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Summary - Archaeological evidence for musical activities pre-dates even the earliest-known cave art and 
it remains the case that no human culture has yet been encountered that does not practise some recognisably 
musical activity. Yet the human abilities to make and appreciate music have been described as “amongst the 
most mysterious with which [we are] endowed” (Charles Darwin, 1872) and music itself as “the supreme 
mystery of the science of man” (Claude Levi-Strauss, 1970). Like language, music has been the subject of 
keen investigation across a great diversity of fields, from neuroscience and psychology, to ethnography, to 
studies of its structures in its own dedicated field, musicology; unlike the evolution of human language 
abilities, it is only recently that the origins of musical capacities have begun to receive dedicated attention. 
It is increasingly clear that human musical abilities are fundamentally related to other important human 
abilities, yet much remains mysterious about this ubiquitous human phenomenon, not least its prehistoric 
origins. It is evident that no single field of investigation can address the wide range of issues relevant 
to answering the question of music’s origins. This review brings together evidence from a wide range of 
anthropological and human sciences, including palaeoanthropology, archaeology, neuroscience, primatology 
and developmental psychology, in an attempt to elucidate the nature of the foundations of music, how they 
have evolved, and how they are related to capabilities underlying other important human behaviours. It is 
proposed that at their most fundamental level musical behaviours (including both vocalisation and dance) 
are forms of deliberate metrically-organised gesture, and constitute a specialised use of systems dedicated to 
the expression and comprehension of social and emotional information between individuals. The abilities 
underlying these behaviours are selectively advantageous themselves; in addition, various mechanisms by 
which the practice of musical activities themselves could be advantageous are outlined.
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The human capabilities for carrying out 
musical behaviours have been described as 
“amongst the most mysterious with which 
[we are] endowed” (Darwin, 1871) and music 
itself as “the supreme mystery of the science of 
man” (Levi-Strauss, 1970). The reasons for this 
are manifold, but most conspicuous amongst 
them are music’s uniqueness in humans and 

universality amongst human cultures, whilst, on 
the surface of it, serving no obvious immediate 
benefit for survival. 

Evolutionary perspectives on human cogni-
tion and behaviour have burgeoned in the last 
30 years, adding to our understanding of certain 
aspects of human behaviour which have core 
common elements underlying the variation that 
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exists across different cultures, by considering 
human behavioural capabilities and tendencies in 
light of the biological history of our species, and 
the selective pressures to which our ancestors were 
subject. Foci have included morality, supernatu-
ral beliefs, theory of mind, aesthetic preferences, 
language, symbolism and culture, amongst other 
things  (Laland & Brown, 2011, offer a very use-
ful overview and critique of different approaches 
that have been taken; Barrett et al., 2001 provide 
useful introduction to the questions and concerns 
of human evolutionary psychology in particular). 

Until the last decade or so music has been 
underrepresented in such investigations and the-
orizing, both in terms of seeking to understand 
music’s possible roles in our evolutionary history 
(and the roles of the underlying abilities that 
support musical behaviours, which is a differ-
ent concern), and in terms of understanding the 
relationships between musical capabilities and 
those supporting other aspects of human behav-
iour. Increasingly, however, researchers involved 
in studying music in various fields have started 
to incorporate evolutionary thinking into their 
interpretations of their data, and some authors 
have sought to situate musical capabilities in 
broader frameworks of human evolution (see, 
for example, Wallin et al., 2000; Morley, 2002, 
2003, 2013; d’Errico et al., 2003; Mithen, 2005; 
Conard et al., 2009; Malloch & Trevarthen, 
2009b; Bannan, 2012; Schulkin, 2013). 

Musical behaviours today are peculiar in 
being simultaneously viewed by some as a func-
tionally redundant leisure activity that we carry 
out as a sort of ‘luxury’ addition to our survival 
activities, and by others as fundamental to a wide 
range of aspects of human life. In a sense, aspects 
of Western societies’ consumption of music 
encompass both these perspectives simultane-
ously: in Western societies in particular music is 
packaged and sold as a product, a consumable 
luxury addition to life’s essentials, yet these sales 
are often predicated on the idea that music deals 
with fundamental human emotional concerns; it 
is used to adjust consumer behaviour, solicit our 
affections and votes, and to elicit particular emo-
tional responses in specific circumstances.

It might be possible to view music as purely a 
cultural product (and indeed, many authors have 
argued that it is so – for example, Repp, 1991) 
were it not for the facts that musical activities 
are practised by all known human societies and 
that it is increasingly clear that we have several 
innate and finely-honed cognitive mechanisms 
that particularly respond to musical stimuli and 
make their production possible, and appealing. 
The ubiquity of musical behaviours in human 
societies requires some explanation, as do the 
relationships that appear to exist between the 
capabilities for musical behaviours and for other 
aspects of human behaviour. Indeed, it is in 
these relationships that we may find some clues 
to the evolutionary history of the behaviours. 
It has become increasingly evident in recent 
years that the capacities for musical behaviours 
and those related to complex social behaviours 
are closely intertwined, and the one set can-
not be fully understood without understand-
ing the other. Clearly, musical behaviours are 
enormously diverse across different societies, 
and the influence of culture upon the form, role 
and attributed significance of musical activities 
is very great. Nevertheless, there are significant 
commonalities in form and function of musical 
behaviours, and the forms that these behaviours 
take are in some important respects shaped and 
constrained by biological factors. 

We know that musical behaviour has a very 
ancient pedigree. Direct evidence, in the form of 
musical instruments, appears in the archaeologi-
cal record at least 40,000 years ago (Conard et 
al., 2009; Higham et al., 2012). However, this 
is some 150,000 years after the estimated emer-
gence of our species, Homo sapiens, and studies 
in developmental psychology and neuroscience 
strongly suggest that the human capacities that 
underpin musical production and perception 
have a much longer evolutionary history.

If we are to investigate the longer-term history 
of musical behaviours, we need to identify which 
aspects of musical activities are traits that emerge in 
particular cultural contexts and which aspects are 
innate and shared between humans. Of the innate 
elements we are also concerned to distinguish 



www.isita-org.com

149I. Morley

between those which are shared with our near-
est surviving primate relatives and those which are 
exclusive to our own lineage, having emerged since 
the divergence of hominins from our last common 
ancestor with chimpanzees. In the latter case we 
must then also seek to understand the circumstances 
under which such capabilities emerged, and why.

Music itself is notoriously difficult to define 
(a matter discussed further below), being both 
apparently ubiquitous and yet highly varied. The 
more closely we look at musical behaviours the 
more it becomes clear that, whilst particular areas 
of study individually add much to our under-
standing of the phenomenon and the capacities 
which make it possible, a full understanding of 
musicality and its place in our evolution cannot 
be attempted without drawing upon a very wide 
range of investigative disciplines, and consider-
ing their findings in light of each other. Because 
of the range of physical and mental capabilities 
that are used in musical activity, and because of 
the diversity of ways in which these activities are 
related to other aspects of behaviour in different 
human societies, understanding the cross-cultural 
human phenomenon of music from an evolu-
tionary perspective has to make recourse to many 
different types of evidence. This means utilising 
all three of the traditional major anthropologi-
cal disciplines – biological anthropology (includ-
ing palaeoanthropology), cultural anthropology 
(including ethnomusicology) and archaeology. It 
also means drawing upon other human sciences 
in the broader sense, including neurological stud-
ies, cognitive and developmental psychology, and 
evolutionary theory, applied to both biology and 
behaviour. We must also look further afield to 
the capabilities and behaviours of other animals, 
especially the other higher primates.

The following discussion highlights some of 
the relevant findings from this range of disci-
plines, with the aim of drawing conclusions from 
the mutual implications of the different evidence. 
It necessarily constitutes a highly condensed syn-
thesis of complex findings from a wide range 
of different types of studies; those interested in 
more detailed examination of these findings and 
their implications are referred to Morley (2013).

This paper starts by attempting to identify 
what the principal elements of the investiga-
tion must be and considering how we can seek 
to understand them in an evolutionary con-
text. This is followed by a brief outline of the 
earliest direct evidence for recognisable musical 
behaviours in the archaeological record, and of 
the palaeoanthropological evidence for the evo-
lution of the physiological and neurological fea-
tures used in musical behaviour. We then look 
at relationships between vocal tonal abilities, 
speech, and other forms of vocal communication 
in higher primates and human infants, to gain 
some insights into which of these abilities are 
innate, and the roles that they fulfil in non-lin-
guistic communication. Vocalisation is then also 
considered in the context of body language and 
other forms of gestural communication, includ-
ing the involvement of temporally-coordinated 
movement and its relationship with emotional 
experience. Having considered the relationships 
between these capacities for musicality, and the 
important roles that they fulfil in human interac-
tion, the discussion finally turns to the question 
of whether there are ways in which musical activ-
ities themselves could confer selective advan-
tages on those carrying them out. Throughout, 
it will be important to make clear a distinction 
between selection for the underlying capacities 
that are used in musical behaviours (the selection 
for which might or might not be related to the 
function they fulfil in the musical context), and 
selection for musical behaviours themselves (i.e. 
possible selective advantages associated with car-
rying out musical behaviours ).

Conceptualising ‘music’ and 
‘musicality’ for the purposes of 
evolutionary analysis

The first difficulty that we face is of defin-
ing the focus of our interest, the broad and 
diverse, but apparently universal entity ‘music’. 
Whilst it is widely asserted in literature dealing 
with music psychology and anthropology that 
all human societies carry out behaviours that are 
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recognisable as music (e.g. Clynes, 1982; Storr, 
1992; Brown et al., 2000; Blacking, 1995), defi-
nitions of exactly what constitutes music very 
rarely feature in academic papers on the subject. 
Naturally, the various different disciplines that 
concern themselves with the study of music have 
their own preoccupations with particular aspects 
of music. Thus we find that in studies of music 
cognition, the focus is usually on the production 
and processing of particular component parts 
of music, such as pitches, transitions between 
them, or tempo. Similarly, developmental studies 
looking at the emergence of music cognition in 
human infants are by necessity required to study 
specific aspects of music perception and produc-
tion, or of behaviours occurring in relation to 
pieces of (usually Western) music as whole enti-
ties. Neither requires a conception of music as a 
whole to be defined. Ethnographic studies can 
describe the form and role of musical activities 
without the need (or, indeed, the desire) to cat-
egorise them under an overarching conceptual-
ization; in the case of the archaeological identi-
fication of musical activities, discussion of music 
is by necessity usually tied to interpretation of 
instruments themselves and their contexts of use.

