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AbsTRACT: In this article we seek to integrate theories of music origins and dance with hominin fossil ana-
tomy and the paleoecological contexts of hominin evolution. Based on the association between rhythm in 
music, dance and locomotion, we propose that early bipedal hominins may have evolved neurobiological 
substrates different from other great apes due to the rhythmic aspects of bipedal walking and running. 
Combined with the emancipation of the hands resulting from erect posture, we propose that the neuro-
biological changes necessary for technological innovation, cultural practices and human musical abili-
ties may have evolved, at least in incipient form, much earlier than previously thought. The consequent 
ability to synchronize movement and sound production may have also proved beneficial as early bipedal 
hominins ventured out of late Miocene and early Pliocene woodland and forested habitats and into more 
open habitats with increased predation risk. We also postulate that, along with bipedalism, paedomorphic 
morphogenesis of the skull at the base of the hominin clade was a necessary prerequisite for the evolution 
of vocal modulation and singing in later varieties of hominin. To date research into the evolution of music 
and dance has yet to be integrated with the fossil and paleoecological evidence of early hominin evolution. 
This paper seeks to fill this lacuna in the extant literature on human evolution. We also suggest that auto-
catalytic feedback loops evolving synergistically with hominin erect posture, skull and hand morphology, 
neurochemical processes and the self-domestication syndrome, have been operative from early hominins 
some 6 Ma to the present. We document this process by reference to primatological, ethnographic, neuro-
chemical and archaeological data.
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Introduction

In recent decades there has been a  re-
surgence of interest in the evolutionary 
foundations of music and dance (Falk 
2004; Brown et al. 2006; Mithen 2009; 
Brown 2017; Clark and Henneberg 2017; 
Dissanayake 2021; Benítez-Burraco and 
Nikolsky 2023). Various approaches 
have been adopted to elucidate the evo-
lutionary origins and adaptive signifi-
cance of such human behaviours. For 
example, based on evidence from chim-
panzee rhythmic perception, it has been 
argued that the prerequisites for music 
and dance probably existed in the com-
mon ancestor shared by humans and 
chimpanzees (Hattori and Tomonaga 
2020). In a similar vein, based on vocal 
tract anatomy and skull architecture, 
it has been proposed that early homin-
ins evolved an anatomical configuration 
more conducive to musical vocalization 
than that evident in chimpanzees – and 
that consequently research into the evo-
lutionary building blocks of music and 
language should focus on late Miocene 
and early Pliocene fossil anatomy (Clark 
and Henneberg 2017).

There has also been important re-
search looking into the relationship be-
tween locomotion and rhythmic aspects 
of music and dance. This work has illu-
minated the degree to which the rhyth-
mic aspects of walking may share neu-
robiological substrates with the rhythmic 
structuring of music and dance (Friberg 
and Sunberg 1999; Shove and Repp 1995; 
Thaut 2009; Bengtsson et  al. 2009; 
Grahn and Rowe 2009; Thaut 2013). Ad-
ditionally, it has been proposed that the 
evolution of the human bipedal locomo-
tor adaptation gave rise to forms of met-
rically synchronised bodily entrainment 
using the upper and lower limbs, a form 

of entertainment that was to later form 
the basis of rhythmic vocal chorusing 
and music (Brown 2022).

While links have been made between 
the emergence of erect trunk bipedalism 
and the evolution of music and dance 
(Mithen 2009), very little research has 
explored this association in the context of 
emerging fossil and palaeoecological data 
regarding the emergence of erect bipedal-
ism in early hominins. Given facultative 
bipedalism is believed to have emerged in 
early forest and woodland dwelling homi-
nins such as Ar. ramidus, which then de-
veloped into obligate bipedalism among 
Australopiths (Lovejoy and Latimer et al. 
2009; Kimbel et al. 2014), the association 
between music, dance and locomotory 
adaptations warrants further exploration 
in the context of emerging evidence from 
the fossil record. 

The concept of self-domestication 
has been used to explore the origins of 
both language and music, highlighting 
associations with cultural transmis-
sion, pro-sociality and neurochemical 
regulation (Clark and Henneberg 2017; 
Thomas and Kirby 2018; Benítez-Bur-
raco and  Nikolsky 2023). Importantly, 
oxy tocin is thought to be associated with 
in-group cohesion in chimpanzees and 
bonobos (Brooks et  al. 2022) as well as 
the prosocial and affiliative aspects of 
music and dance in humans (Dissanay-
ake 2021; Harvey 2020). While the oxy-
tocin system is thought to be an impor-
tant component of hominization and the 
evolution of cooperative and alloparental 
breeding systems (Hrdy 2009; Lovejoy 
2009), it has yet to be fully explored in 
the context of the evolution of music, 
dance and relevant fossil and palaeoeco-
logical data. For example, while Clark 
and Henneberg (2017) analyse the pos-
sible relevance of the oxytocin system 
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in explicating the evolutionary building 
blocks of music and language in early 
hominins such as Ar. ramidus, to date 
such an approach has not been explored 
in the context of early hominin paleoeco-
logy and the demographic expansion of 
the Australopithecines into non-arboreal 
habitats. 

Archaeological approaches to the evo-
lution of music have been discussed by 
numerous researchers (Blake and Cross 
2008; Morley 2013; Fazenda et al. 2017; 
Turk et al. 2018). However, taphonomic 
issues may problematize such research 
as the earliest evidence for such behav-
iors may not have been preserved in the 
archeological record (Bednarik 1994). 
Despite such problems, putative musi-
cal instruments have been attributed to 
not only Homo sapiens but also Nean-
derthals (Turk et al. 2018). Additionally, 
caves possess acoustic properties that 
have long been exploited by humans 
(Fazenda et  al. 2017). This behavioral 
phenomenon is very suggestive in light 
of emerging evidence of cave occupation 
by other hominin species in addition to 
Homo sapiens (Fuentes et al. 2023; Jau-
bert et al. 2016). For example, is it possi-
ble that occupation of caves by hominins 
may have contributed to an enhance-
ment of auditory perception and sound 
production capabilities? 

There has also been research explor-
ing the previously overlooked sound pro-
ducing properties of stone tools (Blake 
and Cross 2008). Increasing evidence 
pushing back the antiquity of tool manu-
facture to the Australopithecines (Har-
mand et al. 2015) suggests the possibility 
that early hominins were using physical 
objects to produce sound. Given chim-
panzees use objects such as trees in such 
a manner (Eleuteri et al. 2022) it is pos-
sible that Australopiths may have used 

stone tools not only in procuring food but 
also to produce sound. 

Based on their tool manufacturing 
abilities, it has been suggested Australo-
piths had elevated levels of hand motor 
control resulting from reorganization or 
expansion of the brain’s various motor re-
gions (Harmand et al. 2015). Combined 
with enhanced manipulative abilities re-
sulting from bipedalism, which enables 
emancipation of the forelimbs from lo-
comotion (Lemelin and Schmitt 2016), 
it seems possible that Australopiths may 
have possessed sound production abilities 
beyond that evident in other great apes. 
While it has been previously suggested 
that stone tools may have been the first 
musical instruments (Montagu 2004), 
this theory has not been investigated in 
the context of early hominin anatomy, 
archaeology and paleoecology. Given the 
previously overlooked sound producing 
properties of stone tools it has been ar-
gued that existing lithic collections could 
be reanalysed in order to discover possible 
evidence of early human sound produc-
tion (Blake and Cross 2008: 17). 

It has also been argued that the col-
laborative synchronization underpinning 
music and dance may have evolved as 
a  form of coalitionary signaling (Hagen 
and Bryant 2003: 24); additionally it has 
been proposed that such forms of coordi-
nated sound production may have been 
utilized by hominins to deter predators, 
particularly as they moved out of arbo-
real habitats into more open habitats 
with higher predation risk (Jordania 
2014, 2020). Importantly, one of the ma-
jor shifts in hominin phylogeny was the 
demographic expansion of Australopithe-
cines out of forested and woodland areas, 
and into more open and diverse habitats 
as obligate terrestrial bipeds (Meindl, 
Chaney, and Lovejoy 2018).
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In this article we explore possible ev-
idence for early forms of hominin sound 
production. We propose that as early 
hominins became obligate bipeds and 
moved out of arboreal forest and wood-
land habitats, the anatomical configu-
ration associated with the skull, hands 
and body would have become part of 
an adaptive suite facilitating enhanced 
sound production using both the voice 
and objects. We propose that these abili-
ties may have evolved as part of a broad-
er adaptive complex involving enhanced 
levels of in-group cooperation. It was 
these early forms of sound production, 
and the associated changes in motor sys-
tems and neurobiological substrates, that 
formed the phylogenetic building blocks 
of later forms of communication, music, 
dance and ritual behaviors. We also sug-
gest ways in which this hypothesis can 
be tested by increased awareness of other 
forms of sound production that may have 
left traces in the archeological record and 
which to date have been overlooked.  

Canines, predators and 
synchronized sound production 

In this section we outline a model of hu-
man music, language, dance and sound 
production grounded in evolutionary 
percussors that constitute the putative 
phylogenetic building blocks of these 
forms of cultural expression. This will 
involve synthesizing data on paleoecolo-
gy, predation pressure and hominin fossil 
anatomy. Importantly, we will develop 
a  broader conception of sound produc-
tion than that normally conceived of in 
modern cultures. For example, an evolu-
tionary and cross species conception of 
sound production includes song, nonver-
bal vocalization, sound made with the 

body, physical substrates and manufac-
tured objects – which in the case of past 
hominin cultures may include the sound 
producing properties of stone tools or the 
acoustically resonant spaces inside cave 
structures (Blake and Cross 2008, 2015; 
Fazenda et al. 2017). Many of these forms 
of sound production or acoustic signaling 
are embedded in ecological and cultural 
contexts in which auditory forms of so-
ciality would have had survival benefits 
for those individuals or groups that pos-
sessed them (Blake and Cross 2015).

The unique features of hominin sound 
production, whether it be vocal, bodily or 
produced with objects, seem to be related 
to the unique hominin anatomical con-
figuration. These include erect bipedal-
ism, non-locomotory hand morphology, 
a flat face and loss of the canine honing 
complex characteristic of other primates. 
We will argue these traits, while not be-
ing sufficient, are nevertheless neces-
sary preconditions for the evolution of 
the motor systems and neurobiological 
substrates that subserve vocal modula-
tion, tool manufacture and the creation 
and use of musical instruments. We also 
explore evidence that obligate bipedal-
ism led to the evolution of neurobiologi-
cal systems that subserve not only the 
pace and timing of locomotion, but also 
rhythmic perception necessary for the 
temporal structuring of music and dance 
(Thaut 2013). Given these anatomical 
features are very ancient we explore their 
original emergence and their important 
role in hominization.

Researchers have argued that synapo-
morphic traits that differentiate homin-
ins from other great apes include a more 
anteriorly positioned and horizontally 
oriented foramen magnum associated 
with vertical neck posture in orthograde 
bipedal locomotion, as well as dental 
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traits such as reduced canines (Mon-
gle et  al. 2019). Importantly, a  recent 
analysis of 300 fossils spanning 6  mil-
lion years has, according to the authors, 
demonstrated that ‘male canine size re-
duction occurred early in human evolu-
tion, broadly coincident with the adop-
tion of bipedality’ (Suwa et al. 2021: 1). 
Importantly, a  centrally postioned fora-
men magnum characteristic of hominin 
bipedalism, combined with reduced facial 
projection and lack of aggressive canine 
armory, gives rise to the unique hominin 
skull and vocal tract configuration that is 
a necessary prerequisite for the evolution 
of spoken language and singing (Clark 
and Henneberg 2017).

