Male pant hoot rates may also 310 

increase in the presence of an oestrous female, possibly because the need for signalling 311 

social status and social bonds between males is higher during the times of elevated male-312 

male competition (Fedurek et al., 2014; Kalan & Boesch, 2018; but see Eleuteri et al., 2022; 313 

Mitani & Nishida, 1993). Another study found that chimpanzees pant hooted more frequently 314 

when alliance partners were nearby, but importantly found no effect of preferred grooming 315 

partners (Mitani & Nishida, 1993), more consistent with MCS than MSB. Among wild 316 

bonobos, there is evidence that individuals can signal to other audience members their intent 317 

to either join or be joined by other members in different parties in coordinated vocal 318 

exchanges (Schamberg et al., 2016, 2017), but the role of diverse forms of social relations in 319 

their coordination has not yet been directly investigated.  320 

 321 

Adjusting signal production in accordance with the response of the audience is another way 322 

of facilitating coordinated signalling. Acoustic analyses have revealed that the structure of 323 

pant hoots actually promotes chorusing. In chimpanzees, the acoustic structure of pant 324 

hoots has been shown to be subject to modification depending on whether other individuals 325 



participate in joint calling. Male chimpanzee adjust the duration of the build-up and climax 326 

phases of the pant hoot depending on the audience response: if the partner joined late the 327 

initiator’s call at the build-up rather than the introduction stage, the initiator prolonged the 328 

build-up as if to let the partner join the display, before progressing to the climax (Fedurek, 329 

Schel, et al., 2013). Importantly, there was a positive correlation between the number of 330 

climax elements given by two chorusing males, suggesting that males actually coordinate 331 

their calls when pant hooting together (Fedurek, Schel, et al., 2013). Chimpanzees also 332 

prolong the climax phase while calling in groups, again to facilitate chorusing (Fedurek, 333 

Schel, et al., 2013). Similar coordinated calling has been proposed for bonobo high hoots, 334 

with individuals apparently temporally synchronising their calls when chorusing with others 335 

(de Waal, 1988; Hohmann & Fruth, 1994), but direct evidence is limited. Unlike chimpanzee 336 

pant hoots, which are multi-componential and contain longer/slower call elements that can 337 

promote joint calling, bonobo high hoots are short in duration and produced in fairly rapid 338 

repetitive phases (Clay & Zuberbuhler, 2014). Moreover, although wild bonobos have been 339 

shown to combine high hoots with a longer ‘whistle’ prefix call, this combination appears to 340 

instead signal the caller’s intention to join another party, rather than be used to promote joint 341 

calling (Schamberg et al., 2017). In this sense, although it remains to be tested, the acoustic 342 

structure and call delivery of bonobo high-hoots may make them less amenable to joint 343 

calling, especially at the group level.  344 

 345 

Joint calls in Pan therefore may overlap in context and effects with some human musical 346 

behaviour as predicted by MSB and MCS. Individuals are actively modifying and 347 

coordinating their calls with one another, and this calling and coordination depend on both 348 

other producers and the receivers. 349 

  350 



2.3 Percussive behaviour 351 

Fitch (2006) has suggested that drumming in chimpanzees and chest beating in gorillas 352 

could be homologous to human music. Bimanual percussion is rare across animals and 353 

among primates only found in the African great apes (Fitch, 2006). Looking at the forms and 354 

functions of this percussive behaviour in the Pan apes, especially in collective contexts, is 355 

thus one way to investigate the origins of our musical behaviours.  356 

 357 

In chimpanzees, drumming can accompany vocal signals such as long-distance calls (e.g., 358 

climax of a pant hoot), and can sometimes even replace part of the vocal phrase (Arcadi, 359 

1996; Babiszewska et al., 2015; Boesch, 1991). Drumming in the wild shows rhythmicity and 360 

some between-subspecies variation (Eleuteri et al., 2025) though the importance of such 361 

differences are not yet well-understood. Tree-buttress drumming with hands and feet is most 362 

commonly observed, but stone-assisted drumming has also been reported, and may serve a 363 

distinct behavioural function (van Loon et al., 2025). Drumming can be seen in a diversity of 364 

contexts, the most frequent of which in chimpanzees are during dominance displays and 365 

during travel (Arcadi et al., 1998, 2004; Goodall, 1986). When a male starts drumming, 366 

others often respond with their own drumming and/or vocalisations which can generate, or 367 

coincides with, high levels of tension at the collective level (Arcadi et al., 1998; Ghiglieri, 368 

1984; Goodall, 1986; Nishida et al., 1999; Reynolds & Reynolds, 1965). In bonobos, 369 

drumming has also been reported but appears to be much rarer, with no focused studies on 370 

the phenomenon. Some authors report that buttress drumming is generally performed by 371 

males and that it is often associated with long distance vocalisations, as in chimpanzees 372 

(Hohmann & Fruth, 2003), and also that it is often seen just after a collective departure 373 

(Kano, 1998). However, more research is needed to assess how, why, and when bonobos 374 

drum. 375 

 376 



Long-distance communication is one likely function for chimpanzee drumming. For example, 377 

drumming can inform the various parties about the direction one has taken, improving group 378 

cohesion and facilitating regrouping at the next resting site (Boesch & Boesch-Achermann, 379 

2000). To this end, Babiszewska et al. (2015) found drumming occurred most frequently 380 

during travel, Fitzgerald et al. (2022) and Wilhelm et al. (2025) found preference for thin and 381 

wide buttresses for drumming, and Eleuteri et al. (2022) found individual distinctiveness in 382 

the drumming bouts produced during travel but not in those produced during dominance 383 

displays.  384 

 385 

Not all drumming behaviour, however, may function only for long-distance communication. 386 

Chimpanzees often drum when they regroup after travelling or on feeding sites (Goodall, 387 

1986), also called booming, carnival displays, or even celebrations in the food context 388 

