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Preface

The present volume is based on a workshop entitled “The Origins of
Music” arranged by the Institute for Biomusicology in the Etruscan town
of Fiesole outside Florence in late May 1997. As the workshop was the
first international gathering held under the auspices of the Institute since
its founding in 1995, a few words are in order concerning the Ingtitute’s
background.

In 1982 one of us (NLW) published his dissertation Den musikaliska
hjarnan (“The Musica Brain™) in Swedish, which was followed in 1991
by the book Biomusicology: Neurophysiological, Neuropsychological
and Evolutionary Perspectives on the Origins and Purposes of Music.
Both works gave expression to long-standing curiosity on the part of a
musicologist regarding what light modern neuroscience might shed on
questions such as the origins, evolutionary development, and purposes
of music, questions that he felt were incompletely dealt with by his dis-
cipline. Ever since his student days, this musicologist had been on a quest
for amusicologica paradigm to complement traditional approaches. He
now hoped to find in modern biology what he had not found in Hume's
empiricism, in the logical empiricism of the Vienna and Chicago schools,
or in the phenomenological trends that flourished in the 1940s and 1950s
Time was on his side.

Since the Second World War, and more particularly in recent decades,
the neurosciences and behavioral biology have made significant strides
in areas relevant to the foundations of musicology. Thus there is now
hope of gaining an understanding of the processes of musical cognition
as wel as biologica factors that, together with cultural determinants,
shaped mankind's musical behavior and the rich global repertoire of
musical structures it has produced. In 1994 a symposium inspired by the
book Biomusicology was held in Milan, sponsored by the Royal Swedish
Academy of Sciences, the Institute for Futures Studies, and Pharmacia
AB. Under the title “Man, Mind, and Music” the symposium brought
together neuroscientists, mathematicians, systems theorists, musicolo-
gists, ethnomusicologists, a composer, and a conductor for fruitful dis-
cussons. One result of this was the creation of the Foundation for
Biomusicology and Acoustic Ethology, with its executive organ the
Ingtitute for Biomusicology, in March 1995. The Institute is located in
the town of Ostersund, situated close to the geographic midpoint of
Scandinavia

As part of its efforts to stimulate biomusicologica research, the
Institute sketched a series of international workshops to be held in Flo-
rence, Italy, a place where in the late sixteenth century the scholagticaly
oriented music theory of the Middle Ages started to give way to more
empirically oriented musicology, represented among others by Vincenzo
Gdlile, the father of Galileo Galilei. These Florentine Workshops in



Preface

Biomusicology were to deal with the origins (phylogeny) of music, with
its ontogeny, and with the interaction of biology and culture in music,
respectively. The planning of the first of these, on “The Origins of Musdc,”
on which the present volume is based, was undertaken by us in collabo-
ration with Frangois-Bernard Mé&che of the Ecole des hautes études in
Paris. It was carried through with support of the European Community
(EC), the Swedish Institute, the Swedish National Concert Institute, and
the Regione Toscana

We have the pleasure of thanking all contributors, including those who
were not with us in person in Florence, for their great interest in and
commitment to the topics and issues of the workshop, questions that for
the greater part of this century have been discussed only rarely, and
never before in a framework of joint discussons among representatives
of most of the disciplines that reasonably can be expected to have some-
thing to contribute to the eucidation of the evolutionary history and
biologica roots of music.

The editors introduction documents the Institute’s current perspec-
tive on systematic and methodological questions connected with the
origins of music, and how this perspective has developed since Biomusi-
cology was published. This introductory chapter isin some ways a latter-
day sequel to one part of the systematic and historicaly important survey
of the whole field of musicology (Musikwissenschaft) presented by
Guido Adler in 1885, the part, namely, which he called Musikforschung
(“music research”).

We thank Judy Olsson, of the Institute g&f, for technical assistance.
Our warm thanks, finaly, to the MIT Press and to Amy Brand and
Katherine A. Almeida of its editorial gaff for their interest and efforts
in making these studies available to an international audience.

Nils L. Wdlin
Bjorn Merker
Steven Brown



1 An Introduction to Evolutionary Musicology

Steven Brown, Bjorn Merker, and Nils L. Wallin

Abstract

In this introduction to the new field of evolutionary musicology, we see that the
study of music origins provides a fresh and exciting approach to the under-
standing of human evolution, a topic that so far has been dominated by a focus
on language evolution. The language-centered view of humanity has to be
expanded to include music, first, because the evolution of language is highly inter-
twined with the evolution of music, and, second, because music provides a spe-
cific and direct means of exploring the evolution of human social structure, group
function, and cultural behavior. Music making is the quintessential human cul-
tural activity, and music is an ubiquitous element in all cultures large and small.
The study of music evolution promises to shed light on such important issues as
evolution of the hominid vocal tract; the structure of acoustic-communication
signals; human group structure; division of labor at the group level; the capacity
for designing and using tools; symbolic gesturing; localization and lateralization
of brain function; melody and rhythm in speech; the phrase-structure of lan-
guage; parent-infant communication; emotional and behavioral manipulation
through sound; interpersonal bonding and synchronization mechanisms; sdf-
expression and catharsis; creativity and aesthetic expression; the human affinity
for the spiritual and the mystical; and finally, of course, the universal human
attachment to music itself.

Musdc Origins and Human Origins

What is music and what are its evolutionary origins? What is music for
and why does every human culture have it? What are the universal fea
tures of music and musical behavior across cultures?

Such questions were the among the principal areas of investigation of
the members of the Berlin school of comparative musicology of the first
hdf of the twentieth century, as represented by such great figures as
Carl Stumpf, Robert Lach, Erich von Hornbostel, Otto Abraham, Curt
Sachs, and Marius Schneider.* After the 1940s, however, the evolution-
ary approach to music fdl into obscurity and even disrepute. How this
came to pass entails along and very political history, one that has as much
to do with rejection of racidist notions present in much European schol-
arship in the socia sciences before the Second World War as with the
rise of the cultural-anthropological approach to musicology in America
during the postwar period.? Both influences were antievolutionary in
spirit and led to a rgjection of biological and universalist thinking in
musicology and musical anthropology. Musicology did not seem to need
an offidd decree, like the famous ban on discussions of language origin
by the Société de Linguistique de Parisin 1866, to makethetopic of music
origins unfashionable among musicologists. It appeared to happen al by
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itsdf. And with that, musicology seemed to relinquish its role as a con-
tributor to the study human origins as well as any commitment to devel-
oping a general theory of music.

The current volume represents a long-overdue renai ssance of the topic
of music origins. If its essays suggest nothing elsg, it is that music and
musical behavior can no longer be ignored in a consideration of human
evolution. Music offers important insight into the study of human
origins and human history in at least three principa areas. Firg, it is a
universal and multifunctional cultural behavior, and no account of
human evolution is complete without an understanding of how music
and dance rituals evolved. Even the most cursory glance at life in tradi-
tional cultures is sufficient to demonstrate that music and dance are
essential components of most socia behaviors, everything from hunting
and herding to story telling and playing; from washing and eating to
praying and meditating; and from courting and marrying to healing and
burying. Therefore the study of music origins is central to the evolu-
tionary study of human cultural behavior generaly.

Second, to the extent that language evolution is now viewed as being
acentral issue in the study of human evolution, parallel consideration of
music will assume arole of emerging importance in the investigation of
this issue as it becomes increasingly apparent that music and language
share many underlying features. Therefore, the study of language evolu-
tion has much to gain from ajoint consideration of music. This includes
such important issues as evolution of the human vocal tract, the hominid
brain expansion, human brain asymmetry, lateralization of cognitive
function, the evolution of syntax, evolution of symbolic gesturing, and
the many parallel neural and cognitive mechanisms that appear to under-
lie music and language processing.

Third, music has much to contribute to a study of human migration
patterns and the history of cultural contacts. In the same way that genes
and languages have been used successfully as markers for human migra-
tions (Cavalli-Sforza, Menozzi, and Piazza 1994), so too music has great
potential to serve as a hitherto untapped source of information for the
study of human evolution. This is because musics have the capacity to
blend and therefore to retain stable traces of cultural contact in a way
that languages do only inefficiently; languages tend to undergo total
replacement rather than blending after cultural contact, and thus tend to
lose remnants of cultural interaction. In summary, these three issues, the
universality and multifunctionality of music, the intimate relationship
between music evolution and language evolution, and the potential of
music to shed light on patterns of cultural interaction, are important
applications of evolutionary musicology to the study of human origins
and human culture.
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The new field of “biomusicology” (Walin 1991) places the analysis of
music origins and its application to the study of human origins at its very
foundation. As shown in figure 1.1, biomusicology comprises three main
branches. Evolutionary musi cology dealswith the evolutionary origins of
music, both in terms of a comparative approach to vocal communication
in animals and in terms of an evolutionary psychologica approach to the
emergence of music in the hominid line. Neuromusicology dealswith the
nature and evolution of the neural and cognitive mechanisms involved
in musical production and perception, as wel as with ontogenetic devel-
opment of musica capacity and musical behavior from the fetal stage
through to old age. Comparative musicol ogy dealswith the diverse func-
tional roles and uses of music in al human cultures, including the con-
texts and contents of musical rituals, the advantages and costs of music
making, and the comparative features of musica systems, forms, and per-
formance styles throughout the world. Thisfield not only resuscitates the
long-neglected concept of musical universals but takes full advantage of
current developments in Darwinian anthropology (Durham 1991), evo-
lutionary psychology (Barkow, Cosmides, and Tooby 1992), and gene-
culture coevolutionary theory (Lumsden and Wilson 1981; Feldman and

Fig. 11

Figure 1.1

The science of biomusicology. The term “biomusicology” was coined by Wallin (1991). It
comprises three principal branches, as described in the text: evolutionary musicology,
neuromusicology, and comparative musicology. The synthetic questions that evolutionary
musicology (the subject of this volume) addresses incorporate al three branches, as elab-
orated in the rest of the chapter. Not shown in the figure is a series of more practical con-
cerns that fall under the purview of applied biomusicology (see text).
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Laland 1996) in analyzing musical behavior from the standpoint of both
natural selection forces and cultural selection forces.

To complete this picture of biomusicology, it is important to point out
that each of these three mgjor branches has practical aspects that con-
tribute to what could be referred to as applied biomusicology, which
attempts to provide biological insght into such things as the therapeutic
uses of music in medical and psychologicd treatment; widespread use of
music in the audiovisua media such as film and television; the ubiqui-
tous presence of music in public places and its role in influencing
mass behavior; and the potential use of music to function as a general
enhancer of learning.

The theme of the current volume fdls within the evolutionary musi-
cology branch of biomusicology. The remainder of this chapter is devoted
to providing an overview of the mgjor issues and methods of evolution-
ary musicology. To those who are coming across these ideas for the first
time (which, we suspect, is most readers), our overall message is quite
smple: it is time to take music serioudy as an essential and abundant
source of information about human nature, human evolution, and human
cultural history.

Major Issuesin Evolutionary Muscology

This section presents some of the mgjor topics in evolutionary musicol-
ogy. It serves as an overview of these topics, dlowing ensuing chapters
to provide detailed theoretical perspectives on them.

The Question of Animal Song

The question what is music? is one that has no agreed-upon answer. For
every structural feature that can be claimed as being a defining feature
of music, one can dways find (or dream up) a musical style that lacks
this property. John Cage' s composition 4’ 33", composed in 1952, is prob-
ably only the most extreme and postmodern example of this. (For those
who do not know this piece, it congsts of four minutes and thirty-three
seconds of uninterrupted silence, to be performed by “any instrument or
combination of instruments.”) Because of these problems in defining
music in purely structural terms, ethnomusicologists have usualy pre-
ferred to focus on functional contexts and roles: music as an organized
cultural activity. However, this eadily leads to the conclusion that music
is amply whatever people consider it to be. Clearly, such a definition is
too open-ended and culture-specific to be useful, which is why a consd-
eration of musical universals (discussed below) is going to assume arole
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of increasing importance in biomusicology. Musical universals place the
focus on what music tends to be like in order to be considered music,
even if not every example has dl the features of the mgjority of musics
(properties such as sound in the case of 4'33"!).

Modernist classcal music aside, the important biologica question of
how music evolved remains. Biomusicology is a discipline defined in part
by its commitment to exploring the relevance of modern biological
knowledge about the evolution and functions of anima behavior to the
question of the origins of human music and dance, and this includes the
rich treasure of theory and observation provided by behavioral biology
on topics such as animal vocalization, communication, emotive expres-
sion, and display. Just as the lack of a clear definition has not prevented
musi cologists from advancing our understanding of music, so too lack of
a categorical means of sorting anima “songs’ from animal “cdls’ has
not prevented biologists from learning much about the more structurally
complex forms of animal voca displays—whether called song or not—
that might in fact be relevant to our attempts to understand the begin-
nings and foundations of music in the course of anthropogenesis. Since
singing behavior emerged independently, and in a variety of forms, on
severa occasions in the animal kingdom (see Marler, Slater, Jerison, and
Geissmann, this volume), the question arises as to whether any of these
instances of animal song is capable of shedding light on the genesis of
singing and music in our own species. There isno a priori way of exclud-
ing the posshility, for example, that our distant forebears might have
been singing hominids before they became talking humans, and if so, that
hypothetical fact would surely have some bearing on the way we
approach the question of the origins of music.

To come to a better understanding of such issues will require address-
ing many important questions. Does song have common functional
roles? Do common selection pressures and selection mechanisms explain
the repeated occurrence of song? What is the relationship between the
singing style and habitat of the singing animal? What is the relationship
between the singing arrangement and socia structure of the species?
Where singing serves more than one function for a species, how do the
different voca styles or voca forms correlate with their presumed roles?
Do common generative and perceptua principles underlie the various
forms of song? What kinds of neural changes and specializations mediate
the emergence of singing behavior in snging species? To what extent
does song acquisition depend on learning, and what is the social arrange-
ment for this learning when it is necessary? Where socid learning is
involved, do song forms evolve culturally? Many of these questions are
addressed in part 1l entitled “Vocd Communication in Animals.”
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Musc Evolution versus Language Evolution

Not only does music have an ambivalent relationship with animal song,
but it has an equally ambivalent relationship with human language.
Thus, the question what is music? has not only phylogenetic significance
in terms of the question of animal song, but aso evolutionary-
psychologicd dgnificance in terms of the evolutionary relationship
between the two major vocal-communication systems that emerged in
the human line. Whereas the debate about the status of animal song will
probably dways come down to a philosophical consideration of how
music and song should be defined, the language-music relationship rep-
resents a much more tractable question a many levels of anadysis. We
predict that this will become one of the central issues in the areas of
music psychology, intonational phonology, and biomusicology in years to
come, which iswhy alarge part of this volume is devoted either directly
or indirectly to the topic.

Many pardlels exist between music and language at the structural
level (discussed extensively by Brown, this volume). The major question
for the purposes of this book deals with the evolutionary basis of the
connection. There are at least three possible interactive theories for the
evolution of music and speech: that music evolved from speech, that
speech evolved from music, or that both evolved from a common ances-
tor. As Erich von Hornbostel wrote in 1905: “The close correlation
between language, music, and dance has already occupied the attention
of earlier theoreticians. Spencer (1857) considered singing to be emo-
tiondly intensfied speaking; for Darwin (1871), it was the inherited and
mellowed remnant of the courting periods of our animal ancestors, from
which language derived at a later stage; Richard Wagner (1852) believed
that language and music issued from a common source, that of speech-
music” (p. 270).2 Unfortunately, despite the age of thisissue, it is till too
early to predict its resolution. However, we suggest that a consideration
of music will be central to any study of speech and language evolution
in the future.

In addition, at least five other points have a bearing on this question.
First, changes to the human vocd tract thought to underlie the evolution
of speech (see Frayer and Nicolay, this volume) are just as relevant to
the evolution of human singing. In fact the distinction between speaking
and singing is best thought of as a difference in degree rather than a dif-
ference in kind. This is demonstrated nicely by intermediate cases, such
as heightened speech, sprechstimme, recitativo, and poetic discourse,
that blur the distinction between speaking and singing. At a more fun-
damental level, tone languages, which comprise more than haf of the
5000 languages spoken in the world today (Fromkin 1978), bring
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together musc's use of level tones and pitch contours with language's
rolein generating semantic meaning. Thus, it isnot unreasonable to think
that evolutionary changes in the human vocd tract were adaptations for
singing rather than for speaking, or perhaps even adaptations for joint
musical and linguistic vocalization processes in the form of tone
languages.

Second, the human brain, and most especialy the human cerebral
cortex, has undergone tremendous expansion in size compared with pre-
vious hominid stages, and at least some of this expansion is proposed to
be driven by the evolution of human linguistic capacity (Deacon 1992;
see Jerison, Fak, Bickerton, and Merker, this volume). However, there
is an alternative candidate for a structurally complex, syntacticaly rich,
acoudticdly varied, socidly meaningful human function that might have
driven this brain expansion, namely, music. Therefore, the relationship
between the cerebral localizations of music and language is essential
for understanding the evolutionary relationship between these two
important human functions.

In thisregard, it is interesting to point out that three arrangements for
locdlization of music and language in the brain have been reported
(reviewed by Falk, this volume): that music and language share cerebral
representation; that they have overlapping representations in the same
hemisphere; and that they have corresponding (i.e., homologous) local-
izations in the opposite hemispheres. As Falk points out, this issue is
further complicated by the discovery that lateralization effects for music
and language differ between the sexes, with greater degrees of lateraliza-
tion in the brains of men. However, to the extent that linguistic function
is seen asdriving at least some evolutionary brain expansion and that lat-
eralization of function is seen as being an important concern in human
brain evolution, then the shared, overlapping, and/or corresponding local-
izations of music and language in the cerebral hemispheres of this
expanded human brain would seem to provide an important test case for
evolutionary theories of both brain expansion and brain asymmetry.
What are the important similarities and differences between music and
language and how are they manifested in the respective localizations and
lateralizations of these functions in the human brain?

Third, structural accounts of language evolution usudly present a
dichotomy between gestural theories and voca theories of language
origin, where such theories are either seen as mutually exclusive accounts
of language evolution or as sequential accounts in which vocalizing is
viewed as a replacement for gesturing (Corballis 1991; Armstrong,
Stokoe, and Wilcox 1995; Beaken 1996; Rizzolatti and Arbib 1998).
In this regard, a paralld consideration of music has much to offer
toward understanding this question, as musical expression tends to be
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inextricably linked to movement and gesture in the context of most
group rituals. In musical rituals, gesture and vocdizing function as coor-
dinated, mutualy reinforcing processes at both the individual and group
levels, rather than serving as sequential or aternative manifestations of
communicative intentions (see Dissanayake, this volume). Extension of
these ideas might offer important insight into the origins of language-
based communication. And in fact it seems quite plausible to assume that
gesturing and vocalizing occurred in parallel during language evolution
just as they most certainly did during music evolution (see Malino,
this volume).