Clearly, if we are to examine music through 
time, across cultures, and across different disci-
plines, we will need to tackle the difficult issue 
of describing the focus of our investigations in a 
way that encompasses the numerous constituent 
components of those activities, and the diversity 
of phenomena observed as a whole, but with-
out being so broad as to be meaningless. On 
the other hand, part of the motivation for the 
investigation itself is to better understand what 
music is (at the level of the features shared by dif-
ferent societies’ behaviours, at least), and how it 
achieves the effects that it does; the investigation 
ought to be able to allow us to better formulate 
a definition than we would be able to otherwise. 
So we also need to make sure that any concep-
tion of music that we start with is not so narrow 
as to lead us to only investigate what we already 
think we understand it to be.

There are, of course, dictionary definitions 
of music, but these tend to describe to a greater 

or lesser extent music as it exists in the modern 
Western context, and don’t adequately encom-
pass the diversity of forms, effects, uses and 
conceptions of music that exist across human 
cultures (see Cross & Morley, 2009 for discus-
sion). Whilst musical behaviours are enormously 
varied, and different cultures’ own conceptions 
of music are as well, being frequently insepara-
ble from dance and cosmology (e.g. Waterman, 
1991; Bohlman, 2002), it remains the case that it 
is possible to recognise this diverse range of activ-
ities across all cultures as ‘musical’, suggesting 
that there is an identifiable set of common char-
acteristics, occurring in various combinations. 
According to Nettl (2000), ‘All societies have 
vocal music. . . . All societies have at least some 
music that conforms to a meter or contains a 
pulse. . . . All societies have some music that uses 
only three or four pitches, usually combining 
major seconds and minor thirds’ (Nettl, 2000, 
p. 468). There is commonly a division of the 
octave into five to seven discrete pitches (Burns, 
1999; Trehub, 2003), which tend to be separated 
unequally by tones and semitones. This unequal 
separation of tonal intervals appears to be a prod-
uct of the human perceptual system being better 
able to process unequal scale steps (Butler, 1989; 
Shepard, 1982), and this feature is innate, occur-
ring from infancy (Trehub et al., 1999). Other 
products of universal features of the human per-
ceptual system include the ubiquity of the perfect 
fifth interval, which is more easily processed than 
other intervals (Schellenberg & Trehub, 1994, 
1996a,b), and the perception of consonance, 
harmony and dissonance (Tramo et al., 2003), 
with dissonance eliciting aversive reactions from 
infancy (Trehub, 2003; Gosselin et al., 2006). 

It would appear, then, that musical behav-
iours amongst all humans involve the organi-
sation of sounds into pitches (frequently three 
to seven), unequally separated across the scale, 
including the perfect fifth interval, and favour-
ing consonance over dissonance; they involve 
organising sound sequences so that they have a 
deliberate structured temporal relationship with 
each other, including attributing a regular beat to 
these stimuli (cf. Peretz, 2003).
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Musical behaviours also involve intentional 
bodily action that is temporally organised.  Music 
is impossible to make without action (Besson & 
Schön, 2003) – it is an embodied activity, not 
purely an auditory phenomenon, and both rhyth-
mic and tonal sound production unavoidably 
involve precise, planned, control and sequencing 
of bodily action. These actions are structured and 
intentional (Turner & Ioannides, 2009), tempo-
rally-organised, and have the potential to have mul-
tiple interpretations (Cross, 2003b). It can be seen 
that, with the exception of the necessity for pitch 
encoding, the word ‘dance’ could be substituted 
for the word ‘music’ in the preceding sentences. 
Relationships – and interdependences – between 
music and dance will be discussed further below.

In summary, on the basis of the above pan-cul-
tural properties of music, and taking into account 
the broader descriptions offered by the other writ-
ers mentioned, musical activities, regardless of 
whatever other properties and significances they 
possess in their cultural context, rely on the ability 
to voluntarily produce sequences of sounds mod-
erated for intensity and/or pitch and/or contour, 
generated by metrically-organised muscular move-
ments, and often coordinated (entrained) with 
an internally or externally-perceived pulse. They 
also comprise the ability to process and extract 
information from such sounds. Dance clearly also 
involves voluntary generation of finely-controlled 
metrically-organised muscular movements, coor-
dinated with an internally or externally-perceived 
pulse. The investigation of the prehistory of musi-
cal behaviours must thus be concerned with the 
prehistory and evolution of these abilities, their 
effects, and their relationships with each other and 
with other human abilities.

How can we study the evolution of 
music?

Musical stimuli themselves are obviously tran-
sitory auditory (and bodily) phenomena that do 
not preserve over time, so investigating music’s 
prehistory clearly includes challenges. What we 
can seek to investigate is the prehistory of the 

capacities that make musical behaviours possible, 
how they relate to each other and to other human 
behaviours. We can also investigate the earliest 
direct evidence for musical behaviours themselves 
and, in light of what we know about the capacities 
that make such behaviours possible and what we 
know about the variations and commonalities in 
musical behaviours in various cultures, interpret 
that evidence. 

In order to understand the evolutionary his-
tory of the capacities that support musical behav-
iours we need to identify which elements of musi-
cal behaviours are innate, being part of our bio-
logical heritage. Of each of the innate elements, 
we need to understand why it is innate, why it is 
significant, and how it is related to music. We also 
need to identify how far back in that heritage they 
go. Which of the innate elements are possessed by 
other higher primates too, and are thus part of the 
longer evolutionary history of our species, but pro-
viding foundations for the human-specific behav-
iours that have emerged since? What roles do they 
fulfil in the context of the higher primates’ usage? 
Which of the innate elements, in contrast, are pos-
sessed by humans alone, and have thus apparently 
emerged in our evolutionary lineage since our last 
common ancestor with chimpanzees?

In each case an essential element of under-
standing the history of these capacities is to 
understand how they are related to other abili-
ties that exist within our primate lineage, such 
as vocal communication, body language, ges-
ture, imitation, coordination and maintaining 
complex social relationships, and those that are 
apparently exclusive to humans, such as linguis-
tic communication and systematic use of sym-
bolism. In addition we can also seek to track the 
development of some of them in the fossil record 
of hominin physiological evolution.

The earliest direct evidence of 
musical activity: Palaeolithic music 
archaeology

We know that some of the earliest H. sapiens 
in Europe were manufacturing technologically 
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sophisticated musical instruments at least 40,000 
years ago (Conard et al., 2009; Higham et al. 
2012). Bird bone and mammoth ivory pipes (or 
‘flutes’) are found in Aurignacian contexts (those 
associated with early H. sapiens populations) 
at sites in the Ach and Lone Valleys, Germany 
(Geissenklösterle, Hohle Fels and Vogelherd) 
(Hahn & Münzel, 1995; Richter et al., 2000; 
Conard et al., 2004; Conard et al., 2009) and 
France (especially Isturitz) (Buisson, 1990; 
Scothern, 1992; Le Gonidec et al., 1996; Lawson 
& d’Errico, 2002). These are clearly the product of 
complex production processes requiring consider-
able investment of time and resources, creating 
highly effective sound-producers, and must be the 
product of a long period of technological develop-
ment (Dauvois, 1989, 1999; Lawson & d’Errico, 
2002). Comparable pipes are found from contexts 
throughout the subsequent Upper Palaeolithic of 
Europe, as well as other artefacts that may have 
constituted sound-producers, including possible 
rasps and ‘bullroarers’ (Dauvois, 1989, 1999; 
Huyge, 1990, 1991). It also seems to be the case 
that Upper Palaeolithic H. sapiens made deliber-
ate use of the acoustic properties of cave sites, 
including the resonant properties of stalagmites 
and stalactites in some places (Glory, 1964, 1965; 
Dams, 1984, 1985; Reznikoff & Dauvois, 1988; 
Dauvois, 1989, 1999; Reznikoff, 2008).

It would seem to be the case that amongst 
many, at least, of the Palaeolithic populations of 
Europe musical activities constituted an important 
part of their lives, being far from a trivial leisure 
activity adjunct to their subsistence concerns. This 
evidence confirms that the capacities for, and prac-
tice of, musical activities were well established in 
humans at this time; the development of the capac-
ities for these behaviours clearly extends far further 
back than the last 40,000 years of our own species.

The evolution of the physiology 
and neurophysiology for musical 
behaviours: fossil evidence

In considering the earliest foundations of 
musical behaviours in the human lineage, one is 

necessarily investigating the origins of the pro-
duction and processing of complex vocalisations 
and muscular movements. Without these capa-
bilities, the musical behaviours that all humans 
undertake would be impossible. 

The ability to produce and perceive varied 
sequences of tones, moderated for pitch, inten-
sity and contour, is a fundamental component of 
musical behaviours. In contrast to the prevailing 
trend in Western music of the last few hundred 
years, instruments (anthropogenic sound-pro-
ducers) are not fundamental to musical produc-
tion; the human body has the potential to con-
stitute an excellent instrument in its own right, 
both melodic and percussive. Instruments consti-
tute an accessory to these existing human capaci-
ties; the origins of musical behaviour would not 
have relied upon the invention of instruments. 
The study of the origins of the capacities for 
musical behaviours must therefore examine the 
evolution of the biological features that are used 
in such activities.