(Ghiglieri, 1984; Reynolds & Reynolds, 1965; Sugiyama, 1969), which may serve an 389 

affiliative function, proximately linked to high collective arousal in a positive social context.  390 

Kalan et al. (2019) report on chimpanzees’ preference for resonant timbre in accumulative 391 

stone throwing. Matsusaka (2012) reports on a young wild chimpanzee who repeatedly hit a 392 

clay pot with facial expressions indicating he enjoyed the noise or the drumming, while 393 

Nishida et al. (2009) describe the use of a metal wall for loud drumming only by older 394 

individuals as well as a novel “belly slap” percussive behaviour in play contexts. In captivity, 395 

one chimpanzee was recorded drumming alone for several minutes including with 396 

isochronous rhythms (Dufour et al., 2015). Another chimpanzee on multiple occasions 397 

produced a multi-material “instrument” for his drumming displays, and even repaired it when 398 

necessary (Watson et al., 2022). The lack of obvious communicative function for these 399 

drumming events may suggest that chimpanzee drumming cannot be attributed to a single 400 

function. 401 

 402 

There is some evidence for both between-community (Arcadi et al., 1998, 2004) and 403 

between-individual (Arcadi & Wallauer, 2013; Babiszewska et al., 2015; Eleuteri et al., 2022) 404 



differences in drumming behaviour. Though Arcadi and Wallauer (2013) attribute much of 405 

the between-individual rhythmic variation to differences in gait, Eleuteri et al. (2022) find that 406 

individual drumming distinctiveness depends on context. In bonobos, too, there are 407 

between-community differences, where buttress drumming is may be performed mainly by 408 

hands in the Lomako population but by feet at Wamba (Ingmanson, 1996). However, the 409 

existence of between-individual variation in drumming has not been quantified in bonobos. 410 

Whether between-community differences are socially learned or a by-product of differences 411 

in the environment remains to be further explored in both species. 412 

 413 

Thus, while drumming in the wild can be involved in dominance competitions and territorial 414 

defence, it is also frequently associated with social gathering, collective arousal, play, and 415 

other non-aggressive contexts, consistent with MCS and MSB, respectively. Its occurrence 416 

is not indicative of a singular communicative function, but rather represents a broad category 417 

of acoustic behaviour in apes that can be social or non-social. Careful attention to 418 

differentiating the underlying causes of drumming across contexts will therefore be 419 

necessary to evaluate its relevance to the evolution of human musicality. Its rarity across 420 

species, yet prevalence across diverse contexts in chimpanzees in both the wild and 421 

captivity, is suggestive of a multi-faceted evolutionary history of percussive acoustic 422 

production in great apes.  423 

  424 



2.4 Intergroup encounters 425 

One central point in MCS is that music evolved as a credible signal of coalition strength, 426 

size, and cooperation abilities, in particular to out-groups. Chimpanzees are territorial and 427 

hostile to neighbours, and between-group killings are a pervasive feature of chimpanzee 428 

societies (Wilson & Wrangham, 2003). In contrast, bonobos are not territorial, aggression 429 

between communities is generally mild (Moscovice et al., 2022), no between-group killings 430 

have ever been reported, and bonobos often affiliate and cooperate with out-group members 431 

(Fruth & Hohmann, 2018; Furuichi, 2011; Tokuyama et al., 2019). The two recently diverged 432 

sister species in otherwise largely similar ecological niches can therefore be used to test the 433 

role of collective acoustics in primate intergroup competition. If credible signalling of group 434 

strength drives the expression of the components of music (MCS), such components would 435 

be expected to be expressed during inter-group encounters in chimpanzees more than 436 

bonobos. 437 

 438 

In chimpanzees, most inter-group encounters are characterised by ‘auditory combats’ (Wittig 439 

et al., 2016). Such ‘combats’ are observed across several populations and start with 440 

members of one community engaging in chorusing of pant-hoots, and in particular the ‘roar’ 441 

pant-hoot variant (Crockford, 2019; Goodall, 1986), as well as other calls such as screams 442 

and barks often combined with joint drumming on buttresses (Boesch & Boesch-Achermann, 443 

2000; Goodall, 1986; Nakamura et al., 2015; Wittig et al., 2016). The other community 444 

replies by counter-calling (Boesch & Boesch-Achermann, 2000; Goodall, 1986; Nakamura et 445 

al., 2015; Watts & Mitani, 2001; Wilson et al., 2001) using the same combination of duet 446 

calling and drumming. Chimpanzees also use other means to produce sounds and possibly 447 

impress the opponents, such as dragging and shaking branches (Goodall, 1986). In most 448 

cases the smallest sub-group (or party) and/or the one with the least number of males 449 

retreats (Goodall, 1986) and it has been argued that duet calling provides an honest signal 450 

of group size (Wilson et al., 2007). As such, chorusing but also coordinated drumming may 451 



serve as a credible signal of group strength. Such a signal allows gauging the power of the 452 

enemy (Boesch & Boesch-Achermann, 2000) and impacts the decision of chimpanzees to 453 

engage in a conflict (Herbinger et al., 2009; Lemoine et al., 2022; Wilson et al., 2007), 454 

thereby lowering the risk of deadly outcomes. Indeed, in playback experiments (Wilson et al., 455 

2001) wild chimpanzees parties with 3 or more males typically responded to outgroup pant-456 

hoots with loud, behaviourally synchronous chorusing and approached the speaker, while 457 

parties with less than 3 adult males typically stayed silent and moved slowly away from it. In 458 

captivity, too, hearing outgroup pant hoots was associated with both increased vigilance and 459 

increased affiliative social behaviour with ingroup members (Brooks, Onishi, et al., 2021).  460 

 461 

In bonobos, auditory exchanges during inter-group encounters also occur (Furuichi, 2019; 462 