The majority of Miocene hominoids 
are believed to have been arboreal or 
semi-arboreal (Rose 1993). Additional-
ly, there is evidence that early hominins 
were arboreal facultative bipeds (Lovejoy 
and Simpson et  al. 2009). It therefore 
seems likely that early hominins sought 
refuge from predators in trees – as is the 
case in other primates (Baldwin et  al. 
1981: 482; Hamilton 1982: Boesch 
1991: 228; Iwamoto et al. 1996: 393). In 
addition to such ecological factors, there 
is also a  vocal component to primate 
predator defence involving loud vocalisa-
tions and alarm calls (Tutin et al. 1981; 
Tsukahara 1993; Boesch 2009: 22–23 
and 52–53). There may also be predation 
induced selection on social structure as-
sociated with non-arboreal habitats; for 
example, savanna-living chimpanzees 
travel in large numbers when moving be-
tween patches of trees, which may be an 
anti-predator response (Tsukahara 1993) 
while baboons who evolved in open sa-
vanna or semidesert habitats jointly drive 
predators from the group (Kummer 1967: 
154–155). Additionally, geladas who also 
inhabit more open habitats, utter alarm 

calls and form multilevel fission‐fusion 
social structures in response to predation 
– which has been proposed as a possible 
model for early hominin occupation of 
non-arboreal habitats (Lin et al. 2020).

What are the implications of the above 
observations for the evolution of homi-
nin sociality and sound production? We 
suggest that when erect bipedal hominins 
moved out of woodland and forested eco-
logies into more open habitats, they may 
have also used vocalisation, alarm calls 
and various forms of non-vocal sound 
production to deter predators. Important-
ly, it has been argued that hominins may 
have been subject to predation, from Ar-
dipithecus ramidus to modern humans, 
and that consequently social cooperation 
and associated neuroendocrine systems 
may have evolved as a  response to ear-
ly hominins being initially a prey species 
– a  theory that finds support from evi-
dence that cooperation can reduce lethal 
outcomes resulting from predator attacks 
(Hart and Sussman 2011, 2019). We 
would add to this observation the possi-
ble role synchronised sound production 
and movement may have played in this 
putative adaptive suite. 

Many of the features we analyze in 
early arboreal facultative bipeds such as 
Ar. ramidus seem to be associated with 
forested and woodland ecologies. Evi-
dence for this view is based on paleohab-
itat and dentition (White et al. 2009). 
While this position has been questioned 
based on the existence of contemporane-
ous ‘tree or bush savanna’ in the region 
(Cerling et  al. 2010), White and col-
leagues assert that Ar. ramidus did not 
occupy such an ecological niche, with 
the species' primary habitat consisting 
of closed forest and woodland (White 
et al. 2010). It has also been argued that 
Ar. ramidus may not be a  hominin but 
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a  fossil relative of chimpanzees – and 
that additionally there is little evidence 
of bipedalism in the species (Senut 2015: 
2053–2054). This perspective, however, 
seems at odds with a more recent anal-
ysis of character sampling that suggests 
Ar. ramidus was in fact a basal hominin 
(Mongle et al. 2019). This position is fur-
ther supported by evidence of facultative 
bipedality in the Ar. ramidus cranial base, 
which is believed to show extensive af-
finities with Australopithecus and Homo 
(Kimbel et  al. 2014). Further, the cra-
nial base angle, as well as facial, jaw and 
canine morphology in Ar. ramidus are 
distinctly different from chimpanzees, 
showing pronounced affinities with 
hominins (Clark and Henneberg 2015, 
2017). Importantly, erect bipedalism 
also means hominins do not have hands 
specialized for locomotion as in quad-
rupedal apes. It is this lack of speciali-
zation in the forelimbs that ultimately 
underpins human technological and cul-
tural evolution as well as coevolutionary 
processes between the hands and the 
brain (Lundborg 2013). 

The absence of large aggressive ca-
nines and canine sexual dimorphism in 
hominins has long puzzled evolutionary 
theorists and numerous explanations 
have been put froward to account for this 
unusual phenomenon. For example, in 
The Descent of Man Darwin argued that 
with the invention of clubs and other 
weapons, canines were no longer neces-
sary in male on male conflict (Darwin 
2004:73). However, this does not seem 
to be a complete solution for it does not 
postulate a  selective mechanism for ca-
nine reduction; it merely suggests weap-
ons could have taken the place of canines 
without explaining what potential selec-
tive pressures may have been involved in 
canine reduction. 

It has been suggested that selection 
for the diminution of aggression and 
changes in hormonal regulation may 
have been a possible evolutionary mech-
anism resulting in canine reduction 
(Holloway 1967). Others have proposed 
similar solutions to the dilemma of ca-
nine reduction with a shift in social and 
mating behavior and associated neuro-
chemical regulation being considered 
a  possible explanation (Lovejoy 2009; 
Clark and Henneberg 2017, 2015). Some 
researchers have suggested that this may 
have involved a  socio-behavioural shift 
that minimized male–male aggression 
possibly mediated by female mate choice 
(Suwa et al. 2021). What is significant is 
that early hominins such as Ar. ramidus 
seem to have lost the aggressive canine 
armory characteristic of many other pri-
mate species prior to becoming terrestri-
al obligate bipeds. It is important to note 
that Ar. ramidus still possessed a grasp-
ing big toe and that the species most like-
ly climbed and walked bipedally among 
the large trees of late Miocene and early 
Pliocene Africa (Lovejoy and Simpson 
et  al. 2009; Lovejoy and Latimer et  al. 
2009).

Importantly, some species such as ba-
boons evolved extreme forms of canine 
sexual dimorphism, which are in part 
related to the need for predator defense 
in what are essentially hostile savanna 
habitats with high predation risk (Plav-
can and van Schaik 1992). Having lost 
aggressive canine armory in forested and 
woodland habitats, the question arises as 
to how early hominins would have sur-
vived when they ventured into habitats 
lacking trees that could serve as places of 
refuge from predators? Is it possible that 
coordinated sound production and body 
movement were part of an antipredator 
adaptive suite? 
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Based on the above observations, we 
hypothesize that early hominins such as 
Ar. ramidus may have already possessed 
social adaptations that enabled signifi-
cant levels of prosocial coordination and 
cooperation. While such adaptations no 
doubt would have evolved for many rea-
sons, they would have been useful when 
encountering predators, and such encoun-
ters may have been one component in 
a complex selective regime favoring their 
enhancement. Consequently such cooper-
ation, combined with synchronized vocal-
ization and sound production may have 
manifested itself in a  form of “territorial 
chorus” that provided some of the build-
ing blocks for the evolution of music and 
language (Brown 2017). Our argument is 
premised on the notion that pro-sociality 
and cooperative breeding correlate across 
primate taxa with reduced canine size and 
reduced canine sexual dimorphism – so-
cial adaptations that may explain such re-
duction in early hominins (Lovejoy 2009; 
Clark and Henneberg 2015). Importantly, 
co-operatively breeding primates show 
elevated levels of generalized pro-social 
behavior (Burkart et al. 2007) as well as 
coordinated and synchronized vocaliza-
tion abilities akin to human conversation 
(Choi et al. 2015). This has led to spec-
ulation that co-operative breeding in Ar. 
ramidus may have been accompanied by 
increased vocal synchrony and ability to 
modulate vocalizations – an assertion that 
finds additional support from the species 
skull architecture and vocal tract anatomy 
which is more human-like when com-
pared with chimpanzees (Clark and Hen-
neberg 2017). 

Significantly, as noted by Schruth and 
colleagues among anthropoids only the 
monogamous and swinging lesser apes 
seem to share the human aptitude for 
spectral musicality (Schruth et al. 2023). 

Consequently, given the association be-
tween such aptitudes and forest dwelling 
arboreal primates, they propose musical 
ability as a  primitive trait characteristic 
of Miocene apes that was consequently 
lost, or which became atrophied as pri-
mate species ventured into more terrestri-
al habitats. Humans are unusual among 
terrestrial primates in that we retain such 
musical albitites, which are much more 
common in arboreal species. As the au-
thors suggest in ‘strictly terrestrial pri-
mates, previously evolved associations 
between musical calling and [arboreal] 
locomotion appear to have atrophied’ 
(Schruth et al. 2023: 9). This may be due 
to the fact that singing in open terrestrial 
habitats many attract predators, whereas 
this may not be an issue in forest canopies 
which serve as refugia (Jordania 2020). 
From such a  perspective, as opposed to 
losing such albitites when they ventured 
into more terrestrial habitats, homin-
ins retained them, which then served as 
the phylogenetic building blocks for later 
forms of musicality. The question that 
needs addressing is why did terrestrial 
hominins retain musical calling?

The association between arboreal forest 
ecologies, monogamy and protomusical 
calling noted by Schruth and colleagues, 
is also very suggestive in the context of 
early hominin social and mating behav-
iour. It suggests that early hominins such 
as Ar. ramidus may have not only been an-
atomically similar to arboreal lesser apes 
(Lovejoy 2009) but may also have shared 
with such species aspects of mating, so-
cial and musical behavior (Schruth et al. 
2023: 9; Clark and Henneberg 2017). 
This may have involved pair-ponding and 
forms of cooperative or alloparental care 
of offspring (Lovejoy 2009 ) possibly medi-
ated by forms of prosocial vocal synchrony 
(Clark and Henneberg 2017).
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While there is extensive evidence of 
cooperative breeding and allomaternal 
care in Homo sapiens (Hrdy 2009) it 
is unclear when this breeding strategy 
evolved. Consequently, it is very diffi-
cult to infer social and mating systems 
from fossil anatomy with any certainty. 
However, reduced canine size and di-
morphism does correlate across primate 
taxa with reduced male on male aggres-
sion and Ar. ramidus canine size and 
dimorphism is nearly human-like; con-
sequently, it has been argued this evolu-
tionary pattern in Ar. ramidus indicates 
a ‘profound behavioural shift associated 
with comparatively weak levels of male 
aggression early in human evolution, 
a pattern that was subsequently shared 
by Australopithecus and Homo (Suwa 
et al. 2021: 1). Such an adaptive complex 
in Ar. ramidus may have involved coop-
erative breeding and male investment 
in the maternal metabolic budget as an 
alternative reproductive strategy to male  
on male tournament behaviour (Clark 
and Henneberg 2015). This may mean 
that the system of cooperative breeding 
that is believed to have facilitated the 
increase in brain size in the Homo lin-
eage (Isler and Schaik 2012a) may have 
evolved much earlier at the base of the 
hominin clade (Lovejoy 2009; Clark and 
Henneberg 2015). This position finds 
support in the fact that cooperatively 
breeding primates such as marmosets, 
who engage in forms of vocal commu-
nication similar to humans, have a low 
encephalisation quotient (Ghazanfar and 
Takahashi 2014) and that human co-oper-
ation is not dependent on advanced cog-
nitive abilities, nor on large brain size, 
and that therefore human pro-sociality 
may have evolved before the emergence 
of large brained hominins (Isler and Van 
Schaik, 2012a). 

Additionally, it has been suggested 
that increases in body and brain size in ex-
cess of earlier Australopithecines, would 
have required contribution to the infant 
metabolic budget by individuals other 
than the mother – and that consequently 
cooperative or alloparental care provides 
a  plausible explanation for the increase 
in brain size in the Homo lineage (Hrdy 
2009; Isler and Van Schaik 2012b). From 
this perspective, “emotional modernity” 
including cooperative breeding, unique-
ly human forms of mind reading and 
intersubjectivity, may have evolved long 
before increases in brain and body size – 
in fact such adaptations may have been 
necessary for such evolutionary trends, 
which require increased metabolic allo-
cation to infant and childhood growth 
from other individuals in addition to the 
mother (Hrdy 2009). 

One of the important issues related to 
the adoption of obligate erect bipedalism 
in the Homo genus, is that it may have 
facilitated increased metabolic allocation 
to infant growth and a  slower pace of 
development for infants resulting from 
the need to learn more complex tool use 
and foraging technologies (Potts 2011). 
Significantly, based on correlations be-
tween brain size and life history trajec-
tories (Smith and Tompkins 1995) it has 
been argued that Ar. ramidus life history 
was similar to chimpanzees (Clark and 
Henneberg 2015). As brain and body size 
increased in Homo erectus, it has been 
proposed that life history was slowed 
down to include extended childhood and 
adolescent phases of development during 
which so cial learning could occur, thus 
enabling the acquisition of language skills 
(Locke and Bogin 2006) as well as cul-
tural competencies such as increasingly 
complex tool manufacture (Bogin 2003; 
Sterelny 2012). Such changes in life his-
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tory may have underpinned the socio-be-
havioural adaptations contributing to the 
demographic expansion of Homo erec-
tus (Hawkes and Coxworth 2013; Hrdy 
2009; O’Connell et al. 1999). We would 
add to this adaptive complex the impor-
tant role of music and dance in the social 
transmission of cultural knowledge relat-
ing to hunting and kinship systems; for 
example, in extant gathering and hunt-
ing cultures music and dance are the 
primary means of transmitting knowl-
edge regarding waterholes and hunting 
grounds from one generation to the next 
– transmission that is particularly im-
portant during adolescent initiation rites 
(Strehlow 1971; Stanner 2014).