Fourth, functiona accounts of language evolution make reference not
only to individual-level representational and communicative capacities
but to driving forces related to group function and socid interaction
capacities (see Ujhdyi and Richman, this volume). Most current theo-
ries make explicit reference to the idea that language evolution has some
privileged status with relation to the evolution of human group structure
and its underlying socid relationships (Dunbar 1996). This is certainly
no less true of music, and again we see that the situation is even clearer
for music than it is for language. In fact, the relationship between social
structure and musical form/expression has been much better studied in
ethnomusicology than has the relationship between socid structure and
linguistic form/expression in sociolinguistics (e.g., Lomax 1968). Thus, to
the extent that the evolution of linguigtic structure (i.e, syntax) is
thought to depend on certain behaviora arrangements between people,
as reflected in the nature of human group structure, much important
information about this can be gleaned by considering how similar
processes operated to mold important structural features of music, such
as pitch blending and isometric rhythms. The issue of music evolution
raises as many essential questions about the evolution of human socid
structure as does the issue of language evolution.

Finadly, athough songs do not fosslize, and no musica notation
systems exists before the Sumerian system of 3500 years ago, large
numbers of musicd artifacts have been discovered throughout the world.
In 1995, what is perhaps the oldest one so fa—a fragment of a putative
bone flute—was found at a Mousterian site in Slovenia and determined
to be about 44,000 years old (see Kungj and Turk, thisvolume). It isprob-
ably safe to assume that musica instruments are a least as old as
anatomically modern humans if not much older. They reflect the human
capacity to make socidly useful artifacts, no less interesting than the
capacity to make weapons or hunting implements, and no less revealing
than the capacity to paint images on the walls of caves.

So with regard to communicative vocalizing, vocd anatomy, brain
mechanisms controlling vocdizing and symbolic gesturing, lateralization
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of brain function, the hominid brain expansion, tool production, tool use,
socid structure, group rituals, evolution of syntax, and the like, analysis
of music origins provides many avenues for addressing critica questions
related to the origins of language and the evolution of human socid
behavior.

Sdlection Mechaniams for Music

This discusson of the evolution of culture raises several important
guestions about the evolution of music. What is music for? under what
conditions did it evolve? what types of selection pressures led to the
evolution of human musical capacity? It seems quite clear that no known
human culture lacks music and that al human beings are capable of
creating and responding to music. Furthermore, neurological studies
demonstrate the brain’s specificity for music (Peretz 1993; Peretz and
Morais 1993), again suggesting that musical capacity represents a specific
biological competence rather a generaized cultural function. Yet, music
is a highly multifunctional adaptation; it serves a large diversity of func-
tional roles in al cultures. The logica question then becomes whether
we can ascertain anything about the selection pressures that led to the
evolution of this function by analyzing music’'s many roles in contempo-
rary human cultures.

Many functiona accounts for the origins of music have been proposed,
and include everything from its uses in promoting domestication of
animas and coordinating human socia activity, to its roles in sexual
display and parental care. If anything, such a diversity of roles would
seem to discourage any smple determination of its underlying selection
pressures. However, a number of evolutionary hypotheses are presented
in this book. They fdl into a few categories. First, several authors hold
that music evolved by sexua selection, in other words that it evolved as
a courtship device in the service of mate selection, a proposal closgy
connected to theories of singing in nonhuman animals, as many exam-
ples of animal song are thought to play a role in either intrasexual or
intersexual selection (Darwin 1871; Andersson 1994). Such concepts can
be found in the chapters by Sater, Payne, Merker, Miller, and Todd.
Second, several authors link music's adaptive role to its ability to
promote coordination, cohesion, and cooperation at the level of the
social group. Such ideas can be found in the chapters by Geissmann,
Ujhelyi, Brown, Richman, Dissanayake, and Freeman (see also Brown in
press). Third, Dissanayake (this volume) proposes a parental care
hypothesis in which music evolved to increase individud fitness by
means of increasing offspring surviva through improved parent-off-
spring communication. Findly, a number of contributors discuss the
origins of music in terms of homology with language rather than in terms
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of adaptive consequences per se. For example, Ujhelyi, Molino, Jerison,
Fak, and Brown propose that the emergences of music and language are
in some way linked during human evolution.

These notions are likely to harbor different predictions about the
nature of musical form and performance style, and might actually explain
complementary features of music. In this connection it is important to
emphasize that present-day uses of music need not bear one-to-one cor-
respondence to its uses at its origins, and furthermore, that several spe-
ciation events intervene between the present day and the time when our
distant forebears parted company with chimpanzees on their evolution-
ary journey. That is, musc's multifunctional nature may reflect the action
of many selection pressures, and there is thus every reason to entertain
a spectrum of selectionist hypotheses at this early stage in the explo-
ration of the origins of music.

The Evolution of Meter

One of the most distinct features of music, with reference to both animal
song systems and human speech, is its use of isometric rhythms. The
human ability to keep time should be distinguished from the ability
of most animals (including humans) to move in a metric, aternating
fashion. What is specia about humans is not only their capacity to move
rhythmically but their ability to entrain their movements to an external
timekeeper, such as a beating drum. This is a key feature of both music
and dance, and evolutionary accounts of music must explain the emer-
gence of this ability of humans to synchronize their movements in a
rhythmic fashion to that of conspecifics or other external timekeepers.
Neurological studies reveal that this ability is dissociable from the
capacity to produce and perceive the tona features of music (Peretz
1990; Peretz and Kolinsky 1993). So a“modular” view of musical capac-
ity (see Imberty, this volume) would suggest that metric timekeeping is
adigtinct feature of the human brain, one that mogt likely evolved in the
context of groupwide music and dance rituals. This topic is discussed
further by Merker and Molino (see aso Brown in press).

Absolute Pitch

Absolute pitch is described as “the ability attach to labels to isolated
auditory stimuli on the basis of pitch done” (Ward and Burns 1982), and
is demonstrated by a person’s ability either to recognize or produce
specific tones without need of apitch reference (asisrequired in the case
of relative pitch among trained Western musicians). It is curious, given
the general human capacity for categorical perception of sensory stimuli
(such as in the case of speech sounds and color categories), that so few
people have absolute pitch. What seems to be beyond dispute at this
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point is that absolute pitch acquisition depends obligatorily on musica
exposure and training during what is thought to be a critical period in
cognitive development, somewhere between the ages of 3 and 6
(reviewed in Takeuchi and Hulse 1993). One explanation for why so few
people have absolute pitch is that it is a genetic trait, and severa pedi-
gree analyses of families containing members having this ahility con-
cluded that it is an autosomal dominant genetic trait (Profita and Bidder
1988; Baharloo et al. 1998). Suffice to say that the search for the absolute
pitch gene is now under way.

This suggestion of a genetic basis for absolute pitch should not be
accepted uncritically, however, as it raises a large number of as-yet-
unaddressed evolutionary issues, including the significance and role of
absolute pitch-processing capacities in nonhuman species (D’ Amato
1988; Hulse, Takeuchi, and Braatan 1993) and in human nonmusicians
(Halpern, 1989; Levitin 1994), aswell as the importance of cultural expo-
sure to music on the expression of absolute pitch at the population level.
Absolute pitch might be nothing more than a general human capacity
whose expression is strongly biased by the level and type of exposure to
music that people experience in a given culture.

Muscal Universals

We conclude this section of mgjor topics in evolutionary musicology with
a discussion of musicd universals. Since Chomsky, linguistics has been
preoccupied with the study of universals, both grammatical and phono-
logical. In the case of ethnomusicology, universals have been a subject of
great skepticism, as they are seen as smacking too much of biological
determinism, and therefore of denying the importance of historical
forces and cultural traditions in explaining the properties of musica
systems and musical behavior. However, the contemporary biocultural
view of socid behavior (eg., Boyd and Richerson 1985; Durham 1991)
cals for a balance between genetic constraints on the one hand, and his-
torical contingencies on the other. The idea of musica universals does
nothing if not place al of humankind on equal ground, acting as a bio-
logical safeguard against ethnocentric notions of musical superiority. In
this balancing act between biological constraints and historical forces, the
notion of musical universals merely provides a focus on the unity that
underlies the great diversity present in the world's musical systems, and
attributes this unity to neural constraints underlying musical processing
(see Trehub and Imberty, this volume, for discussions of innateness in
musical processing).

Regarding the common viewpoint in musicology that maintains that
the search for musical universals is a fruitless endeavor not (merely)
because the enterprise is marred by biological determinism but because
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there are no universas to be found® it is critical to emphasize Bruno
Nettl’s important point (this volume) that universals need not apply to
all music. Certainly a feature that is found in three out of four musical
styles in the world is of great interest to anyone studying the evolution
of music. As a preview to a universal theory, let us just mention that
octaves are perceived as equivalent in dmogt dl cultures, that virtualy
all scales of the world consist of seven or fewer pitches (per octave), that
most of the world's rhythmic patterns are based on divisve patterns of
twos and threes, and that emotiona excitement in music is universally
expressed through loud, fast, accelerating, and high-registered sound pat-
terns. There is clearly fertile ground for a discussion of structural and
expressive universalsin music (see Arom, Méche, and Nettl, this volume;
Brown, submitted). It is Smply wrong to say that a demonstration of
musical universals denies anything of the uniqueness or richness of any
culture’s particular forms of musical expression. If anything, it protects
this uniqueness againgt ethnocentric clams that some cultures musics
are “more evolved” than those of other cultures, claims frequently heard
even in contemporary times.

Methods in Evolutionary Musicology

The evolutionary musicological issues discussed thus far are amenable
to scientific andlysis by a host of empirica techniques, as well as by
formal modeling and computer smulation (an example being provided
by Todd, this volume). For theory building to be fruitful, it must
ultimately be based on empirical evidence, and in this section we focus
on the principal methods that are available to evolutionary musicology.

The Comparative Method and Analyss of Animal Song

Whether or not animal song is viewed as a type of music, it is important
to analyze the behaviora-ecological and generative factors that unite it
with human music as common adaptations. This includes three mgor
areas of study: acoustic analysis of song, neurobiological analyss of song
production and perception, and behavioral-ecological anadysis of Snging
behavior and its associated displays. The first applies the standard
methods developed for the acoustic analysis of musical and speech
sounds to the realm of animal vocalizations, such as frequency analysis,
spectral analyss, and a number of modern computer-based methods for
discriminant and correlational analysis. Powerful as these methods are
as ads in acoustical characterization and tatistical classfication of
sounds, much remains to be done to bridge the gap between the working
tools of the biologist and the powerful notational system developed in
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the Western musical tradition, which is the chief working formalism of
the musicologist. We believe that bridging this methodological gap will
alow anumber of problems in evolutionary musicology to be addressed
with new precision and to be illuminated by new sources of comparative
data (eg., Szoke and Filip 1977).

The second area, the neurobiology of song, was developed as a natural
extension of the pioneering acoustic and developmental studies of bird-
song by Thorpe in the 1950s (see Thorpe 1961). A highly successful par-
adigmatic combination of experimental methods and questions alowed
investigators such as Konishi (1965), Nottebohm (1967), and Marler
(1970) not only to refine knowledge of the mechanisms of birdsong but
to elucidate their neural substrates (Nottebohm 1989; Konishi 1994).This
involves a description of the song-specific nuclei and neural pathways
underlying song production and song perception in Singing species, as
well as consideration of the ontogenetic mechanisms and sex differences
that underlie the development of these song pathways, especidly in the
case of sexually dimorphic species, which includes most singing species
other than humans. Unfortunately, the impressive advances made in the
study of the structure, development, and mechanisms of birdsong have
not been duplicated in any other singing species, and from the standpoint
of evolutionary musicology it is urgent to extend the paradigmatic power
of avian studies to the andyss of other singing species.

The third area includes analysis of the behavioral contexts during
which singing occurs, as well as the presumed functions and meanings of
anima song and its associated display behaviors. A mgor goa of this
research is to establish the link between song function and structure, in
other words, to relate communicative meaning to acoustic sound pat-
terns. Catchpole and Slater (1995) and Hauser (1996) provide promising
approaches to the question of meaning in animal communication systems
(see dso Marler, Slater, Whaling, Geissmann, Hauser, Ujhelyi, and
Payne, this volume), and it is hoped that such approaches will be
exploited in future work on the behavioral ecology of animal song.

Physical Anthropology and Muscal Archeology

The study of both fossls and artifacts will contribute to an understand-
ing of music evolution in a manner that has aready greatly benefited
the study of language evolution. New findings in the reconstruction of
hominid voca anatomy and brain anatomy will contribute to an under-
standing of not only the evolution of speech but to parallel understand-
ing of the evolution of snging (see Frayer and Nicolay, this volume). In
addition to these inferences based on the vocal and cognitive capacities
of our hominid ancestors, a crucial aspect of the reconstruction of
musical history lies in the study of musica artifacts themselves. Musical
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archeology is arelatively young discipline that promises to supply impor-
tant new information about the origins of music. It is represented in this
volume by Kung and Turk’s analysis of what may be the oldest musica
instrument discovered to date. They demonstrate both the difficulties and
the promise of this approach to the evolution of music. But in addition,
excavation and study of a rich and diverse assortment of stone, bronze,
ivory, and clay musicd artifacts from al parts of the world are helping
to fill the historical gap between the Paleolithic horizon®> and modern-
day music making (e.g., Hickman and Hughes 1988; and the series of
volumes put out by the Study Group on Musical Archaeology of the
International Council for Traditional Music).

Musc-Language Comparative Analysis

One important area for future research in biomusicology will be the
interface between music and language and the evolutionary roots of this
relationship. This work will come as much from the study of phonology
and sign language as from the study of music and dance. Intonational
phonology is now developing mature theories for the analysis of into-
nation in dl languages. Thisincludes autosegmental theory for the anay-
ss of tone (Goldsmith 1990,1995; Ladd 1996) and metrical phonology
for the analysis of rhythmic patternsin speech (reviewed in Kiparsky and
Y oumans 1990). Such studies will benefit as well from the cognitive psy-
chologica approach, which will help elucidate the cognitive mechanisms
of both acoustic and expressive processing in music and speech.
Although most of this research will focus on contemporary linguistic and
musical function, it will unquestionably provide insght into and fud
speculations about the intertwined evolutionary origins of music and
language.

Human Brain Imaging

Undeniably one of the most important sources of new information for
the field of biomusicology will be the ever-expanding array of studies
using both structural and functiona brain-imaging techniques in humans.
Such techniques have already demonstrated their potential to eucidate
brain areas mediating both the production and perception of music,
including tonal, rhythmic, and emotive aspects of music processing
(reviewed in Sergent 1993; Peretz and Morais 1993; Hodges 1996).
Such studies will provide great insight into the localization and the
lateralization of these functions, as well as touch on such important
issues as ontogenetic development, sex differences (Hough et al. 1994),
musical performance (Sergent et a. 1992), the effects of musical train-
ing on brain structure (Schlaug et a. 1995a Elbert et al. 1995; Pantev
et a. 1998), neural correlates of skills such as absolute pitch (Schlaug



17 An Introduction to Evolutionary Musicology

et al. 1995b; Zatorre et a. 1998) and musica score reading (Nakada
et a. 1998), the effects of disease and aging on brain structure and
function, and so on.

As mentioned, a key evolutionary question deals with the neurobiol-
ogy of metric timekeeping, and it is predicted that the analysis of brain
areas underlying meter will be a central area of interest for both music
and speech (Penhune, Zatorre, and Evans 1998). Also, the relationship
between the localizations of musical function and language function in
the brain will be a central concern in mapping studies. This will touch
epecidly on the domains of intonational phonology and metrical
phonology, where the greatest potential for overlap between music and
language seems apparent (Jackendoff 1990; Pierrehumbert 1991).

Comparative Musicology

Finaly, a great beneficiary of the evolutionary approach to music will
be musicology itsdf, especidly ethnomusicology. Darwinian anthropol-
ogy and evolutionary psychology will provide many new evolutionary
models of music, several of which are presented in this volume, that will
be testable in comparative musicologicd studies. We believe that musi-
cology has much to gain from these new models, and should not shy away
from evolutionary approaches to culture. Testing such models will
require a highly cross-cultural approach to the five following mgjor
aspects of musical events:

1. Sdlection of who the musicians of a given culture are: their age and
sex; do al people participate in musica events or are musicians and non-
musicians segregated? are the singers and instrumentaists of a given
culture the same people? if segregation exists in any of these areas, how
are the roles determined? what is the status of musicians in a culture?
€tc.

2. The contexts and contents of musica rituals: when, where, and how
musical events occur; the organization of ceremonies involving music;
song texts and other supporting narratives; myths and symbolisms; coor-
dination of music with dance, poetry, theater, storytelling, trance, mime,
etc.

3. The social arrangement of musical performance: solo versus group
performance arrangement; gender or age specificity of particular musical
forms, responsorial versus antiphonal choral singing arrangement;
degree of soloist domination in instrumental performance; etc.

4. Musical reflectors of this social arrangement (Lomax 1968): use of
monophonic versus heterophonic versus polyphonic versus homophonic
multipart arrangements; use of measured versus unmeasured rhythmic
patterns; the predominant vocal style of a culture; etc.
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5. The mode of transmission of musical knowledge from generation to
generation: how musica repertoires of a culture are organized; the
nature of musical pedagogy; use of a musical notation system; tolerance
versus intolerance to change; use of guided improvisation in pedagogy
and performance; etc.

Analysis of these five broad factors does not depend so much on new
methods in ethnomusicology as on a new commitment to a comparative
approach to musica behavior, performance style, and meaning. But in
addition to this, comparative musicology must serioudy return to the
issues of musical universals and classfication to understand not only the
deep evolutionary roots of music but how contemporary musical systems
undergo change and stasis from historical and geographic perspectives.
In fact, this applies as much to the behavioral and semiotic levels of music
as to its acoustic level. This need will become al the greater as the
degree of intercultura influence and overlap increases in the third
millennium.

Musc Evolution: Biological versus Cultural

It is unfortunate that the term“music evolution” (like the term“language
evolution”) has such an ambiguous meaning, as it refers both to biolog-
ica evolution of a capacity and to cultural evolution of that capecity’s
output. In other words, the term refers both to the biological emergence
of music through evolution of the capacity to make it (an evolutionary
psychological consideration) as well as to the historical changes in
musical systems and styles that occur over time and place (a compara-
tive musicologica consideration). This distinction highlights differences
in the nature and dynamics of biologica and cultural evolution. This
section looks at music evolution from the standpoint of cultural evolu-
tion and tries to tie it in with the biological evolution of musical capac-
ity during hominid evolution (see aso Molino, this volume).