The principal tonal sound-producing appa-
ratus possessed by all primates is the vocal tract, 
and in humans, over the course of our evolution, 
this has become an instrument par excellence, 
with the potential to produce a great diversity 
of sounds, and to communicate information 
in a variety of ways. Indeed, it is this biological 
instrument, possessed by all of us, which consti-
tutes the principal tonal sound-producer in the 
musical activities of many ‘traditional’ societies 
(e.g. Johnston, 1989; Nettl, 1992; Breen, 1994; 
McAllester, 1996; Locke, 1996).

Reconstructions of vocal anatomy have 
been carried out on both australopithecines (the 
bipedal but otherwise rather ape-like predeces-
sors of our own genus, Homo, living from c. 4 
million years ago until 1.5 million years ago or 
less), and the various species of Homo (which 
first appears around 2.5 million years ago). The 
australopithecines studied so far show charac-
teristics of anatomy related to vocalisation that 
are little different from those of the African apes 
today (gorillas and chimpanzees) (Laitman & 
Heimbuch, 1982; MacLarnon & Hewitt, 1999; 
Alemseged et al., 2006). Changes away from an 
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ape-like resting position for the larynx are first 
evident in H. ergaster, which possesses the first 
indications of a lower resting laryngeal posi-
tion and increased supralaryngeal soundspace 
(Laitman & Heimbuch, 1982; Arensberg et al., 
1990), which are amongst several changes which 
can increase the range of sounds that can be 
produced, and control over them (Fitch, 2009; 
Arensberg et al., 1990; Clegg, 2012), and which 
were probably initially instigated by a shift to 
fully upright human-like bipedal posture (Aiello, 
1996; Spoor & Zonneveld, 1998). While this has 
the potential to allow the production of a larger 
range of vocal sound frequencies than the ances-
tral (and australopithecine) form, the true range 
of sound-producing capabilities of the H. ergaster 
anatomy is difficult to model. It has been sug-
gested that this development was coupled with 
an increase in neurological control of airflow 
over the larynx, as indicated by the dimensions of 
the central nerve canal in the cervical vertebrae, 
permitting some increased control of the pitch, 
intensity and contour of sounds produced by the 
larynx (Frayer & Nicolay, 2000), though the rel-
evance of this anatomy for vocal control has been 
contested (Fitch, 2009). H. ergaster appears not 
to have undergone any increase in control over 
the duration of exhalation relative to the ape-
like condition, as indicated by thoracic vertebral 
nerve canal dimensions, so although able to pro-
duce a greater variety of sounds, it would have 
been limited in the control of the length of the 
utterances it could produce, as are other higher 
primates today (MacLarnon & Hewitt, 1999; 
see Morley, 2012 for a discussion of the differing 
positions of MacLarnon & Hewitt, 1999, and 
Frayer & Nicolay, 2000).

By the time of the last common ancestor 
of Neanderthals and modern humans, prob-
ably around 5-600,000 years ago, human-like 
thoracic innervation had emerged, allowing 
control over utterances of extended duration 
(MacLarnon & Hewitt, 1999), alongside a mod-
ern-human-like hyoid anatomy and position, 
and thus supralaryngeal soundspace. Certainly 
European H. heidelbergensis specimens ancestral 
to Neanderthals, and African H. heidelbergensis 

specimens ancestral to modern humans, as well 
as Neanderthals and modern humans themselves, 
all possessed all of these features (Arensberg et 
al., 1990; Rodríguez et al., 2003; Martinez et al., 
2008). So a re-arrangement of laryngeal anatomy 
into a form essentially indistinguishable from 
that of modern humans, along with the neu-
rological control over pitch, intensity, contour 
and duration of sounds produced by it, appears 
to have taken place at some point(s) over the 
1-million-year or so period of the evolutionary 
development of H. erectus, from H. ergaster to the 
common ancestor of Neanderthals and ourselves. 

That an increase in control over pitch, inten-
sity and contour seems to have occurred before 
the ability to produce vocal sounds of extended 
duration is interesting. As MacLarnon & Hewitt 
(1999) point out, many primates vocalise in the 
form of discrete units of sound created with sin-
gle air movements, but are limited in the dura-
tion of these and the order in which certain 
sounds can be made in the breathing cycle. They 
are also limited in the diversity of such sounds 
that they can make. An evolutionary path in 
which the ability to produce long sequences of 
controlled vocalisations developed out of an ini-
tial ability to make discrete vocalisations which 
were controlled for pitch and tone would seem 
to be consistent with the foundations for these 
capabilities which are already evident in higher 
primates. 

On the basis of the available evidence, it 
seems likely that increasing control of intensity, 
pitch and intonation patterns of discrete vocali-
sations occurred initially, to date first exhibited 
by H. ergaster; pitch and intonation control 
increased subsequently with the continued devel-
opment of a greater supralaryngeal soundspace, 
and control over maintaining long sequences of 
such utterances also followed, until these levels 
of control over vocal range and duration were 
essentially modern-like in H. heidelbergensis. It 
is possible that the ability to control extended 
sequences increased at the same time as vocal 
range increased, but the resolution of the record 
does not, at present, allow us to identify interme-
diate phases of either development – only where 
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they both start (with H. ergaster at least c. 1.7 
million years ago (m.y.a.), or an as yet undiscov-
ered predecessor) and where they both appear 
complete (with H. heidelbergensis-like hominins 
c. 600,000 years ago). In fact, this sequence of 
the emergence of control, as suggested by the fos-
sil evidence, makes more sense than the reverse 
– it is difficult to imagine how long sequences 
of vocalisations with little control over pitch, 
contour and intensity could be as meaningful as 
short sequences of vocalisations controlled for 
pitch, contour and intensity. The latter could be 
communicative in their own right, and as control 
increased, the length of sequences of such pitched 
and contoured utterances could also increase; 
subsequently, the order in which the expressive 
vocalisations occurred could assume importance. 

The major changes in the vocal apparatus that 
can be tracked with reasonable confidence in the 
fossil record nevertheless have to be understood 
in terms of other changes in functionally-related 
neurological systems and behavioural capabilities 
in great apes and humans. Some insights into 
these processes can be gained both from compar-
ative studies of contemporary neurological struc-
tures, and their relationships, in humans and 
primates, and fossil evidence for brain evolution. 
Fossil endocasts of hominin brains show particu-
lar development of regions in the left hemisphere, 
around Broca’s area (Tobias, 1987; Bruner & 
Holloway, 2010), that are associated with fine 
muscular control of sequences of vocalisation 
and manual muscular movements (Ojemann 
et al., 1989; Calvin, 1996; Duffau et al., 2003; 
Nishitani et al., 2005; Petrides et al., 2005; 
Sergent et al., 1992; Platel et al., 1997; Besson 
& Schön, 2003; Mohr et al., 1978; Poeppel & 
Hickock, 2004; Cantalupo & Hopkins, 2001). 
The earliest notable development of this area 
relative to australopithecines occurs with H. 
habilis and H. rudolfensis (Tobias, 1987; Bruner 
& Holloway, 2010), and the development of 
endocranial width at this point continues in sub-
sequent hominins, being especially pronounced 
(non-allometrically) in Neanderthals and H. 
sapiens (though the extent to which this is dis-
proportionate (non-allometric) in H. ergaster 

and erectus is equivocal) (Bruner & Holloway, 
2010). It is important to note also that such 
changes in morphology and relative proportions 
of brain structures can be the consequence not 
only of changes in neurological structure but 
also of the mechanical and developmental con-
straints that exist upon cranial form which can 
in turn constrain the shape of the brain within 
(Bruner, 2004; Neubauer et al., 2009; Bruner 
& Holloway, 2010). Nevertheless it is evi-
dent that in the case of H. sapiens the parietal 
regions in particular (and perhaps only these) 
have seen conspicuous non-allometric develop-
ment; amongst other things these regions are 
involved in social communication, multi-modal 
processing, and the manipulation and planning 
of complex motor sequences (Bruner, 2004), all 
of which are critical elements of musical activity.

In primates, including humans, the motor 
planning of extended, purposeful utterances 
relies on input to the motor cortex from the 
ventral premotor and prefrontal cortex, includ-
ing Broca’s area (Jürgens, 2002; Cantalupo & 
Hopkins, 2001; Petrides et al., 2005), and the 
voluntary integration of emotional content into 
vocalisations relies on input from the anterior 
limbic cortex and the periaqueductal grey matter 
(PAG) (Jürgens & Zwirner, 1986; Jürgens, 1992; 
Davis et al., 1996; Schulz et al., 2005). The PAG 
is also involved in reinforcing positive emotional 
experiences, including attachments to conspe-
cifics and their vocal characteristics (Panksepp, 
1995; Panksepp & Trevarthen, 2009). The 
nucleus ambiguus, which is directly adjacent to 
Broca’s area, is responsible for integrating vocal 
fold control, expiratory control, orofacial mus-
cular control and overall control of the laryngeal 
system (Vanderhorst et al., 2001). But of the 
higher primates alive today, only humans possess 
the neurological connection allowing us to regu-
late the sound produced by the larynx itself, in 
combination with the use of our orofacial articu-
lators and respiratory control (Jürgens, 1992; 
Jürgens, 2002; Schulz et al., 2005; Okanoya & 
Merker, 2007). In doing this, however, we still 
rely on input from the mechanisms that organ-
ise reflex-like vocalisations in other primates 
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(Schulz et al., 2005), reinforcing the idea that 
human vocal behaviour, although unique today 
amongst higher primates in its degree of volun-
tary control, built upon the existing system for 
vocalisations communicating emotional state 
and arousal.

So the ability to perform emotional vocal 
expression involving orofacial control and laryn-
geal activation, in response to external stimuli 
and internal affective state, seems to have been 
present in all primates on the lineage between 
rhesus monkeys and humans, but unlike other 
primates we are capable of vocal behaviour which 
involves voluntary control of the larynx, volun-
tary control and planning of the structure and 
complexity of vocal utterances, and a capacity for 
learning complex vocal patterns by imitation and 
by invention . Over the course of our evolution 
we have developed the monosynaptic neuro-
logical pathways necessary for this control, most 
likely since our divergence from the essentially 
ape-like australopithecines, and before our last 
common ancestor with Neanderthals, around 
600,000 years ago.