We suggest that the building blocks 
of this adaptive suite, at least in incipi-
ent form, may have been in place at the 
base of the hominin clade – an inference 
based on the above mentioned reduc-
tion in both canine size and dimorphism 
(Lovejoy 2009). Significantly, it has been 
argued that reduced canine and body size 
sexual dimorphism in hominins suggests 
that co-operative breeding and allo-pa-
rental care may have provided the social 
contexts for language evolution to dev-
elop – and particularly the acquisition of 
language abilities by infants and juveniles 
due to intensified interaction with numer-
ous carers (Fitch 2007). We seek to extend 
this observation in our analysis of the 
evolution of coordinated sound produc-
tion and bodily movement. For example, 
if cooperative breeding did evolve in ear-
ly small brained hominins, is it possible 
that vocal cooperation of the kind we find 
in other cooperatively breeding primates 
was part of this adaptive complex? And 
could such cooperation and synchronised 
sound production have formed the early 
phylogenetic building blocks upon which 
later forms of music and dance were built? 

The thesis outlined above is obviously 
a tentative hypothesis and other scenari-
os are possible. For example, others have 
argued, based on measures of bodily size 
sexual dimorphism, that early hominins 
evolved a  gorilla-like polygynous mat-
ing system, and that this consequently 
evolved into human social and mat-
ing systems (Geary, Bailey, and Oxford 
2011). This approach, while convincing 
on some grounds, does not account for 
why early hominins lost the large aggres-
sive canine complex – additionally it has 
been argued that sexual dimorphism in 
early hominins falls within the range 
of modern humans (Reno and Lovejoy 
2015). This debate is still ongoing and 
inferences from fossil anatomy to social 
and mating systems remain highly con-
tested. In this paper we adopt, as a work-
ing hypothesis, the theory that reduced 
male on male aggression as evidenced by 
loss of large aggressive canines signals 
an important behavioural shift involving 
elevated levels of pro-sociality and possi-
bly forms of alloparental care of offspring 
– including male investment in the 
maternal metabolic budget (Clark and 
Henneberg 2015). We also suggest that 
adaptations such as increased levels of 
pro-sociality in Ar. ramidus would have 
benefited later hominin species such as 
the Australopithecines when they ven-
tured out into more open nonarboreal 
habitats with increased predation risk.

More specifically, we suggest that co-
ordinated group behavior involving syn-
chronized vocalization, synchronized 
sound production using physical objects 
or substrates, in addition to synchro-
nized body movements, could have de-
terred predators (Jordania 2009, 2020). 
Because hominins had already devel-
oped cooperative social structures in for-
ested and wooded ecologies they could 
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consequently cope with high predation 
risk in more open nonarboreal habitats. 
These adaptations, we suggest, were 
exapted as the climate changed and the 
shrinkage of the great forest ecosystems 
of the Miocene meant that great apes 
and hominins needed to rely more and 
more on forms of terrestrial locomotion 
– with great apes adopting quadrupedal 
knuckle walking and hominins obligate 
erect bipedalism. In this sense both erect 
bipedality and pro-sociality in Ar. rami-
dus were necessary pre-requisites of the 
Australopith demographic expansion as 
obligate terrestrial bipeds. 

The phylogenetic depth of 
the hominin adaptive suite: 

bipedality, vocal tracts 
and hand morphology

In this section we propose that erect 
trunk orientation and the associated skull 
and hand morphology have much greater 
phylogenetic depth than traditional-
ly supposed. There are two important 
consequences of erect trunk orientation 
that relate directly to the origins of vocal 

abilities such as language and singing, 
as well the motor control necessary for 
using objects to create sequentially struc-
tured rhythm. Firstly bipedalism, due to 
where the spinal cord enters the skull 
and connects with the brain, contributes 
to the shortening of the horizontal vocal 
tract, with such shortening being a nec-
essary precondition for the evolution of 
human language and singing (Figs 1 and 
2). Secondly, obligate bipedal locomotion 
emancipates the forelimbs from locomo-
tion (Lemelin and Schmitt 2016). This 
is the crucial factor underpinning the 
evolution of hominin hand morphology 
that enables the development of preci-
sion grasping and the consequent co-evo-
lution between the brain and the hands 
that underpins human technological and 
cultural accomplishments – from the 
earliest stone tool industries to classical 
piano playing (Lundborg 2013; Wilson 
1999). We also speculate that the crea-
tion of such physical objects out of stones 
or other materials would have provided 
hominins with additional means of cre-
ating sound that could potentially deter 
predators – that is an evolutionary pre-
cursor of “drumming” (Jordania 2009). 

Fig. 1. Length of the face, palate and horizontal vocal tract. This figure graphically illustrates the differ-
ences between chimpanzee and Ar. ramidus skull architecture. Note the more posterior position of the 
foramen magnum and basion (black dot) in the adult chimpanzee and the greater resemblance of both 
humans and Ar. ramidus to the infant chimpanzees. From left: infant chimpanzee, adult human, Ar. 
ramidus and adult chimpanzee. From Clark and Henneberg (2017)
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Fig. 2. Skull shape and facial projection. Note the spinal cord (black bar) enters from the bottom of the skull in 
Ar. ramidus and the infant chimpanzee and from the rear in the adult chimpanzee. This feature, in addi-
tion to reduced facial projection, suggests the evolution of paedomorphic skull morphogenesis in Ar. rami-
dus. From left: adult chimpanzee, Ar. ramidus and infant chimpanzee. From Clark and Henneberg (2017)

A  crucial perspective we explore in 
this article is that the skull anatomy of 
non-human great apes, and particularly 
that associated with quadrupedal knuckle  
walking, represents an obstacle that pre-
vents the evolution of human-like vocal 
ability – and that the absence of this ob-
stacle in early hominins opened the way 
for language and vocal ability to evolve 
(Clark and Henneberg 2017). As already 
noted, many researchers have suggest-
ed that bipedalism evolved much earlier 
than traditionally supposed, with some 
arguing unique features of the hominin 
lineage may have their origin in Mio-
cene and Pliocene ecological contexts. 
For example, there seems to be evidence 
of bipedal locomotor morphology in the 
European Miocene, which has been pos-
tulated as the ancestral form from which 
both humans and great apes evolved 
(Böhme et  al. 2019). Other researchers 
have argued that hominin bipedalism 
and forelimb morphology may be prim-
itive, with chimpanzee anatomy associ-
ated with quadrupedal knuckle walking 
being derived (Lovejoy et al. 2009; White 
et al. 2015). This view is consistent with 
evidence that humans did not evolve 
from a knuckle walking ancestor as pre-
viously assumed and that human biped-

alism originally evolved as an adaptation 
to arboreal habitats (Kivell and Schmitt 
2009). Others, on the other hand, have 
questioned the above interpretation, ar-
guing that the last common ancestor 
humans share with great apes was in 
fact similar to chimpanzees in terms of 
possessing knuckle walking quadruped-
al locomotor morphology (Chaney et al. 
2022; Prang 2019; Prang 2021; Williams 
et al. 2023).

Whatever the case regarding the last 
common ancestor hominins share with 
chimpanzees and bonobos, there seems 
to be a  consensus regarding the com-
mon ancestor of hominins. For example, 
mounting evidence from the Miocene 
and early Pliocene, suggests that the com-
mon ancestor of early hominins such as 
Ardipithecus, Orrorin, and Sahelanthro-
pus was likely adapted to vertical climb-
ing and perhaps suspension – and that 
the common ancestor of hominins was 
orthograde and not a  knuckle walking 
terrestrial quadruped (Ward 2013).

Importantly, the grasping toe in 
Ar. ramidus was ‘retained for several mil-
lion years on a foot otherwise adapted for 
terrestrial bipedalism’ (Williams et  al. 
2022: 71). This suggests, that in hom-
inins at least, an early form of bipedal 
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posture existed in conjunction with ar-
boreal, climbing adaptations in the foot. 
The occurrence of erect facultative bipe-
dality in forest and woodland dwelling 
hominins capable of tree climbing, is 
further supported by the cranial base and 
position of the foramen magnum in Ar. 
ramidus, which is similar to other biped-
al hominins and distinct from other great 
apes (Kimbel et al. 2014).

It has been argued that bodily based 
metric entertainment amongst members 
of a social group may have evolved in the 
hominin lineage before the metrical ele-
ments of vocal musicality (Brown 2022). 
This theory is based on the observation 
that bodily and haptic based coupling 
in chimpanzees occurs more frequently 
when locomoting in an upright bipedal 
posture (Lameira, Eerola and Ravignani 
2019). The implication of these findings 
is that early erect bipedal hominins such 
as Ar. ramidus may have had increased 
capacity for bodily based coupling and 
entrainment than other great apes. If 
so this would mean the building blocks 
of synchronized bodily movement (that 
is the phylogenetic precursors of dance) 
may have existed at least in an incipient 
form in early bipedal hominins. Conse-
quent to this stage, such ability to met-
rically synchronize bodily movements 
would have formed the basis of metrical 
entrainment of vocalizations and the 
consequent evolution of synchronized 
and rhythmically structured group sing-
ing (Brown 2022). 

If the above scenario is correct, it 
would mean the ability to synchronise 
body movements may have conferred evo-
lutionary benefits on erect bipedal homi-
nins as they ventured out of forested and 
woodland ecologies and into more open 
habitats. Consequently, when thinking 
about the emergence of obligate bipedal-

ism the question that perhaps should be 
asked is “why did early hominins remain 
orthograde when they began exploiting 
terrestrial niches?” (Ward 2013: 1379). 
We could also add to this observation and 
ask what were the socio-behavioural and 
neurochemical factors associated with re-
maining orthograde and exploring terres-
trial niches as erect trunk obligate bipeds? 
And what is the relevance of this anatom-
ical configuration in subserving the neu-
robiological substrates of communicative 
capacities such as music and dance? 

As already mentioned, the impor-
tant point to emphasize when consid-
ering hominin brain evolution is that 
bipedalism emancipates the forelimbs 
and hands from locomotion. The con-
sequences of this are that early bipedal 
hominins lacked the specialized wrist 
and hand morphology evident in chim-
panzees, which prevents these apes from 
evolving complex manipulative abilities. 
It has been argued that retaining a more 
generalized configuration more condu-
cive to precision grasping is what facili-
tated the coevolution between the brain 
and the hands characteristic of the hom-
inin lineage (Lemelin and Schmitt 2016; 
Lundborg 2013; Napier 1993, 1962). Ad-
ditionally, it has been suggested that neu-
ral reorganization and expansion of mo-
tor regions associated with hand motor 
control may have emerged with the Aus-
tralopithecines (Harmand et  al. 2015). 
It is these developments associated with 
bipedal locomotion and hand morpholo-
gy that may have signaled the beginning 
of a unique form of neurochemical reg-
ulation involved in motor control – that 
is upregulation of the dopaminergic sys-
tem. We explore this issue further later 
in this article.

The relationship between vocal abili-
ties, motor control and movement have 
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been extensively explored (Fitch 2011; 
Feenders et  al. 2008; Lieberman 2009). 
For example, it has been argued erect bi-
pedal locomotion provided the initial se-
lective force for the enhancement of the 
subcortical sequencing ability involved in 
both motor control and cognition (Lieber-
man, 2009). Consequently, it has been 
asserted that the selective pressures that 
resulted in the evolution of the sequen-
tial processing necessary for tool manu-
facture, as well as human speech ‘may 
ultimately derive from upright bipedal lo-
comotion, the initial hominid adaptation’ 
(Lieberman, 2009: 143 and 151). There is 
also significant evidence of analogies be-
tween motion and music, with research-
ers finding links between music and the 
force patterns associated with walking 
as well as relationships between physical 
motion and musical tempo (Friberg and 
Sunberg 1999; Shove and Repp 1995). 
Additionally, the ‘felt pulse’ patterns in-
volved in locomotion and rhythmic per-
ception are both believed to be based on 
the entrainment of oscillator circuits in 
the brain (Thaut 2013: 7 and 9). 