Itani, 1990) though are described in less detail. For instance, it remains unclear whether 463 

bonobos of one community coordinate calling during such exchanges. Bonobos drum on 464 

occasions during inter-group encounters (Moscovice et al., 2022) but unlike in chimpanzees 465 

drumming is not behaviourally synchronous between individuals. Whether this results from 466 

the lack of opportunities related to the size of trees in the bonobo habitat remains to be 467 

established. Bonobos also produce sounds by dragging, shaking or dinning branches during 468 

inter-group encounters (Hohmann & Fruth, 2003), especially the males (Furuichi, 2019), but 469 

it remains to be established whether this constitutes an attempt by males to signal to 470 

females their intent to travel away from the encounter or if they are used to impress the 471 

opponent (Furuichi, 2019). Altogether, evidence so far supports the overall idea that joint 472 

calling and drumming is more important during inter-group encounters in chimpanzees than 473 

in bonobos, supporting MCS.      474 

   475 



3. Proximate underpinnings 476 

3.1 Rhythm and entrainment 477 

Central to both MSB and MCS is rhythm. According to MSB, the main advantage of 478 

maintaining a regular rhythm is that it allows others to join in and synchronise, while 479 

according to MCS it is to signal coordinative ability and motivation. If collective acoustic 480 

behaviour in Pan is homologous to elements of human musicality, both theories would 481 

predict pronounced rhythmic ability and the occurrence of rhythm in social contexts in 482 

chimpanzees and bonobos. 483 

 484 

Given that chimpanzees and bonobos are drummers in the wild we may expect that they 485 

should be skilled at producing rhythmic drumming bouts. In the wild percussive events are 486 

short (generally shorter than 12 seconds; Fitch, 2006) which has long precluded many 487 

detailed analyses of rhythmicity, but recent work using a large cross-site dataset was able to 488 

demonstrate species-level non-random drumming patterns and subspecies-level variation in 489 

some facets of rhythmicity (such as isochrony) (Eleuteri et al., 2025). In captivity, a long-490 

lasting bout of drumming by a male chimpanzee named Barney showed several regular 491 

rhythms, including a binary rhythm (enabled by the bimanual form) and an isochronous 492 

rhythm that lasted for more than 30 seconds (155 beats) (Dufour et al., 2015). A follow-up 493 

study of Barney’s captive colony further found that several other individuals also drummed 494 

rhythmically (on buckets, various other objects, or against walls), frequently and for long 495 

durations (Dufour et al., 2017). More recently, van der Vleuten et al. (2024) analyzed the 496 

rhythmicity of vocal and motoric behaviour sequences in two groups of captive chimpanzees 497 

and found considerable isochrony. Despite individual variation in tempo, display sequences 498 

across both groups contained regular, isochronous rhythms, suggesting some abilities 499 

underlying rhythmic production likely are conserved from our common ancestor (van der 500 

Vleuten et al., 2024). Evidence therefore suggests that chimpanzees are able to produce 501 

regular beats for more than a few seconds, though their ability to flexibly modulate their 502 



drumming remains unknown. In bonobos, Kanzi, a captive language-trained individual, was 503 

also reported to perform rhythmic drumming (Kugler & Savage Rumbaugh, 2002), 504 

suggesting the ability may be found across Pan. However, there is unfortunately no 505 

published data detailing these events. Replication of the original study and/or additional work 506 

on bonobo rhythmicity are therefore crucially necessary. Overall, these studies support the 507 

notion that the Pan apes can generate and express internal rhythms, as would be predicted 508 

by homology to human music. 509 

 510 

The ability to match behaviour in time to an external stimulus is called entrainment, which is 511 

thought to be relatively widespread in the animal kingdom and central to human musicality 512 

(see Ravignani, Bowling, and Fitch 2014 for a review). Despite its importance, there is little 513 

direct study of entrainment in bonobos or chimpanzees. In the wild, a form of action 514 

entrainment by motor mimicry of pounding gestures has been reported in young 515 

chimpanzees watching others cracking nuts (Fuhrmann et al., 2014). Relatedly, 516 

chimpanzees also produce “carnival displays'' in which several individuals vocalise and 517 

produce repetitive movements together in a tense but non-aggressive way (Ghiglieri, 1984; 518 

Merker, 1999). Chimpanzees have also been found to temporally synchronise their walking 519 

rhythms when walking together compared to independently (Schweinfurth et al., 2022) and 520 

temporal synchrony akin to dancing has been reported between two individuals even without 521 

explicit auditory cues (Lameira et al., 2019). Further, percussive drumming by one individual 522 

can also trigger drumming in another, or intense emotional responses such as repeated 523 

swaying (Dufour et al., 2015; Goodall, 1986). Still, none of these behaviours yet provide 524 

convincing evidence for true entrainment. 525 

 526 

From experimental studies, we do know that one chimpanzee, Ai, could alternate pressing 527 

between two keys on a piano in time to a 600ms inter-beat interval auditory stimulus even 528 

without previous training (Hattori et al., 2013). Additionally, auditory rhythms influenced 529 

chimpanzees’ tapping onset in a test of distractor effects (Hattori et al., 2015). However, in 530 



both these studies this effect occurred only for tempos that were close to the participants’ 531 

spontaneous tapping tempos, limiting conclusions about any true entrainment. Hattori & 532 

Tomonaga (2019) additionally showed that rhythmic swaying could be induced by diffusing 533 

sound stimuli (rhythmical or not) to chimpanzees. The rhythmicity in one male’s movements 534 

was positively correlated with the rhythm of the sound, but only while standing upright. A 535 

bonobo was also found to spontaneously match its own drumming tempo to the one of a 536 

human drummer, consistent with entrainment effects, but this occurred for less than a few 537 

seconds at a time (Large & Gray, 2015). There is therefore not yet clear evidence for 538 

entrainment, but these studies do emphasise flexibility in coordinating interindividual 539 

rhythmic movements and suggest the crucial need for controlled and direct studies. 540 