One way to think about this issue is from the perspective of
Darwinian theories of culture (Durham 1990, 1991, 1992), which are
“particulate” theories that view cultural objects as replicators; in other
words, as objects capable of being reproduced and transmitted to future
generations. According to such theories, the basic unit of cultural repli-
cation is the “meme” (Dawkins 1982; Durham 1991). A meme can refer
to any kind of cultural object, for example, a musica instrument, song
text, musica style, musical myth, or scale type, so long asit is capable of
being replicated and transmitted culturaly. Because a given meme in a
culture usualy has many related forms (e.g., severa different designs for
the same instrument; severad different performance styles of a given
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musical genre; different scale types or rhythms for a given musical style,
etc.), Darwinian theories of culture posit that differential replication of
memes is dependent on the process of cultural selection (a process anal-
ogous to but different from natural selection), whereby certain forms of
a meme are transmitted to future generations while others become
extinct. Let there be no confusion: cultural objects are not biological
species, and cultural selection (according to cultural consequences) is not
natural selection (according to reproductive consequences). However,
the Darwinian mechanics of replication, variation, and selection can be
thought of as operating in both spheres in a formally anal ogous fashion,
thus making these theories both parsimonious and attractive.

The final topics to be addressed in this chapter are musical classfica
tion and the reconstruction of musical history. To what extent is it pos-
sible to talk about monophyly in world musics in the same manner that
this notion is serioudy debated in the field of linguitics? It is important
to point out that any discusson of the evolution of musica styles
throughout the world depends strongly on a theory of musical dassfi-
cation, and that this topic has been al but taboo in musicology, a Situa-
tion we hope will be rectified in the coming years. The concept of musical
classfication has unfortunately suffered the same fate as many other
evolutionary ideas in musicology, as it has been seen as depriving cul-
tures of the individudity and specialness of their musica styles. Thiskind
of thinking, despite its good intentions, will only perpetuate the state of
isolation that musicology has faced for many decades with regard to the
question of human origins. Clearly, some kind of balance must be found
between the need of ethnomusicologists to preserve the image that the
music of agiven culture isindividua and specia, and the important need
of evolutionary musicologists to use music as a tool to study human
evolution. There is no question that classfication is an artificia activity,
one that downplays individual differences for the sake of large-scale
coherence. As such, it has the potential to offend the senshilities of
people through its tendency to lump together musica styles that tran-
scend ethnic and political barriers. However, classfication should not be
viewed as an academic exercise for its own sake, or as a device for sup-
pressing and denigrating cultures, but as an important tool for under-
standing the deep roots of musica styles and thus human cultural
behavior in general. No evolutionary approach to music can avoid the
topic of classfication in some form. Nor should it.

Let us consider briefly the only serious hypothesis put forth to explain
the evolution of contemporary globa musical styles. It is based on a
concept proposed by Alan Lomax (1980) in a paper that summarized the
results of his “cantometrics’ approach to musical classfication in the
1960s. This hypothesis is damost certainly wrong in detail, but gives



S. Brown, B. Merker, and N. L. Wallin

serious food for thought about the origins of musical styles. It beginswith
a comparative look a musica performance style in 233 world cultures.
Based on an analysis of adiverse set of structural and performance prop-
erties for 4,000 songs, Lomax was able to dassfy the performance styles
of the 233 cultures into 10 basic families. Next, he discovered that two of
these ten moddl styles stood out for their highly contrastive nature. One
is thought to have emerged in eastern Siberia and the other in sub-
Saharan Africa. The former is characterized by “mae dominated solos
or rough unison choralizing, by free or irregular rhythms, and by a
steadily increasing information load in various parameters—in glottal,
then other ornaments, in long phrases and complex melodic forms, in
increasingly explicit texts and in complexly organized orchestral accom-
paniment.” The latter, by contrast, is “feminized, polyvoiced, regular in
rhythm, repetitious, melodicaly brief, cohesive, well-integrated, with
rhythmically oriented orchestras’ (Lomax 1980:39-40).

Lomax’s mgor hypothesisis that the phylogenetic tree of musical style
had two evolutionary roots, one in eastern Asia and the other in sub-
Saharan Africa, and that all contemporary musical styles emerged as
either offshoots or blends of them. This idea certainly has great intuitive
appeal, yet contrary to it are the results of Eric Minch and Steven Brown
(unpublished data) showing that unrooted phylogenetic trees generated
from Lomax’s own cantometric data set of musica performance style do
not place the Siberian style (and its offshoots) and the African style at
opposite ends of the tree, as predicted by Lomax. Thus, this “biphyletic’
hypothesis is almost certainly incorrect in detail. However, given the fact
that it is the first and only one of its kind in the published literature, it
will certainly function as a useful null hypothesis against which future
models will be tested.

The cultural evolutionary issues discussed in this chapter, including
musical universals, classfication, replicators, and the musical map of the
world, are critical concerns that contemporary ethnomusicology has
either ignored or amply rejected. In our opinion, ethnomusicology has
not met its calling. It is time for an evolutionary-based musicology to
revive these forgotten issues if there is to be any hope of using the out-
standingly rich database we have about music and musical behavior to
enlighten music’'s own biological origins. “Mythology is wrong. Music is
not the merciful gift of benevolent gods or heroes,” wrote Curt Sachs in
1948. However, musicologists for the better part of the twentieth century
operated under the illuson that music was smply a merciful gift, one
whose origin was never questioned. It is time now to start asking ques-
tions about the origins of music, and in doing o, to address fundamen-
tal questions about the origins of our species.
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The Future of Evolutionary Musicology

Notes

It is hoped that this brief introduction to the mgjor issues and methods
of evolutionary musicology sets the stage for the many essays that are
to fallow. Evolutionary musicology has great potential to contribute to
the study of so many questions of interest to contemporary scholars. We
redlize that a research career in the field requires a technical training in
both music and biology, and that few people up till now have either
acquired the necessary double background or (like musical physicians)
have taken the time to apply their two areas of training to the synthetic
questions that biomusicology addresses. It is our hope that this situation
will change in coming years, and that the next generation of students will
redlize the great rewards that await them in making the extra effort to
develop training both in the arts and in the experimental sciences such
as biology.

The future of evolutionary musicology is beginning now. In the same
way that the current chapter is the beginning of this book, so too this
book is the beginning of anew field devoted to the analysis of music evo-
lution, both its biological and its cultural forms. We conclude this intro-
duction by saying that just as music brings us in touch with the very
deepest levels of our emotions, so too the study of music evolution has
the potential to bring us in touch with the very deepest aspects of our
humanity, our origins, our reasons for being.

Let the discussions begin.

1. See Nettl and Bohlman (1991) for an excellent discussion of the history of the Berlin
school, especially the essays by Blum, Christensen, Ringer, and Schneider.

2. It isunfortunate that so few of the works of the Berlin school have been translated into
English. It is very important that musicology come to terms with its own history and see
it in proper perspective. There is no question that much scholarship in comparative musi-
cology was permeated by racialist notions about the superiority of European tonal music,
and that much faulty reasoning was used in creating “unilinear” evolutionary arguments
about the origins of musical systems. This was no less true of much theorizing in sociology
or anthropology at the time. Yet, this comment must be balanced by the realization that
the comparative musicologists succeeded in bringing recordings and analyses of non-
European musics to the European public for the first time, thus educating Western people
about these musics in away that no scholarly anthropological text could have done. Racial-
ism should not be confused with racism, and it must be emphasized that despite their use
of dated terms such as “primitive cultures” and “primitive music,” the comparative musi-
cologists wrote about the musics of non-Western cultures with nothing less than respect.
It is a credit to the members of the Berlin school that they were attempting to develop a
general theory of music, one that applied to al human beings and al musics. The spirit of
this universalist approach to music and musical behavior unquestionably permeates this
entire volume. In sum, we believe that it is high time that the Berlin school of compara-
tive musicology be viewed beyond the racialism that was so predominant in al areas of
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scholarship at the time, and be seen for the truly seminal contribution it has made to musi-
cology, and especialy to the type of universalist thinking that evolutionary musicology is
once again trying to revive.

3. Unfortunately, we have not been able to track down this 1852 reference to Wagner.

4. Consider the following quotation by George List (1971): “. .. the only universal aspect
of music seems to be that most people make it. And that is about the only universal
involved. | could provide pages of examples of the non-universality of music. This is hardly
worth the trouble. Every ethnomusicologist could do the same. .. . since we are unlikely to
ever find the universals.”

5. For an excellent French-language review of the musical archeology of the Upper
Paleolithic, see Dauvois (1994).
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Prolegomena to a Biomusicology

SmhaArom

The very idea that there is a continuum of living creatures that encom-
passes music dicits in me two types of questions, one concerning the
kinds of criteria we use in defining that thing we call music, the other
concerning the learning and transmission of musica knowledge. | have
had occasion to comment briefly on the question of learning in my pub-
lished work on traditional African music (see especially Arom 1990,
1991) and so | focus here on the first question, which relates most closdly
to my expertise.

How can we decide if there is or is not a type of continuity between
zoomusicolgy (Mé&che 1992) and what one would have to call anthropo-
musicology, which would be the scientific discipline, supposing we could
create it, that would deal with the suite of human musica properties as
they are manifested in the ensemble of known musics? Is it possible to
determine a minimal set of criteria for defining music, and can we iden-
tify these criteria in some form or another in the songs of animals?

Concerning the kind of music produced by human beings, one could
make aligt of criteria, atype of inventory of universals specific to music.
The first of these criteria is intentionality. A given musc—in fact, al
music—implies an act of intentional construction, in other words, an act
of creation that actudizes an intention. There is purpose and findity to
it, shared between the creators of the musc and members of their
culture, through which they confirm their common identity. This is
demonstrated especialy in ritual behaviors, most notably in analogica
symbolic rituals (eg., usng the stylized imitation of the sound of
rainfall to induce the coming of rain). But human beings also possess the
capacity to “decontextualize’ these constructions by performing such
chants independent of al such contexts, “for freg’” in a manner of speak-
ing. Music possesses a sdf-referential system that ignores the sgnifier-
sgnified contrast. It has an immemoria relationship with language, and
most especialy with poetry.

All human music is set into motion by aformal process, itsdlf the result
of convention. In s0 far as this formal process is operative, music is
detached from the sound environment in which it is produced, giving it
a delimited time frame dl its own, a kind of rupture with al that pre-
cedes and al that follows. The substance contained in this time frame is
internally articulated in terms of proportions, in other words, temporal
ratios. This, together with the existence of measured musc—music
subject to an isochronous temporal pulse—constitutes a quasi-universal.
Measured musics are often associated with collective activities, thus con-
tributing to the socia life of the group, first and foremost to dance. In
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the same way that we do not know of any human society that lacks music,
we do not know of a single society that does not express itsdf through
dance. In Africa, nonmeasured musc—music one cannot dance to—is
not usually considered music a al, but is classfied as a lamentation
(“tears’) or atype of sgnaling device. Thisformalization of time is sup-
ported by the idea of periodicity: a great mgority of musics, from those
of archaic culturesto those of Western societies, take advantage of invari-
ant periodicities. The time within them is “closed.” Very often these
musics appeal to the principle of symmetry. This is the case for even the
most archaic ones that depend on alternation between a soloist and a
chorus or between two choruses based on symmetric distribution of the
musical material. This symmetry and these parallelisms seem to bear
witness to a search for balance. Might they be universals?

Next, for the construction of melodies, each society selects from the
sound continuum a set of contrastive pitches. These pitches form a
system, a musical scale. Such a scale, itsdf an abstract model but adso
the basis for the elaboration of al meodies, is the analog for what
in a language would be its phonological system. It serves as a matrix
for the organization of pitches, and by doing so determines a set of
constant relationships among these pitches. Is the pentatonic scale,
based on the cyce of fifths and found throughout the world, a
universal? Do musica scadles, as cognitive models, have a biological
foundation?

As soon as amusica event requires two or more individuas, even a
simple chant executed in unison, it demands a mode of coordination. A
fortiori, inmultipart music an ordered and simultaneousinter action exists
between the participants, with a distribution of roles.

Humans have the capacity to classfy their songs with respect to func-
tion or context into categories or repertoires. This gives symbolic
meaning to any acoustic production and furthermore to any coherent
ensemble of these productions.

Such are traits of human music. What distinguishes human music
from what is supposed to be the music of the animas is that,
first and foremogt, there is necessarily an association between at least
two of the criteria. Can one observe such an association in the animal
world? Certain animals possess voca repertoires considered as distinct
entities. Can one say that these vocalizations are founded on structural
musical principles. scale, melody, metric organization, meter, rhythm,
ec.?

In conclusion, it seemsto me that if abiomusicology ispossible, it must
be able to integrate, in one way or another, certain of the criteria enu-
merated above, by combining them by at least two.
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Note

Translated from the French by Steven Brown.
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Origins of Music and Speech: Insights from Animals

Pae Marler

Abstract

This review of recent work on vocal communication in animals, especially birds
and primates, focuses on three basic questions that are relevant to the relation-
ship among animal signaling, language, and music. One is the meaning of animal
signals, many, probably most, of which are affective and rooted in the emotional
state of the signaler. But careful study has shown that some alarm and food calls
function symbolically. The second question is whether there is anything equiva-
lent to a sentence in naturally occurring animal communication. The answer
appears to be negative. The distinction is between lexical syntax or lexicoding,
which provides criteria for defining a true sentence, and phonological coding or
phonocoding. Phonocoding concerns the ability to create new sound patterns by
recombination simply to generate signa diversity. The potential for lexicoding
arises only when recombined signal elements are endowed with meaning. Lexi-
coding appears to be distinctively human, but phonocoding is widespread in
certain groups, especially songbirds and whales, some of whose vocalizations are
learned. It is less common in nonhuman primates, whose vocalizations are innate.
A comparison between chimpanzees and gibbons, on the one hand, and song-
birds on the other, reveals that birds with learned songs have much larger vocal
repertoires, depending on extensive exploitation of phonocoding in their devel-
opment. In response to the third question, whether animals make music, | suggest
that the ability to engage freely in phonological rearrangement of sound ele-
ments to create new sequences is a necessary precursor not only of language but
also of the ability to create music. Given that animal songs that are learned and
that depend on phonocoding for signal diversity are, like human music, primar-
ily nonsymbolic and affective, their study may be a source of insights into the
animal origins of human music.

When animals communicate, every available sense is likely to be
exploited, but speculations about relationships to language and music
must focus primarily on communication by ear. In contemplating what
we know about auditory communication in animas, we begin with
some serious handicaps. Our understanding of the principles of vocd
communication in animals is gill very limited. With human speech and
music, the situation is obvioudy very different. We are born and bred
as users of both. As a consequence, we have an unsurpassed view
from within, and our insights are authentic to a degree that we can
never attain with communication systems of other species, especialy
with research gill in its infancy. Our present state of relative ignorance
about anima communication sometimes forces us to smplify and to
focus not on their highest, often idiosyncratic achievements, that are
among the mogt intriguing, but rather on the fundamental underlying
principles.

In the interests of science, | have adopted this reductionistic spirit, and
pose three basic questions, drawing illustrations from the animals that |
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know best, birds and monkeys. The first question is what do animal
sounds mean? are they just displays of emotion, or is there more? do
some animal calls serve as symbols? Second, | will grapple with just one
aspect of the central linguistic theme of syntax. Adopting once more a
reductionistic approach, | ask, do animals speak in sentences? Third, |
offer some elementary speculations about a possible animal antecedent
to that other digtinctively human achievement, making music. Do
animals create music?

What Do Animal Sounds Mean?

Some fifteen years or so ago, the thinking of zoologists about the seman-
tics of calls of animals, especidly the vocalizations of monkeys and apes,
underwent something of a revolution. Not long ago, speculations about
how best to interpret animal calls were dl based on what Donald Griffin
(1992) aptly described as the “groans of pain” (GOP) concept of animal
communication. This approach assumes that vocalizations of monkeys
and other animals are displays of emotion or affect, much like our own
faciad expressions. Only humans are thought to have progressed beyond
this condition and to have achieved symbolic signaing. Premack (1975)
stated the prevailing view clearly and succinctly: “Man has both affec-
tive and symbolic communication. All other species, except when tutored
by man, have only the affective form.” Symbolic signals are taken to be
those that have identifiable referents that the signa can be sad to
connote in an abstract, noniconic fashion. For an animal communication
system to qualify as symbolic, information about one or more referents
has to be both encoded noniconically by signalers and decoded in equiv-
alent form by receivers.

Note that this is not a discussion about whether anima sgnals are
meaningful or meaningless. Both affective and symbolic animal signals
are meaningful and are often rich in information content; both serve
important and diverse functions, some communicative to other individ-
uals, some with repercussions for the physiological and mental states of
the signaler. At issue here is not the presence of meaning but the kind
of meaning that affective and symbolic signals convey. This is a complex
subject with many dimensions. Some view the contrasts as differences in
degree rather than kind. In some circumstances sgnals traditionally
thought of as affective, such as human facial expressions, can assume a
symbolic function. Complex signals may contain within them intimately
blended components in which the balance between affective and sym-
bolic content can vary dramatically from one to another. Speech is an
obvious case. Anonymous computerized speech, lacking individua iden-
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tity, gender, and emotion, is a sadly impoverished vehicle for social com-
muni cation. We must not fdl into the trap of assuming that Sgna systems
that are not languagelike are necessarily impoverished as vehicles for
social communication.

Emotion-based calls are widespread in animas and may represent
the mogt typical condition; but some vocalizations do not fit neatly into
the GOP mold. The revisionist process began in earnest with descriptive
studies and later with experiments conducted in the field in Africa, on
the remarkably rich repertoire of aarm cals of the vervet monkey,
Cercopithecus aethiops, first described by Struhsaker (1967). A further
step was taken by playing taperecordings of alarm calls to free-ranging
vervets in the absence of any predators, in their natural habitat on the
edge of the rainforest (Seyfarth, Cheney, and Marler 1980a, b). The
monkeys often venture out on to the savannah where they are exposed
to many predators, hence presumably the enrichment of their alarm call
repertoire. Different predators demand different escape strategies, and
distinct alarm cdls ad responding monkeys in deciding which strategy
to adopt. Some vervet alarm cals are generalized signs of anxiety and
fdl squarely in the GOP mold; companions respond with varying degrees
of vigilance and anxiety. Others are much more specific, so much so that
it is not unreasonable to begin thinking of them as labels or names for
particular predator classes.

Some callswere identified in the literature as leopard calls, snake cals,
and eagle cdlls. This usage was rendered all the more reasonable with the
results of the playback experiments showing that the calls eicited natural
reactions that were already known from Struhsaker’s work to be specific
and appropriate to particular predators. Responses differed in ways that
made good ecological sense, given the hunting strategies of the preda-
tors. For example, in response to eagle cals, monkeys searched the sky
and ran into bushes. In response to leopard calls they leaped up into the
canopy of the nearest fever tree where a leopard could not reach them.
When a snake call was played, they reared up on their hind legs and
scanned the underbrush around them. In other words, there was every
indication that the cdls served as symbals for the different classes of
predators (Cheney and Seyfarth 1990).