Some features of auditory perception are 
obviously very ancient, being present in mam-
malian audition generally. One of these is the 
preferential perception of the so-called ‘natu-
ral auditory categories’; these are also universal 
features of human speech sounds (Kuhl, 1988). 
This suggests that these qualities of vocalisation 
were tailored to the capabilities of the auditory 
system: as hominins developed the ability to con-
trol their vocalisations in order to communicate, 
there would have been strong selective pressure 
to be able to vocalise using these sounds that are 
most easily perceived by others. It would seem 
that audition, specifically the existence of ‘natu-
ral auditory categories’, was initially responsible 
for the formation of particular vocalisation prop-
erties, and that the mechanisms for perceiving 
such phonemic categories were in place in our 
hominin ancestors long before they were capable 
of actually producing articulate linguistic speech.

By contrast, other features of human audi-
tory function appear to have faced signifi-
cant selective pressure as a consequence of 

hominin vocalisation capabilities. For example, 
the human primary auditory cortex produces the 
greatest electrophysiological response to sounds 
in the 400Hz-4KHz  frequency range, which 
is the range most useful for perceiving human 
speech sounds (Liégois-Chauvel et al., 2003). 
At the physiological level, in marked congru-
ence with the physiological evidence discussed 
above regarding the evolution of vocalisation 
anatomy, the anatomy of the middle and inner 
ear of hominins first shows significant changes 
towards a human-like form with H. ergaster 
(Spoor et al., 1994; Spoor & Zonneveld, 1998). 
As with the vocalisation anatomy, this inner ear 
anatomy seems to be essentially modern-like by 
the time of Homo heidelbergensis: Martinez et al. 
(2004) show that this species (on the basis of five 
specimens from Sima de los Huesos, Atapuerca, 
Spain) also possessed middle ear anatomy which, 
like that of modern humans, was especially sensi-
tive to the range of sound frequencies that are 
particularly salient in human speech vocalisa-
tions. Furthermore, the stapedius muscles of 
the middle ear in humans contract to reduce the 
movement of the stapes bones on the eardrum 
during vocalisation, and thus reduce the inten-
sity of perception of our own vocalisations. This 
reduces the extent to which our own vocalisa-
tions obscure prevailing environmental sounds 
(Borg & Counter, 1989), and this ability would 
have become increasingly important as the length 
and range of vocalisations increased with the evo-
lution of vocal anatomy. It is clear that aspects 
of our voluntary vocal sound-production capa-
bilities and our auditory perceptual capabilities 
faced important selective pressures to co-evolve 
with each other in the context of maximising 
information extraction from these stimuli, and 
that these were essentially modern-like by the 
time of H. heidelbergensis, and thus likely our last 
common ancestor with Neanderthals. 

The above and other evidence (for more 
detail see Morley, 2012, 2013) indicates that the 
possession of a vocal tract anatomy capable of 
producing sounds of variable pitch and extended 
duration has a very ancient evolutionary heritage. 
Rationales for the evolution of the human vocal 
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tract have to account for the fact that it has devel-
oped in such a way that it allows us not only to 
produce a greater range of sound frequencies, but 
also to have very fine control over the entire range 
of those frequencies. They also have to account 
for why we are so sensitive to these frequency 
variations in utterances (their prosodic content). 
These elements of our vocalisation capabilities 
have very important communicative roles. 

A fuller understanding of the emergence of 
vocalisation capabilities requires that we look at 
other sources of evidence too, and establish what 
their mutual implications are. What other evi-
dence is there for control over the vocal system? 
And what is the use of vocalisations which are 
controlled for pitch and contour?

Tonal communication and speech: 
relationships and evolution of the 
neurology for the production and 
perception of vocal communication

Whilst humans have developed the special-
ised ability to voluntarily control the duration, 
structure and complexity of vocalisations, with 
precise control of the larynx and orofacial mus-
culature, the process of vocalisation nevertheless 
relies on activation of deep-rooted and evolu-
tionarily ancient instinctive emotional motor 
control neurology used in all primate vocalisa-
tions. These systems are involved in human 
vocalisations of all types (Jürgens, 2002; Schulz 
et al., 2005; Snow, 2000).

In humans today the production of both vocal 
melodies and speech contours expressing emo-
tion and intention (speech prosody) draw upon 
related structures (concerned with affective-tonal 
vocal production) (see above), but semantic ele-
ments of linguistic speech draw upon different, 
specialised, neurological structures (related not 
to the physical act of carrying out the vocalisa-
tion, but to the expression and comprehension 
of its meaning) (Marin & Perry, 1999). 

Similarly, the processing of tonal content 
in both speech and music seems to rely on the 
same structures as each other: it appears that the 

ability to discriminate intonation patterns in 
speech (prosody) uses the same pitch discrimina-
tion mechanism as is used for pitch processing 
in music (Zatorre et al., 1992; Patel et al., 1998; 
Brust, 2003), but that the use of this mecha-
nism by music is very refined, more refined than 
modern linguistic speech requires (Ayotte et al., 
2002). These mechanisms are located predomi-
nantly in the right hemisphere temporo-pari-
etal region, in the superior temporal gyrus and 
frontal areas, with neurons in the right auditory 
cortex being especially tuned to pitch percep-
tion (Zatorre, 2003). The analysis of emotional 
tone content in speech seems to rely on activa-
tion in the right inferior frontal lobe, as well as 
evolutionarily ancient sub-cortical structures in 
the right hemisphere which are also used for pro-
cessing emotional content in facial expression 
(Karow et al., 2001; Belin et al., 2004).

In terms of processing, whilst neurons in the 
right auditory cortex seem to be especially sensi-
tive to spectral (tonal) information in auditory 
stimuli, those in the left auditory cortex seem to 
be especially sensitive to temporal information 
(Zatorre, 2003). Left hemisphere areas are also 
implicated in the capacity to perform planned 
sequences of complex muscular movements of 
rhythmic behaviour. These are important func-
tions of Broca’s area and the areas around it in the 
left hemisphere (see above), and these functions 
also form an important component of oral/praxic 
ability (Alcock et al., 2000). The left hemisphere 
appears to be dominant with regard to seman-
tic verbal meaning and syntactic sequencing and 
relationships (Benson, 1985); phoneme analysis 
relies on activation in the left inferior frontal lobe 
(Buchanan et al. 2000), and current anatomical 
evidence suggests that linguistic processing relies 
also on some input from sub-cortical structures 
in the left hemisphere (Karow et al., 2001; see 
also Schulkin, 2013).

So both music and language functions use 
both left- and right-hemisphere structures; 
certain sub-functions of music and language 
seem to be shared, whereas functional laterali-
sation does seem to be the case for others (e.g. 
Borchgrevinck, 1982; Schweiger, 1985; Marin 
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& Perry, 1999; Brust, 2003). In particular, areas 
in the right hemisphere appear to be responsible 
for processing and production, in both melody 
and speech vocalisation, of prosodic melody, 
pitch control, tonality of singing, timbre process-
ing and voice recognition (e.g. Benson, 1985; 
Bogen, 1985; Brown et al., 2006; Brust, 2003). 
Left hemisphere regions appear to be implicated 
in production and processing of semantic ver-
bal meaning and syntactic sequences, as well as 
rhythmic production and perception, planning 
and executing complex muscular sequences, and 
some aspects of conscious auditory analysis (e.g. 
Benson, 1985; Falk, 2000; Karow et al., 2001; 
Besson & Schön, 2003; Brown et al., 2006). 

It is important to note that whilst some of the 
structures involved in specific aspects of auditory 
processing appear to be specifically lateralised to 
the left or right hemisphere, the overall process of 
sound perception involves activation of structures 
in both hemispheres, and in some cases specific 
tasks themselves also involve bilateral activation, 
albeit with some degree of bias towards greater 
activation in one hemisphere or the other. As 
Trevarthen (in press) emphasises, the specialisa-
tions exhibited by the two hemispheres (as evi-
denced by scanning technologies and studies of 
the effects of commissurotomy, where the connec-
tions between the two hemispheres in the corpus 
collosum are severed) have to be understood in 
terms of how they in fact work together. “In the 
normal brain of an individual the hemispheres 
work in tight partnership. The intuitive response 
to experience and the evocation of imagery linked 
to phenomenal reality by metaphor, on the one 
hand [right hemisphere functions], and verbal 
analysis and prescription of aesthetic judgements, 
on the other [left hemisphere functions], are two 
natural brain systems that develop as complements 
in the making of language, technology and art” (p. 
10). It is in the contexts of their working together 
that cultural experience can be mastered, allowing 
effective participation in social life (Trevarthen, 
in press). This is particularly manifest in the case 
of musical activities: “…the lexicon of speech is 
limited for representation of the quality of imagi-
nation, and it seeks aid from expressive gesture, 

intonation and metaphor. Musical communica-
tion, which is universal among humans, serves to 
express affective relations and to establish a sense 
of belonging to a community of vital agents who 
share emotional appraisals of companionship in 
experience, from infancy (Malloch & Trevarthen, 
2009[b]).” (p. 11).

The process of instigating vocalisation draws 
upon deep-rooted structures involved in tonal-
emotional expression, and the perception of 
emotional content in tonal information also 
involves structures that are used for extract-
ing emotional information from other sensory 
signals – i.e. other modes of emotional expres-
sion (Karow et al., 2001). The specialised func-
tions involved in linguistic verbal meaning have 
emerged later than these systems, apparently 
building upon some of the same structures in 
the left hemisphere that are required for the 
performance of planned sequences of complex 
muscular movements, including both vocalisa-
tion (through laryngeal and orofacial muscular 
control) and rhythmic behaviours (Alcock et al., 
2000; Besson & Schön, 2003). 