 541 

Thus, it appears rhythm production and beat keeping may occur in both bonobos and 542 

chimpanzees, highlighting the importance of both species to evolutionary considerations into 543 

the origins of music. That said, evidence for entrainment via coordination to others’ rhythms 544 

remains equivocal at best, and may point towards considerable individual variation. Future 545 

work is necessary to clearly define their extent and functional importance, but the presence 546 

and natural occurrence of certain rhythmic abilities in our ape relatives emphasise their 547 

relevance to music evolution and the potential for homology in the mechanisms underlying 548 

collective acoustics among human and non-human great apes. 549 

  550 



3.2 Behavioural coordination 551 

Behavioural coordination is a key element for any major theory of music evolution. In MSB, 552 

coordination mediates the connection between music and social bonds, where music is 553 

proposed to enhance coordination of actions, synchrony, and turn-taking among individuals. 554 

In MCS, the costs associated with acoustic coordination are what justify its position and 555 

efficacy as a credible signal. We therefore here focus on mechanisms of behavioural 556 

synchrony more generally, describe examples of the kinds of complex coordination observed 557 

in wild chimpanzees and bonobos, and highlight the role of collective acoustic behaviour in 558 

promoting their success. 559 

 560 

On a proximate level, to recognize behavioural coordination individuals must first be able to 561 

perceive the matching of their own movements with the perceived actions of others. This 562 

also underscores mirror self-recognition, which has been documented to some extent in 563 

great apes, including chimpanzees and bonobos (Anderson, 1984; Anderson & Gallup, 564 

2015). Experiments involving chimpanzees have further demonstrated that self-recognition 565 

can occur even with a delay of up to four seconds between their actual movements and the 566 

movements reflected on a monitor displaying their own images (Hirata et al., 2017). Apes 567 

have additionally shown imitation recognition with experimenters (Haun & Call, 2008; 568 

Nielsen et al., 2005), zoo visitors (Persson et al., 2018; though see Motes-Rodrigo et al., 569 

2021), and robots (Davila-Ross et al., 2014). In other words, it is clear that individuals can 570 

recognize coordination between their own movements and the movements of “others," even 571 

with a certain degree of extension across time and space. 572 

 573 

Then, does actual behavioural coordination occur among individuals, and what are the 574 

consequences? Yu & Tomonaga (2015) found that when two chimpanzees were tasked with 575 

alternately tapping two buttons, the timing of tapping spontaneously synchronised between 576 

the two individuals. This synchronisation interestingly seemed to be induced more strongly 577 



by auditory cues than visual cues (Yu & Tomonaga, 2018). In experiments involving pairs of 578 

captive chimpanzees in which participants were given a shared version of a computer-based 579 

serial ordering task, it was shown that two individuals could jointly perform tasks by 580 

alternating roles (Martin et al., 2017). Observationally, walking chimpanzees have been 581 

found to coordinate the timing of their steps (Schweinfurth et al., 2022). Grooming is one 582 

regular context of fine-scale temporal and behavioural coordination that can be observed 583 

among wild adults in both species. Interestingly, while chimpanzees exhibit frequent polyadic 584 

grooming interactions, requiring simultaneous coordination between several individuals and 585 

suggested to support polyadic affiliation in support of intergroup conflict, grooming in 586 

bonobos tends to be between just two individuals (Girard-Buttoz, Surbeck, Samuni, Boesch, 587 

et al., 2020; Sakamaki, 2013), perhaps parallel to differences in joint calling reported above. 588 

In both controlled tasks and observation therefore, apes do appear to engage in 589 

spontaneous temporal coordination, with some hints at a species difference in at least some 590 

contexts. 591 

 592 

The consequences of synchrony and coordination on the psychology of individuals, 593 

however, still remain relatively unexplored. Crucial to MSB is that individuals should become 594 

more closely affiliated after engaging in coordinated behaviour. Somewhat suggestively, 595 

captive chimpanzees have been reported to show enjoyment and playfulness as a 596 

consequence of imitation (Sauciuc et al., 2017). Further, imitation recognition is correlated 597 

with socio-cognitive ability in chimpanzees (Pope et al., 2015) and chimpanzees approach 598 

human experimenters coordinating their gaze faster than behaviourally unmatched humans 599 

(Wolf & Tomasello, 2019). Some evidence from phylogenetically more distant species (e.g. 600 

capuchin monkeys, Paukner et al., 2009, and dogs, Duranton et al., 2019) also suggests that 601 

the positive link between synchronisation and social bonds may not be unique to humans 602 

and may instead be phylogenetically widespread. Evidence in great apes is limited, and 603 

explicit tests are much needed.  604 

 605 



The available evidence is altogether consistent with the view that great apes possess the 606 

necessary precursors for both the downstream effects of collective acoustics posited in MSB 607 

as well as the upstream ability to coordinate behaviourally and vocally highlighted in MCS.  608 



3.3 Emotional content 609 

According to MSB, the sharing or synchronisation of emotions, moods and behavioural 610 

states through collective acoustic processes can serve to establish or solidify social bonds. 611 

This entails some degree of emotional contagion, which refers to the matching or sharing of 612 

emotional states, triggered through observing the states of others (Chotard et al., 2018; 613 

Hatfield et al., 1993; Provine, 1992). Emotional contagion is considered to form a core basis 614 

of many  social interactions, including those of humans, where it can promote social affinity, 615 

information transfer and even more advanced forms of prosocial emotional orientation, such 616 

as empathy (Preston & Waal, 2002). Ape vocalisations are considered to be tightly tied to 617 

emotional states, even if they may also provide referential information at the same time.  618 

According to MSB, emotion contagion should thus occur in contexts of great ape collective 619 

acoustics, while MCS does not make specific predictions for emotion sharing between 620 

producers. 621 

 622 

Some evidence for emotional contagion in chimpanzee collective acoustics comes from 623 