Since these vervet studies, many other demonstrations of animal alarm
and food calls (table 3.1) displayed what is defined as “functiona refer-
ence’ (Marler, Evans, and Hauser 1992; Evans and Marler 1995; Marler
and Evans 1996). The underlying concept is that functionaly referential
cals seem to stand for the class of objects or referents that they repre-
sent in the minds of others. In other words, they function as abstract, non-
iconic symbols. However, the role of the many dimensions of mindfulness
till remains unclear (Hauser 1996). Without benefit of introspection, and
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Some calls of birds and mammals that function symbolically'

Animal Type of Call Investigator
Red jungle fowl Alarm, food Collias 1987
Chickens Alarm, food Gyger et al. 1987

Evans et al. 1993
Evans and Marler 1994

Lapwings (3 sp) Alarm Walters 1990

Chimpanzees Food Hauser et a. 1993

Rhesus macaques Food Hauser and Marler 1993a,b
Toque macaques Food Dittus 1984

Vervet monkeys Alarm Seyfarth et al. 1980a
Ring-tailed lemurs Alarm Macedonia 1990

Malaysian tree squirrels (3 sp) Alarm Tamura and Yong 1993
Alpine marmots Alarm Boero 1992

lacking appropriate experiments, we do not know whether these trans-
formations involve conscious thought and cognition, with an intent to
change the mental state of others (Cheney and Seyfarth 1992,1996), or
whether they are innate, reflexive, and relatively mindless, and thus quite
unlanguage-like. The term “functiona reference” was coined to make it
possible to discuss the issue of reference while remaining agnostic about
the nature of the underlying mental and neural processes.

Food cdls of birds and mammals aso appear to function referentialy,
conveying to others not only that food has been found, but aso occa
sonally giving some inkling, understood by others, as to its quality and
quantity (Dittus 1984; Marler, Dufty, and Pickert 1986; Elowson,
Tannenbaum, and Snowden 1991; Benz, Leger, and French 1992, Benz
1993; Hauser and Marler 19933, b; Hauser et al. 1993; Evans and Marler
1994; reviewed in Hauser 1996). Evidence from birds even suggests
deceptive use of food cals to attract others when in fact no food is
present (Gyger and Marler 1988).

It is thus clear that some anima calls do not conform to the GOP
theory. But athough some vocalizations do function symbolicaly, several
issues remain equivoca. We have only limited information on the role
of experience in the development of this type of communication. Learn-
ing does seem to play some role. Eagle cdls by adult vervets are quite
specific, but infants give eagle cals to amost anything moving above in
free space at a certain rate, even afaling lesf; however, they do not give
eagle cdls to a snake or a leopard (figure 3.1). Fidd data gathered by
Seyfarth and Cheney (1980) suggest that the relationship between ref-
erents and call types sharpens with experience, as though only experi-
enced monkeys develop specific predator-related concepts, perhaps
hinting a a role for cognition. However, there are aso indications of
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Fig. 3.1

Figure 3.1

A diagrammatic representation of field observations from Africa of stimuli that elicit pro-
duction of the eagle alarm call by adult, juvenile, and infant vervet monkeys. The width of
the bars represents the number of observations. The martial eagle, which preys on infant
vervets, is the major stimulus in adults, but in infants is only one of many. (Data from
Seyfarth, Cheney, and Marler 1980.)

innate underpinnings to this behavior. The monkeys behave as though
they are innately able to divide up the world of predators into several
broad, ill-defined classes when they first encounter them, leaving it to
individual experience and social example to bring each general referent
class of aerial predators, ground predators, and snakes into sharper focus.
Note that actual call structure is only minimaly dependent on experi-
ence, a point that will be returned to.

We as0 have to equivocate on another aspect of call meaning, because
we cannot distinguish between the alternatives of a label or a pre-
scription (the labeling of an object), whether a predator or food, on the
one hand, and a prescription for the actions relating to that object, on
the other (Marler 1961; Hauser 1996). But despite these gaps in our
understanding, it is nevertheless clear that the linkages between call
and referent are more gpecific than we usualy associate with emotional
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displays. So some anima cdls are indeed symboalicaly meaningful,
even though those that are entirely emotionally based probably
predominate.

Do Animals Speak in Sentences?

A primary source of the power of speech isits two-level temporal struc-
ture, what Charles Hockett (1960) caled the duality of patterning. The
three most basic requirements of al for speechlike behavior are, fird,
one must be able to arrange words into different sentences, second, a
lexicon of words must be available from which sentences are assembled,
and third, one needs a way to construct these words. One efficient way
to generate large numbers of words is to have a small repertoire of dis-
tinct articulatory gestures or phonemes and sequence them in many dif-
ferent ways, as we do in speech. The phoneme repertoire can average up
to forty or so in the speech patterns of a given language, drawn from a
universal pool of sixty or so. Thetwo key points| want to emphasize now
are that these phonemes and arbitrary sequences of them are meaning-
less in themsalves, and they can be sequenced in many, many different
ways. Only when meanings are attached to them are they transformed
from nonsense into words. When words are properly sequenced, the
result is a sentence. So words and sentences are the essence of spoken
language.

Severa different levels of syntactical organization apply in construct-
ing a sentence, and we need terms for them if we are to make compar-
isons between anima communication and language (figure 3.2). The
higher level, with semantically meaningful words and sentences, is appro-

Fig. 32

Figure 3.2
Definitions of phonocoding (phonological syntax) and lexicoding (lexical syntax).
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priately called lexical syntax or lexicoding. The lower level, with mean-
ingless sounds combined into sequences, may be termed phonological
syntax or phonocoding. Meaningful sentences require lexica syntax.
Phonological syntax concerns the rules for sequencing, not the genera-
tion of meanings. Does evidence exig that either of these steps toward
language has been taken by animals?

We can begin with the sentence and work down in reductionistic
fashion. Some animal sounds do posses symbolic meanings, but athough
in some cases animals string symbolicaly meaningful calls together in
the course of their natural voca behavior, | know of no case in which a
string qudifies as a sentence. Aside from marginal cases (e.g., Mitani and
Marler 1988), we do not seem to have any recorded natural example of
an animal unambiguoudy satisfying the crucia criteria for lexical syntax.
No naturally communicating animal is known to sequence symbolically
meaningful calls to make a sentence that has a new, emergent meaning
derived from the combined meanings of its assembled parts.

So much for lexica syntax. How about words and phonemes, or their
equivalent? Symbolicaly meaningful anima signas such as alam and
food calls of monkeys and birds al seem to come as indivisible packages.
It is true that their meanings are not completely fixed and immutable,
and can be modulated by giving cals singly or repeatedly, quickly or
dowly, loudly or softly (Marler 1992). But their basic indivighbility sug-
gests no obvious analogue to phonological syntax in their construction.
However, if we widen the search to embrace not only animal vocaiza
tions with symbolic meanings, but also those of a more classicd, affec-
tive kind, impoverished in referentia content, but rich in emotional
content, we find something very different. Here are many cases of phono-
logical syntax (Ujhelyi 1996). In particular, scrutiny of the literature on
the structure of learned birdsongs reveals case after case of birds that
employ phonocoding to create individual song repertoires numbered in
the hundreds. These repertoires are generated by reusing again and
again, in many different sequences, abasic set of minima acoustic units,
the bird’s equivalent of phonemes and syllables. | will limit mysdf to two
examples, one with a very smal individual song repertoire, the swamp
sparrow, the other, the winter wren, with a larger one.

The common song of the swamp sparrow is a Smple case. Each mae
has two or three songs, each consisting of a two-second string of repeated
syllables, uttered in the spring and summer, many times each day (Marler
and Pickert 1984). The natural songs of this species have many syllable
types. Each syllable, repeated in identical fashion to form the song, is
made up of two to dx different notes in many different combinations.
The notes themselves are meaningless, but assembled into distinctive
clusters, they form the basic building blocks of swamp sparrow song.
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Particular selections and sequences are passed as |learned traditions from
generation to generation. Constituent notes are al drawn from a smple
specieswide repertoire of Sx note types, each with arange of within-type
variants (figure 3.3). With the right combination drawn from this species-
wide note-type set, one can describe any natural swamp sparrow song,
just as one can describe the speech patterns of any language with the
right combination of phonemes and syllables drawn from the universal
set to which al humans have potential access. But whereas different
words have different symbolic meanings, different swamp sparrow songs
al carry the same basic message, modulated only by whatever nuances
are conveyed by individual differences, local didects, variations in loud-
ness, and completeness of the song pattern.

The swamp sparrow is a smple case. For others, such as the familiar
cal of the chickadee (Hailman and Ficken 1987; Hailman, Ficken, and

Fig. 33

Figure 3.3

Sound spectrograms of songs of the swamp sparrow. Songs are composed of six basic sound
categories (bottom), each with some degree of within-category variation. Rules for assem-
bling note types into song syllables vary locally, as shown in the samples for New Y ork and
Minnesota birds (top). Note types, which recur in similar proportions in different popula-
tions (middle boxes), can be combined into many different patterns, with up to six notes
per syllable. This is a clear case of phonocoding. (From Marler and Pickert 1984.)
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Ficken 1985), the individua bird itsalf recombines the same basic set of
cal components in many different ways, thus increasing repertoire size.
As another illustration of this strategy for enlarging repertoires, consider
the song of the winter wren (Kroodsma 1980; Kroodsma and Momose
1991). Every mae has his own distinctive learned repertoire of five to
ten song types, each up to ten seconds in duration, composed of many
different notes. Each song type is digtinct from al others in a maé€'s
repertoire and from songs of any other male. Close inspection reveals,
however, that at the level of their microstructure, shared features are
present both within and between repertoires (figure 3.4). Each song in
the repertoire contains phrases drawn from alarge pool that recur again
and again, but in each song type they are arranged in a different
sequence. Evidently what happens when a young male learns to sing is
that he acquires a set of songs from the adults he hears and breaks them
down into phrases or segments. He then creates variety and enlarges his
repertoire by rearranging these phrases or segments in different patterns.

Fig. 34

Figure 3.4

Sound spectrograms of songs of the winter wren, three from the repertoire of one male
(2A, B, and D) and one from a neighbor (3C). Two sections are marked with dots and
arrows to illustrate sharing of large segments between songs, clearly the result of recom-
bining sections of learned songs during development. (From Kroodsma and Momose 1991.)
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The mistle thrush of Europe engages in smilar behavior (Marler 1959),
and learned birdsongs provide many other examples.

Some of the most complex songs of dl are found in birds that, as they
acquire and develop their repertoire, take this process to extreme. Mock-
ingbirds and their relatives create hundreds of distinctive sequences
using phrases that are both invented and acquired not only from their
own species, but from other species as well, al recast into mockinghbird
form and tempo (Boughey and Thompson 1976; Baylis 1982). The record
is held by a male brown thrasher, arelative of the mockingbird, with an
individua repertoire of over 1,000 distinct songs (Kroodsma and Parker
1977).

At some primitive level, the accomplishments of these songsters are
reminiscent of our own speech behavior. The more accomplished song-
birds create huge vocal repertoires, making extensive use of the same
basic process of syntactical recombination or phonocoding that we
use to create words. But of course there is a cruciad contrast with
language. Song sequences are not meaningfully distinct, in the referen-
tial sense; they are rich in affective content, but lacking in symbolic
content.

Each of the thousands of winter wren songs that exist means basically
the same thing. Each serves as a kind of badge or emblem, a sgn that
denotes identity, population membership, and socid status. The diversity
may impress the listener with the performer’s virtuosity, and in some
species certainly enhances his reproductive prospects (Catchpole and
Slater 1995), as is argued for human music (Miller, this volume). Such
functions are important enough from a communicative point of view, and
there may be others. Many wood warblers have two distinct classes of
songs, one associated more with sex and the other more with male-to-
male interactions and aggression, as though there is a contrast in the
quality or nature of the underlying emotional state (Kroodsma 1988).
But as far as | know, no one has suggested that they are in any way sym-
bolically distinct.

Songs have none of the semantic content that some alarm and food
cals possess. The variety introduced by the generation of repertoires
serves not to enrich meaning but to create sensory diversity. We could
think of repertoires as providing aesthetic enjoyment or as aleviating
boredom in singer and listener. But in these learned birdsongs,
phonocoding does not augment the knowledge conveyed, in the symbolic
sense, as is so obvioudy the case in our own speech behavior. On the
other hand, symboalic functions are less at issue in music, and something
like phonological syntax is aso involved in musica composition. Could
it be that more parallels with music than with language are to be found
in the communicative behavior of animals?
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Do Animals Make Mudc?

If it is a dl true that phonocoding in animals has some relationship,
however remote, to the creation of human music, where in the animal
kingdom should the search begin? The potential for the unusually rich
exploitation of phonologica syntax that generates the wonderfully
diverse sound patterns of birdsong seems to depend in turn on their
learnability. Phonocoding does occur in innate songs of both birds and
mammals (Craig 1943; Robinson 1979,1984), but never on the elaborate
scale that we find in some learned birdsongs. The only other casein which
something remotely similar is to be found in animas is in the learned
songs of the humpback whae (Payne, Tyack, and Payne 1983; Payne and
Payne 1985). Note that the only animal taxa for which we know for sure
that vocal learning shapes the development of naturally occurring vocal
behavior are birds and cetaceans. With the possible exception of bats
(Boughman 1998), other animals, including nonhuman primates, have
vocd repertoires that are innate. We can infer that the ability to learn
new vocalizations, evident in no primate other than humans (Snowdon
and Elowson 1992), greatly facilitated the emergence and rich exploita-
tion of phonocoding, employed subsequently as a basic step in the evo-
lution of speech behavior. On thisbasis | would argue that human music
may have predated the emergence of language (see chapter 1 and
Merker, this volume). What gave the human brain the capacity for lan-
guage was more than the ability to learn and produce new sounds in an
infinite number of combinations. Much more remarkable was the com-
pletely novel ahility of our immediate ancestors to attach new meanings
to these sounds and recombine them into a multitude of meaningful sen-
tences, something that no other organism has achieved. So if what birds
and whales can tell us about the evolution of language is so limited, it is
not unreasonable to wonder if they have more to say about the origins
of music.

The fact that many animal cals are fundamentally affective and non-
symbolic augurs well for the prospect of some kind of commonality
between those sounds and music. Both are immensdly rich in emotional
meaning, but generally speaking, neither animal song nor, except in very
specid cases, human music is usually viewed as meaningful in the strict,
referential, symbolic sense. So rather than referential alarm and food
cdls of animals, we would be more likely to gravitate to animal songs if
we were looking for roots for human music. As we have seen, some are
complex enough to offer intriguing possibilities. | focus here on one basic
theme, namdly, crestivity, which | take to be a fundamental requirement
for the origins of music. Adopting once more a reductionistic stance, |
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concentrate on one ingredient of the creative aspect of music, essential
for composers, performers, and other makers of music, and for those who
ddight in listening to music performed by others: the ability to create
acoustic novdlty.

I will begin by considering sounds of two higher primates. Both chim-
panzees and gibbons are close relatives of humans, and vocalizations of
both are considered as protomusical (Walin 1991). | will make no effort
to review their entire repertoires, which are well documented (Goodall
1986; Mitani 1994; Marler and Tenaza 1977; Geissmann 1993). Instead |
will focus on those sounds that most obvioudy qualify as songs. Figure
35 illustrates a typical example of the chimpanzee vocalization caled
pant-hooting, recorded from an adult male in Africa. Thisisaloud, rhyth-
mical hooting, typically about ten seconds in duration, beginning softly
and working up to an amost screamlike climax (Goodall 1986; Marler
and Hobbett 1975). As recorded from different individuals and from the
same individual in different circumstances, variation is substantial, but
typically consigts of four parts: introduction, build-up, climax, and let-
down. One pant-hoot includes anything from fifteen to thirty distinct
sounds, characterized as hoots, screams, and whimpers, some on pro-
duced on inhalation, some on exhalation.

Pant-hooting is the longest and most complex of al chimpanzee vocal-
izations. Rather like birdsong, it is used as an affective, nonsymbolic
display in many different situations, especidly during intergroup encoun-
ters, when excited, after prey capture, to assert dominance, and, often in
chorus, to keep in touch in the forest (Goodall 1986). The key point here
is that, despite variations, each individual chimp aways pant-hoots in

Fig. 35

Figure 3.5

A sound spectrogram of a single pant-hooting sequence of an adult male chimpanzee
recorded at the Gombe National Park, Tanzania. Sound is produced on both inhalation
and exhalation. The bottom trace shows the amplitude envelope.
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basicaly the same way, but differently from others. It is easy for experi-
enced human observers to identify each anima’s pant-hoot as a kind of
signature. Variation is considerable and probably meaningful, but it is
aways based on asingle modal form. Asfar as| know, no onein thefield
who has studied the behavior of chimpanzees, in the wild or in captivity,
ever hinted at the possibility that an individua chimpanzee has a reper-
toire of several consstently distinct patterns of pant-hooting.

Consider the song of the Kloss gibbon in Indonesia (see Geissmann,
this volume). Again, this is an emotive, nonsymbolic signd used in dif-
ferent forms by both sexes for locating each other in the forest and for
maintaining territories (Tenaza 1976, Geissmann 1993). As with chim-
panzee pant-hooting, alot of variation exists, but each individua has its
own distinctive, modal song pattern (figure 3.6). As far as | know, there
is no recorded case from any of the ten species of gibbons of an indi-
vidua repertoire of more than one basic song type, athough severa
gibbons perform interesting male-female duets (Lamprecht 1970; Geiss-
mann 1993). A fina point will be relevant later. In both chimpanzees and
gibbons the basic patterning of these complex calls appears to be innate,
and develops normally in socid isolation and, as Geissmann (1993)
showed in gibbons, in intermediate or mixed form in hybrids.

These elaborate and highly individualistic sequences of patterned
sounds, athough clearly candidates for consideration as anima songs,
are quite constrained from an acoustic point of view. Each individua has
one fundamental modal pattern, stable over long periods of time, around
which al of its variants are grouped. There is no individua “repertoire’
of songs or pant-hoots, if we take that term to imply a set of acoustically

Fig. 36

Figure 3.6
Samples of songs of three female Kloss gibbons show that, although there is variation, each
tends to conform to asingle, individually distinctive pattern. (From Tenaza 1976.)
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distinct, more or less discretely different songs. It is true that the indi-
vidual digtinctiveness of each anima’s pant-hoots and songs may be
taken as a hint that a degree of inventiveness, or at least of indetermi-
necy, enters into the development of these calls, but their innateness and
rather strict species-specificity suggest a limited degree of developmen-
tal plasticity (Geissmann 1993). In other words, the indications of cre-
aivity in their development are minimal.

For comparison, | return to the learned song of the winter wren (figure
3.7).Thisis amuch more complex pattern, more elaborate than anything
that an ape ever produced. As we have seen, each mae winter wren has
arepertoire of distinct song types. These are assembled during develop-
ment as a collage of learned phrases and notes, in a number of different,
set seguences, to create the repertoire of multiple song types (Kroodsma
1980; Kroodsma and Momose 1991).