Importantly, areas involved in rhyth-
mic perception are related to those that 
regulate movement; for example corti-
co-cerebellar circuits that subserve con-
scious and subconscious responses to 
temporal structure are involved in rhyth-
mic synchronization and rhythmic mo-
tor control (Thaut 2009), while music 
has been found to activate motor and 
premotor cortices that are not part of the 
classical auditory system of the temporal 
lobe (Bengtsson et  al. 2009). Addition-
ally, the basal ganglia shows a  specific 
response to beats during rhythm percep-
tion, with a  cortico-subcortical network 
and coupling of motor and auditory areas 
being associated with musicality (Grahn 
and Rowe 2009). This association is also 

supported by evidence that listeners of-
ten experience music as a type of virtual 
movement analogous to physical mo-
tion, and that during ontogeny master-
ing melodic leaps and steps accompanies 
learning to walk, and that during child-
hood play, musical patterns are often as-
sociated with the affective characteristics 
of the accompanying locomotion (Nikol-
sky 2023). 

Significantly, in animals that have 
high levels of vocal learning, sponta-
neous rhythmic movement to auditory 
rhythms seems to be more common than 
in species that lack such learning. Addi-
tionally in high vocal learners, motor 
planning regions are in tight reciprocal 
communication with forebrain auditory 
regions throughout life, suggesting that 
vocal learning may have been a preadap-
tation for the evolution of human beat 
perception and synchronisation (Patel 
2021). This perspective seems to differ 
from Brown’s thesis discussed above that 
bipedal bodily based synchronisation and 
metric entrainment were evolutionary 
precursors to the metrical and melodical 
aspects of music (Brown 2022). While 
postulating vocal learning as a preadap-
tation for spontaneous rhythmic move-
ment to auditory rhythm is different in 
emphasis from seeing bodily synchroni-
zation as an evolutionary precursor to 
synchronised metrical singing, both the-
ories do link the evolution of rhythmic 
perception with vocalisation and melodic 
vocal synchrony. The difference between 
the two approaches is which has evolu-
tionary priority – vocal learning or bodily 
based synchronized entrainment? 

In terms of the model outlined in this 
paper the question that arises from the 
above discussion is: did vocal learning in 
early hominins such Ar. ramidus and the 
Australopithecines evolve prior to the 
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evolution of beat perception? Related to 
this question is the evolutionary priori-
ty of the hominin vocal tract facilitating 
vocalization and language relative to ob-
ligate erect bipedalism. In terms of the 
issues discussed above it is important to 
emphasize that we see a  shift to a  hu-
man-like vocal tract in Ar. ramidus long 
before we see the emergence of obligate 
terrestrial bipedalism in the Australo-
pithecines. Does this imply that vocal 
learning, may have preceded the kind 
of bodily based rhythmic entrainment 
associated with bipedalism? Or did, as 
intimated by Brown’s model, the emer-
gence of obligate bipedalism in Australo-
pithecines form the evolutionary basis of 
later forms of vocally based metical syn-
chronization – forms of synchronization 
that were absent in Ar. ramidus? 

Resolving these issues with any cer-
tainty is far beyond the purview of this 
essay. However, what our model of sound 
production informed by ecological and 
fossil data provides is a  framework for 
thinking about which aspects of the 
modern adaptive suite may have had evo-
lutionary priority. What is clear is rhyth-
mic perception associated both with lo-
comotion and music seem to be linked. 
The question is which components of 
this aspect of the modern human adap-
tive suite have the greatest phylogenetic 
depth? That is, did vocal learning give 
rise to beat perception or are the metri-
cal aspects of musical rhythm products 
of locomotor adaptations? As we spec-
ulate below, given early hominins may 
have been forest and woodland dwelling 
singers before becoming obligate bipeds, 
could this mean that vocal learning had 
priority in the evolution of beat percep-
tion and synchronization?

The link between musical perception 
and locomotion is also suggested by re-

search findings that patients with Par-
kinson’s disease, or who have suffered 
strokes or traumatic brain injury, bene-
fit from rhythmic auditory stimulation 
(Thaut et  al. 1997; Hurt et  al. 1998; 
Thaut et al. 2001; Thaut 2013). Signif-
icantly, Parkinson’s disease is a  neuro-
logical disorder involving the progressive 
degeneration of the dopaminergic sys-
tem (Raglio 2015), a system which is be-
lieved to be central to the emergence of 
obligate terrestrial bipedalism in the ge-
nus Homo (Previc 2009). Based on such 
findings, it has been suggested that the 
ability to maintain an internal rhythm 
associated with bipedal locomotion and 
fluid walking, would have spread over 
into a capability for maintaining rhyth-
mic sound – and the associated freeing 
of the arms, the hands, and the upper 
torso, in addition to enhanced muscular 
control may have underpinned the evo-
lution of dance within the Homo genus 
(Mithen 2009). 

What the above discussion suggests 
is that hominins have unique neurobi-
ological adaptations associated with en-
trainment to an external pulse, and that 
this ability to rhythmically structure 
sound and movement is related to biped-
al locomotion. Given obligate bipedalism 
seems to be very ancient it is reasonable 
to suppose that early hominins such as 
the Australopithecines possessed a form 
of rhythmic sound production and per-
ception that may have been more ad-
vanced than in other great apes. We sug-
gest such capacity for rhythmic sound 
and movement associated with bipedal 
locomotion may have been crucial to the 
collaborative synchronization underpin-
ning music and dance based coalitionary 
signaling (Hagen and Bryant 2003: 24). 
Further, such an adaptation may have 
been important not only in signaling be-
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tween groups of hominins, but also dur-
ing interactions with predators. In what 
follows we flesh out these ideas in more 
detail and how they relate to the demo-
graphic expansion of Australopithecines.

Canine reduction and 
synchronized sound 

production: reconsidering 
the Australopithecus 

demographic expansion 

In the following we assume Ar. rami-
dus to be ancestral to Australopithecus. 
(White et  al. 2015; White et  al. 2009; 
Kimbel et al. 2014). More specifically, we 
suggest as a working hypothesis that ele-
vated levels of pro-sociality, and possibly 
cooperative breeding or alloparental care 
of offspring, were adaptations already 
in place in Ar. ramidus and that these 
adaptations were necessary for the suc-
cessful demographic expansion of Aus-
tralopithecus. As already noted Austra-
lopithecus shares with earlier hominins 
such as Ar. ramidus a centrally positioned 
foramen magnum as well as loss of the 
aggressive canine armory characteris-
tic of other primates (Suwa et al. 2009; 
Kimbel et  al. 2014; White et  al. 2015). 
However, they possess adaptations sug-
gestive of a  greater degree of terrestrial 
bipedalism than earlier forest and wood-
land dwelling hominins. It is this adapta-
tion that is believed to be associated with 
their demographic expansion into more 
diverse habitats than those occupied by 
earlier hominins (Meindl, Chaney, and 
Lovejoy 2018). 

Significantly, early hominins such as 
O. tugenesis and Ar. ramidus may have 
avoided predators through cryptic hab-
itation in forests (Treves and Palmqvist 
2007). However, having expanded into 

nonarboreal habitats, it is likely that Aus-
tralopithecus became subject to increased 
predation pressure – an observation sup-
ported by extensive analysis of the fossil 
remains of this genus (Brain 1983). Signif-
icantly, as a result of predation pressure, 
it has been argued that hominins inhabit-
ing Pliocene African savanna-woodlands 
might have engaged in more visual, and 
possibly auditory vigilance, than those 
living in closed forested habitats (Treves 
and Palmqvist 2007: 367).

The evolution of African carnivores 
coincided with a  decrease in woodland 
relative to grassland with the conse-
quence that the type and number of car-
nivores changed throughout the course 
of hominin evolution. For example, be-
tween 6 and 3.6 Ma there were five gen-
era of large carnivores without extant 
analogues, and from the mid-Pliocene 
(3.6 Ma) these groups were joined by 
an additional eight new genera of carni-
vores (Treves and Palmqvist 2007: 357). 
Additionally, from 1.8 Ma onward ar-
chaic carnivores went extinct in Africa, 
partly as a  result of a  global carnivore 
guild turnover and species replacement. 
The important issue here for the adop-
tion of obligate erect trunk bipedality 
are the significant number of predators 
that existed between 3.6 and 1.8 Ma 
– a period which coincided with the Aus-
tralopithecus demographic expansion 
into nonarboreal habitats. As Terves and 
Plamqvist write:

Given the existence of numerous am-
bush predators between 3.6–1.8 Ma, 
hominins would have experienced 
strong selection for efficient vigilance. 
Large parties of apes organized like 
those of chimpanzees are conspicu-
ous and costly in terms of individual 
vigilance, competition for food and 



32 Gary Clark, Arthur Saniotis, Robert Bednarik, Malin Lindahl, Maciej Henneberg

agonistic social interactions, hence 
we propose early hominin foraging 
parties would have adopted more 
cohesive and calmer social organiza-
tion to maintain efficient vigilance 
and reduce conspicuousness to carni-
vores during diurnal foraging. Groups 
formed of trusted and familiar individ-
uals often forage and travel with high 
levels of interindividual proximity, 
experience minimal conflict, and co-
ordinate vigilance more easily. 

(Treves and Palmqvist 2007: 370)

One of the reasons postulated for the ab-
sence of singing in the majority of terres-
trial primates is that singing will attract 
the attention of ground dwelling pred-
ators (Jordania 2020). Humans are an 
exception to this trend being one of the 
few singing terrestrial primates (Schruth 
et al. 2024). Is it possible that early hom-
inins retained singing from their arboreal 
ancestors with one of its uses being an 
anti-predator adaptation? In this sense, 
far from singing attracting predators it 
may have been, along with high levels 
of interindividual proximity and coordi-
nated vigilance, an effective means of de-
terring them and consequently reducing 
mortality risk.

It has been argued that the demo-
graphic shift of Australopiths into non-
arboreal habitats necessitated a  change 
in social structure to one unlike that 
evident in any other extant non-human 
great apes (Meindl, Chaney, and Love-
joy 2018). For example, such expansion 
into nonarboreal habitats would have 
exposed young and adult females to high 
levels of extrinsic mortality due to preda-
tion. However, if the early hominin so-
cial structure was one based on allo-pa-
rental care, reduced intragroup conflict, 
group level cooperation, and male forms 

of group protection and investment, then 
female survivorship could be enhanced 
both before and after sexual maturity, 
leading to population increase and demo-
graphic expansion (Meindl, Chaney, and 
Lovejoy 2018).

Importantly, large groups of animals 
are more likely to encounter a  predator, 
but less likely to be attacked by it, which 
may result from inherent benefits of group 
living and cooperative breeding systems 
(Sorato et al. 2012). Further, given coop-
erative defence and shelter construction 
are some of the primary benefits of social-
ity, it has been argued that predation risk 
may be fundamental for the transition to-
ward complex social organization (Groe-
newoud et al. 2016). Additionally, numer-
ous animals engage in coalitionary vocal  
signaling; for example female lions roar-
ing in chorus deters alien and potentially 
infanticidal males, gibbons use commu-
nal screaming to defend group boundaries 
and repel predators (Hagen and Bryant 
2003: 26–27) while chimpanzees employ 
group level co-operation mediated by vo-
cal calls as a means of predator defense 
(Boesch 2009:  22–23 and 52–53). Addi-
tionally, baboons jointly drive predators 
from the group (Kummer 1967: 154–155) 
while geladas utter alarm calls and seem 
to form multilevel fission‐fusion social 
structures in response to predation (Lin 
et al. 2020).

Support for possible predation on ear-
ly hominins comes from the Swartkrans 
deposits, which suggest Australopiths 
may have been attacked while in the 
caves, a  distinct possibility given that 
carnivores also use such caves as dens 
(Brain 1994; Treves and Palmqvist 2007: 
363). Given the likelihood of predation 
pressure on Australopiths, then what 
role would have synchronized vocaliza-
tion and sound production played as they 
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expanded out of forest and woodland 
ecologies and out into diverse non-arbo-
real habitats? In the absence of aggres-
sive canine armory, is it conceivable that 
early hominins used synchronized sound 
production and body movement to deter 
predators?