Baker and Aureli (1996) and Videan et al. (2005), finding evidence for a neighbour effect in 624 

chimpanzees where overheard vocalisations promoted behaviour associated with the 625 

vocalisations. Specifically, vocalisations produced in agonistic contexts promoted agonistic 626 

behaviours in the listeners, while overheard affiliative vocalisations promoted affiliative 627 

behaviours (Videan et al., 2005). The emotional content of the neighbour effects was thus 628 

not constrained to a particular context or vocalisation, but the caller’s state seems to have 629 

diffused to those who heard. Relatedly, Debracque et al. (2023) additionally find that even 630 

humans can recognize the emotional content of many primate vocalisations, with the highest 631 

performance with chimpanzee calls. This suggests deep-rooted emotional content 632 

embedded in these vocalisations. Interestingly, human rating performance was less accurate 633 

for detecting the emotional content of bonobo calls, which may be due to their higher 634 

acoustic pitch, making them appear less acoustically similar to the human vocal repertoire.  635 



Food discovery represents one especially notable context that elicits rich collective acoustic 636 

displays and emotion sharing in both chimpanzees and bonobos. Both chimpanzees and 637 

bonobos produce diverse arrays of vocalisations during food discovery and consumption, 638 

including acoustically distinct food-associated calls combined with other calls such as 639 

greetings and long-distance vocalisations (Clay & Zuberbühler, 2009). In both species, 640 

perhaps more consistent with MSB, the discovery of a desirable food patch typically results 641 

in a loud eruption of food-associated vocalisations across individuals, who may continue to 642 

call together while they are feeding, arriving into the feeding tree and in some cases, 643 

engaging in food sharing. As noted, on the other side of the emotional spectrum chimpanzee 644 

drumming can lead others to respond with their own drumming associated with high levels of 645 

collective tension (Arcadi, 1996; Goodall, 1986; Nishida et al., 1999).  646 

 647 

Coordinated calling can be found across emotional contexts from socio-positive grooming, 648 

food patch discovery, and reunions, to highly tense alarm-calls, dominance displays, and 649 

intergroup encounters. Although more work is needed, engaging in collective acoustic 650 

displays during highly emotional events may represent an important evolutionary context we 651 

share with our ape relatives, upon which more advanced forms of Hominid musicality could 652 

have evolved. 653 

  654 



3.4 The possible role of oxytocin 655 

Oxytocin, an ancestral neuropeptide involved in the reproductive function of most 656 

vertebrates (Jurek & Neumann, 2018) and promoting social bonding and prosocial 657 

behaviours in social mammals (Crockford et al., 2014), has been hypothesised to play a 658 

crucial role in human musicality (Fukui & Toyoshima, 2023; Harvey, 2020). In humans, the 659 

brain regions associated with music perception and production and the neural activity 660 

associated with the oxytocinergic system largely overlap (Harvey, 2020). Furthermore, 661 

oxytocin both promotes coordinated musical behaviours (e.g., temporally synchronised 662 

finger tapping; Gebauer et al., 2016) and is released following the expression of musical 663 

behaviours (e.g., group drumming; Yuhi et al., 2017, and choir singing; Kreutz, 2014). To our 664 

knowledge, the link between the oxytocinergic system and components of music has not yet 665 

been investigated in chimpanzees and bonobos. However, bonding and prosocial 666 

behaviours (i.e., grooming, food sharing and post-conflict affiliations in chimpanzees; 667 

Crockford et al., 2013; Preis et al., 2018; Wittig et al., 2014, and female-female sexual 668 

interactions in bonobos; Moscovice et al., 2019) are also associated with rise in peripheral 669 

oxytocin levels in both species. In turn, intranasal administration of oxytocin increases the 670 

propensity to groom others in at least some bonobos (Brooks, Kano, Yeow, et al., 2022). 671 

Furthermore, chimpanzee oxytocin levels reach exceptionally high levels during but also in 672 

anticipation of inter-group conflicts and border patrols (Samuni et al., 2017, 2019), during 673 

which group-members need to coordinate their behaviours, and intranasal oxytocin relatedly 674 

promotes social attention to outgroup members (Brooks, Kano, Kawaguchi, et al., 2022). 675 

Oxytocin may thus play a key role in mediating music-like behaviours, such as duet calling or 676 

joint drumming, which are thought to promote social bonding and require high coordination in 677 

coalitionary contexts (see section 2.1). Interestingly, the oxytocin system has even been 678 

highlighted in the social divergence of chimpanzees and bonobos. Behavioural evidence has 679 

found opposite effects of oxytocin on social attention to the eyes (enlarging known species 680 

differences; Brooks, Kano, et al., 2021), while genetic evidence has found several species 681 



differences the OXTR region across numerous investigations (e.g. Staes et al., 2014, 2018, 682 

2021; Kovalaskas et al., 2020; Summers & Summers, 2023). These studies together further 683 

emphasize the need for more research in the hormone’s role in the context of collective 684 

acoustics, drumming, and music evolution. 685 

  686 



3.5 Proximate effects of music on ape behaviour 687 

Finally, a few previous studies have investigated the direct effects of playing human music 688 

on chimpanzee behaviour, which can be suggestive of whether homologous mechanisms 689 

underlie perception of musical stimuli in both human and non-human apes. For example, 690 

some work has found that chimpanzees, like humans, not only discriminate between but also 691 

show some preference for specific types of music. Sugimoto et al. (2010) found that 692 

chimpanzees show spontaneous preference for consonant over dissonant versions of music 693 

stimuli, as seen in humans in early stages of development. Mingle et al. (2014) investigated 694 

musical preferences of chimpanzees by exposing them to various types of world music and 695 

found a preference for West African akan and North Indian raga music. This suggests 696 

potential commonalities in acoustic preferences between humans and non-human primates, 697 

but detailed follow-up preference tests with finer grain resolution have not been conducted.  698 