How does this compare with the songs of gibbons and the pant-
hooting of chimpanzees? From a functional viewpoint they have certain
aspects in common. They are al affective, nonreferential displays, given
in a state of high arousal, and used especidly for achieving and modu-
lating social contact and spacing. They are al highly individuaistic,
within limitations imposed by phonocoding rules that prevail in each
species. But how do birds and apes rank with regard to creativity? In this
respect, the two are as different as chalk and cheese. Ape song reper-
toires are limited to one pattern per animal, supplemented by a range of

Fig. 37

Figure 3.7

Songs of two neighboring winter wrens, marked with an alphabetical code to illustrate
sharing of sound components between individuals. The song of male one is about seven
seconds in duration. This is another clear case of phonocoding. (From Kroodsma 1980.)
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variations grouped around that pattern. The accomplishments of awinter
wren are of an altogether different magnitude. Each male has a reper-
toire of maybe ten song types and the winter wren is only a beginner as
wrens go; other wren species have repertoires numbered in the hundreds
(Kroodsma and Verner 1978). So thisis the first bird-ape contrast. Some
songbirds with learned songs have individual repertoires that are huge;
repertoires of monkeys and apes are strictly limited.

If we examine the way in which large birdsong repertoires develop, we
find an ontogenetic principle operating that is either feeble or smply
lacking in nonhuman primates. Vocalizations of monkeys and apes are
innate. Songbirds, with their learned songs, have a developmental strat-
egy with dl the hallmarks of a truly creative process. As far as | know,
phonocoding with this degree of richness has never been recorded in any
animal with innate vocalizations. In a classic manifestation of phonolog-
ica syntax, wrens and other songhirds display a remarkable ahility to
rearrange learned phrases, seemingly doing so aimost endlesdy in some
species. Many different sequences are created, generating, in effect, a
kind of animal music. The sequences are not random but orderly, orga-
nized by definable rules and structured in such a way as to yield many
stable, repeatable, distinctive patterns, the precise number varying from
species to species and bird to bird. Together with whale songs, aso
learned (Payne, Tyack, and Payne 1983; Payne, this volume), these bird-
songs are an obvious place to look for ingghts into what underlying aes-
thetic principles, if any, are shared between animal and human music.

| draw two modest conclusions from this overview of animal commu-
nication, language and music. From a reductionistic point of view, a
convenient basis for animal-human comparisons is provided by the
redlization that the potential for phonocoding is a critical requisite for
the emergence not only of speech and language but aso of music. |
suggest that we can already see aversion of such a process in operation,
albeit in primordial form, in some learned songs of animals, especially
songbirds. An obvious next step would be to analyze phonocoding rules
that birds use when they sing. Isit possible that they conform to our own
compositiona rules? A minimalist definition of music, a least of the
Western, tonal variety, might be couched in terms of notes with specific
pitches, intervals, and distinctive timbres combined into phrases that are
repeated with additions and deletions, assembled into series with a par-
ticular meter and rhythm, and so congtituting a song or melody. One
approach to the human-animal comparison would be to see whether any
animal sounds conform to smilar taxonomic criteria, dl of which are
potentially studiable in animals. Do the rules vary among speciesin rela-
tion to repertoire size? Are correlations seen among lifestyle, tempera-
ment, and song tempo in different bird species? It is my conviction that
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the vocal behavior of birds will prove to be as profitable to study as that
of our much closer relatives, monkeys and apes, as we explore them for
insights into the origins of music.
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4 Birdsong Repertoires: Their Origins and Use

Peer J. B. Sater

Abstract

Song in birds is largely a male preserve, although females may sing also, espe-
cialy in the tropics where some species exhibit complex duets. Song has two main
functions: repelling rivals and attracting mates. Species with the most complex
songs, in which individuals may have hundreds or even thousands of different
phrases, appear to be those in which sexual selection leads females to choose
mates with more elaborate songs. Even where repertoires are large, they tend,
once learned, to be fixed, and little evidence exists for improvisation. Mimicry
probably evolved as an alternative means to generate variety in song. Any sim-
ilarity between birdsong and human music is by analogy, as vocal learning
evolved quite separately in the two cases. As there are around 4,000 species of
songbirds with a rich variety of vocal patterning, the occurrence of some with
features also found in our music does not necessarily imply a deep similarity
between the phenomena.

Birds are among the most vocal of animals and, given the rhythmicity,
tondity, and variety of the sounds they produce, it is not surprising that
many of these sounds have come to be labeled songs. Is this just by
analogy with our own music, or can some real and useful parallels be
drawn? In this chapter | start by reviewing how and why birds sing. |
discuss examples of song repertoires in rather more detail, as the won-
derful variety of some of these is perhaps what gives the closest link with
music. In addition, | devote some attention to choruses and duets, as
these phenomena are especialy dtriking in this context. Finaly, | make
a few comments on the comparison between birdsong and music and
whether it has anything useful to tell us.

The How and Why of Birdsong

Perhaps the first question to ask is why animals, like birds or humans,
should use sound to transmit messages. Animal s communicating with each
other from adistance can use severa different senses, but smell, sght, and
sound are the most usual. Each sense has its advantages and disadvan-
tages (Alcock 1989). Whereas many animals, including birds, display to
each other with visual signals, such signasare mainly of usein short-range
and private communication. They are of little use at night, or when objects
intervene between signaler and receiver. Olfactory signds are excellent
when persistence is required and, as with animals marking their territo-
ries, even operate when the signaler has moved on. Like sounds they can
be detected at long range and spread round obstacles. But their very per-
Sistence raises a disadvantage in that it is difficult to change quickly from
one message to another: they are thus not well adapted for the rapid
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transmission of complex sequences of information. By contrast, sound
combines a number of features that make it ideal for many forms of com-
munication. It travelsfast by day and by night, it goes around obstacles, it
can be detected at long range, and it can encode complex and changing
messages. Given these features, it is not surprising that it is the medium
adopted in our own language and music aswell asin the song of birds.

Birds produce sounds in a different way from ourselves. Whereas we
have a larynx high in the throat, the syrinx that birds use is much lower,
a the point where ducts from the two lungs (bronchi) join to form the
trachea. Most birds produce quite smple sounds, and their syrinx is
smilarly uncomplicated.

Most complex singers belong to agroup known as the songhirds (order
Passeriformes, suborder Oscines), which comprises nearly hdf the
known bird species. In keeping with the sounds they produce, a defining
feature of this group is that their syrinx is operated by five or more pairs
of muscles, unlike thethree or fewer in most other bird groups. The syrinx
has two membranes, one on either side, and the sound produced depends
on tension in them. Because there are two membranes, each with its own
set of muscles, birds can produce two separate and harmonically unre-
lated sounds at the same time. Lips on each side of the syrinx can be
opened or closed independently, and this also means that one side can
produce a sound while the other is silent (Suthers, Goller, and Hartley
1994). A further complication is that resonances within the vocal tract,
for long ignored, are now redized to influence the sound produced
(Nowicki and Marler 1988). The exact workings of the syrinx are ill a
matter of controversy (see, for example, Goller and Larsen 1997), but
there is no doubt that it is a superb musica instrument.

Birds make a variety of different sounds, the smpler of which are
referred to as call notes. The word “song” tends to be applied only to
longer and more complex vocalizations. Most of these are produced only
by males and only in the breeding season, but this is not a hard and fast
rule. Female European robins (Erithacus rubecula) sng in the winter
(Lack 1946), and in the tropics the females of many species sing (Morton
1996). The male house sparrow (Passer domesticus) has no song in the
sense of along and complex sequence of sounds, but the “cheep cheep”
he cdls out from the rooftop may well serve the same function. Some
songs are certainly very simple. Nevertheless, most of them are easily dis-
tinguished as the longest and most complex sounds of a species, and these
are commonly produced only by males in the breeding season.

Thefact that song is, in many species, apreserve of breeding maes pro-
vides aclue asto its function. Considerable evidence showsthat itsrole is
in part to attract and stimulate females and in part to repel rival males
from the territory of a singing bird (see Catchpole and Slater 1995 for a
more extensive review). A number of lines of evidence point to itspartin
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rival repulsion. At the start of the breeding season many male songbirds
fight each other for territories. Neighbors aso often have duelswith song
acrossterritorial boundaries and, if the birdsinvolved have repertoires of
different song phrases, each tends to match the song of the other as they
sing. A malered-winged blackbird (Agel ai us pheoniceus) that cannot sing
suffers more intrusions onto his territory by others than one that can
(Smith 1979). If amale great tit (Parusmajor) is removed from his terri-
tory, it will be less rapidly invaded if recordings of the song of his species
are played from loudspeakers (Krebs 1977). Experiments such as these
provide the best evidence for song having arole as a“keep out” signd.

What of song's part in attracting females? Many male birds stop
snging once they are mated (eg., sedge warbler, Acrocephalus
schoenobaenus; Catchpole 1973), and song increases enormoudly if a
male loses his partner for any reason (eg., great tit; Krebs, Avery, and
Cowrie 1981). In several species, song attracts femaes (e.g., in European
flycatchers, Ficedula sp; Eriksson and Wallin 1986), and in canaries
(Serinus canaria) it increases nest-building behavior and boosts the
growth of eggs in the ovaries (Kroodsma 1976). Female birds that are
ready to mate show a particular display to the male, referred to as solic-
iting, during which they adopt a horizontal posture, spread their wings,
and flutter their tail up and down. Perhaps no surprise, femaes do not
normally show this display when song is played from a loudspeaker.
However, those of a number of species do so if made highly receptive
by treatment with the female sex hormone estrogen (Baker et a. 1987).

In some cases maleshave only asimple song that labelsthem asbelong-
ing to their species, and this seems to be adequate both to keep rivals out
and to attract a mate. However, in other cases femaes are known to be
most attracted by maleswith large repertoires, such as the sedge warbler
(Catchpole 1980) and starling (Sturnus vulgaris; Eens, Pinxten, and Ver-
heyen 1991a). If, for whatever reason, femaes prefer males with larger
song repertoires, males with the most elaborate songs will be most suc-
cessful or rapid in attracting a mate and therefore likely to have greater
breeding success. This process of sexua selection isthought to be aprime
reason why animals have large repertoires of different sounds. Here we
have a digtinct difference from language, because the message of each
sound isthe same: “1 am amale sedgewarbler in breeding condition.” But
the male that can say it in the most varied way is more attractive to
females, and thus most likely to be successful in leaving his genes to the
next generation. In such birds, unlike those with small repertoires, it is
much less common for the same song to be repeated severa timesin a
row, as the main message is variety itself (Slater 1981).

A crucia feature that songbirds have in common with humans is that
learning plays an important role in their vocal development. In this they
differ from their closest relatives, suboscines in the case of songbirds and
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primates in our own case, so that it is clear that vocal learning evolved
quite separately in the two cases. Indeed it aso appears to have evolved
at least twice elsewhere among birds (parrots, hummingbirds) and three
times among mammals (sedls, whales and dolphins, bats; Janik and Slater
1997). Although vocal learning is a key feature in the evolution of sound
communication, and of complex repertoires in particular, 1 will not
discuss it further here. It is reviewed extensively elsewhere (Catchpole
and Slater 1995; Slater 1989; Whaling, this volume).

Repertoires and Ther Use

Repertoires have a wide range of sSzes even among close relatives.
Thrushes, for exampl e, range from the European redwing (Turdusiliacus),
which only has a single type, to the song thrush (T. philomelos) with its
repertoire of over 200 (Ince and Slater 1985). Here we are talking about
distinct songs, with little if any sharing of elements between them.
However, some birds build up what sounds like a formidable repertoire
fromjust afew elements assorted in dl sorts of different ways. Catchpole
(1976) suggested that a male sedge warbler, in the course of his life, may
never repeat exactly the same sequence of elementstwice. Thisis because
the song is long, and the few dozen elements follow each other in highly
varied orders. At one level (that of the song) his repertoire sSze is enor-
mous, but at another (that of the element) it is not very large at all.

Of course, if abird does not often sing the same song type twice it may
be either because it has a huge repertoire of types or because it is impro-
visng so that its repertoire is continuoudy changing. The latter may
occur in some species, as suggested for the Sardinian warbler (Sylvia
melanocephala; Luschi 1993), but it is certainly rare. In some other
species, songs change more dowly from one part of the season to another
or from one year to the next (eg., thrush nightingale; Sorjonen 1987).
When they appear to generate new songs much more rapidly than this,
so that the same one is seldom repeated, it may be because a limited
repertoire of elements is reassorted between songs. Jumbled and ram-
bling though many birdsongs may seem to be, examination of sonograms
reveds that they are in reality usudly far from that; exactly the same
elements or song phrases occur again and again, abeit perhaps in very
different orders.

When a repertoire is large, it may be quite difficult to measure by
looking through the bird's output and searching for repetitions
(Kroodsma 1982). The brown thrasher (Toxostoma rufum) from North
Americais the best example here, and it is the current record holder for
song repertoire size. As each bird has over 1,000 song types, arriving at
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its repertoire dze is no easy matter, but Kroodsma and Parker (1977)
solved the problem in an ingenious way by taking every hundredth song
in a sample of 4,654, and looking to see if it recurred anywhere ese in
the whole sample. There were 45 different song types among the 46
examined, and they accounted for 116 of the songs in the whole sample.
In other words they were repeated an average of 2.6 times each. The
repertoire of the bird could therefore be estimated as 4,654/2.6 = 1,805.
Toillustrate the diversity of singing birds, wewill now consider six case
histories, two birds with small repertoires and four with large ones.

Small Repertoires

Chaffinch

The way in which chaffinches (Fringilla coelebs) use their songs was
studied particularly by Hinde (1958) and Slater (1983). Most chaffinches
have two or three song types, athough some have only one and others
may have up to six. Each song type isfixed in form and consists of exactly
the same sequence of syllable types every time it is produced, although
gyllables in the trill part of the song may be repeated a varied number
of times. Two songs within the repertoire of a single bird can be quite
smilar, athough with practice they can usualy be distinguished by ear.

The chaffinch is typical of a species with a smal repertoire that sngs
with what is cdled eventua variety. A male with more than one song
type will sing a whole series of one type before switching to another. If
he has three or four types, he will usualy sng a sequence of each in turn
before returning to the first again, although not necessarily dways in the
same order. It is aso quite common for one song to be a much larger
part of abird's output than another. Indeed, a song type may be so rare
that it putsin only an occasional appearance.

Whereas all these features may not be true of other species, it is cer-
tainly common for birds with smdl repertoires to sing with eventual,
rather than immediate, variety, such as the great tit (Krebs 1976) and
western meadowlark (Sturnella neglecta; Fals and Krebs 1975). Such
redundancy is likely to function to ensure that each song gets through to
the hearer and is fully received and understood. Singing in this pattern
is likely to have evolved primarily in the context of male-male encoun-
ters, where song matching is a common phenomenon.

GracdsWarbler

Grace swarbler (Dendroica graciae), in the southwestern United States,
aso hasasmall repertoire of song types, but uses them in a different way
from the chaffinch (Staicer 1989). One or two songsin abird's repertoire
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are type A and are sung in long strings of the same type. They tend to
be smple and stereotyped and are often shared between neighbors. This
sort of singing behavior predominates before pairing and is thought to
function primarily in interactions between the sexes. Type B songs are
not sung in long sequences of the same type, but alternate with each
other. They aso tend to be more complex, are likely to be specific to a
particular bird, and are mostly sung late in the season. Staicer suggests
that this sort of singing is mainly in male-male interactions. The main dif-
ference between types A and B is more in singing behavior than in the
songs themselves: one bird may use asong in type A singing that another
uses in type B.

Similar singing behavior was described for the ydlow warbler (Den-
droica petechia; Spector 1991) and American redstart (Setophaga ruti-
cilla; Lemon et d. 1985). In the | atter, one song type, which Lemon et al.
caled its repeat song, is sung in long bouts (AAAAA), and the others,
its seria songs, are sung with immediate variety (BCDECBCE). They
too suggest that repeat singing functions between the sexes, whereas
seria snging is used as asignal between males, abeit without the redun-
dancy usudly found in this context.

The notion that different song types, or forms of singing behavior,
function in different ways has been proposed for a number of other
species. Many American warblers have two types of songs that occur in
rather different circumstances. The so-called accented song has a dis-
tinctive stress on its last element and is produced largely in the presence
of femaes, whereas the unaccented song occurs mostly in male-male
encounters. Cases such as these, where song types differ in meaning, are,
however, comparatively rare. In most species, al types convey the same
message and are exactly equivalent to one another, as is the case in the
chaffinch.

Large Repertoires

Nightingale

The song of the European nightingale (Luscinia megarhynchos) was
studied extensively by Todt and Hultsch (1996). Each song type that a
bird has occurs in identical form whenever it is sung, except that a par-
ticular element may be repeated a variable number of times. However,
the nightingale has a large repertoire that may include over 200 song
types. Thesefdl into smal groups, or packages, that tend to be sung close
together (Hultsch and Todt 1989). Thus a bird may start off ABCDEF
and perhaps haf an hour later it might sng BEDF. Thereisawaysimme-
diate variety: the same song is not repeated twice. The order within a
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package is not necessarily identical, however, nor is the sequence as the
bird moves from one package to another. Every song is not sung each
time the bird cycles through its repertoire. Thus, in the example above,
song types A and C are omitted the second time round and will not occur
again until the next time that package crops up. In abird with 200 types
it may be common for songs to show a recurrence interval of around 100
types, about haf the songs being omitted during each passage through
the repertoire.

The songs of the nightingale may appear to be rather fixed in sequence,
fdling into groups and the same ones often occurring close to each other,
but they are in fact highly varied. Once a song has been sung it is seldom
repeated for some time. If impressing potential mates is what it is all
about, a femae nightingale would need a very good memory to recall
having heard a particular phrase before!

Sedge Warbler

Sarling

The sedge warbler is a good example of a species in which elements can
be reassorted to make many different song types. Here successve songs
consst of different combinations of elements and elements are recom-
bined continuoudy, so that there is no fixed repertoire of types. Songs
produced in flight are even more complicated, but Catchpole (1976)
limited himsdlf to describing the features of those sung by perched males.

Each bird has a repertoire of about fifty different element types. A
song is typicdly around one minute in length and consists of over 300
elements. It starts with a long section in which short series of two ele-
ments alternate with each other. There is then a sudden switch to a
louder, more rapid, and complex central section in which fiveto ten new
elements are introduced in quick succession. In the last part of the song
the patterning is smilar to that at the start, except that the two elements
are selected from among those that occurred in the central section. These
same two elements are typically those that are employed at the start of
the next song.

Because it islong and has this varied patterning, the song of the sedge
warbler is extremely complex. Although it involves a relatively small
number of elements, “the probability of a song type ever being exactly
repeated seems remote” (Catchpole 1976). The sedge warbler thus
achieves variety in a different way than the nightingale: it has a limited
number of elements that it reassorts in particular ways to achieve an
apparently endless repertoire.

Starlings are well known for their long and complex songs, and for the
mimicry of other species that occurs within them. But, what at first may
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seem to be a random outpouring is in fact highly organized (Eens,
Pinxten, and Verheyen 1989,1991b). A bout of singing lasts an average
of twenty-five seconds and consists of a sequence of phrases or song
types with very short intervals (mostly less than 0.1 second) between
them. Each phrase tends to be repeated severa times before the bird
moves on to the next. Repertoire Size varies: among twenty-seven males
it ranged from twenty-one to sixty-seven song types (Eens, Pinxten, and
Verheyen 1991b).