When dealing with this issue it is im-
portant to acknowledge that early forms 
of sound production may not have only 
been vocal but may also have been pro-
duced by the body, such as stomping on 
the ground or clapping, or by hitting phys-
ical objects together. Similar to humans, 
many other animals produce both vocal 
and somatic sounds. For example many 
mammals communicate non-verbally by 
drumming on their body or a substrate in 
order to attract mates, signal to predators 
or to establish territorial ownership – sig-
nals which may be a ritualization of phy-
logenetically older behaviors associated 
with running or digging (Randall 2015). 

In gorilla’s such non-vocal sound pro-
duction is evident in chest beating which 
is believed to convey information about 
size and competitive ability (Wright et al. 
2021). Chimpanzees produce resonant 
sound using their body by moving one 
external object against another such as 
throwing rocks at tree trunks (Kalan et al. 
2019). They also drum on trees which 
enables them to communicate long dis-
tances (Eleuteri et al. 2022) and at times 
such drumming may be integrated with 
vocalization such as the pan hoot (Arcadi, 
Robert, and Boesch 1998). Chimpanzees 
have also been observed performing so-
called “rain dances” (Whiten et al. 1999), 
they show evidence of rhythmic swaying 
induced by sound (Hattori and Tomonaga 
2020) they are able to synchronise their 
movements to an auditory rhythm (Hat-
tori, Tomonaga, and Matsuzawa 2013) in 
addition to exhibiting spontaneous whole-

body entrainment between two peers, 
suggesting possible empirical evidence for 
the phylogeny of human dance (Lamei-
ra, Eerola, and Ravignani 2019). Based 
on these findings it has been suggested 
the prerequisites for music and dance are 
deeply rooted in hominoid phylogeny and 
probably existed in the common ancestor 
shared by humans and chimpanzees ap-
proximately 6 million years ago (Hattori 
and Tomonaga 2020).

Elaborating on these observations 
it has been argued that such bodily 
and ‘haptic coupling may have been 
the earliest means for producing rhyth-
mic entrainment between two agents 
in non-human primates.’ Additionally, 
given such behaviour is restricted to the 
bipedal manner of locomotion in chim-
panzees, such studies ‘might have impli-
cations for the evolution of both bipedal-
ism and dance’ (Brown 2022: 9). Given 
that Ar. ramidus was a facultative biped 
we can speculate that such haptic based 
locomotor coupling may have been more 
common than in chimpanzees who are 
infrequent bipedalists, with a  locomo-
tor anatomy designed for quadrupedal 
knuckle walking. This is even more so 
with the emergence of obligate bipedal-
ism in the Australopithecines. 

Given the ubiquity of sound produc-
tion using the body and objects in mam-
mals and primates, we can assume with 
some justification that a variation on such 
forms of communication existed in Ar. 
ramidus and Australopithecus. However, 
the unique anatomy of these early hom-
inins would suggest that such abilities 
may have been much more complex than 
in other primates. For example, Australo-
pithecus hand proportions are human-like 
primarily because of the unique locomotor 
adaptation of hominins (Almécija, Moyà- 
-Solà, and Alba 2010). Importantly, greater 
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manipulative capacity of Australopithecus 
relative to other great apes is suggested by 
Lomekwi stone technologies, which in-
clude hammers, anvils and sharp-edged 
flakes, which have been dated to 3.3 Ma 
(Harmand et  al. 2015). Additionally 
there is evidence of stone-tool-assisted 
consumption of ungulates by Austra-
lopithecus afarensis (McPherron et  al. 
2010). Lomekwi technologies suggest that 
their makers had elevated levels of hand 
motor control resulting from reorganiza-
tion or expansion of the brain’s various 
motor regions – and that such reorgani-
zation could have occurred before 3.3 Ma 
(Harmand et al. 2015). It is also possible 
that these adaptations provided the social 
niche in which selection for upregulation 
of neurochemicals associated with com-
plex sequential processing and motor con-
trol may have occurred – as we explore in 
more detail below. 

If the co-evolution of the brain, hands 
and motor systems had developed in 
Australopithecus to the point where 
these small-brained hominins were able 
to create hammers and anvils and use 
stone tools to butcher ungulates, then 
the question arises as to what other uses 
such objects and abilities were put? It 
has been proposed that the rhythmic per-
cussive pattern produced by hitting two 
stones together to make tools may have 
been the world’s first musical instru-
ment; for example ‘two flint knappers, 
chipping in ear-shot of each other, could 
have been the first musicians to produce 
rhythmic counter point as they inter-
locked their rhythms’ (Montagu 2004: 
171). It has also been argued that homin-
ins would have been aware of the acous-
tic properties of flint knapping and it is 
possible that they would have exploited 
such properties for communicative and 
social purposes (Blake and Cross 2008).

Concurring with the above authors 
we propose that the long sequence of 
strikes required to make such tools, the 
hitting of stones together, and the use 
of anvils, have acoustic properties that 
would most likely have appealed to early 
hominins. Would they have taken pleas-
ure in the rhythmic structure of repeated 
blows to an object? Would they have used 
such objects to create sound in a similar 
manner to chimpanzees throwing rocks 
at or drumming on trees? Important-
ly, hard rocks, such as basalt, flint or 
chert, suitable, and actually used in the  
Lower Paleolithic for production of weap-
ons and tools with sharp cutting edges 
and fine points, due to their crystalline 
nature, produce distinct clear sounds 
when struck with a hard object (a “ham-
mer”). These sounds are unlike those 
occurring in nature. Consequently, they 
may have attracted the attention of tool-
makers leading them to experiment with 
their production and acoustic properties. 

When moving out of forested ecologies 
caves may have provided hominins with 
shelter and protection from predators – 
as they do for baboons where degree of 
inaccessibility to predators seems to be 
one of the factors involved in the choice 
of sleeping sites such as caves (Hamil-
ton 1982). However, this may have been 
a double-edged sword as caves may have 
been dangerous for hominins as they may 
also serve as dens for predators (Treves 
and Palmqvist 2007: 359). Importantly, 
deposits in the Swartkrans caves contain 
fossilised remains of Australopiths, ba-
boons as well as the extinct carnivorous 
cat Dinofelis. While there is some uncer-
tainty in interpreting the remains, it has 
been suggested that early hominins may 
have been attacked while in the caves, 
a  distinct possibility given that carni-
vores also use such caves as dens (Brain 
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1994; Treves and Palmqvist 2007: 363). 
Given increasing hominin occupation 
of caves as they ventured out of arboreal 
habitats, it is worth considering the de-
gree to which sound production within 
such spaces may have effectively deterred 
predator attacks. Importantly for the evo-
lution of sound production and auditory 
perception, there are resonant spaces in-
side cave structures that produce echoes 
(Fazenda et al. 2017). Additionally, rever-
berations in caves, particularly when oc-
cupied by a concentrated group of people, 
are thought to convert melodic intervals 
into harmonic intervals by prolonging 
the “tails” of preceding melodic tones 
(Nikolsky and Benítez-Burraco 2022). It 
is also worth speculating if early homin-
ins may have explored the acoustic prop-
erties of caves, not only using their voices 
to produce sound, but also objects such 
as stone tools and perishable items that 
may not have survived in the archaeolog-
ical record. 

Given the above-mentioned evidence 
of chimpanzees swaying rhythmically to 
sound, synchronizing their movements 
to an auditory rhythm, as well as sponta-
neous whole-body entrainment between 
two peers, it does seem plausible that 
the hand morphology and tool making 
ability of Australopithecus would suggest 
increased capacity to produce sound and 
entrain to a felt pulse in ways more com-
plex than that evident in chimpanzees. 
Significantly, entrainment seems to be 
associated with rhythmic knapping and 
collective manufacturing of stone tools 
(Zubrow and Blake 2006). Given Aus-
tralopithecines were bipedal, which may 
have increased general rhythmic capabil-
ities, as well as improving manipulative 
capacities due to the associated hand 
morphology, it seems possible that such 
forms of entrainment between numerous 

individuals may have been enhanced rel-
ative to other great apes. This perspective 
is consistent with the view that neural 
reorganization and expansion of motor 
regions associated with hand motor con-
trol may have emerged with the Australo-
pithecines (Harmand et al. 2015). 

It is important to reiterate the point 
that chimpanzees are limited in the ex-
tent to which they can develop the abil-
ities outlined above due to the hand 
morphology associated with their loco-
motor adaptations. Additionally they 
would also lack the neurobiological 
substrates  associated with both bipedal 
walking and associated forms of rhyth-
mic perception – although the above ex-
amples of entrainment to a beat suggest 
chimpanzees may possess such abilities 
in an incipient form. However, we sug-
gest that Australopiths may have evolved 
a more refined sense of rhythm due to be-
ing obligate bipeds – and this process of 
refinement would have continued in later 
species of hominin through autocatalytic 
feedback loops (Henneberg and Eckhardt 
2022). Significantly, there is evidence in 
Australopithecus africanus of an exter-
nal auditory meatus more conducive to 
the perception of high frequencies than 
that evident in chimpanzees, a  derived 
hominin trait that is thought to facili-
tate short-range intragroup communica-
tion in open habitats (Quam et al. 2015). 
Combined with the increased ability to 
manufacture and use hammers and an-
vils, which may have produced loud 
rhythmically sequenced sound, there 
seems to be a plausible case for Australo-
pithecus using synchronized sound pro-
duction and body movement as an ad-
aptation to non-arboreal ecologies with 
elevated predation risk. 

It has been argued that our ancestors 
were vulnerable hominins living in open 
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habitats with limited weaponry, and that 
they may have survived by increasing the 
range and diversity of their vocal calls. 
For example, ‘…lions prowling in the 
dark may have been more wary of ap-
proaching a noisy bunch of females and 
infants if unexpected pitch variations 
made it difficult to estimate group size 
and risk’ (Knight and Lewis 2017:437). 
Group rhythmic singing and dancing has 
also been called an effective intimida-
tion tool that may have been a survival 
strategy of ancestral hominins when they 
moved out of forested habitats (Jordania 
2020). Such synchronized vocalization 
and body movement may have been com-
bined with hitting stones (hammers on 
anvils) resulting in vigorous ‘drumming 
sessions’ during scavenging confronta-
tions with large African predators such 
as lions (Jordania 2014: 94).

As already noted many primate spe-
cies use vocalisation in their attempt to 
deter predators. Some primate species 
may use alarm calls to deter predators 
that depend on surprise attacks – that is 
such calls communicate to the predator 
that they have been seen and that con-
sequently it is unprofitable to con tinue 
the attack (Zuberbühler et  al. 1999). 
They may also combine vocalisations 
with physical attack in mobbing behav-
iour, which involves two or more prey 
animals distracting or repelling a preda-
tor by making repeated advances usually 
while vocalizing and displaying in a con-
spicuous fashion (Treves and Palmqvist 
2007: 368). 

Chimpanzees have been observed ut-
tering despaired calls while climbing up 
into a big tree (Boesch 1991: 228); effec-
tively chasing leopards away using loud 
synchronized barking and branches to 
fight them off, with group level co-oper-
ation mediated by vocal calls being one 

of the most effective means of predator 
defense (Boesch 2009:22–23 and 52–53); 
responding to lions by climbing in to trees 
and eliciting alarm calls and whimpers 
(Tsukahara: 1993); as well as climbing 
high into trees where they remained utter-
ing frequent loud vocalizations until po-
tential predators left the area (Tutin et al. 
1981: 139). In geladas, vocalisations may 
serve to alert other members of the group 
that a predator is nearby or to alert a leop-
ard that it had been seen; additionally 
male geladas have been observed emitting 
loud barks and bluff‐charging to within 
three metres of a  leopard while females 
and smaller juveniles sheltered in near-
by trees and bushes (Lin et al. 2020: 11). 
Significantly, hunter-gatherer peoples use 
rhythmic clapping, drumming, chanting, 
and choral singing explicitly to keep wild 
animals away (Lewis 2009; Thin 1991).