So it is far from clear that any of the neuro-
logical structures that are used in processing the 
various aspects of musical stimuli are uniquely 
dedicated to that purpose, although it certainly 
appears that at least some of these structures 
have become finely tuned to the considerable 
processing demands of musical stimuli (Marin & 
Parry, 1999; Zatorre, 2003; Brown et al., 2006). 
Vocal tonal production and the processing of 
tonal information each use a combination of 
both evolutionarily ancient structures involved 
in primate emotional vocal signalling, and struc-
tures which (whilst also used for other forms of 
communication) have become finely-tuned to 
the demands of musical activity. The structures 
that are used for music production and process-
ing are also used in producing and processing 
aspects of other forms of communication, but 
this combination of neurological structures, and 
the interaction between them in producing and 
processing musical signals, represent a perhaps 
uniquely specialised combination of use of those 
mechanisms in the context of musical activities.
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Indeed, following their review of a large body 
of research, Marin & Perry (1999) proposed that 
“The close correspondence between the networks of 
regions involved in singing and [linguistic] speaking 
suggests that [linguistic] speech may have evolved 
from an already-complex system for the voluntary con-
trol of vocalisation. Their divergences suggest that the 
later evolving aspects of these two uniquely human 
abilities are essentially hemispheric specialisations” 
(1999, p. 692 – emphasis added). The extent to 
which music and language processing overlap and 
share neural resources in adults and children (Patel, 
2003; Koelsch et al., 2003; Schön  et al., 2004; 
Koelsch et al., 2005) lead Koelsch and Siebel to con-
clude that “it appears that the human brain, at least 
at an early age, does not treat language and music as 
strictly separate domains, but rather treats language 
as a special case of music.” (2005, p. 582). 

The fact that the various elements of musical 
activities draw upon cognitive mechanisms that are 
also used in similar ways during other activities – 
or vice versa – does not undermine the importance 
of musical activity in an evolutionary perspective, 
its relevance to the development of human cog-
nition, or its importance in human behaviour; 
on the contrary these overlaps can emphasise its 
fundamentally important relationship with other 
critical aspects of human cognition and behaviour. 
This in itself has great implications for the role of 
evolution in the shaping of musical capabilities 
and the role of musical capabilities in the evolu-
tion of other aspects of human behaviour. We can 
look more closely at some of the overlaps between 
aspects of musical processing and the processing of 
other sound information, including speech; these 
relationships may provide some insight into how 
and why the functions emerged and developed.

Innate capabilities and non-
linguistic vocal communication: 
some insights from developmental 
psychology and primate vocalisation

Human infants are born with abilities fun-
damental to musical processing, including the 
perception of frequency, timing and timbre, 

and are able to extract different emotional con-
tent from vocalisations, on the basis of tone and 
rhythm alone (Fernald, 1989, 1992; Trehub, 
2003). In the emotional state that they express, 
some vocal sounds and frequency changes are 
fundamental, invariant across cultures, and even 
species (Morton, 1977, 1994; Scherer, 1985, 
1986; Trainor et al., 2000; Greiser & Kuhl, 
1988; Fernald, 1992b, 1993; Werker et al., 1994; 
Kitamura et al., 2002). Part of the reason for this 
is that facial expression has a fundamental influ-
ence on vocal quality, as orofacial musculature 
helps determine properties of vocalisation such as 
frequency and vowel duration (e.g. Tartter, 1980; 
Falk, 2004b). This correlation between facial 
expression and vocal quality is shared by our 
nearest primate relatives, and similar correlations 
between vocal sound and emotional expression are 
also exhibited by several other species (Morton, 
1977; Falk, 2004b; Bermejo & Omedes, 1999); 
this association evidently has an evolutionarily 
ancient provenance. Given the universality and 
innateness of certain fundamental facial expres-
sions and the correspondence between these and 
characteristics of vocalisations, we can also expect 
characteristics of particular emotional vocali-
sations to be universal and innate too. We use 
facial affect and vocal affect to inform about the 
content of each other, inter-dependently within 
both production and perception (DeGelder & 
Vroomen, 2000; Belin et al., 2004).

The universality of the vocal sounds and 
frequency changes that express particular emo-
tions is especially evident in infant-directed (ID) 
speech, where the exaggeration of these elements 
of the vocalisation is a characteristic feature. 
ID vocalisations can tell us a great deal about 
the nature and role of the prosodic elements of 
speech and their relationship to musical melodic 
behaviour, as many of the properties of ID speech 
are shared with music. There are numerous paral-
lels in terms of variable pitch contour, high rhyth-
micity, repetitive motifs, and the communication 
of affect, modulation of arousal, and eliciting of 
attention and affective response (e.g. Fernald, 
1992a,b, 1993; Trehub et al., 1993; Werker et 
al. 1994; Papousek, 1996; Lewkowicz, 1998; 
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Dissanayake, 2000; Mang, 2000; Trainor et al., 
2000; Falk, 2004b). It should be noted that the 
characteristic features of ID speech are also char-
acteristics of the tonal (non-linguistic) elements 
of adult-directed (AD) speech, and they appar-
ently share the same foundations and roles in 
emotional expression (Trainor et al., 2000; Lavy, 
2001). Vocalisations produced by pre-school 
children themselves are often difficult to classify 
as either linguistic or musical (Mang, 2000).

It seems that the best explanation for the 
shared prosodic pitch and tempo-related proper-
ties of emotional speech (ID and AD) and music 
is not that they are borrowed from one to the 
other, in either direction, but are, and always have 
been, a shared fundamental component of both. 
The music-like characteristics of ID vocalisations 
act upon cognitive-perceptual mechanisms that 
respond emotionally to emotional cues, and the 
characteristics of musical stimuli act upon the 
same mechanisms, not because these responses 
of the perceptual mechanisms are perpetuated 
into adulthood, but because their function is to 
respond in this way to these cues in all vocalisa-
tions, ID and AD. This emotional response to 
emotional cues is the foundation of empathy and 
successful interpersonal interaction, and musi-
cal stimuli act upon the mechanisms respon-
sible as a reified form of the cues inherent in 
human emotional interaction. Response to such 
cues is as essential in adulthood as in childhood 
and infancy – but the use of those cues towards 
infants is more pronounced as a consequence of 
the need to develop and nurture those all-impor-
tant interactive skills. Both music and planned 
use of vocalisation (especially ID but also AD) 
make use of an innate set of emotional responses 
to particular properties of vocalisations – prop-
erties of vocalisations that were extended from 
the communicative vocalisation activities of our 
primate and later hominin ancestors.

Already important in forming and maintain-
ing social relationships amongst other primates 
(e.g. Elowson et al., 1998a,b; Richman, 2000; 
Geissman, 2000; Gros-Louis, 2002), and likely 
our last common ancestor with them, it has 
been argued that such vocalisations increased 

in importance in our lineage initially due to 
the need to increase the efficiency of physi-
cal grooming activities (e.g. Aiello & Dunbar, 
1993; Dunbar, 1998; Kudo & Dunbar, 2001), 
subsequently coming to be used in broader 
spheres of behaviour, though nevertheless main-
taining a core role in the formation and main-
tenance of social relationships – as, indeed, full 
linguistic speech still does today (Emler, 1992; 
Dunbar et al., 1997; Dunbar, 1998). In the case 
of four primate genera (Indri, Tarsius, Callicebus 
and Hylobates) ‘singing’ vocalisations addition-
ally have a role specifically in reinforcing exist-
ing pair-bonded relationships, with both males 
and females singing and sometimes duetting 
(Geissman, 2000). Note that these behaviours do 
not seem to be used to ‘woo’ prospective mates, 
but occur between the members of an established 
mating pair. It seems that such activities are cor-
related with activities that increase pair bond-
ing; Geissman & Orgeldinger (1998) observed 
that in ten siamang groups ‘duetting activity was 
positively correlated with grooming activity and 
behavioural synchronisation, and negatively cor-
related with interindividual distance between 
mates’ (Geissman, 2000, p. 111), suggesting that 
the activity is indeed related to the strength of 
pair bonds. Interestingly all known singing pri-
mate species are thought to have a monogamous 
structure, and this also applies to those bird spe-
cies that duet (Geissman, 2000). To Geissman, 
‘This suggests that the evolution of singing 
behaviour in primates and of duet singing in 
general are somehow related to the evolution 
of monogamy’ (p. 112); i.e. to the maintenance 
of a strong pair bond with a single other indi-
vidual of the opposite sex – although its positive 
pair-bonding effects need not be limited to this 
context. Because the four groups of primates that 
sing are not closely related, in Geissman’s view it 
is likely that this trait evolved independently four 
times in these genera (through convergent evolu-
tion), and he suggests that the same happened in 
hominins subsequently.

Several authors have proposed ways in 
which linguistic communicative systems may 
have emerged from such earlier forms of vocal 
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communication. Linguistic speech and melody 
share common features in the form of into-
national phrasing and combinatorial syntax, 
and share a ‘phonological level’ of meaning, an 
‘acoustic mode’ involving emotive meaning and 
interpretation (Brown, 2000) – what might be 
termed ‘intonational semantics’. Whilst music 
often does use the full range of sounds produc-
ible by the vocal tract, full language does not 
need to use the whole range to communicate 
effectively, as linguistic structures provide an 
additional source of semantic content and disam-
biguate meaning. This would not have been the 
case for  pre-syntactic, pre-lexical forms of vocal 
communication. Tonal-contoured units expres-
sive of affective state could partition into more 
discrete, smaller units (Wray, 1998) or become 
combined into progressively larger globally-con-
toured units (Brown, 2000), or both. In either 
case, what must have emerged in the course of 
the evolution of pitched-contoured vocalisations 
is an increased range and increased control of pitch 
contour, allowing greater vocal versatility, expres-
siveness, and thus efficiency, in proto-linguistic 
vocal affective communication. This need not 
have emerged as a new system of vocalisation ini-
tially, however; instead, it probably built upon 
the type of limited pitch control already used for 
emotive-tonal-social vocalisation amongst higher 
primates. The selective advantages associated 
with the possession of such capabilities, such 
as the formation of optimal co-operative, mat-
ing and parent-infant relationships would have 
resulted in the continued refinement of such 
capabilities through the evolution of the vocal 
tract and control over it, through the lowering 
of the larynx and increased innervation of the 
associated laryngeal and upper vocal tract mus-
culature described above.