The order of song types within a bout of singing is relatively fixed.
Types fdl into four broad categories, which aso tend to occur at partic-
ular points in the sequence:

1. The bout normally starts with a number of whistles, each male having
a repertoire of seven to twelve (Hausberger and Guyomarc'h 1981).

2. The second section consists of a series of variable and complex
phrases including cases of mimicry; each male has fifteen to twenty dif-
ferent imitations in his repertoire (Hindmarsh 1984).

3. The third part of the bout consists of rattle song types. These phrases
include arapid succession of clicks sounding like arattle, and each male
has a repertoire of two to fourteen of them.

4. Most song bouts that are not interrupted earlier end with some loud,
high-frequency song types; a male may have up to six of these.

Again, aswith the nightingale, starling song may seem endlessy varied
to the ear, but closer andlysis reveals that each male has a limited reper-
toire of types and that these are ordered according to quite well-
specified rules.

Marsh Warbler

Most birds learn only the song of their own species. The fact that they
are reared by, and normally imprint upon and develop social relations
with, members of that speciesis one reason for this. But some species, of
which the starling is one, usualy include imitations within their song.
Given the rarity of improvisation among birds, the best guessis that this
is away in which males can enhance the variety, and hence the attrac-
tiveness, of their songs.

One of the most remarkabl e cases of mimicry, which forms a good case
study, is that of the European marsh warbler (Acrocephalus palustris)
studied by Dowsett-Lemaire (1979). This species breeds in Europe and
migrates to East Africa. Young birds are thought to learn their song
entirely in the firs few months of life. They cannot base it on other
members of their own species, as adult males cease to sng before their
chicks hatch. Instead, Dowsett-L emaire estimated that each young male
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copies the sounds of many other species, on average seventy-seven,
including those that they hear in Africa as well as in Europe. Many of
the incorporated sounds are cdl notes, and the mgjor limitation to what
is copied seems to be whether the syrinx of a smdl bird such as a marsh
warbler can cope with the sound. The absence of deep sounds is not sur-
prising. The song may wel be built up entirely by mimicry but this is
uncertain: in such a widely traveled species, some sounds included of
unknown origin may well be derived from other species that have not
been identified.

Mimicry thus enables a male marsh warbler to build up awonderfully
elaborate song before it hears any members of its own species singing.
It might be imagined that this would lead to some confusion as far as
species identity is concerned. However, apart from the fact that many of
the birds imitated do not nest in Europe, the patterning of the song aso
has a digtinctive marsh warbler stamp on it.

Choruses and Duets

Communal singing is especiadly prevalent among humans, with groups
of people often snging or chanting in synchrony with one another (see
Merker, Richman, Nettl, and Mé&che, this volume). Similar phenomena
in birds may therefore give some insight into the origins and functions
of human music; however, such similarities as exist are not particularly
close. Some birds, such as the Australian magpie (Gymnorhina tibicen;
Brown, Farabaugh, and Veltman 1988) sing in choruses, but the sounds
of different birds within the chorus have no clear and organized rela
tions. The same is true of the dawn chorus, in which individuals of many
different species join together to produce a tremendous burst of sound
(Staicer, Spector, and Horn 1996). There is no doubt that these choruses
are partly due to the fact that animals stimulate each other into sound
production, but the sounds are not clearly synchronized with each other.
Tightly coordinated, simultaneous singing of the same song, so frequent
in human music, is not a phenomenon that appears to occur elsawhere
in nature.

Duetting is a different matter: here two birds contribute to a song,
often in a tightly coordinated fashion. Some duets have phenomenal
precision of timing. Indeed, whereas bouts may overlap, the sounds
themselves may not do so, the birds fitting their sounds together so
precisdy that it is hard to believe that more than one individual is
involved. This form of duetting, in which male and female use different
notes and sng aternately, is known as antiphonal singing (Hooker and
Hooker 1969) and has been documented in a wide variety of species



Peter J. B. Slater

from African shrikes (Thorpe 1972) to Australian whipbirds (Watson
1969).

Duetting is most common in the tropics, and this probably relates to
the fact that birds there frequently hold year-round territories
(Farabaugh 1982). This in turn is associated with birds that form long-
term monogamous pair bonds. One other association often claimed is
that between duetting and sexua monomorphism, and although
Farabaugh (1982) failed to find this, she said that that could be because
her definition of duetting was a rather undemanding one. It is certainly
striking that many species with tight antiphonal duets that have been
studied are monomorphic.

Duetting may have arole in maintaining the long-term pair bond and
in keeping contact between members of a pair, especidly in the dense
and noisy environment of a species-rich tropical forest (Hooker and
Hooker 1969). However, evidence on these matters is equivoca (Todt
and Hultsch 1982; Wickler 1976). Wickler (1976) maintains that, in addi-
tion to possible roles within the pair, duetting is primarily a sgnal used
in cooperative territory guarding.

The idea that duetting pairs are jointly defending their territories
raises the question of why this evolved in certain species but not in others
inwhich only the male sings. The answer mugt lie in detailed field studies
of the species concerned, and few of these have been conducted to date.
One study on bay wrens (Thyothorus nigricapillus) in Panama suggests
an intriguing answer (Levin 1996a b). In many duets, one bird sings an
initial section that is followed by areply from the other. It has often been
assumed that the duet is initiated by the male, with the reply being the
contribution of the female. However Levin showed that thisis not so in
bay wrens. Although these birds are monomorphic, she examined them
using a technique called laparotomy and found that the individuals
leading the duets were female. She suggests that duetting in these birds
may have originated because, for some reason, females are the more ter-
ritorial sex. They therefore sing just like femae European robins
in winter to defend their territories and attract prospective mates.
However, bay wrens are monogamous, and once a femae has attracted
a male, he deters others by adding a coda to her song. She thus keeps
females out of their territory while he puts doff other males.

Thisideafor different roles of the sexes in duetting species is an inge-
nious one and may aso apply to other species. Despite the fact that the
phenomenon has been extensively documented, few studies in the field
went beyond the stage of observation and description, and the subject
of duetting cals for more experimental work. As yet, any possible link
between this aspect of birdsong and coordinated singing in humans
would be decidedly tenuous!
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Birdsong and Musc

Might our understanding of birdsong help to shed light on the origins of
human music? The first point is that any similarity is more likely to be
by andogy than homology because humans shared a musica ancestor
with other snging animals. Our closest living relatives, the great apes,
communicate more by gesture and by facid expression than by sound.
They do have loud voca displays, such as the pant-hoot of chimpanzees
(Pan troglodytes), but these are far from elaborate or musical. Further-
more, little evidence exigts that any monkey or nonhuman ape learns
sounds that it produces from other individuals (Janik and Slater 1997).
Humans obvioudy do o, and this is aso the way in which whales and
songbirds, the most notable singers elsawhere in the anima kingdom,
obtain their sounds. Indeed, learning seems essential to build up large
repertoires. For some reason, therefore, elaborate singing behavior arose
quite separately in different anima groups, and in our case this was in
the relatively recent past, sSince the common ancestor that we shared with
chimpanzees died about two million years ago.

Straight comparison may not be justified, but does analogy with birds
help to suggest why singing and other musical attributes in humans may
have arisen? With any complex or varied display, sexual selection is a
prime suspect, and the fact that in many cultures singing (and in our own
culture, composition) is predominantly a feature of young males (see
Miller, this volume) confirms that suspicion. However, why singing
behavior should have been favored in early humans in particular rather
than in other species remains a matter of speculation. The singing of
humans aso has some features, such as the simultaneous chanting of the
same tune by groups of individuals (see Nettl and Merker, this volume),
that have not been described among animals.

Do birds produce music? Thisis not an easy question to answer, partly
because no definition of music seems to be universaly agreed upon.
Many animal sounds are rhythmic, such as the trill of a stridulating
grasshopper. Others are pure and tonal, such aswhistles common in bird-
songs. Energy effidency aone might predict these features. A regular
rhythm is shown by a mechanism operating at its resonant frequency, and
this is where energy cogt is least. Concentrating al the energy in a
narrow frequency band to produce fairly pure sounds is dso economi-
ca as the sounds carry further. But rhythmical and tonal sounds may
have arisen in the animal kingdom for other good reasons. For most
animal sgnals, and especially those concerned with attracting mates and
repelling rivals, it is essential that the signal incorporate species identity.
Some areas of the world, notably tropical rainforest, may contain
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literally hundreds of different bird species in a small area. To stand out
againgt both this cacophony of sound and other environmental noises,
and to be digtinctive, may impose features such as tone and rhythm as
each species homesin on its own broadcasting bandwidth. Complex pat-
terns of songs and species differencesin the rules that underlie them may
also have their origins in the need for distinctiveness.

But is this musicality? It is not difficult to find examples in animal song
of complex features that we would aso attribute to music. In addition to
choruses and duets, some birds sing in near perfect scales (e.g., musician
wren, Cyphorhinus aradus) and other features of our own music can aso
be illustrated with examples from the animal kingdom (see Payne and
Mé&che, this volume). But caution is required here. Considering only
songbirds (oscine passerines), there are close to 4,000 species in the
world, and dl of them are thought to learn their songs. The variety in
the form and patterning of these songs is impressive, and it is likely that
many possible patterns remain unexplored given this huge array of
species. It would thus not be surprising if amost any characteristic found
in human music were discovered in one or afew of them. But such sm-
ilarities are likely to be coincidental, and certainly due to convergence
rather than because features of music arose in a common ancestor.
Nevertheless, athough animals may not share music in the dtrict sense
with us, there is no doubt that some of them do have complex and
beautiful voca displays. Understanding the reasons why they evolved
may help to shed light on why only we among the primates have gone
along a Smilar pathway.

Onefina point isworth making. It is suggested from time to time that
the songs of some birds that seem to us especially beautiful may be more
so than is gtrictly necessary for their biological function (Thorpe 1961,
Boswall 1983). Could this indicate some primitive aesthetic sense, and
that the bird is taking pleasure in song for its own sake? Candidates
would be songs of the song thrush in Europe, the superb lyrebird
(Menura novaehollandiae; Robinson and Curtis 1996) in Australia, and
the mockingbird (Mimus polyglottos, Wildenthal 1965) in North
America, dl of which have large, varied, and beautiful repertoires. The
difficulty with such ideas is how to test them. Sexua selection is an open-
ended process that will lead to larger and larger song repertoires until
other constraints, such as storage space in the brain, set limits. Where it
is responsible, it is unlikely that song could be more elaborate than it
demanded. On the other hand, there is nothing incompatible between
this and either aesthetics or the enjoyment of song; indeed, sexua selec-
tion is likely to have been the basis for its evolution in humans. But this
iswhere the testability problem comes in. We personally fed enjoyment
in hearing or performing music, and we know that other humans do too,
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as we can ask them about it and discuss their feelings with them. When
it comes to animals, however, we have no access to their inner fedings,
so that the question can only be a matter of speculation (Slater in press).
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What’s Behind a Song? The Neural Basis of Song L earning
in Birds

Carol Whaling

Abstract

Songbirds must learn to sing. Vocal learning involves several different processes,
including selection of an appropriate song to serve as a model, memorization
of the model, and retrieval of the model to direct development of adult song.
To learn to sing, many species must hear song during a sensitive period early in
development. Birds deprived of this experience sing abnormal songs that are not
improved by exposure to song later in life. Selection of a song to serve as a model
for learning is guided by instinct. When young birds raised in captivity are played
tape recordings of their own species’ songs as well as those of other species, they
choose to learn the ones of their own species, demonstrating innate ability to
recognize these songs.

Studies of the neuroanatomy of songbirds have uncovered neural circuits
involved in song learning, production, and perception. | review aspects of the
development and the organization of these brain regions in relationship to song
learning to address the neural basis of sensitive periods and learning preferences.
The knowledge we have gleaned from these studies may provide a new per-
spective from which to approach studies of human music acquisition.

Cdls and songs of birds are an almost inescapable part of our sur-
roundings, and reveal how essential vocalizations are in the life of birds.
Simple vocalizations, referred to as cdls, often function to maintain
contact among a flock, or alert others to danger or to a potential food
source. Songs, longer and more complex than cals, are used to identify
individuas, establish and defend territory boundaries, attract mates, and
even stimulate the reproductive tract and reproductive behavior of one's
mate.

Learning plays an important role in the development of song. All
species of songbirds that have been studied to date must learn to sing
(Kroodsma and Baylis 1982). Since songbirds make up amost hdf of the
existing 9,000 avian species, song learning is presumably widespread. It
dso isin other branches of the avian family tree including parrots and
their relatives (Todt 1975; Farabaugh, Brown, and Dooling 1992) and
hummingbirds (Baptista and Schuchmann 1990). Birds with smple
vocalizations, however, such as chickens and doves, do not have to learn
their calls (Konishi 1963; Nottebohm and Nottebohm 1971).

To test whether learning is required for normal song production, birds
are raised in captivity without an opportunity to hear other members of
their species. Chickens raised in such acoustic isolation ill sound like
chickens, whereas songbirds sng abnormal, smple songs, caled isolate
songs (Marler 1970; Marler and Sherman 1985; figure 5.1). This depen-
dence on learning by many avian species is surprising considering
that even our closest relatives, monkeys and apes, do not have to learn
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Fig. 5.1

Figure 5.1

Sound spectrograms of normal and isolate white-crowned sparrow songs A -C are normal
songs of three males singing different white-crowned sparrow dialects (noted under each
spectrogram). D-F are isolate songs of three males raised in captivity and prevented from
hearing white-crowned sparrow song during the sensitive period for song learning.

vocalizations characteristic of their species. In thisregard songbirds share
a niche with humans, whales, and dolphins.

The role of learning in song production has made songbirds important
subjects in research on both the neurobiology of learning (Konishi 1994;
Nottebohm 1991) and the process of vocd learning (Kroodsma 1996;
Marler 1987) with an eye toward parallels with language acquisition in
humans. It is my hope that by reviewing knowledge of birdsong learn-
ing, we may have another angle from which to approach our inquiry into
the way that people acquire knowledge of music. An important idea to
emerge from the study of birdsong is that this process is shaped by pref-
erences and constraints. | will organize my discussion around two such
congtraints: song learning is often restricted to one period during devel-
opment or to one time of year; and the learning preference influences
selection of an appropriate model to imitate. In other words, awhat and
when are imposed on song learning, the details of which vary across avian
Species.

Avian song learning occurs in two stages: first, songs must be memo-
rized and, second, they must be practiced. In some species these two
eventsoverlap (zebrafinches, Taeniopygia guttata; |mmelmann 1969),but
in others memorization can precede practice by several months, provid-
ing an impressive example of long-term memory storage (swamp spar-
rows, Melospiza georgiana; Marler and Peters 1982). The young hird's
initial efforts to reproduce the memorized song are usualy not success-
ful. These early songs may have faltering pitch, irregular tempo, and
notes that are out of order or poorly reproduced. However, sonograms
of songs recorded over several weeks or months revea that during this
practice period the bird fine-tunes his efforts until he produces an accu-
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rate copy of the memorized template. This process requires hearing
onesdf sing; birds are unable to reproduce memorized songs if they are
deafened after memorization but before the practice period (Konishi
1965).

Sengtive Periods for Song Learning

In many species, referred to as closed-ended |earners, song memoriza:
tion occurs during a restricted period of development, often within the
first few months after hatching. This sensitive period has been demon-
strated in the laboratory by presenting young birds with a series of
taperecorded songs drawn from the dialects of their own species. By
replacing each song with a new variant after alimited period of time (on
the order of ten days or two weeks), it is possible, with time and patience,
to determine the age at which memorization occurred by matching the
bird's adult song to the library of songs presented (Marler and Peters
1987; Nelson, Marler, and Palleroni 1995). In other species, referred to
as open-ended learners, song learning reoccurs each year. For example,
the repertoires of starlings (Sturnus vulgaris; Eens, Pinxten, and Ver-
heyen 1992) and canaries (Serinus canaria; Nottebohm and Nottebohm
1978) increase or change from year to year.

Variation across species with respect to when songs are learned raises
severd interesting questions. what determines the length of the sensitive
period for song learning? why do some species learn songs during a short
period in development whereas others continue to expand their reper-
toires in adulthood? do changes take place in the brains of closed-ended
learners to prevent further learning?

The length of the senstive period appears to be regulated by both
external and internal factors. Young birds deprived of an opportunity to
hear song will memorize at a later age than those that were tutored as
fledglings, indicating delayed closure of the sensitive period (Kroodsma
and Pickert 1980; Slater, Jones, and TenCate 1993). However, closure
cannot be delayed indefinitely. Birds prevented from hearing the songs
of their own species throughout this period will produce abnormal songs,
asshown infigure5.1. Once the bird beginsto practice an abnormal song,
subsequent tutoring will not improve it, indicating that irreversible
changes have occurred in the brain.

The Neurobiology of Sendtive Periods

If abird is able to learn to Sing at one age but not another, we must con-
clude that some change occurs in the brain between these two time
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points. It should be possible, if we knew where to look, to find neural
changes that correspond to the duration of the sendtive period. Song-
birds have a speciadized network of neurons in their brains dedicated to
song learning and production (Nottebohm, Stokes, and Leonard 1976).
The cdll bodies of these neurons are organized into a series of clusters
referred to as song control nuclei. The axons of these neurons project to
adjacent song control nuclel to form synaptic connections. Lesion studies,
electrophysiological recordings, and histologica studies reveal that these
nuclel form two circuits, an anterior forebrain pathway involved in song
learning, and a posterior motor pathway involved in song production
(reviewed by Brenowitz and Kroodsma 1996).

Nuclei of the anterior forebrain pathway undergo several changes
during the period of song learning. Studies of zebra finches and canaries
reveal that new neurons are added to the nucleus referred to as the
higher vocd center (HVC), suggesting that these new neurons may
encode new memories acquired by listening to the songs of others
(Sohrahji, Nordeen, and Nordeen 1993; Kirn et a. 1994). This observa
tion suggests that learning ceases when neurogenesis is complete (Not-
tebohm 1981). In other areas of the anterior forebrain pathway,
connections between nuclel appear to decrease during song learning by
reducing the number of synapses (Herrmann and Arnold 1991), decreas-
ing the number of receptors for chemicals used to communicate across
the synapse (NMDA receptors;, Aamodt et al. 1992), or decreasing the
number of dendritic spines where synapses are formed (Wallhausser-
Franke, Nisdorf-Bergweiler, and DeVoogd 1995). These observations
indicate a different mechanism from the one mentioned above; namely,
learning involves smplifying connectivity between neurons (Changeux
and Danchin 1976). This model suggests that unused synapses are dim-
inated during song learning, thus paring down the initial network of con-
nections. Further learning would not be possible once synapse selection
was complete. A smilar model was proposed for imprinting in chickens
(Wallhausser and Scheich 1987).