 699 

In another line of studies, researchers have played back music to captive chimpanzees 700 

primarily as a means of environmental enrichment. Wallace et al. (2017) found mixed results 701 

in a systematic survey, finding decreased abnormal behaviour, increased activity, and 702 

decreased social behaviour, but no change in self-grooming or aggression, in music and 703 

compared to silent conditions (using both classical and pop music as stimuli). Howell et al. 704 

(2003), by contrast, found that music has positive effects on ape behaviour by reducing 705 

agitation and aggression, using a wide sample of musical stimuli. Videan et al. (2007) also 706 

examined the effects of different types and genres of music on captive chimpanzees, and 707 

found that instrumental music increased their affiliative behaviour, while vocal music 708 

(especially slower “easy-listening” music) reduced their agonistic behaviour. These findings 709 

suggest that music can potentially serve as an environmental enrichment tool for apes and 710 

that overheard human-made musical stimuli affect free behaviour. The choice of stimuli 711 

interacts in complex ways, as would be expected given the diversity of human music, but 712 

much of these effects are still to be uncovered in future work. 713 



 714 

These findings generally align with the MSB hypothesis, perhaps moreso than MCS where 715 

increased affiliation and decreased agonism in music contexts do not have straightforward 716 

explanations. This suggests that music's role in fostering social bonds, possibly through 717 

stress reduction and behavioural synchronisation, may be shared. 718 

  719 



Table 2. Summary of empirical highlights related to Pan collective acoustics and the 720 
conserved roots of human musicality. Note that this table is meant to refer readers to 721 
existing literature, and while many chimpanzee findings have not been found in bonobos this 722 
does not imply the absence of meaningful effects but rather the absence of direct study.  723 
 724 

Domain Takeaways Key references 
Joint calling Joint calling is associated with social 

af�iliation in both chimpanzees and 
bonobos, with support in agonistic 
interactions associated in 
chimpanzees, and with cooperative 
intent and recruitment in chimpanzee 
during hunting 

Fedurek, Machanda, et al., 
2013; Levréro et al., 2019; 
Mine et al., 2022; Mitani & 
Gros-Louis, 1998 
 

Chimpanzees may tend towards call 
overlap, bonobos towards overlap 
avoidance 

Cornec et al., 2022; 
Fedurek, Machanda, et al., 
2013; Levréro et al., 2019; 
Pougnault et al., 2021; 
Schamberg et al., 2016  

Long distance vocalizations are 
coordinated in the short term and 
become more similar over the long 
term for both species, with more 
evidence in chimpanzee pant hoot 

de Waal, 1988; Fedurek, 
Schel, et al., 2013; 
Hohmann & Fruth, 1994; 
Mitani & Brandt, 2010; 
Mitani & Gros-Louis, 1998; 
Schamberg et al., 2016, 
2017  

Possible group-speci�ic call and drum 
patterns  

Arcadi, 1996; Arcadi et al., 
2004; Crockford et al., 2004; 
Girard-Buttoz et al., 2022; 
Mitani et al., 1992, 1999; 
Schamberg et al., 2024  

Audience 
effects 

Chimpanzee pant hoots are produced 
most in competitive situations (around 
dominant males and estrus females), 
and more in the presence of coalition 
partners but not grooming partners 

Fedurek et al., 2014; Kalan & 
Boesch, 2018; Mitani & 
Nishida, 1993; Soldati et al., 
2022  

Little empirical work on bonobos, but 
some evidence for coordinated calling 
in signalling interparty movement 

Schamberg et al., 2016, 2017 

Percussive 
behaviour 
(drumming) 

Drumming is common in varied 
contexts in chimpanzees, can be 
integrated into pant hoots, and is often 
performed in social settings 

Arcadi, 1996; Arcadi et al., 
1998, 2004; Babiszewska et 
al., 2015; Boesch, 1991; 
Boesch & Boesch-
Achermann, 2000; Eleuteri 
et al., 2022, 2025; Fedurek, 
Machanda, et al., 2013; 
Goodall, 1986; Nishida et al., 
1999  



Chimpanzees show preference for 
resonant sounds in their drumming 

Fitzgerald et al., 2022; Kalan 
et al., 2019; Matsusaka, 
2012; Nishida et al., 2009; 
Wilhelm et al., 2025  

Bonobos sometimes drum too but 
likely to a much lesser extant than 
chimpanzees, though there are no 
focused studies 

Hohmann & Fruth, 2003; 
Ingmanson, 1996; Kano, 
1998; Moscovice et al., 2022  

Intergroup 
encounters 

Chimpanzees engage in “vocal 
combats” of chorusing and drumming. 
Bonobos have been reported to drum 
in intergroup encounters too, but 
rarely 

Boesch & Boesch-
Achermann, 2000; 
Crockford, 2019; Goodall, 
1986; Moscovice et al., 
2022; Nakamura et al., 
2015; Wittig et al., 2016 

Chimpanzees evaluate size and 
strength of other groups based upon 
their calling 

Boesch & Boesch-
Achermann, 2000; 
Herbinger et al., 2009; 
Lemoine et al., 2022; Wilson 
et al., 2001, 2007  

Rhythm and 
entrainment 

Chimpanzees can drum isochronously Dufour et al., 2015, 2017; 
Eleuteri et al., 2025; van der 
Vleuten et al., 2024 

Chimpanzee can temporally 
synchronize movement, with some 
evidence of action entrainment 

Fuhrmann et al., 2014; 
Lameira et al., 2019; 
Schweinfurth et al., 2022 

Auditory stimuli in�luence tapping and 
rhythmic swaying in chimpanzees, but 
evidence for true auditory 
entrainment so far unclear 

Hattori et al., 2013, 2015; 
Hattori & Tomonaga, 2019  

Behavioural 
coordination 

Chimpanzees can consistently 
recognize action coordination 

Haun & Call, 2008; Nielsen 
et al., 2005; Persson et al., 
2018; Pope et al., 2015; 
Sauciuc et al., 2017 