In these circumstances, the socially-impor-
tant emotionally-communicative elements of 
such vocalisation would have remained the 
dominant element initially, with iconic and then 
abstract (symbolic) lexical associations subse-
quently increasing in importance. It is the lat-
ter – iconic and abstract lexical content – which 
relies on symbolic and analogical capacity and 

probably would have been a late-emerging ele-
ment of communication, perhaps not prior to H. 
sapiens; the former – emotionally-communica-
tive elements – do not rely on symbolic capacity, 
and would have been beneficial at a much earlier 
time. Even with the emergence of full lexical and 
syntactic language, the social-affective commu-
nicative foundations of prosodic contour remain 
a fundamental element of vocal communication 
– the same elements of vocalisation that form a 
foundation of melodic musical behaviours.

Gesture, timing and emotional 
communication: the integration 
of bodily gesture, vocal gesture, 
rhythm and emotion

Facial expression, or facial gesture, and 
vocalisation, or vocal gesture, are two facets of 
an interrelated system for the physical expression 
of emotion. This system also incorporates cor-
poreal gesture, or ‘body language’. Gesture and 
speech are inter-dependent. Both are affected 
simultaneously in stutterers (Mayberry & Jaques, 
2000), and gestural and vocal behaviours are 
interrelated from the earliest babbling in infants 
(Locke et al., 1995; Messinger & Fogel, 1998; 
Trevarthen, 1999; Butcher & Goldin-Meadow, 
2000; Masataka, 2000; Falk, 2004b). They can 
operate independently, but when the upper 
limbs are otherwise unoccupied they are seques-
tered into speech-related gesture (Mayberry & 
Jaques, 2000). Furthermore, it seems the percep-
tion, as well as production, of vocalisation can be 
linked with gesture, and this is true from birth 
(Trevarthen, 1999). 

Common timing processes are involved 
not only in movements of the limbs, but also 
in speech and non-speech movements of oral 
structures, suggesting that there is a cognitive 
rhythmic motor coordinator that instigates such 
muscular sequences irrespective of the muscula-
ture that is used, and that the complex patterns 
of muscular gesture (in fingers, hands, arms, 
shoulders and joints) and in vocalisation (orofa-
cial, laryngeal and respiratory musculature) are 
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co-ordinated (Franz et al., 1992; Mayberry & 
Jaques, 2000). The concordance between gesture 
and speech is instigated early in the vocalisation 
process, by cyclical motor control, with gestural 
movements being associated with the nuclei of 
tone groups – prosodic rhythm – rather than 
the lexical elements of speech (McClave, 1994; 
Nobe, 1996; Mayberry & Jaques, 2000). This is 
also evident in the gestures accompanying infant 
vocalisations. These earliest gestures are emotive 
and rhythmic rather than iconic (which accords 
with the finding that gesture corresponds with 
prosodic rhythm rather than lexical content) 
(Trevarthen, 1999; Falk, 2004b) and only start 
to be used iconically (and in combination with 
words) when lexical behaviour has started to 
develop (Messinger & Fogel, 1998; Butcher & 
Goldin-Meadow, 2000). 

Production of complex vocalisation relies 
on priming of the whole motor system (Blount, 
1994; Feyereisen, 1997). Particular non-lexical 
vocal utterances (and non-linguistic content 
of speech) are accompanied by quite specific 
involuntary body-language; they share an affec-
tive origin in a system in which vocalisation and 
corporeal expression, or to put it another way, 
vocal and corporeal gesture, are intimately linked 
(Malloch & Trevarthen, 2009a). Note that this 
is at least equally applicable to body movements 
accompanying musical vocalisation, and vocali-
sation accompanying dance. There are not only 
shared neurological foundations between the 
ability to execute vocal and manual gestural 
sequences, but also a link between vocal and 
manual rhythmic capability (Franz et al., 1992; 
Mayberry & Jaques, 2000). The capacity to 
perform rhythms, both manually and verbally, 
forms an important component of oral/praxic 
ability – detriments to one result in detriment to 
the other (Alcock et al., 2000) – and this integra-
tion occurs whether utterances are linguistic or 
not (Franz et al., 2000). 

Although the production and perception of 
rhythm and melody involves some neurologi-
cally specialised and distinct areas of the brain 
which are in some respects independent of each 
other, there is also clearly important integration 

of these systems, with rhythmic muscular move-
ments being coordinated with prosodic elements 
of vocalisation in their production (McClave, 
1994; Nobe, 1996; Mayberry & Jaques, 2000). 
Specifically, they are inter-dependent in the 
planning and execution of sequences of mus-
cular movement associated with instigation of 
vocalisation, rhythmic physiological movement, 
and expression of emotional state in these media. 
The production and perception of tonal content 
in vocalisations do not appear to require any 
input from rhythm-controlling systems in the 
left hemisphere, but the planning and execution 
of the muscular sequences themselves do.

Affective (emotional) content can apparently 
be interpreted equivalently in visual, auditory and 
kinaesthetic media, each of which can represent 
tension, release and particular emotions, under-
lining the cross-modality of affective expression 
and interpretation (Krummhansl & Schenck, 
1997; Trevarthen, 1999; Mitchell & Gallagher, 
2001). As noted, vocal quality is directly influ-
enced by facial expression (Tartter, 1980; Tartter 
& Braun, 1994; Falk, 2004a,b), and the produc-
tion of particular facial expressions and particu-
lar body postures actually causes us to experi-
ence some emotional response as a consequence 
(Levenson et al., 1990). Furthermore, we tend to 
do this to some extent automatically when wit-
nessing facial expressions and body language in 
others (Carlson, 1994; Wild et al., 2001), and 
whether or not we fully physically manifest those 
expressions or postures ourselves, it is likely that 
action-observation-network neural firing occurs 
which replicates some of the brain response to 
adopting such a posture ourselves. 

There seems to be a close interrelationship 
between the emotional-controlling elements 
of the limbic system and the areas responsi-
ble for the co-ordination of motor sequences 
and posture – the same systems that select and 
control movements also cause changes in the 
emotion-controlling elements of the limbic sys-
tem (Trevarthen, 1999; Panksepp & Trevarthen, 
2009). This can result in a self-directed feed-
back from movement into emotional state and, 
importantly, feedback and interaction between 
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individuals, in terms of synchrony of movement 
and of emotional state. In other words, this phys-
iological-emotional feedback may occur not only 
during production, but also during perception of 
such a stimulus. This means that in producing, 
and even to an extent in perceiving, a particular 
sound we generate some emotional response in 
ourselves due to the kinaesthetic feedback from 
the physiology and neurology required to pro-
duce that sound. It also means that we should 
expect there to be some consistent correla-
tion across all humans between our emotional 
response to particular sounds, and the facial 
expression required to produce them.

The interrelationships discussed above mean 
that as well as being able to observe such cues, we 
can empathically experience something of oth-
ers’ emotional state in mirroring them with our 
own bodies. Musicality and rhythmic movement 
involve deliberate control and sequencing of this 
system, requiring us to adopt particular expres-
sions and poses in the creation of the stimulus, 
to carry out particular vocal, facial and corporeal 
gestures, and furthermore they encourage the 
adoption of equivalent forms of these between 
individuals, which leads to a sharing of emotional 
state. Such reactions occur automatically whether 
one is fully participating in musical activity over 
all modalities, or only one (e.g. listening). 

However important these inter-relationships 
are, solely producing or perceiving these stimuli is 
not enough to participate fully in musical activi-
ties. The ability to entrain – to synchronise move-
ment with an internally- or externally-generated 
pulse – is a critical component of musical partici-
pation. Changes in frequency have direct effects 
on arousal level, and a consistent frequency can 
effectively moderate level of arousal too (Molinari 
et al., 2003; Turner & Ioannides, 2009). Although 
they appear not to have the level of coordination 
to match beats exactly, infants engage in rhyth-
mic movement in response to rhythmic stimuli, 
their movement rate correlating with rates in the 
stimuli, and their level of synchronisation posi-
tively correlates with positive emotional response 
(Zentner & Eorola, 2010; see also Provasi & 
Bobin-Begue, 2003; Kirschner & Tomasello, 

2009). The ability to genuinely engage in entrain-
ment may be directly related to the development 
of the abilities for sophisticated mimicry of ges-
ture and corporeal expression, as well as having 
implications for abilities in turn-taking (critical in 
social interaction) and holding expectations about 
future events on the basis of patterns of events 
(Jones & Boltz, 1989; Bispham, 2006; Clayton et 
al., 2005; Patel et al., 2009).

The process of entraining may be co-operative 
or subservient, or some combination of the two 
(Clayton et al., 2005), and has the potential to 
allow both ‘losing oneself ’ in the stimulus, and/or 
a profound sense of physical cooperation, and syn-
chronisation of arousal. Many musical experiences 
feature a powerful combination of both these 
effects, as individuals cooperatively (symmetri-
cally) entrain their movements with each other 
whilst both entraining subserviently (asymmetri-
cally) to music being played. The value of this 
experience is related also to the physicality of bod-
ily gesture – the physical expression of emotional 
state – as well as direct overlaps in the mechanisms 
for the perception and production of musical 
stimuli, outlined above. Entrainment in the expe-
rience of music makes systematic use of our sys-
tems for understanding the emotional states and 
intentions of others through physical gesture, and 
is an inherent part of all musical experience.