Before we can begin to understand the neural basis of song learning
and regulation of the sensitive period, we must distinguish changesin the
brain that are a consequence of maturation from those that are func-
tionaly related to learning, regardless of age. The critica question is
whether the neural changes described above would be observed if birds
were prevented from learning to sing. This experiment was done in two
ways. One method compared the neural development of deafened and
hearing birds of the same age (Aamodt, Nordeen, and Nordeen 1995;
Burek, Nordeen, and Nordeen 1991). The other compared the brains of
tutored birds that had begun practicing song with those of song-deprived
birds of the same age that had not begun to sng (Wallhausser-Franke,
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Nisdorf-Bergweiler, and DeVoogd 1995). Both studies uncovered few
differences in the brains of control and experimental groups, indicating
that most neural changes are likely to be developmental rather than a
cause or consegquence of song learning. However, one effect that did
persist between tutored and untutored zebra finches was the number
of dendritic spines in a region of the anterior forebrain loop (LMAN;
Wallhauser-Franke, Nisdorf-Bergweiler, and DeVoogd 1995). The
number of dendritic spines was sgnificantly smaller in birds that had
learned to sing, supporting the idea proposed by Changeux and Danchin
(1976) that learning may involve pruning unused connections between
neurons.

Innate Preferences Guide Song Learning

The second learning constraint is the predisposition to learn songs of
one's own species (Thorpe 1958; Marler 1970; Marler and Peters 1977).
With the exception of mimics such as starlings and mockinghbirds (Mimus
polyglottos), most birds, when given a choice, prefer to learn the songs
of their own species. Vocd learning was studied in the laboratory with
sparrows collected as nestlings before they had an opportunity to learn
songs. The birds learned readily from taperecordings during the sensitive
period that extends from one to four months of age. Work with sparrows
and other species uncovered an interesting paradox: young birds must
hear the songs of their own species in order to learn them, but when
faced with a potentially confusing array of songs, they are able to select
the ones of their own species to serve as learning templates.

Young birds raised by their parents in the wild presumably hear a
range of sounds, including songs of other species that inhabit the same
geographic range. One might assume that they decide which sounds to
memorize by observing their parents (most likely their fathers) singing.
However, laboratory experiments with tutor tapes in which socia cues
are not available produce the same outcome. Another possibility is that
the size and structure of the vocal tract limits the type of sounds that can
be produced, predisposing the bird to learn the correct song. Clearly
some anatomical restrictions come into play in the sense that it would
be impossible for a humminghbird to produce the cal of acrow. However,
birds can be induced to learn the songs of other species if they are pre-
vented from hearing the ones of their own, establishing that anatomy
of the vocal tract does not dictate learning preferences (Marler 1991). In
conclusion, laboratory studies that remove socia cues and provide learn-
able songs, including those of other species, reveal alearning bias that is
guided by ingtinct.
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Thisinnate contribution to vocal learning raises some interesting ques-
tions: by what criteria does the naive bird select a song to memorize?
does a specific note or phrase act as aflag, alowing the bird to recog-
nize the song? or do tonal or temporal qualities of the whole song
provide the necessary cues? what is the neural basis for this type of
guided learning? One can imagine circuits in the brain that act as feature
detectors and, when stimulated in an appropriate combination, cause the
song to be selected as a model for vocd learning.

Working with Jill Sohain Peter Marler's laboratory at the University
of Cdifornia, Davis, and in collaboration with Allison Doupe a the
University of California, San Francisco, we approached innate song
recognition using two complementary techniques to study both brain
and behavior of fledgling white-crowned sparrows (Zonotrichia leuco-
phyrus). The behaviora test is smple to perform (Nelson and Marler
1993). Fledgling sparrows are housed aone in soundproof boxes that are
outfitted with a speaker and a microphone. Once an hour they hear ten
repetitions of a taperecording of normal white-crowned sparrow song,
the song of another species (song sparrow, Mel ospiza melodia or savan-
nah sparrow, Passerculus sandwichensis), or a white-crowned sparrow
song that has been experimentally altered. When fledglings hear normal
white-crowned sparrow song, they give a series of begging cdls that,
under natural conditions, help their parents locate them for feeding. The
songs of other species usualy dicit no voca response. Thus, by counting
the number of begging cdls given in response to our atered white-
crowned sparrow songs, we can learn whether the fledglings perceive
them to be acceptable renditions of white-crown song or to be of a
foreign species.

We used this behavior test to compare responses to normal white-
crowned sparrow song with responses to isolate white-crowned sparrow
song, the smple song produced by white-crowns that have not heard
other white-crowns sing. The isolate song consisted of a series of whis-
tles and lacked the trills and buzzes typical of normal song. The isolate
song was as effective as the normal song in diciting begging calls from
fledglings. One hypothesis to explain the efficacy of isolate song is that
the whistle, universal to al white-crown diaects, acts as a marker for
recognition. We tested this hypothesis using songs artificialy constructed
by repeating a single white-crowned sparrow phrase such as a whistle,
buzz, or trill, while maintaining normal song duration and tempo. If the
whistle acts as the critical flag for identifying the white-crowned song,
we predicted that it would dlicit as strong a response as the normal song,
and the trill or buzz would be comparatively weaker.

All of the repeated phrase songs, including buzz and trill songs, proved
to be as effective as the normal song in diciting cals from the fledglings.
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Thisindicates that al of the phrase types we tested, not just whistles, can
be recognized by naivefledglings, even though the phrases are divorced
from normal syntax (Whaing et a. 1997). Although avian vocal sgnals
are greatly amplified compared with human language, these results par-
alld findings of studies of language recognition in human infants. Human
infants can recognize the phonemes of al human languages, providing
them with the capacity to learn any language. They are even able to dis-
criminate phonemes not used in their loca language, although this sen-
gtivity disappears once they begin to speak (Eimas, Miller, and Jusczyk
1987; Kuhl 1995).

It is possible that, rather than relying on note structure, young birds
use tonal or temporal qualities to identify songs of their own species.
We have begun to test songs that are atered in pitch. White-crowned
sparrow fledglingstested in the laboratory did not treat those songs dif-
ferently from unaltered songs until the pitch was shifted more than sx
standard deviations away from the diaect mean (Whaling, unpublished
observations). Adult sparrows of other species can distinguish shifts in
pitch that are two or three standard deviations from the mean (Nelson
1989), suggesting that the fledglings may be more forgiving of pitch
manipulations than adult birds.

The Neurobiology of Learning Preferences

Armed with this information on the abilities of inexperienced fledglings
to recognize song, Allison Doupe and her colleagues undertook an
examination of the neural basis of innate discrimination by examining
the neuronsin and around the song control nucleus HVC. HV C contains
both motor neurons for song production and auditory neurons for
song perception. These auditory neurons fire when the adult bird
hears a taperecording of himsdf snging (Margoliash 1986), a response
that is acquired as the result of learning to sng (Volman 1993).
Furthermore, auditory neurons were found in an area near HVC that
are more responsive to the songs of one's own species than to foreign
songs, as revealed by patterns of gene activation (Méello, Vicario, and
Clayton 1992). Wewondered whether fledglingswould aso have neurons
that respond most to the songs of their own species, even though they
had not yet heard those songs, much less learned to sing them. Would
these brain areas contain neurons whose properties could explain how
young birds recognize and choose to learn the songs of their own
Species?

Extracellular recordings were made from neurons in HV C and the sur-
rounding neostriatum by lowering a recording electrode into the brain
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of an anesthetized bird and searching for neurons that were activated
when sounds were played. As in the behavioral tests, these fledglings
were housed in acoudtic isolation so that they had no opportunity to
learn songs. Test stimuli included those used in behavioral tests, as well
as broad band noise bursts and pure tones of varying durations.

Smilar to the behaviora results, neurons in and around HVC
responded strongly to normal and isolate white-crowned sparrow song,
and individua phrases such as whistles, buzzes, and trills taken from
white-crown songs. In contrast to the behavioral results, however,
neurons also responded to smilar phrases contained in foreign songs.
Such neurons might serve as phrase detectors, and could underlie strong
behavioral responses to artificid songs composed of only one repeated
white-crowned sparrow phrase type.

When results from the behavior test and eectrophysiologica record-
ings are compared, it appears that fledglings discriminated white-
crowned sparrow song from foreign song more reliably than did the
population of neurons that were sampled. There are a couple of possible
reasons for the difference between these results. The behavioral response
to taped stimuli is the final product of many neuronal inputs and pro-
cessing steps. Thus, one possibility isthat we recorded from an area close
to the beginning of the auditory pathway that detects smple acoustic
features of song. These auditory neurons may then project to areas of
the brain responding to more complex song features, eventually giving
riseto species-selective neurons. Alternatively, it is possible that no single
neuron will exhibit species sdectivity. Instead, the response of many
neurons in unison may provide a recognition signal to the bird that the
song is to be learned, for example, the synchronous firing of ensembles
of whigtle-, buzz-, or trill-responsive neurons. Although some foreign
songs contain these phrase types, they are not composed entirely of
them, as are white-crowned sparrow songs, and thus would not produce
as strong asignadl.

To summarize, young birds recognize and choose to learn the songs of
their own species, even when raised in the laboratory in acoudtic isola-
tion. In our studies, such white-crowned sparrow fledglings were able to
recognize songs composed of single white-crown phrases, indicating that
recognition of song is not dependent on normal phrase order or song
complexity. This ability may alow youngsters to identify and memorize
the songs of any white-crowned sparrow that they encounter, whether or
not al phrase types are present. Electrophysiologica studies with fledg-
lings uncovered auditory neurons that were responsive to phrase type,
although these neurons were not yet sdective for white-crowned
sparrow song. However, in adult birds the response properties of audi-
tory neurons in these brain regions are more selective, responding
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strongly to the songs of one's own species, but strongest of al to the song
of the individua being tested. Presumably the process of vocd learning
alters the tuning of these neurons to render them selective for the bird's
OwWn song.

Learning about Musc

Does the information that we have gained through studies of birdsong
learning provide a useful perspective for studies of music in human
society? In the questions that follow, | use the concept “learning about
music’ to refer to the process by which an individual acquires an inter-
nalized copy of the scale used by his or her culture and expectations
regarding how those notes are used. | do not focus on acquisition of skills
such as memorizing a melody, developing proficiency on amusical instru-
ment, or understanding music theory. Rather, | think about the uncon-
scious assmilation of a musical system that allows one to break up a
continuous spectrum of sound frequencies into a meaningful series of
notes.

Studies of avian song learning have revealed that instinct guides the
process of learning. How thisrelatesto humansis unclear but raises some
tantalizing questions. Are human children similarly predisposed to struc-
ture the acquisition of music according to species-specific universals? For
example, do surveys of the waysin which different musical systemsdivide
an octave uncover any universals with respect to preferred note inter-
vals? Isthe specia emphasis we place on octave intervals, even going so
far as using the same name for tones of doubled frequency, evidence of
a human perceptua bias that serves to smplify and order a potentially
overwhelming range of sounds? Would children as readily learn a
musical system that does not contain an interval that is twice the funda-
mental frequency?

As we have seen, birds enter the world prepared to learn a song that
must be supplied by their environment. They are not eager to learn just
any song though; an innate program focuses their attention on the
correct song for their species. Similarly, human infants are able to rec-
ognize speech sounds, even those not included in their native language.
As humans engage in the process of learning about music, what are the
pieces that must be supplied to us from our environment? Perhaps we
are programmed to organize sounds we encounter into amusical system
using our own blend of constraints and preferences (Zentner and Kagan
1996). Jackendoff (1994) suggests there may be a universd musica
grammar based in part on the preexisting organization of auditory
perception.
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Another question suggested from avian studies is whether a sengitive
period exigts for learning about music. Can we learn the scales, intervals,
and predictable patterns of a new musical system equally well at any
age? Can we develop complete fluency in nonnative music later in life
and derive from it the same meaning and emotions reported by native
musicians?

Studies suggest that responses of auditory neurons in the song control
nuclel of birds are altered as a consequence of song learning. Perhaps
regions of our brain involved in perceiving or producing music are Sm-
ilarly atered as we acquire musical knowledge, making it more difficult
to participate in a different musical system. It would be interesting to
compare the abilities of adults and children to learn intervals and scales
that are different from those of their native music. Equally interesting
would be to determine whether difficulties reproducing unfamiliar inter-
vals are the result of a deficiency in perceiving the interval or in pro-
ducing it.

Undeniably vast differences in cognition exist between humans and
avian species, making the value of literal comparison of voca behavior
guestionable at best. However, al species must solve the challenge of
coordinating their behavior with other members of their species, which
requires sending as well as decoding signals. In gaining an understand-
ing of song learning in birds, we have an opportunity to learn how other
species have responded to these common challenges and may find our-
selves returning to studies of our own species with a new perspective.
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The Sound and the Fury: Primate Vocalizations as Reflections
of Emotion and Thought

Marc D. Hauser

Abstract

In this chapter | review work on the mechanisms underlying primate vocal
communication, focusing in particular on my field studies of rhesus monkeys.
By understanding the neurocognitive substrates of animal vocal sighals we will
be in a stronger position to evaluate the roots of our musical sense. Primate
vocalizations use different acoustic parameters to convey information about
their emotional states as well as about objects and events in their environment.
Nonhuman primates have the capacity to produce vocalizations that evidence
some of the rudimentary properties of our system of reference. Furthermore,
some of these vocalizations play a role in a system of conventions, crucialy
related to the maintenance of social relationships within a group. A certain
amount is currently known about hemispheric asymmetries underlying the pro-
duction and perception of species-typical vocal signals. Contrary to earlier claims,
nonhuman primates show significant asymmetries, paralleling some findings in
humans. Specificaly, the left hemisphere plays a dominant role in the perception
of conspecific vocalizations, and during production of functionally referential
signals.

| can remember the first time | heard Elizabeth Schwarzkopf singing
Wagner. Not only was | moved emotionally, but | was astounded by the
clarity with which her words resonated, carried by one of Wagner’s many
memorable themes. But an equaly memorable acoustic moment hap-
pened just a few minutes later. When | stepped outside the opera house,
a newborn was looking up at its mother, cooing and gurgling, compos-
ing its own music; and next to the mother and child sat an obedient dog
that occasiondly let out a contented moan. Other melodies, other voices.
Music certainly can be the voice of the heart, and it can aso be the mes-
senger of meaning for human adults, human infants, and al animals.

In thinking about the mel odic utterances of animals, we can ask several
comparative questions that may help us understand the origins of our
own species musical capacity—our musical sense. To avoid confusion,
however, we must be careful to distinguish questions of underlying mech-
anism (eg., developmental change, neurophysiological substrates) from
those of evolutionary function (i.e., adaptive sgnificance) and history
(i.e., phylogeny). Thus, we might ask, when birds, whales, gibbons, and
humans sing, are the same neural and hormonal systems recruited? This
isamechanistic question, one centered on proximate causation. Another
question, focusing on a different set of causal issues, is, when birds,
whales, gibbons and humans sing, does their performance influence
reproductive fitness? does it contribute to the propagation of genes into
subsequent generations? This is a question about ultimate causation. By
understanding both kinds of problems, we will be in a better position to
evaluate the design features and evolutionary history of musical systems.
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This chapter focuses on problems of mechanism. | briefly discuss some
traditional views of anima voca communication, and then show by
examples that many of these ideas must either be modified or rejected.
The empirical work is divided into two sections. The firgt explores how
the acoustic space of a nonhuman primate’ s voca repertoire can be cap-
tured by quantifying both affective and referential components of the
signd. The second draws on our understanding of call meaning and func-
tion to assess whether brain asymmetries underlie acoustic perception
and vocal production. All of the empirical work centers on one species,
the rhesus macague (Macaca mulatta). | will, however, refer to other
species where relevant.

Cries of the Heart and Mind

By the late 1970s, studies of trained apes and dolphins revealed that the
conceptual tools required to produce a referential system of communi-
cation were present in these animals, and could be expressed by means
of an atificia language (Premack 1986; Gardner, Gardner, and Van
Canfort 1989; Savage-Rumbaugh et al. 1993; Herman, Pack, and Palmer
1993). In contrast, there was no evidence that natural vocalizations
produced by these animas were referential. The general consensus,
dating back to Aristotle, Descartes, Darwin, and other luminaries, thus
remained: animal vocalizations reflect changes in the signaler’s affective
state, emotions, and motivations. In 1980, however, a crucia experiment
(Seyfarth, Cheney, and Marler 1980) forced this view to undergo a Sg-
nificant facdift. The first insight emerged from Struhsaker’s (1967) obser-
vation that vervet monkeys produce acoudtically distinctive alarm calls
in response to three predatory classes: big cats (leopards, cheetah), birds
of prey (martial and crowned eagles), and snakes (pythons, mambas).
On hearing such calls or seeing the predator, individuals reacted with
equally distinctive escape responses. Tight pairing between call type and
response suggested that such calls might function as labels for a preda-
tory type. Using taperecorded alarm cals, playback experiments were
conducted. If the calls provide sufficient information about the predator
encountered, playbacks should be sufficient to dicit behaviorally appro-
priate responses. They were. In essence, when vervet monkeys hear an
alarm call, they are not only struck by a salient emotional event (i.e., they
experience fear), but they are provided with information that enables
them to make a highly adaptive response. If aleopard is about, the best
place to be is high up on the thin branches of an acacia tree. If an eagle
is near, the best place is under a bush; eagles can scoop vervets out of
trees. Findly, if asnakeisin the vicinity, the responseisto stand bipedally
and scan the ground nearby.
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Each of the vervets escape responsesis fine-tuned to the hunting skills
of the predator. Natural selection favors an acoudtic divison of labor:
different cdls for different predators. A general-purpose alarm call
would fal because there is no general-purpose escape response. Simi-
larly, a system requiring vervets to find out what the caller was alarmed
about would fal because approaching by ground would leave one vul-
nerable to each predator type, whereas approaching by tree would leave
one vulnerable to eagles and tree mambas, and leopards in the lower
branches of the tree.

Building on these initia results, Cheney and Seyfarth (1990) provided
an increasingly sophisticated description of the function and meaning of
vervet monkey vocalizations. It is clear that some of these vocalizations
are functionaly referential (Marler, Evans, and Hauser 1992; Marler, this
volume) in the sense that they appear to map onto salient objects and
events in the environment. Similar kinds of clams for referentiality
have been made for other primate species (e.g., ring-tailed lemur, diana
monkey, pigtailed macague, rhesus macaque, toque macague), and one
bird, the domestic chicken (Dittus 1984; Gouzoules, Gouzoules, and
Marler 1984; Macedonia 1991; Evans, Evans, and Marler 1994;
Zuberbuhler, Noe, and Seyfarth 1997; reviewed in Hauser 1996). What
is lacking from these analyses is a more careful dissection of the acoustic
features associated with the caller’s affective state and those associated
with the object or event referred to.To addressthis gap, | turn to my own
research on rhesus monkeys and in particular, their food-associated cdls.