In addition to vocalisation there seems 
to be a  relationship between predation 
and social structure, with increased group 
cohesion reducing predation risk. For ex-
ample, chimpanzee group level co-opera-
tion mediated by vocal calls may be one 
of the most effective means of predator 
defense in this species (Boesch 2009: 22–
23 and 52–53). As Boesch notes, preda-
tion pressure in chimpanzees results in 
individuals of both sexes spending more 
time together, which means they are less 
likely to ‘be singled out in a  leopard at-
tack’ (Boesch 2009: 2). It is important 
to note that there also seems to be an 
ecological component in the relationship 
between social structure and predation. 
For example, savanna-living chimpan-
zees travel in large numbers when mov-
ing between patches of trees, which may 
be an anti-predator response (Tsukahara 
1993), suggesting that as the number 
of trees decrease in a  habitat group co-
hesion may become more important. 
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Concurring with this observation, in ba-
boons who adapted to open savanna or 
semidesert habitats where trees are rare 
as a source of protection from predators, 
resulted in the evolution of large aggres-
sive males who can jointly drive preda-
tors away from the group (Kummer 1967: 
154–155). Significantly, baboons have 
evolved extreme degrees of canine sexu-
al dimorphism, which are in part related 
to the need for predator defense in what 
are essentially hostile savanna habitats 
with high predation risk (Plavcan and van 
Schaik 1992).  

It has been argued that several mil-
lion years ago, both hominins and the 
theropith ancestors of modern gela-
das transitioned from living in wood-
land-dominated habitats to more open‐
country environments. The consequent 
reduction in the availability of refugia 
may have resulted in similar adaptations 
in both groups such as a  fission‐fusion 
way of life and formation of multilevel 
societies (Lin et  al. 2020). Significantly, 
geladas are thought to engage in vocal 
synchrony akin to human choral singing, 
both species using rhythm and melody 
to resolve emotional conflicts (Richman 
1987). Therefore it seems possible that 
such socioecological adaptations may 
have been similar in geladas and Aus-
tralopiths. In our model we hypothesize 
that elements of a  prosocial adaptive 
suite, and possible cooperative breeding, 
were already in place in Ar. ramidus and 
that these adaptations were enhanced as 
Australopiths evolved social adaptations 
to cope with expansion into more diverse 
and challenging habitats. 

Our analysis provides both fossil and 
palaeoecological support for the notion 
that elements of both music and lan-
guage may have evolved from an evo-

lutionary precursor form of “territorial 
chorus” (Brown 2017) – although, as we 
suggest below, such an adaptive complex 
may have been built upon preexisting 
mammalian neurochemistry. The “ter-
ritorial chorus” thesis is based on the 
assumption that music and language 
evolved in the context of egalitarian so-
cial dynamics that promoted group-level 
communication, cohesion and co-opera-
tion (Brown 2007:16). In later periods of 
evolution, this primitive form of sound 
production may have bifurcated into se-
quentially structured language and har-
monic musical forms, with such musical 
forms using isometric rhythms and pitch 
blends and language using words and 
propositional syntax (Brown 2001). In 
our model we propose that such a precur-
sor may have already been evident in ear-
ly hominins such as Ar. ramidus and that 
it was amplified through autocatalytic 
feedback loops (Henneberg and Eckhardt 
2022) as Australopithecines moved into 
nonarboreal habitats and relied more and 
more upon group level sound production. 
This socio-behavioral shift may repre-
sent the very ancient building blocks of 
affect based sound communication in the 
hominin lineage – that is primordial he-
donistic stimulation, which is believed to 
be a universal feature of music associated 
with affective bonding (Benítez-Burraco 
and Nikolsky 2023). 

Self-domestication and the 
evolution of music and language 

The concept of self-domestication has 
been proposed as a  central component 
in human evolution (Hare 2017; Clarke 
and Henneberg 2015 and 2017). Based 
on analogies with domesticated animal 
breeds, this thesis seeks to explain cer-
tain observable trends in the hominin 
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fossil record and features of modern 
human behavior and psychology; these 
include reduced cranial robusticity, 
shortened facial region, reduced levels 
of aggression, social tolerance, elevated 
levels of pro-sociality, reduced sexual 
dimorphism, increased disease risk and 
the retention of juvenile or paedomor-
phic features into adulthood (Hare 2017; 
Clark and Henneberg 2015; Leach 2003; 
Bednarik 2020). While the process has 
been postulated to explain the transi-
tion from more robust to more gracile 
and “feminized” morphology within the 
Homo genus (Cieri et al. 2014; Bed narik, 
Saniotis, and Henneberg 2022), it is 
also believed to have produced the more 
paedomorphic morphology and psychol-
ogy of bonobos relative to chimpanzees 
(Hare, Wobber, and Wrangham 2012) as 
well as the paedomorphic skull architec-
ture of Ar. ramidus, suggesting that the 
process of self-domestication began at 
the base of the hominin clade (Clark and 
Henneberg 2017, 2015). 

Self-domestication is also believed to 
have been crucial to the evolution of music 
(Clark and Henneberg 2017; Benítez-Bur-
raco and Nikolsky 2023) as well as being 
a precondition for the emergence of lan-
guage (Thomas and Kirby 2018). This 
thesis is based on the assumption that 
language presupposes a  system of so-
cial transmission and learning, and that 
such a system could have evolved through 
self-domestication. As the authors write, 
rather than ‘accounting for language 
structure itself, the key task for biolog-
ical evolution lies in accounting for the 
foundational traits that make a process of 
structure-creating cultural evolution pos-
sible.’ Consequently, they argue that ‘the 
cultural evolution of language structure is 
rooted in an earlier process of self-domes-
tication’ (Thomas and Kirby 2018:23). 

Importantly, the skull morphology of 
Ar. ramidus shows greater similarity to 
infant chimpanzees than it does to adult 
chimpanzees (Fig. 1 and 2). These sim-
ilarities include position of the foramen 
magnum, short relative length of the 
face and horizontal vocal tract in rela-
tion to the length of the skull, as well as 
the degree of cranial base flexion. Con-
sequently, it has been argued that these 
paedomorphic features provide evidence 
for self-domestication at the base of the 
hominin clade (Clark and Henneberg 
2017). It has also been argued that ele-
vated levels of prosocial neurochemicals 
such as oxytocin may have evolved in 
Ar.  ramidus (Lovejoy 2009; Clark and 
Henneberg 2017). It is important to note 
that elevated levels of oxytocin and ser-
otonin are characteristic of species that 
have been domesticated by humans 
–  further these neurochemicals seem to 
be part of the self-domestication complex 
of hominins (Hare 2017). 

The important point to note here is 
that the changes in the Ar. ramidus skull 
that correlate with elevated levels of 
pro-sociality and evidence for self-domes-
tication, are the same that are required to 
evolve skull morphology and a vocal tract 
necessary for vocal modulation – that is 
a centrally positioned foramen magnum 
(itself a product of erect bipedalism), loss 
of canine armory and reduced facial prog-
nathism (Clark and Henneberg 2017). 
This observation provides detailed an-
atomical evidence for the contention 
that ‘the cultural evolution of language 
structure is rooted in an earlier process 
of self-domestication’ (Thomas and Kirby 
2018: 23). As noted by Clark and Hen-
neberg (2017), these deep interconnec-
tions between the anatomical basis of 
both vocal tract anatomy and social evo-
lution evident in early hominins, have 
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yet to be adequately explored by paleo-
anthropologists and scholars researching 
the origins of music and language. We 
hope this paper goes some way to recti-
fying this lacuna in the extant literature. 
In what follows we elaborate on this 
perspective in more detail, highlighting 
how neurochemical regulation and the 
process of self-domestication may have 
facilitated the growth of technology and 
musical ability throughout the course of 
hominin evolution. 

Neurochemical regulation 
in the hominin lineage

It has been argued that the evolution of 
human mental capacities was not particu-
larly dependent on changes in brain size 
and structure, but rather on alteration of 
its neurotransmitter and neurophysiolog-
ical regulation involved in information 
processing and emotional states (Previc 
2009; Saniotis et  al. 2019; Henneberg 
and Saniotis 2016; Previc 1999; Saniotis 
and Henneberg 2012). However, current 
knowledge of neurobiological processes 
underlying cognitive abilities in ancestral 
hominins is still scant since neuro-bio-
chemical effects do not fossilise (Sanio-
tis and Henneberg 2011). That said, in 
the above discussion we have made some 
tentative suggestions in which we have 
sought to infer changes in neurochemi-
cal profiles that may have accompanied 
changes in skeletal anatomy – which do 
fossilize. This was based on comparison 
with other species and evidence of neuro-
chemical regulation associated with the 
self-domestication syndrome. 

In what follows we discuss the role 
of oxytocin, serotonin, and dopamine 
and how these neurochemicals may be 
related to the fossil and paleo-ecological 
evidence discussed above. Importantly, 

it has been argued that the process of 
enculturation was largely influenced by 
neuro-hormonal regulation, especial-
ly from the Paleolithic period onwards 
where sophisticated social behaviors, 
technology and art developed (Bednarik 
et al. 2022) and that the social transmis-
sion of linguistic structures was depend-
ent on self-domestication (Thomas and 
Kirby 2018) which involves altered neu-
rochemical regulation (Hare 2017). 

Oxytocin is a deeply conserved neu-
rochemical primarily associated with 
female mammalian nurturant behavior 
(Panksepp 2004). Importantly, in both 
bonobos and chimpanzees the oxytocin 
system is involved in group cohesion 
–  but it functions in species specif-
ic ways. For example, in chimpanzees 
the oxytocin system seems to be associ-
ated with in-group bonding particularly 
in the context of intergroup aggression, 
while in bonobos it seems to facilitate 
both in-group cohesion as well as affili-
ative behaviour between groups (Brooks 
et al. 2022). Given chimpanzee in-group 
cohesion is believed to be related to pre-
dation pressure and intergroup conflict 
(Boesch 2009), it seems the oxytocin 
system can facilitate sociality in the face 
of external threat or competition. How-
ever, it is unlikely that these are the rea-
sons for the oxytocin system evolving in 
chimpanzees – that is it is more likely 
the oxytocin system, originally evolv-
ing in the context of female mammali-
an nurturant behavior, was exapted in 
adulthood group bonding. That the oxy-
tocin system can be exapted in species 
specific ways, is evidenced by the fact 
that in bonobos it is not associated with 
intergroup conflict but forms the phys-
iological basis for increased motivation 
to cooperate as well as intergroup affilia-
tion (Moscovice et al. 2019). 
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In humans oxytocin is involved in sex-
ual bonding (Light, Grewen, and Amico 
2005; Panksepp and Biven 2012:  241) 
parental psychology (Gordon et al. 2010) 
as well as generalised co-operation (Rill-
ing et  al. 2012). It is also involved in 
the social dimensions of music, such as 
trust and cooperation within groups of 
culturally compatible but not necessarily 
genetically related individuals – aspects 
of sociality that are believed to stimu-
late reward and motivation due to mu-
sic’s impact on the limbic system (Har-
vey 2020). Importantly, dance has been 
shown to induce pleasurable arousal and 
positive prosocial mood via the release of 
endorphins and neurohormones such as 
oxytocin (Laland, Wilkins, and Clayton 
2016). The oxytocin system may also 
be associated with a  form of primordi-
al hedonistic stimulation, a  putatively 
universal feature of music associated 
with affective bonding that underpins di-
verse cultural forms of music expression 
(Benítez-Burraco and Nikolsky 2023).

While the oxytocin system, and its 
role in the evolution of early hominin 
musical behavior, may have been impor-
tant for group cohesion in the face of ex-
ternal threat or intergroup conflict – as 
it is in chimpanzees – it may not have 
originally evolved for such purposes. For 
example, it has been argued that the oxy-
tocin system and the coevolved ritualized 
facial, bodily, and vocal signals of affili-
ative intent by ancestral mother–infant 
pairs, formed the original adaptation that 
was then exapted in music, dance, group 
ritual and other social bonding behav-
iours (Dissanayake 2021). 

This perspective has been developed 
in the context of the Australopithecine 
demographic expansion, suggesting that 
“motherese” or infant-mother vocal-
isations were able to establish a  form 

of nontactile contact comfort, which 
then provided the neurobiological basis 
of adulthood music and social bonding 
(Falk 2004). This theory is related to 
the vertical vector of bipedalism, which 
makes it difficult for hominin infants 
to ride on their mother’s back in the 
manner of quadrupedal apes such as 
chimpanzees. Additionally, a  putative 
decrease in infant grasping abilities, and 
specifically the lack of a grasping big toe 
associated with bipedalism, would have 
required mothers to place their infants 
on the ground while they foraged, with 
reciprocal vocalisation maintaining non-
tactile contact (Falk 2004). 