It is tempting to intuitively view rhythm sys-
tems and melody systems as unrelated functions 
that have come to be used together in musical con-
texts over the course of the development of musi-
cal capabilities in humans, but this would seem 
to be inaccurate, artificially separating these sys-
tems. Whilst they clearly do rely on some special-
ised processing mechanisms, there are fundamen-
tal overlaps between them in that vocal control, 
rhythmic muscular movement, bodily gesture 
and emotional expression all rely on integrated 
systems which are activated in both production 
and perception of musical stimuli. Musical expe-
rience relies upon systematic use of a gestural 
system, including vocal tonal gesture relying on 
rhythmic cyclical muscular control, which exists 
to allow the expression of emotional state and the 
understanding of emotional state in others. 
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Music elicits emotional responses in listeners 
for a variety of reasons, in addition to the emo-
tional reactions to tempo, prosody and gesture 
mentioned above. Musical stimuli can induce an 
emotional response both with and without con-
scious cognition of why it has done so, due to 
inherent properties of the music itself, and how 
it is processed (e.g. Juslin & Sloboda, 2001; Lavy, 
2001; Steinbeis & Koelsch, 2008). Some emo-
tional responses can be elicited as a consequence 
of learned associations with particular circum-
stances from our own experience, for example, 
others as a consequence of direct resemblance to 
ecological phenomena to which we have instinc-
tive or conditioned responses (Juslin & Sloboda, 
2001; Cross, 2003a). Properties of musical 
stimuli can elicit genuine physiological reac-
tions equivalent to those elicited by emotional 
expression in other media, such as changes in 
respiration, heart-rate, temperature and tin-
gling, and they are processed by many of the 
same mechanisms (McFarland & Kennison, 
1989; Sloboda, 1991, 1998; Panksepp, 1995; 
Krummhansl, 1997; Nyklicek et al., 1997; 
Panksepp & Bernatsky, 2002; Blood & Zatorre, 
2001; Trainor & Schmidt, 2003). Some of these 
reactions are caused by neurochemicals that are 
related to the formation of social bonds, reduc-
tion of separation anxiety and seeking of reward 
and gratification (Blood & Zatorre, 2001; 
Trainor & Schmidt, 2003; Menon & Levitin, 
2005; Panksepp & Trevarthen, 2009).

It will be clear from the preceding discussion 
that some of the very significant causes of emo-
tional response to music are a consequence of the 
processing of music by, and its stimulation of, 
auditory and kinaesthetic mechanisms associated 
with interpersonal interaction. Musical stimuli 
can be interpreted as having human-like prop-
erties (Watt & Ash, 1998; Davies, 2001; Lavy, 
2001), and can have similar effects to interact-
ing with a person, through being processed using 
mechanisms related to the interpretation of 
meaning in interpersonal interaction. The con-
tours of musical stimuli can have much in com-
mon with physical (including vocal) expression 
of emotional state, stimulating the interpretation 

of emotion across the other media that would 
normally be associated physically with that 
contour (Clynes, 1977; Scherer, 1991; Davies, 
2001). The dynamic character of public physi-
ological expression, and musical contour and 
tempo, are processed as part of the same system 
of expression with some of the auditory cues in 
music being interpreted in the same way as physi-
ological and corresponding auditory expressions 
of emotional state (Wagner, 1989; Kappas et al., 
1991; Lavy, 2001). 

We can react to such cues sympathetically, 
through recognising those emotional cues, or 
empathically, feeling a shared experience with the 
emotion detected, if it elicits the same emotion 
as is being expressed. There are strong associa-
tions between sociality, empathic ability, expres-
siveness and motivation to musicality, all being 
particularly prominent in Williams’ syndrome 
individuals (Levitin & Belugi, 1997; Huron, 
2001; Panksepp & Trevarthen, 2009), and often 
severely diminished in autistic individuals (e.g. 
Sloboda et al., 1985; Davison & Neale, 1994; 
Huron, 2001; Sacks, 2008). 

The context in which we experience music 
is also very important in determining the emo-
tion, and intensity of emotion, experienced. 
Especially important in this respect is the social 
context – the extent to which the experience 
is shared with others, and their reaction to the 
same stimuli, with emotions being ‘contagious’ 
and self-reinforcing (Kraut & Johnston, 1979; 
Hatfield et al., 1994; Wild et al., 2001). Musical 
experience can gain much of its value from a 
sense of a profoundly personal response coupled 
with the sense of shared experience; meanwhile, 
when practised alone, it can act as a surrogate for 
interaction and shared experience.

So a wide range of evidence indicates that 
musical stimuli act upon, and derive from, 
evolved mechanisms in the human brain and 
body that are fundamentally related to each 
other, capacities for interpersonal interaction, 
imitation, learning, and the expression, com-
prehension and moderation of emotional state. 
These inter-dependent capacities, and the other, 
related, behaviours that they support, can be 
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collectively termed musicality (see also Malloch 
& Trevarthen, 2009a). It would seem that it is 
more accurate to view musical behaviours as 
a specialised, dedicated context of use of this 
capacity for musicality, rather than as a post-hoc 
appropriation of these underlying abilities into a 
new, unrelated context.

Does musical practice itself confer 
selective advantages?

The preceding discussion has been very much 
concerned with the evolution and efficacy of these 
underlying capacities for musicality; we must 
also ask whether there are any reasons, selective 
or otherwise, why musical behaviours, as a dedi-
cated context systematically exercising this capac-
ity for musicality, may have become developed 
and perpetuated within hominin (and/or human) 
groups. In other words, are there, or were there 
at some point in the past, selective advantages to 
carrying out musical behaviours themselves?

It has often been remarked that music is 
hardly essential for survival, the implication 
being that there is no reason to believe that 
musical behaviours could have been selectively 
important. However, to confer a selective benefit 
a behaviour or trait need not be essential for sur-
vival, it need only confer a slightly greater likeli-
hood of successful procreation, and thus greater 
rate of procreation (thus perpetuating that trait), 
than would otherwise be the case.

As has been noted, in talking about selection 
for musical behaviours we can either be talking 
about selection for carrying out musical activi-
ties, as a behavioural package, or we can be talk-
ing about selection for each of the foundations of 
musical abilities, which could have other selec-
tive pressures acting upon them as a factor of 
other functions that they fulfil. Past discussion of 
the potential values of musical behaviours with 
regard to selection have not always made this 
distinction between rationales for the evolution 
of musical capacities, and rationales for the per-
petuation of developed musical behaviours; fur-
ther, it is important to make a clear distinction 

between biological selection for musical behav-
iours, and non-biologically selective reasons why 
they may be perpetuated. 

That musical and proto-musical behaviours 
use mechanisms that are selectively important in 
contexts other than their use in music does not 
diminish the importance of musical behaviours, 
from an evolutionary perspective, if music is not 
simply making use of existing cognitive mecha-
nisms that already existed, selected for already, 
but is a development of those mechanisms, ful-
filling the roles of those mechanisms in an addi-
tional context. Whilst those foundations may 
initially have been selectively favoured as a conse-
quence of their fulfilment of particular purposes, 
music developed within the context of those 
uses, and musical behaviours have the potential 
to fulfil some of those same purposes – poten-
tially in even more effective ways. Such a suite 
of related capacities could continue to develop 
in tandem, with interdependence increasing 
between them, whilst still fulfilling other func-
tions. Such co-use of mechanisms previously 
related in their fulfilment of different functions 
could then unite them functionally in this new 
behavioural manifestation; subsequently they 
could be selected for in tandem as part of a 
behavioural system, changes in one mechanism 
‘bootstrapping’ changes in others. As Huron 
(2001) puts it, “If music is an evolutionary adap-
tation, then it is likely to have a complex genesis. 
Any musical adaptation is likely to be built on 
several other adaptations that might be described 

as premusical or protomusical. Moreover, the 
nebulous rubric music may represent several 
adaptations, and these adaptations may involve 
complex co-evolutionary patterns with culture” 
(Huron, 2001, p. 44). 

There are several ways in which behaviours, 
the capacities which support those behaviours, and 
evolution by selection may interact. In the case of 
musical behaviours, I suggest that these can be 
characterised as the following selective processes:
1) Selection for capacities underlying musical 

behaviours because of their value in other 
circumstances. Musical practice then gains 
its efficacy (effects and wider emotional and 
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social benefits) from its use of these capaci-
ties. This efficacy then may or may not itself 
have selective benefits, but this would be a 
separate process; 

2) Selection for the capacities that support mu-
sical behaviours, through their use in music, 
because of benefits of exercising those capaci-
ties together for other aspects of life (i.e. the 
action of participating in musical activities 
itself indirectly facilitates individual survival 
and procreation); 

3) Selection for the capacities that support mu-
sical behaviours in the context of their ef-
ficacy in their use in music – i.e. benefitting 
the practice of music itself, which is itself 
selectively advantageous for some reason 
(i.e. the action of participating in musical 
activities itself directly facilitates individual 
survival and procreation); 

4) Sexual selection for musical capacities via 
musical practices because of the practices in-
dicating fitness of participants due to poten-
tial survival benefits of the capacities that 
support them; 

5) Cultural selection for particular musical 
practices (including capabilities to partici-
pate in those practices), which then may 
or may not have a biological effect through 
gene-culture co-evolution, through social 
functions of musical practice having knock-
on effects to individual survival and repro-
ductive rate.

Note that none of the five selective processes 
is mutually exclusive – any or all of them could 
potentially be acting during evolutionary history, 
at different times or simultaneously. The distinc-
tions between these different selective processes 
have not generally been made in discussions of 
music and evolution; as a consequence some pro-
posed models have conflated various aspects of 
them, some models have often been argued to 
be valid to the exclusion of others, and criticisms 
of them have often been on the basis of mutual 
exclusivity with other possibilities.

Process (1) includes rationales regarding the 
origins of musical behaviours in parent-infant 

interaction (e.g. Dissanayake, 2000), and in syn-
chronous chorusing (Merker, 1999) for example. 
In addressing the question of selective roles for 
musical behaviours themselves, via processes (2), 
(3), (4) and (5), it remains to be asked whether 
there are genuine circumstances in which such 
mechanisms could have operated and, if so, how 
they would have influenced the development of 
musical behaviours.