Chimpanzees can synchronize �inger 
taps, affected by auditory cues  

Yu & Tomonaga, 2015, 2018 

Emotional 
content 

In chimpanzees, hearing vocalizations 
associated with emotional behaviours 
makes the same behaviours more 
likely 

Baker & Aureli, 1996; Videan 
et al., 2005 

Humans recognize emotional content 
of primate vocalizations 

Debracque et al., 2023 

Effects of 
music on 
ape 
behaviour 

Some null results and some evidence 
for reduced agonism/increased 
af�iliation caused by music playback in 
chimpanzees 

Howell et al., 2003; Mingle 
et al., 2014; Sugimoto et al., 
2010; Videan et al., 2005; 
Wallace et al., 2017  
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4. Discussion and future directions: 726 

The studies cited in the previous two sections provide compelling evidence that much of our 727 

own species' musicality has precursors that can be found, and studied, in the behavioural 728 

repertoire of our closest living great ape relatives (see summary in Table 2). Chimpanzees 729 

and bonobos therefore provide a pair of species through which to test the major theories. 730 

Despite largely overlapping in life histories, ecology and behaviour, their apparently striking 731 

differences in social bond structure, patterns of coalitionary aggression, and also collective 732 

acoustic behaviours, allow for a clear context where hypotheses can be directly compared. 733 

More attention to these species may help shift the balance of evidence, if differing theories 734 

can more convincingly explain and make novel predictions for species-specific patterns of 735 

behaviour. In this section we therefore briefly present a selection of specific directions of 736 

future study especially pertinent to distinguishing these theories for the evolutionary origins 737 

of human musicality. 738 

 739 

One of the major threads highlighted throughout the empirical review section is a need for 740 

greater attention to bonobos. This includes replication of nearly all the previous studies 741 

conducted with chimpanzees. Studies assessing patterns of call convergence as associated 742 

with grooming or coalitionary aggression partners (Mitani & Brandt, 2010; Mitani & Gros-743 

Louis, 1998), correlations between rates of joint calling and other social variables in wild 744 

populations (Fedurek, Machanda, et al., 2013; Mitani & Nishida, 1993), acoustic analysis of 745 

vocalisation suitability for joint calling (Fedurek, Schel, et al., 2013; Mitani & Gros-Louis, 746 

1998), measurement of spontaneous coordination in experimental and observational 747 

contexts (Schweinfurth et al., 2022; Yu & Tomonaga, 2015), and observation of response to 748 

music playback (Howell et al., 2003; Mingle et al., 2014; Videan et al., 2007; Wallace et al., 749 

2017) are a few particular avenues worth repeating. MCS would predict more frequent 750 

coordinated calling and drumming, greater rhythmic ability and sensitivity, and more musical-751 

like behaviour in general in male chimpanzees than bonobos, given the extreme species 752 



difference in coalitionary and between-group aggression. MSB, on the other hand, would 753 

predict more species similarity, and would be supported instead by evidence of a prosocial 754 

effect of collective acoustic behaviour in both species. Although there is a lack of reports on 755 

bonobo collective acoustic behaviour, the absence of evidence is not evidence of absence 756 

and it would be premature to draw conclusions about species differences. For instance, 757 

there are no systematic reports on the percussive behaviour of wild bonobos, but it is 758 

unclear if this represents a species difference, an ecological difference in buttress 759 

availability, or merely a sampling bias in the published literature. Repeating the analyses of 760 

published studies with data from bonobos is the most obvious, and possibly most telling, 761 

path forward. 762 

 763 

Another central thread highlighted throughout sections is the need for more detailed analysis 764 

of the time-series and rhythmic properties of ape collective acoustics. Behavioural synchrony 765 

alone is insufficient, and firm conclusions will depend on detailed analysis of finer temporal 766 

synchrony across behaviours and contexts. As mentioned briefly, the role of non-767 

isochronous, but still highly temporally predictable, rhythms through steady or systematic 768 

acceleration may overlooked in studies of animal musicality. The use of rhythmic categories 769 

in analysis of primate acoustics has proved a promising approach (De Gregorio et al., 2021). 770 

Even in humans, true isochrony can be challenging and tempo drift is regularly observed 771 

(Collier & Collier, 2007; Collier & Ogden, 2001; Dotov et al., 2022), often tending towards 772 

anticipation of acceleration of the next beat (negative mean asynchrony), especially among 773 

non-musicians (Repp, 2005). Interestingly, Okano et al. (2017) find greater tempo 774 

acceleration in paired than solo conditions for all tempos tested. Rhythmically, chimpanzee 775 

pant hoots (and possibly other collective acoustic phenomena) in some settings may be thus 776 

better described as accelerando and tempo rubato than strict isochrony. Notably, however, 777 

while accelerando tempos are limited in duration and are inherently short-lived, isochronous 778 

tempos can be sustained indefinitely, which may have been a functionally important 779 

development in early human collective acoustics. 780 



 781 

There are several more future directions on observation of naturalistic acoustic production in 782 

both bonobos and chimpanzees. For example, it will also be important to validate whether 783 

differences that are reported in patterns of joint calling, characterised by overlap in 784 

chimpanzees and turn-taking in bonobos, are consistent across populations. This difference 785 

would be more consistent with MSB, especially considering recent suggestions of 786 

tendencies towards dyadic compared to scalable bonding strategies in bonobos compared to 787 

chimpanzees (Brooks & Yamamoto, 2022; Girard-Buttoz, Surbeck, Samuni, Boesch, et al., 788 

2020). Another important area of future study in both species is aiming to address the 789 

direction of effect for many of the correlations found in previous studies. MSB specifically 790 

predicts music’s evolutionary role in fostering and developing social bonds, and thus predicts 791 

joint calling to be more predictive of subsequent rather than prior social affiliation, while MCS 792 

predicts coordinated calling to be a consequence rather than cause of coalitional support. 793 