While the notion of such infant-di-
rected speech has been found to exist in 
various forms cross-culturally suggesting 
an evolved universal communicative sys-
tem (Hilton et al. 2022), the motherese 
thesis has been called into question due 
to a  lack of anthropological support for 
the theory (Rosenberg, Golinkoff and 
Zosh 2004). While accepting aspects 
of the motherese thesis, and the possi-
bility that mother infant vocalisations 
may have formed the neurobiological 
substrates of prosocial melodic vocalisa-
tion, we see this form of social bonding 
in a broader social context, and that in-
fant vocalisations may also serve to elicit 
responses from not just the mother but 
also alloparents – a  position that does 
seem to find support from cross cul tural 
data (Hrdy 2009: 123). In this sense vo-
cally mediated bonding between infants, 
the mother and other members of a coop-
eratively breeding social unit, may have 
been exapted in adult social bonding, 
providing the neurobiological foundation 
and ontogenetic precursors for such soci-
oemotional traits – as has been claimed 
for cooperation, empathy and altruism 
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more generally (Preston 2013). Given ox-
ytocin functions in species specific ways 
in bonobos and chimpanzees, it likely 
would have also done so in early hom-
inins – and as is the case with modern 
humans it may have subserved early forms 
of coordinated movement and sound pro-
duction.

Various authors have suggested that 
serotonergic regulation became increas-
ingly employed in the hominin clade 
where it functioned in impulse control 
and delayed gratification (Raghanti et al. 
2008; Azmitia 1999; Saniotis et al. 2021; 
Soubrié 1986). Furthermore, it has also 
been found that increasing serotonin lev-
els in the striatal areas of the brain fur-
ther reinforced limbic inhibition which 
was crucial in the development of tool 
production, language and affiliative be-
haviors (Raghanti et al. 2018). It has also 
been suggested that the serotonin recep-
tor 5-HT2AR may have had a significant 
role in human evolution by improving 
neuroplasticity and adaptive behaviors 
in adverse environments (Ettrup et  al. 
2014). This has obvious implications 
for hominin expansion into nonarboreal 
habitats with increased predation risk. 

Significantly, serotonin and BDNF 
(brain derived neurotropic factor) work to 
reinforce each other. For instance, BDNF 
enhances serotonergic expression of ra-
phe neurons, as well as upregulating sero-
tonergic uptake and modifying serotoner-
gic neuron firing rates (Goggi et al. 2002; 
Martinowich and Lu 2008; Zhou, Sari, 
and Zhang 2000). It has also been argued 
that BDNF underwent positive selection 
due to increasing physical activity levels 
(i.e. persistent hunting) from H. ergaster 
onwards, which produced more BDNF 
which in turn enhanced its synergistic 
neurotrophic and cognitive roles with 
the serotonergic system (Saniotis and 

Henneberg 2013). Further, alteration in 
BDNF expression may have been exapted 
in early hominin social activities which 
entrained affective states via rhythmic 
motor sequences – for example those in-
volved in dance (Brown, Martinez, and 
Parsons 2006). Importantly, dance has 
been shown to increase neurotrophins 
such as BDNF which assist in neuro-
plasticity and cognitive function (Brown, 
Martinez, and Parsons 2006) while mu-
sic, dance and ritual are believed to result 
in forms of prosocial synchronization 
and merging between self and other facil-
itated by endorphin release (Tarr, Launay 
and Dunbar 2014). While it is unclear 
when these neurochemicals were upregu-
lated in the hominin lineage, we suggest 
that such a process may have begun with 
early hominins such as Ar. ramidus, and 
particularly the Australopithecines when 
coordinated movement, sound produc-
tion and vocalisation increased social 
cohesion and predator defence in nonar-
boreal habitats.

 It is important to note the lifestyle 
and dietary changes that occurred as 
hominins ventured into nonarboreal 
habitats and developed a  broader diet. 
It has been suggested that the climat-
ic changes occurring over the last sev-
eral million years in sub-Saharan Africa 
contributed to increased meat consump-
tion and elevated thyroid and dopamine 
production as hominins expanded their 
locomotor range, engaged in chase hunt-
ing, and adapted to ecologies inducing 
increased thermoregulatory stress (Prev-
ic 2009, 1999). Additionally, the con-
sequent increasing dietary levels of the 
omega-3 DHA in ancestral hominins 
probably increased thyroxine (T4) which 
is involved in creativity, language fluency 
and memory (Previc 2002). Thyroxine is 
implicated in converting tyrosine to the 
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dopamine precursor L-Dopa. Significant-
ly, it has been shown that T4 levels in 
humans are approximately 30% higher 
than in chimpanzees (Previc 2002). 

Dopamine is a  significant neuro-
transmitter which is involved in planned 
movement, neuromodulation, spatial 
memory, motivational behaviour and 
cognitive function (Klein et al. 2019; Ber-
ridge and Kringelbach 2008; Salamone 
and Correa 2012). The medial caudate 
nucleus which forms the striatum with 
the putamen in basal nuclei has increased 
dopaminergic activity compared to 
non-human primates, supporting more 
flexible cognitive abilities and behaviours 
(Raghanti et al. 2016). Importantly, dopa-
mine is believed to be an important fac-
tor in sequential learning and planning 
of motor tasks (Badgaiyan, Fischman, 
and Alpert 2007). Additionally, the mo-
tor system is thought to play a  central 
role in musical and rhythmic perception, 
suggesting that motor planning is not 
only involved in movement but is also 
recruited for music perception even in 
the absence of actual physical movement 
(Gordon, Cobb, and Balasubramanian 
2018). We suggest that the regulation 
of oxytocin, serotonin and dopamine 
would have been under significant se-
lective pressure as hominins adapted to 
changed ecological conditions, resulting 
in enhanced prosocial behaviors, motor 
control and synchronized sound produc-
tion and bodily movements. 

The model outlined in this article fo-
cusing on anatomy, social structure and 
neurochemical regulation may prove use-
ful given the discovery of small brained 
hominins such as Homo naledi. For ex-
ample, Homo naledi possesses many 
human-like anatomical traits associated 
with the hand, foot, lower limb, denti-
tion and cranium – yet significantly it has 

a brain size equal to that of australopiths 
(Berger et al. 2017). What this suggests 
is that posture, hand morphology, al-
tered neural architecture and associated 
neurochemical regulation may give rise 
to what were once considered uniquely 
human social behaviors – behaviors that, 
based on the Homo naledi evidence, do 
not seem to require large brain size. For 
example, recent excavations have led to 
claims that Homo naledi seems to pos-
sess cultural traits characteristic of mod-
ern humans, including engraving, fire 
and using forms of collaborative plan-
ning and coordination to bury their dead 
in caves (Fuentes et al. 2023). Given the 
occupation of caves by this species, is it 
possible that Homo naledi took pleas-
ure in, and experimented with, the res-
onant spaces and reverberatory potential 
of caves? To our knowledge there is no 
evidence as yet that they did so – how-
ever absence of evidence is not evidence 
of absence. While the findings of the 
Homo naledi excavations are promising, 
and potentially revolutionary for our un-
derstating of hominin evolution, more 
research is required to establish the ve-
racity of the claims mentioned above; 
for a critical analysis of these claims and 
possible avenues for further research 
see reviewers’ comments in Berger et al. 
(2023). One possible avenue of future re-
search may be to ascertain any previously 
unnoticed evidence of musical behaviors 
among Homo naledi artefacts.

Our model may also help illuminate 
the neurobiological substrates of social 
cognition among the Dmanisi hominins, 
which have cranial capacity ranging from 
545 to  760 ml (Lordkipanidze 2017, 
p. 49). Importantly, the lower limit of the 
Dmanisi fossils of 545ml is only slightly 
larger than the upper limit of chimpan-
zees, which is 500ml (Tobias 1971). It is 
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unlikely that such a  small difference in 
brain size can account for the differences 
in ecological niche, subsistence patterns 
and socio-behavioral adaptations be-
tween these two species. 

Significantly, the Dmanisi hominins 
are believed to have used an Oldowan 
Mode 1 tool kit, to have been cooperative 
hunters who had access to large game, 
who had a  diet broader than H. habi-
lis (Lordkipanidze et  al. 2013; Pontzer, 
Antón, and Lordkipanidze 2014) and 
who were highly social in terms of care 
for conspecifics (Lordkipanidze et  al. 
2005). Given that geographic dispersal is 
believed to be dependent on high levels of 
sociality, combined with the small body 
and brain size of the Dmanisi fossils, 
it has been suggested that the earliest 
hominin presence in Eurasia predated in-
creases in body size and brain size (Lord-
kipanidze et  al. 2013). Given the small 
brain size of these hominins, combined 
with evidence of many aspects of the 
human adaptive suite, it seems reason-
able to propose that their psychosocial 
adaptations result from altered brain ar-
chitecture and neurochemical regulation 
associated with hominin bipedalism. Sig-
nificantly, there is evidence of antemor-
tem damage to the fossils that has been 
attributed to predation (Margvelashvili 
2022; Lordkipanidze et al. 2023). It is in-
teresting to speculate the possible forms 
of sound production employed by these 
small brained hominins – given they 
could make stone tools and given evi-
dence of possible predation would they 
have used coordinated sound production 
to deter predators? That is given their 
ability to engage in complex forms of 
sequential motor control in the making 
of weapons and tools, we also suggest 
that these hominins may have employed 
these abilities in forms of synchronized 

sound production and bodily movement 
– to either enhance group cohesion or as 
a form of predator defense. 

Archeological evidence of sound 
production and sequential 

processing

In this article we have argued that the 
sequential processing and neurochemical 
regulation resulting from erect bipedalism 
may have evolved through autocatalytic 
feedback loops that can be traced back to 
early hominins such as Ar. ramidus and 
the Australopithecines (Henneberg and 
Eckhardt 2022). We also suggested that 
increased capacity for such processing 
and enhanced motor control, in the con-
text of a prosocial egalitarian social sys-
tem, is essential for human technological 
evolution and the structural properties 
of human communicative capacities. As 
opposed to seeing modern linguistic and 
behavioral capacities evolving with the 
emergence of larger brained and more 
gracile members of the Homo genus (Di-
niz-Filho et  al. 2019; Benítez-Burraco 
and Kempe 2018; Neubauer, Hublin, and 
Gunz 2018) we suggest that many of the 
adaptations associated with behavioral 
modernity were already in place among 
Homo erectus (Bednarik 2013; Webb 
2006; Sterelny 2012; Bednarik 2015) 
and that they originally evolved through 
a  social niche involving self-domestica-
tion processes, cooperative breeding and 
intergenerational knowledge transfer 
that may reach back to Ar. ramidus and 
the Australopiths (Clark and Henneberg 
2021a; Clark and Henneberg 2021b). In 
the following we explore this perspec-
tive in greater detail as a  means of in-
terpretating the archeological evidence 
for music – from ancient lithophones to 
purported flutes found by archaeologists 
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from the Aurignacian, a  technocomplex 
of hominins transitional between robust 
and gracile Homo sapiens, i.e., Neander-
thaloid humans (Bednarik 2020).

It has been argued that self-domesti-
cation led to increased skull gracility and 
globularity within the Homo genus, which 
was accompanied by changes in neural ar-
chitecture that gave rise to modern forms 
of cognition and language use within an-
atomically modern humans (Benítez-Bur-
raco and Kempe 2018). However, this 
position has been questioned based on 
evidence that other factors such as mas-
tication may contribute to differences 
between robust and gracile members of 
the Homo genus – and that consequently 
robust varieties going back as far as 600k 
may have been behaviourally modern 
(Clark and Henneberg 2021). If this posi-
tion turns out to have any merit then the 
question arises: to what degree did music 
form part of behavioural modernity in ear-
lier varieties of the Homo genus? 

One of the problems in establishing 
the evolutionary origins of music is most 
types of musical instrument would have 
been made of perishable materials usually 
lost from the archaeological record due to 
taphonomic processes (Bednarik 1994). 
This also means that the absence of such 
artifacts does not necessarily mean that 
earlier hominins lacked the socio-cog-
nitive ability to produce and use them. 
As opposed to inferring the emergence of 
musical abilities by reference to archae-
ological finds of musical instruments, 
we interpret such evidence as some of 
the most recent examples of hominin se-
quential processing, rhythmic perception 
and musical abilities that occurred as re-
sult of architectural and neurochemical 
alterations of the hominin brain. 