It is possible that developed musical behav-
iours could provide a good medium for the use and 
display of various traits related to fitness, and that 
aspects of those behaviours might be ‘fine-tuned’ 
by sexual preferences exhibited under such cir-
cumstances (c.f. Miller, 2000). However, there are 
several shortcomings of such explanations offered 
so far. This mechanism cannot account for those 
preferences’ existence, or for their being applicable 
to music to start with; these require other expla-
nations. Further, a distinction needs to be made 
between cultural sexual selection and biological 
sexual selection: behaviours could conceivably be 
perpetuated as a consequence of sexual prefer-
ence, but unless the behaviour is a consequence of 
a biological trait, which is then itself selected for, 
such perpetuation will be through social practice 
and not Darwinian sexual selection.

One way – with a biological basis – in which 
music could be a particularly potent expression 
of reproductive fitness lies in its roots in the abil-
ity to communicate emotionally and, effectively, 
to empathise, bond and elicit loyalty. An individ-
ual who is talented in these respects may well be 
more appealing to the opposite sex, because they 
are more likely to be able to form strong social 
alliances, and strong pair and family bonds. 
Good musical ability may vicariously indicate 
such abilities, as the cognitive capacities relied 
upon are in many respects shared.

The fact that people are frequently strongly 
drawn to same-gender music groups actually 
does not undermine the above appeals of music, 
as forming strong alliances is not a gender-spe-
cific activity; music can also fulfil the role of 
engendering strong feelings of empathic asso-
ciation and group membership (and thus loy-
alty and cooperativity are both more likely to be 
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offered and reciprocated). Whilst musical behav-
iours may not directly indicate an individual’s 
ability to contribute to a group in subsistence 
terms (Hagan & Bryant, 2003), such a criticism 
might equally be levelled at grooming activity, 
which is known to confer significant individual 
advantages. This fails to account for any benefit 
music might have in the respects discussed above, 
namely as an indication of an individual’s like-
lihood of contributing to a group or to specific 
individuals, as indicated by their networks and 
loyalty, and as a mechanism for actually stimulat-
ing and maintaining those networks and loyalties. 

Group musical activities may form an impor-
tant signal (and stimulus) of group cohesion, 
cooperation and loyalty, and a forum for the 
coordination of complex interactions; it still fre-
quently fulfils this role. A distinction again needs 
to be made between a “selective basis for the foun-
dations of musical behaviours” and “reasons why 
such behaviours may have been perpetuated”. 
Coalition signalling (Hagan & Bryant, 2003) is 
not a strong candidate for an explanation for the 
former, but it may well be a good explanation for 
the latter. Group displays of musical behaviours 
can indicate group stability and the ability to 
carry out complex coordinated actions precisely 
because they can engender these things.

Indeed, it is telling that even in the modern 
Western world, where our recent economic, social 
and technological changes mean that we are often 
separated from the producers of music, musical 
activities commonly remain firmly in the social 
sphere. This is even more evident in the case of 
contemporary and recent historical ‘traditional’ 
hunter-gatherer societies. For example, many 
of the most important roles of music amongst 
Plains Native Americans (Nettl, 1992; McAllester, 
1996), African Pygmies (Kisliuk, 1991; Turino, 
1992; Ichikawa, 1999; Lewis, 2009), Yupik and 
Inuit Eskimos (Nettiez, 1983; Johnston, 1989), 
and Australian Aborigines (Breen, 1994; Myers, 
1999) are social, interactive, and integrative, and 
the participants themselves often see these as the 
most important consequences of the activity.

Musical behaviours could be valuable not 
only as a means of exploring social interactions, 

but actually as a vicarious stimulus and exer-
cise of those capacities (see, for example, Cross, 
2001). Musical or proto-musical behaviours also 
have the potential to make use of several domains 
of intelligence at once, relying on the integration 
and control of biological, psychological, social 
and physical systems; furthermore musical activi-
ties give the opportunity to practice and develop 
these integrated skills in a context of limited risk 
(Cross, 2001). Broader mechanisms of selection 
(Shennan, 2002; Bowles & Gintis, 1998; Boyd 
& Richerson, 2005) may prove fruitful in gen-
erating models of processes through which musi-
cal behaviours may have come to develop and 
spread, through the above advantages, conferred 
on individuals within groups as a consequence 
of the stability and effectiveness of their group.

Conclusions

It is tempting to attempt to identify a 
‘moment’ when musical behaviours emerged as 
an activity in their own right, separable from 
other activities, but it is clear that music is not 
genuinely separable from certain other aspects of 
our lives, interactions and abilities. The elements 
of its production and perception, its forms and 
uses are integrally related to other aspects of our 
social existence. There was no single moment 
when music appeared, but we can hope to better 
understand how activities that we would recog-
nise as musical emerged, and why they have the 
effects and roles that they do.

Vocal tonal expression and comprehension is a 
highly refined component of a system for gestural 
expression and comprehension of emotional state, 
which also involves body language, manual ges-
ture and facial expression, and which relies on a 
cyclical rhythmic motor-planning mechanism for 
its execution. Musical activities, including dance, 
constitute a refined and ‘distilled’ version of the 
use of this system, with auditory modes of expres-
sion (including tone) being emphasised in music 
and corporeal modes being emphasised in dance.

This wider system always has encom-
passed, and continues to encompass, other 
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communicative behaviours too, which share 
many overlapping features with music. These 
include the paralinguistic aspects of vocal com-
munication, including prosody, and the vocalisa-
tions directed at pre-linguistic infants. Both these 
elements have clear foundations in the commu-
nicative behaviours of other higher primates, and 
over the course of the human lineage the extent 
of voluntary deliberate control over them, and 
with that their complexity, has increased.

The fossil record of human ancestors indi-
cates that the vocal anatomy and neurologi-
cal structure of australopithecines, the rather 
ape-like but bipedal predecessors of our genus, 
Homo, was not significantly different from that 
of the great apes of today. By the time of H. hei-
delbergensis, a descendent of H. erectus that prob-
ably also represents the last common ancestor of 
Neanderthals and H. sapiens, a vocal anatomy, 
and neurological control over it that looks essen-
tially modern, appears to have been in place, 
along with modern-human-like auditory physi-
ology, fine-tuned to human vocalisation frequen-
cies. This species, by at least 500,000 years ago, 
would appear to have had the ability to finely 
control a range of vocal sound frequencies com-
parable to our own, and to do so in the context of 
utterances of extended duration. Whilst a range 
of factors are likely to have been responsible for 
the changes that made this possible, including 
the earlier shift to a fully upright bipedal posture, 
increasing brain size, and increasing demands on 
manual dexterity, it would seem likely that the 
combination of vocal expressive abilities made 
possible was also subject to positive selection in 
leading to this combination of features. 

Amongst higher primates and humans 
today communicating social-emotional content 
remains one of the most important roles of vocal 
behaviour, and this is likely to have been the case 
for our hominin ancestors as well. Non-verbal 
vocal utterances, which are also coupled with 
equivalent body language and facial expression, 
can express personal state and reactions (wellbe-
ing, approval, disapproval, disgust, etc.) and can 
also solicit such information from other indi-
viduals. Both the expression and solicitation of 

such information, as well as the ability to share in 
the experience of such states, are important and 
advantageous skills for forming and managing 
social relationships, including co-operative, mat-
ing and parent-infant relationships. Individuals 
most effectively able to establish and maintain 
pair-bonds and alliances through this ability 
would have a significant selective advantage over 
less able fellows.

The production and perception of gestural 
(vocal, orofacial and corporeal) expression of 
emotion in this system involves the priming of 
the rhythmic-motor and emotional systems. 
Rhythmic sequences, and the prosodic and 
rhythmic content of tonal sequences, prime 
this system and each other, resulting in a multi-
modal relationship between rhythmic and emo-
tive tonal content. This takes the form of audi-
tory, visual and kinaesthetic expression of emo-
tion, and it would appear that what emerged 
over the course of the evolution of Homo was the 
ability to deliberately use this system, along with 
increasing control over the form, range and dura-
tion of these expressive gestures. It is proposed 
here that the culturally-shaped melodic, rhyth-
mic behaviours that we call music, and seman-
tic, lexical linguistic abilities, later emerged as 
specialised behaviours building upon the foun-
dations of this system of vocal and kinaesthetic 
communication of emotion.

It is clear that by the time of the arrival of H. 
sapiens in Europe more than 40,000 years ago, 
these developments had taken their recognisable 
modern forms, and it is likely that the evidence 
of these behaviours that we find then does not 
constitute evidence of the first instance of these 
behaviours.

The preceding discussion, I would argue, jus-
tifies a definition of music and dance together, 
at their most fundamental level, as deliberate 
metrically-organised gesture. In this context gesture 
refers to the embodied expression of emotion 
(i.e. vocal and orofacial and/or corporeal motor 
action incorporating input from emotion-con-
trolling systems), metrically-organised refers to the 
coordination of the gestures with an internally- 
or externally-generated temporal pattern, and 
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deliberate refers to being under conscious control 
(note that undertaking musical activity involves 
many unconscious processes too, though the act 
itself is volitional). This definition is certainly 
reductionist, and there are many elements of the 
experience of music that it does not encompass, 
being individual- and culture-specific elements 
that are built around this core, but the funda-
mental, universal, essential elements of our musi-
cal experience are, I would argue, derived from 
the fact that what we are experiencing is deliber-
ate metrically-organised gesture.

Whether or not musical activities themselves 
can or did confer selective advantages them-
selves, it is clear that the repertoire of capabili-
ties constituting musicality, of which musical 
behaviours are a specialised part, are both rooted 
in ancient capabilities, developed and refined in 
humans through selection, and fundamental to 
many aspects of the uniquely complex manifes-
tation of social structures that we see in humans 
today. It seems that these abilities are not only 
a ubiquitous feature of humanity today, but a 
fundamental component of what makes human 
societies possible.
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