Many of the reviewed papers are highly suggestive, but true support for either hypothesis will 794 

require evidence of directionality. More studies of stimuli playback, fine-grained temporal 795 

patterns in wild populations, and experimental manipulations to synchrony followed by 796 

measures of affiliation are a handful of specific studies. Finally, as mentioned above, more 797 

studies are needed on drumming across contexts. Studies have been gradually 798 

accumulating over the past decade but there is still a serious deficit of knowledge about the 799 

diverse roles of percussive behaviour. 800 

 801 

More proximately, there is a clear need for work in both species on entrainment, oxytocin, 802 

and sensitivity to sound stimuli. There is not yet solid evidence for entrainment, but there is 803 

also a lack of reporting on any clear and explicit tests for its absence. Oxytocinergic 804 

involvement in collective acoustics and drumming would be consistent with both hypotheses 805 

but especially aligned with the predictions of MSB. Future studies testing whether oxytocin 806 

increases the propensity of chimpanzee and bonobos to engage in acoustic communication 807 

and in particular in coordinated vocal or sound production, as well as measuring oxytocin 808 



levels following the expression of such coordinated acoustic productions, will be key in 809 

retracing the physiological system that possibly promoted the emergence and supported the 810 

maintenance of music in our lineage (Harvey, 2020). Further, playback experiments should 811 

target both naturalistic sounds and experimentally controlled stimuli with certain musical 812 

properties. With naturalistic stimuli, MSB predicts high sensitivity to the context and 813 

emotional content of calls, while MCS predicts instead higher sensitivity to the degree of 814 

coordination involved in their production. With more controlled stimuli, simple tests of 815 

discrimination between solo and jointly produced, rhythmic and arhythmic beats, may prove 816 

insightful. If apes can consistently discriminate between rhythms, it would suggest they may 817 

be able to form associations between rhythms and emotions contexts, individuals, or groups 818 

from low-level processes. Association between rhythms and emotional content would 819 

support MSB, while higher discrimination in the underlying coordination but not absolute 820 

rhythm would support MCS. Creation of species-relevant music following Snowdon et al., 821 

(2015) and Snowdon & Teie (2010) may be especially valuable, where spontaneous social 822 

behavioural effects of these stimuli will help contextualise the existing studies of music 823 

playback. MCS would not obviously predict a behavioural effect of species-relevant musical 824 

stimuli, beyond perhaps vigilance to potential rivals, while MSB would predict a wide 825 

emotional response depending on the content and a general increase in social affiliation. 826 

 827 

Finally, moving back in the evolutionary tree, there is significant need for greater attention to 828 

the other great ape species (gorillas and orangutans) as well as placing other primate 829 

collective acoustic-related behaviours (such as the duetting of some primates; Gamba et al., 830 

2016; Geissmann, 2002; and the percussive tool use and stone handling of capuchins and 831 

macaques; Mangalam et al., 2016; Nahallage & Huffman, 2008) into a cohesive evolutionary 832 

perspective. While collective acoustic behaviour in gorillas and orangutans has received less 833 

attention than in Pan, it is noteworthy that bimanual percussive behaviour seems to be 834 

absent in orangutans, who are not group-living, but present in gorillas, chimpanzees, 835 

bonobos, and humans (Fitch, 2006). Considerable variability in the intensity of intergroup 836 



competition across gorilla species (Forcina et al., 2019; Morrison et al., 2020) and diverse 837 

bonding structures across all great apes suggest that looking beyond Pan in homologous 838 

collective acoustic behaviour may provide further evidence to distinguish between major 839 

hypotheses of music evolution. Beyond great apes, duetting primates (e.g. Gamba et al., 840 

2016; Geissmann, 2002; Müller & Anzenberger, 2002) have attracted growing research as 841 

convergent with human singing, but future work could benefit from direct investigation into 842 

the conserved roots of these phenomena found in their non-duetting relatives, and which 843 

capacities may represent exaptations of relatively widespread abilities to the species’ 844 

distinctive socioecologies. Joint calling is widespread, but few primate species have been 845 

found to actively coordinate their vocalizations, suggesting future research directions may 846 

benefit from examining consistent social differences associated with the rates of, contexts 847 

for, and degree of coordination in joint calling across species. Further, the percussive 848 

behaviour found in other primate species, such as the percussive tool use of capuchin 849 

monkeys (Mangalam et al., 2016) and the stone handling of macaques (Nahallage & 850 

Huffman, 2008) may represent a salient source of information for investigation into the 851 

origins and distribution of drumming and percussive behaviour more broadly.  852 

These future directions are far from comprehensive, but suggest a set of studies and 853 

predictions that can be used to evaluate hypotheses about music’s evolutionary role in social 854 

bonding, credible signalling, or perhaps both. We emphasize that the default assumption for 855 

elements of great ape musicality should not be complete absence, as has often been 856 

presumed, but rather agnosticism until the lacking studies have been completed. The 857 

comparative method and a focus on homology are the focal points for the unique role that 858 

the Pan species can play in revealing our species’ musical origins. 859 

  860 



5. Conclusion 861 

Across the available literature for Pan apes, we highlight the considerable relevance of 862 

conserved collective acoustic behaviour in chimpanzees and bonobos to evaluating theories 863 

of human musicality. We aim to chart a path forward in identifying specific pieces of 864 

evidence that would provide critical support or opposition distinguishing hypotheses and 865 

revealing the specific features of human musicality that are conserved and those that are 866 

derived and unique to our own species. Attention to bonobos is especially needed, where 867 

differences in coalitionary aggression alongside similarity in social affiliation compared to 868 

chimpanzees can lead to specific and falsifiable predictions. On the whole, significantly 869 

greater attention is needed to homology, not only analogy, in our own species’ musical 870 

evolution. The collective acoustic behaviour of the two Pan species can shape our 871 

understanding of the evolution of musicality, if we care to listen. 872 

 873 
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