Significantly, in palaeoart, we have 
a  number of finds that are attributable 

to robust rather than gracile hominins 
(Bednarik 2017), and there is a tantalis-
ingly small number of apparent musical 
instruments from Middle Palaeolithic 
contexts. About thirty presumed flutes 
or pipes have been reported from Upper 
Palaeolithic settings, but as mentioned, 
they need not necessarily be attributed to 
gracile H. sapiens. The best-known ex-
amples are those from the Aurignacian of 
Hohle Fels, Vogelherd and Geiβenklöster-
le in Germany (Hahn and Münzel 1995; 
Conard, Malina, and Münzel 2009), Spy 
in Belgium (Otte 1979), and Isturitz, 
Abri Blanchard and Mas d’Azil in France 
(Passemard 1944; Harrold 1988). 

As already noted, caves are an impor-
tant competent in hominin evolution go-
ing back to at least Homo naledi if not the 
Australopithecines. Caves may have pro-
vided shelter and protection from preda-
tors in the absence of arboreal forms of 
refuge as well as being places of symbolic 
or ritual behaviour (Jaubert et al. 2016). 
Importantly, many of the paintings of 
the Upper Paleolithic are situated in the 
most resonant areas of the caves, which 
includes stalactites which are reported to 
have been used as natural tone producing 
‘lithophones’ (Morley 2013: 115–117). 
Significantly, it has been argued that the 
acoustic properties of such spaces amplify 
pitch value directing the attention of sing-
ers to fundamental frequencies and har-
monicity (Benítez-Burraco and Nikolsky 
2023). Additionally, the acoustic proper-
ties of caves have led to the suggestion 
that early forms of music and visual art 
may have developed as part of cave based 
ritual practices (Morley 2013).

Some researchers have argued that 
Neanderthals exhibit evidence of cave 
based behaviours traditionally associat-
ed with Homo sapiens. For example, the 
Middle Palaeolithic Bruniquel Cave de-
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posits in France contain evidence of an-
thropogenic geometric structures made 
of stalagmites, suggesting forms of social 
organization among Neanderthals more 
complex than previously thought (Jau-
bert et al. 2016). However, it is unclear 
how ancient forms of ritual and associat-
ed musical behaviors are. We suggest it is 
likely they emerged prior to the evolution 
of anatomically modern humans, having 
developed among robust hominins such 
as Neanderthals. It may even be the case 
that very early versions of ritual behavior, 
at least in incipient form, were present 
among small brained hominins as sug-
gested by the Homo naledi finds. It will 
be interesting to see how future research 
illuminates this issue further.  

Importantly, predation on hominins 
appears to have been common during the 
Pleistocene among early anatomically 
modern humans as well as Neanderthals 
(Camarós et al. 2016). For example Ne-
anderthal fossils from The Cova Negra 
in Spain have cranial punctures similar 
to those evident in the Australopithecus 
cranial fragment SK-54 from Swartkrans 
in South Africa, which are believed to 
have resulted from a leopard attack (Ca-
marós et  al. 2016). It is unclear if cave 
occupation during this period was a  re-
sponse to predation pressure or other 
factors. What seems to be clear is caves 
were a place conducive to the production 
and amplification of sound, that early 
members of the Homo genus ocupied 
them, and that they most likely did so 
for shelter and possible cultural reasons. 
Predation may have been one factor en-
gendering this practice although it seems 
diffcult at present to ascertain its realtive 
role with any certainty.  

There have been occasional reports 
of flute-like objects from Middle Palae-
olithic contexts, of which one example 

deserves closer attention (Fig. 3). It is 
the Mousterian bone flute from Divje 
babe I, Slovenia, from layer 8, the low-
est of five Mousterian strata (Turk 1997; 
Turk, Dirjec, and Kavur 1995). Since it 
was first reported, it has led to intensive 
debates (d’Errico et al. 2003; Chase and 
Nowell 1998; d’Errico and Stringer 2011; 
d’Errico and Villa 1997). The tubular 
fragment of a  juvenile cave bear femur 
bearing a series of holes is dated to about 
50 ka. Advocates of the replacement of 
replacement of robust members of the 
Homo genus by more gracile forms, argue 
that the four regularly spaced holes result 
from carnivore activity, yet they lack in-
dications of compression or crushing 
and any counter-traces on the underside. 
Moreover, experimentation has demon-
strated that the object has a  two-and-a- 
-half-octave compass that extends to over 
three octaves by over-blowing, and per-
fectly melodious tunes can be played on 
it (Turk et al. 2018). It would be readily 
accepted as a flute if it were from an Au-
rignacian context because replacement 
scholars attribute that musical tradition 
to gracile H. sapiens. 

Fig. 3. Presumed flute of the Mousterian of Divje 
babe I, Slovenia, made of a cave bear bone

Flutes or pipes are not the only mu-
sical instruments described from Palaeo-
lithic contexts. Skiffles, rasps or scrapers 
have been reported from several Upper 
Palaeolithic occupation layers (Geiringer 
1982:  13–14; Kuhn and Stiner 1998; 
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Huyge 1991; Maringer 1982; Vincent 
1988; Dauvois 1989, 1999). One such 
possible scraped idiophone is attributa-
ble to the Middle Palaeolithic. It is the 
fragment of a mammoth long bone (prob-
ably a femur or tibia) found with a cold 
fauna and Mousterian flint implements 
at Schulen, Belgium (Huyge 1990). The 
oblique fracture to create a pointed end 
was achieved by a cut scored with a stone 
tool, along which the bone was then 
snapped off. The deeply cut subparallel 
grooves extending from the point down-
wards (Fig. 4) have been so intensively 
worn by transverse rubbing, especially 
near the point, that their original num-
ber is difficult to establish. There seem 
to have been twelve grooves initially, and 
their separating ribs, as well as the edge’s 
underside, are covered by an intense tri-
bological gloss featuring micro-striations 
parallel to the tool’s edge. The gloss is ab-
sent in the groove floors, which have re-
tained the longitudinal striae of the lithic 
tools used to create them. 

Fig. 4. Presumed skiffle on a mammoth bone frag-
ment from Schulen, Belgium

Free aerophones, usually known as 
bullroarers, have also been attributed 
to the Palaeolithic, as have osseophones 
(struck bones), albeit with less persua-
sive examples. The evidence is much 
clearer for another form of idiophone, 
the lithophones. These are rocks struck 
to vibrate, producing clear sounds au-
dible over great distances (Boivin et  al. 
2007; Boivin 2004). Lithophones can 
be identified and may provide the earli-
est evidence available of music-making 
– although we suggest this ability may 
in fact be an extension of the hominin 
sound producing capability that can be 
traced back to Lomekwi artefacts. The 
quality and tone of the sound they yield 
depend on the shape and material prop-
erties of the stone and the amount of 
contact it has with other rocks: minimal 
contact facilitates more effective vibra-
tion. Therefore, stalactites in limestone 
caves are acoustically suitable candi-
dates. Several cave sites have been pro-
posed to have furnished such evidence 
in the form of marked or struck spele-
othem formations (Glory 1964, 1965; 
Vaultier, Santos, and Glory 1965), such 
as the ‘organ sanctuary’ in Nerja Cave, 
Spain (Dams 1984, 1985). However, 
these are Upper Palaeolithic, although 
the Escoural Cave examples could con-
ceivably be Middle Palaeolithic as Upper 
Palaeolithic occupation evidence is lack-
ing at that site.

Most known lithophones (Quere-
jazu Lewis and Bednarik 2010) or ‘rock 
gongs’ are large slabs of rock featuring 
cupules, a type of cup-shaped indenta-
tion that is the most common petro-
glyph on the planet (Bednarik 2008). 
These may occur singly on the litho-
phone’s spot most conducive to emit-
ting good sound, but different parts of 
a  lithophone may yield different notes 
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(Bednarik 2010a). Therefore, most 
specimens bear several cupules, even 
hundreds (Fig. 5). Cupules were made 
by percussion and can occur on any 
rock type, and most of them are not 
found on rocks suitable as lithophones. 
They have been made from the Lower 
Palaeolithic to the 20th century (Fig. 6). 
Replication studies have determined 
that those made on the hardest rocks, 
such as granite, quartzite and in rare 
cases, even massive quartz, can require 
up to hundreds of thousands of blows 
with stone hammers (Kumar and Kr-
ishna 2014). Most of the earliest known 
cupules occur on rocks that may not be 
good lithophones, such as those at Dar-
aki-Chattan (India), Nchwaneng and 
Potholes Hoek (both South Africa) or 
Sai Island (Sudan) (Bednarik 2017: 43–
44, 115–118). A  notable exception is 
the upright quartzite slab in Audito-
rium Cave (India; op. cit. Fig. 38), lo-
cated in a space of distinctive acoustic 
properties. The cupules of these five 
sites have been attributed to the Lower 
Palaeolithic, although dating these phe-
nomena remains notoriously difficult 
(Bednarik 2010b). 

Fig. 5. Granite lithophone covered by cupules; Serra 
do Papagaio III, Santana do Matos, Rio Grande 
do Norte, Brazil

Fig. 6. Some of the 550 cupules on the walls of the 
quartzite cave Daraki-Chattan, Bhanpura, cen-
tral India, 28 of which have been excavated in 
Lower Palaeolithic strata

Of particular interest here are the 
sensory effects of the rhythmic sound of 
cupule production sessions, combined 
with the tremendous physical exertion 
demonstrated by the replication experi-
ments that revealed the involvement of 
immense ‘commitment, stamina and 
patience’ (Kumar and Krishna 2014). 
Cupules on tough rock, especially those 
on lithophones, could have been either 
produced by countless short sittings over 
many generations; or they may be the re-
sult of many monotonous sessions last-
ing hours at a time, introducing a trance-
like state in the operative. The timing 
of striking the rock favours intervals 
reflecting the rebound characteristics of 
the stone hammers, i.e., strikes are very 
precisely spaced in time. The kinetic 
mechanics of the process manifest the 
tribological properties of the elements 
involved, establishing a specific rhythm, 
and it can seem to the operator that the 
rock determines the rate of striking. This 
establishment and governing of rhythm 
over a  lengthy period, combined with 
distinctive pitches of sound produced, 
is a  prime candidate for embedding the 
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rudiments of music production. Al-
though it does not fix the timing of the 
advent of music production any more 
than the archaeological data listed above, 
any form of natural patterning would 
have helped hone hominin cognition. 
Further, such evidence for cognitive hon-
ing may be an extension of processes that 
can be traced back to the earliest stone 
tool technologies. 

In conclusion, our analysis offers 
a  model of human music origins and 
dance grounded in the palaeoecological 
contexts of early hominin evolution. We 
propose that changes in skull architec-
ture, locomotion, hand morphology, neu-
robiology and ecology, may have favored 
the uses of coordinated sound production 
and movement as part of a more gener-
alized adaptive suite. We further argue 
that this very primitive form of move-
ment and sound production provided the 
phylogenetic building blocks that were 
consequently amplified though autocat-
alytic feedback loops during subsequent 
periods of hominin evolution. 

It is also a model that opens up poten-
tially new avenues of research. For exam-
ple, some stone tools have been shown 
to have traces of use as sound producing 
objects. The veracity of our model may be 
able to be tested by re-analyzing Pleisto-
cene artefact assemblages for any hints 
of their use as “sound tools”. As Blake 
and Cross argue, the realisation of the 
potential – and often overlooked – sound 
producing properties of stone tools may 
necessitate the ‘seemingly monumental 
task of re-analysing or re-considering ex-
cavated lithic collections’ a research pro-
ject that ‘should target sites where other 
forms of musical or quasi-musical behav-
iours have survived’ (Blake and Cross 
2008: 17). The presence of such evidence 

among early hominin archaeological de-
posits could be used to test our model. If 
such evidence was forthcoming it would 
push back music origins into much earli-
er periods of paleohistory than previously 
thought. We predict such an archaic origin 
for musical abilities based on the unique 
anatomical configuration, and associated 
neurobiology, of hominin bipedalism, ca-
nine anatomy and hand morphology. The 
challenge for future researchers is to dis-
cover clues for such an ancient origin de-
spite the taphonomic processes that make 
finding such evidence in older archaeolog-
ical layers less likely.
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