Natural Observations of Food-Associated Callsin Rhesus: Dissecting Content

For almost sixty years research has been conducted on a population of
semifree-ranging rhesus monkeys living on the idand of Cayo Santiago,
Puerto Rico. As a result, we know a great deal about this population’s
demography, socid behavior, mating system, and communicative sgnals.
In particular, when rhesus find food, they give one or more of five
acoudticdly distinctive vocalizations: warble, harmonic arch, chirp, coo,
and grunt. Although the monkeys are provisioned with chow, they forage
throughout the day on naturally available food items such as leaves, fruit,
flowers, grass, soil, and insects, many of which dlicit caling. Beginning in
1988, | started a long-term study designed to revea the sources of
acoudtic variation in this restricted calling context. Research concen-
trated on the following questions:

1. How does motivational state affect the production of food-associated
calls?

2. Does each cal type refer to something like the kind of food or its
relative quality?
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3. When rhesus hear such cdls, how do they dasdfy them? Are natural
categories constructed on the basis of the caler’s affective state, type of
food discovered, or some combination of factors?

Based on a large sample of adult males and females, we first looked
at changesin call production as a function of food consumption and time
of day—a proxy for hunger level. Chow was placed into the dispensers
early in the morning and was finished by midday. Thus, rhesus did little
foraging from about 4:00 pm to 800 am. the next day. We therefore
assumed that they would be most hungry in the early morning and max-
imdly satiated in the late afternoon.

In general, maes produced food-associated cdls less frequently than
femades. If these cdls function to recruit kin, this sex difference makes
sense. As in most mammalian societies, male rhesus monkeys leave their
natal groups on reaching sexua maturity, whereas females say. Conse-
quently, groups consist of closdly related females and distantly related
males. Other factors may aso contribute to this pattern, such as sex df-
ferences in arousal levels, social relationships with nonkin, and so forth;
at present it is not possible to determine which of these potential factors
is most important. In addition to a sex difference, we found that the rate
of food call production was highest in early morning before chow was
put out and declined rapidly thereafter. In particular, the rate peaked
before the peak in food consumption and dropped more rapidly than did
food consumption. This pattern suggests that cal rate is postively cor-
related with hunger level.

To explore further the relationship between hunger level and vocd
production, we looked at call rate and an individud’s latency to arrive
and feed at a chow dispenser. While chow was placed into a dispenser,
one or more groups sat around the corral waiting to feed. During this
time, a number of animals called, apparently in anticipation of feeding.
Figure 6.1 plots the rate of food caling against latency to arrive and feed
(time elapsed from the placement of chow in the dispenser to feeding);
although al food call types are pooled here, most of them were coos. The
data set includes one to four focal samples each from twenty adult males
and females. Results indicate that as latency to feed increased, call rate
decreased; that is, individuals who caled at high rates fed first. This
pattern is not accounted for by systematic individual differences. Indi-
vidua patterns of caling varied on a daily basis, as revealed by subject
480 (figure 6.1). On one day, this low-ranking female called at a high rate
and fed first, and on a second day, called a alow rate and fed relatively
late. Thus, and in parallel with the first set of analyses, cal rate appears
to provide some information about the cdler’s hunger level and moti-
vation to feed.
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Fig. 6.1

Figure 6.1
The relationship between rate (number of calls/minute) of food-associated calls by rhesus
monkeys and latency (minutes) to arrive and feed at the chow dispensers.

Although our understanding of the acoustic correlates of affective
state in humansiis largely restricted to studies of trained actors, research
carried out in more natural settings reveds that systematic changes in
cal morphology arise in response to changes in emotiona state (Scherer
1986, Scherer and Kappas 1988). To contribute to the comparative liter-
ature, we have begun to look at more subtle changesin the acoustic struc-
ture of rhesus cdlls (in contrast to cdl rate) at the time of feeding.

Figure 6.2 illustrates two common situations. Early in the morning,
the rhesus began moving toward the feeding corrals. When personnel
arrived, individuals began cooing, apparently in anticipation of the chow.
It is my impression that these coos were produced with minimal voca
effort. They tended to be relatively low in amplitude and the funda-
mental frequency contour is flat. When personnel moved toward the
feeding corrals and began putting the chow into dispensers, the coo’'s
morphology was transformed. In particular, individuals appeared to put
greater effort into the call. Based on spectrographic analyses, this change
in production mode appears to cause increased voca turbulence or
noise. In the upper panel of figure 6.2, the first coo was produced while
dtting outside the dispenser. There was virtually no noise between the
harmonics. In the second coo, noise disrupted the harmonic structure for
abrief period of time. By thefinal coo, the harmonic structure was almost
completely disrupted. Such acoustic changes are clearly perceptible to
the human ear and thus, presumably, to the rhesus ear as well.

In the second panel of figure 6.2, an adult male saw some coconut at
a distance and approached. The first three cals, given before and during
the approach to coconut, were coos. As the male grabbed and then ate
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Fig. 62

Figure 6.2

Upper panel shows changes in acoustic morphology of the rhesus coo vocalization as a
function of proximity to chow. The y axis plots frequency in kilohertz, the x axis plots time
in seconds. The lower panel plots changes in call structure and type as functions of move-
ment toward coconut.

the coconut, he gave two harmonic arches. In contrast to the first panel,
this sequence represented a change in cal type as wel as some within-
cal type changes in structure. Our current hypothesis, based on such
cases, is that rhesus monkeys experience changes in emotional state as
they approach and then eat food. Such changes may aso lead to changes
in more coarse-grained morphology as they shift from one cdl type to
another.

Natural observations dso revealed systematic differences in the con-
texts dliciting each cal type. In particular, warbles, harmonic arches, and
chirps were produced only by individuals finding high-qudlity, rare food
items, coconut being one of these. Grunts and coos sometimes accom-
panied other cal types, but were primarily given in response to finding
and eating lower-quality, common items such as chow. Time of day (as a
proxy for hunger level) had no effect on the type of call produced. Only
food type did. These results suggest that the characteristic spectral and
temporal morphology of the call maps onto something like food type or
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qudlity. In this sense, rhesus food-associated calls appear to be function-
dly referential.

With these observations in hand, we turned to field experiments. Pro-
duction experiments were designed to provide a more rigorous test of
our hypotheses concerning the acoustic correlates of affective and ref-
erential information. Perception experiments were designed to assess
how rhesus dassfy food-associated cdls.

Fidd Experiments Further Dissection of Affective and Referential Components

When a rhesus monkey finds food, what determines whether or not it
produces a food-associated call, and if it does, a what rate and which
kind?We combed the idand for lone individuals (targeted “discoverers’)
visually isolated from al other group members. Once located, we set up
our experiments. Some individuals were tested before chow was placed
in the dispensers (early morning, hungry group) and others late in the
afternoon (satiated group). Our target discoverers were adult males and
females, from socid groups or peripheral to them (only males), and of
high and low dominance ranks. Some discoverers were presented with
fifteen pieces of coconut (high-quality rare food) and otherswith fifteen
pieces of chow (low-quality common food).

Only 50% of subjects called on discovering the food cache. Of those
who did, females called more often than males, and call rate was highest
early in the morning and in response to coconut; dominance rank was
not sgnificantly correlated with any aspect of caling behavior. Further
paraleling the natural observations, only coos and grunts were given to
chow, whereas warbles, harmonic arches, and chirps were given to the
coconut. Peripheral males (individuas who had yet to join a socia
group) never called. Together, these results support our earlier conclu-
sons cal rate covaries with hunger level and acoudtical structure
covaries with food type or quality.

Interesting functional consequences arose for those who caled as
opposed to those who remained silent. For discoverers who were
members of a socia group, those who remained silent and were caught
at the food source received sgnificantly higher rates of aggression from
other group members than those who called; among females, those who
called obtained more food than those who were silent. The story has two
further twists. First, discoverers who faled to cdl and were never
detected obtained more food than any other discoverer. Second,
although peripheral males never caled on discovery, they were never
attacked when caught at the food source. These results raise two intrigu-
ing ideas with respect to vocal communication and the emergence and
maintenance of a convention. One, given the targeted aggression toward
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discoverers who failed to call, it is possible that this rhesus population
evolved a caling convention: members of a socia group are expected to
cal when food is discovered. In the absence of calling, the convention is
violated, and thus others respond with aggression. Whether this kind of
targeted aggression functions as a form of punishment remains to be
investigated in greater detail. Two, because peripheral males were never
recipients of targeted aggression, it is possible that this form of attack is
reserved for socia group members for whom the possibility of future
interactions is high; peripheral males that one interacts with may or may
not join the group. Since aggression is costly for attacker and attackee,
there may be strong selection against attacking those with whom one is
unlikely to interact in the future. Again, much more work is needed
before we can properly evaluate these idess.

Given our understanding of the contexts and apparent functions of
food-associated calls, we set up aplayback experiment to determine how
they are classfied (Hauser, in press). We borrowed a technique from
developmental psychologists interested in understanding the processes
underlying speech processing in prelinguistic infants. Specificdly, a
habituation-discrimination procedure was used to determine whether
the primary factor guiding classification of rhesus food cdls isits acoustic
morphology or referent. This procedure had been run in the field with
vervet monkey intergroup and alarm calls (Cheney and Seyfarth 1990),
and thus we had some confidence that it would work with rhesus
monkeys as well. Our experiments focused on three cals. warble, har-
monic arch, and grunt. All three are acousticaly different; however,
warbles and harmonic arches are produced in the same general context
and thus may mean something quite different from grunts.

To set the stage, consider the following situation. You are at a restau-
rant and someone eating a dish of mashed potatoes repeatedly says,
“Yum, potatoes.” You turn and look after the first utterance, but then
stop responding. At some point, the customer says, “Yum, caviar” as the
second course arrives. Y ou would certainly perk up and look back toward
the diner. In this case, did you look because you detected a mere acoustic
change or because you noticed a salient semantic change? My guess is
that the semantic change is largely responsible for your renewed inter-
edt. If the diner continued to repeat “yum, caviar” for a while and then
switched to “yum, salmon eggs” my guessis that you would not respond.
Although there is clearly a perceivable acougtic change, there is no
accompanying semantic change.

This hypothetical example is analogous to the situation confronted by
rhesus monkeys on Cayo Santiago. If a discoverer repeats the warble
over and over and then switches to a harmonic arch, will alistener’ sinter-
est be revived or not? If a discoverer repeats the harmonic arch and
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switches to a grunt, will the listener’'s interest be revived? If interest is
revived, is this due to an acoustic or semantic difference?

Figure 6.3 provides a schematic illustration of the experimental design.
Test subjects participated in either a within-referent session (habituate
to warble and test with harmonic arch, or the reverse) or a between-
referent session (habituate to warble or harmonic arch and test with
grunt, or the reverse); the identity of the caller was held constant
throughout a session. Different exemplars of one call type were played
until the subject failed to look in the direction of the speaker on two con-
secutive trials. Having habituated, we played back one exemplar from a
different call type category. If the subject responded (interest revived,
subject orients), we ended the session. If the subject failed to respond
(transferred habituation), we ran a posttest trial using an exemplar from
a different call type category. The reason for the posttest trial was to

Fig. 63

Figure 6.3

Experimental design for habituation-discrimination playback with rhesus monkey food-
associated cals. In the upper panel, a hypothetical within-referent condition is shown, with
habituation to warbles and then test with harmonic arch. The posttest trial involves asingle
playback of a shrill bark. The lower panel shows a hypothetical between-referent condi-
tion, with habituation to grunts and test with a harmonic arch or warble.
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assess whether the subject had habituated to the playback situation in
genera or to the particular cal type. For example, if an individual fails
to respond on the test tria, it could be for one of two reasons: it has per-
ceptually clustered the habituation and test stimuli into one category
(i.e, they are the same) or it has habituated to all sounds coming from
this test area. Response to the posttest suggests that the first explanation
is correct: habituation and test stimuli are processed as a single, percep-
tually meaningful category.

Figure 6.4 shows results from within- and between-referent sessions.
For within-referent sessons (left panel), subjects showed a stronger
response to the harmonic arch than to the warble on the first trial. Due
to the experimental design, however, al subjects entered the test phase
after failing to respond on two consecutive trias. In the test trial, sub-
jects failed to respond even though they consistently responded in the
posttest trial. This suggests that warbles and harmonic arches are clus-
tered into one category, even though they are acoudticaly different.
Turning to between-referent sessions, subjects consistently responded in
the test trial, but response magnitude was contingent on the stimuli pre-
sented during the habituation series. Specificdly, when subjects were
habituated to grunts, they showed a strong and highly sgnificant
response to either the warble or harmonic arch. In contrast, when they
were habituated to the warble or harmonic arch, their response to the
grunt was weak. Putting it in anthropomorphic terms, grunts are to pota-
toes as warbles and harmonic arches are to caviar and salmon eggs. If
you have been eating potatoes for a while, a switch to caviar represents
awelcome change. In contrast, if you share my gustatory biases, a switch
from caviar to potatoes is far less exciting. Smilarly, it appears rhesus
are far more interested in a switch from chow to coconut than to the
reverse. What remains a puzzle iswhy they have what appear to be three
acoudticdly distinctive cals for the same food category. Are they like
synonyms: food, chow, grub, eats? Or, are they emotional turns? When
the caviar first arrives, you might shout, “Caviar” with gusto. Once you
have had a few spoonfuls, you might say “caviar” in a more moderate
fashion. It is still caviar, however.

These results, together with those obtained from other species, suggest
one conservative interpretation and one radical one. We have sufficient
data to argue that in certain animals the acoustic morphology of the
repertoire conssts of some featural components that map onto the
caler's afective state and other components that map onto objects and
events in the external environment. Although we are in a somewhat
primitive state with respect to identifying the precise emotion or refer-
ent, we are equipped with a set of powerful tools for investigating the
problem more deeply. The more radical idea is this: athough animal
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Figure 6.4
Results of habituation-discrimination experiments plot changes in mean response duration (i.e.,, amount of time looking to the speaker; seconds) to each
trial, including habituation and test trials. Standard deviations are shown.
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vocalizations may not approach the referential power of our own words,
either in terms of the kinds of objects and events that can be referred to
(imagined objects, future states) or the mental states that accompany
their production (bdliefs, intentions), they may represent a aufficiently
advanced system to warrant classfication as a precursor. This position
makes the assumption that part of our language faculty was constructed
out of an evolutionarily antecedent system.

Some, such as Deacon (1997), consider this position fallacious because
language is not an end point. It is, however, a gpecies-gpecific communi-
cation system driven by a species-specific brain. Therefore, in the same
way that we can look for precursors to a humanlike eye or heart, we can
look for precursors to a humanlike language. To date, most consider the
evidence for language precursors to be pathetic (see Bickerton 1990, this
volume). | would like to propose that before we lay such issues to rest
we tighten up our notion of precursor and refine our understanding of
anima referents and the thoughts that underlie them. Whether or not
the vocdizations of primates capture the status of linguistic precursors
requires a more precise articulation of both the conceptua tools under-
lying them in humans and the kinds of selection pressures that would
have been necessary to evolve such a system during primate history.

Calls of the Lopsded Brain

Severa neuroscientists (Corballis 1991; Hellige 1993; Hiscock and
Kinsbourne 1995) maintain that although nonhuman animas show
evidence of neuroanatomical asymmetries, and even some evidence of
behavioral asymmetries, only humans have extensive differentiation of
cognitive function between the hemispheres, with evidence of asymmetry
at the population level. Specificaly, most humans have left hemisphere
dominance for language processing and right hemisphere dominance for
spatial reasoning, emotional perception, and expression (see reviews in
Bradshaw and Rogers 1993; Hellige 1993; Davidson and Hugdahl 1995).
As research in this area has developed since the late 1980s, however, it
is clear that the original claims regarding hemispheric dominance were
far too general, that dichotomies for right and left hemisphere domi-
nance covered up important overlap in function (Efron 1990; chapters
in Davidson and Hugdahl 1995). For example, although the left hemi-
sphere is dominant with regard to semantics and forma combinatorial
properties of language (syntax), the right hemisphere appears dominant
for processing paralinguistic features of language such as melody and
changesin pitch (Ross et a. 1988; but see Peretz and Babai 1992). Thus,
the right hemisphere is certainly not silent during language processing,
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and in some cases of damage to the left hemisphere, evidence indicates
that the right hemisphere can take on a number of sgnificant linguistic
functions. Similarly, studies show that musicians with perfect pitch evi-
dence left hemisphere dominance during music perception.

Recent electroencephalographic data suggest that the right hemi-
sphere may play a dominant role in negative-withdrawal emotion
wheress the left hemisphere appears dominant for positive-approach
emotion (Davidson 1992,1995; see Lee et a. 1990 for the reverse pattern
of emotional valence and hemisphere bias using epileptic patients
receiving intracarotid administration of sodium amobarbital). Thus, for
example, when people are given explicit instructions to move their face
into a Duchenne smile—what Ekman and colleagues (1988,1990) con-
sider to be the only true or honest smile—they have far greater left hemi-
sphere activation than right (Ekman, Davidson, and Friesen 1990). In
contrast, Gazzaniga and Smiley (1991) provided important information
on split-brain patients who have much greater asymmetriesin smiling on
the left Sde of the face than on the right.

If we are to understand how and why hemispheric speciaization
evolved, it isimportant to look more closdly at the neural speciaizations
of our closest living relatives, monkeys and apes. This movement has
begun thanks in part to MacNeilage, Studdert-Kennedy, and Lindblom
(1987) who critically examined the evidence for hand preferences in non-
human primates. This work (see aso updated review by MacNeilage
1991) demonstrated that individuals in severa nonhuman primate
species preferentially use one hand more than the other in both uni-
manual and bimanual tasks (Ward and Hopkins 1993). For most
monkeys, the left hand appears dominant, whereas some studies of apes
reveal right hand dominance. Data on handedness, coupled with work
on asymmetries in nonhuman primate neuroanatomy (Falk 1987,
Heilbroner and Holloway 1988; Perrett et a. 1988; Fak et al. 1990;
Cheverud et a. 1991) and cognitive function (Hopkins, Washburn, and
Rumbaugh 1990; Hamilton and Vermeire 1991; Hopkins, Morris, and
Savage-Rumbaugh 1991; Vauclair, Fagot, and Hopkins 1993), are impor-
tant in that they provide insghts into the phylogenetic precursors of
human hemispheric specidization (for recent synthetic discussions of
this point, see Bradshaw and Rogers 1993; Hauser 1996).

Call Perception

One of the earliest attempts to assess hemispheric biases in acoustic per-
ception in primates took advantage of a detailed field study and psy-
chophysical techniques. The empirical foundation for this research was
Green’s (1975) in-depth analysis of wild Japanese macague vocalizations,
in particular, their coo. This cal type is acoudtically variable, with much
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of the variation resulting from modulations in fundamental frequency
contour. For example, coos with one frequency contour pattern were
given during group progressions, whereas coos with a different contour
were given by estrous females. Experiments by Petersen et a. (1978)
showed that Japanese macaques, but not closdy related species,
responded faster in a discrimination task when the call was played into
the right ear (Ieft hemisphere) than when it was played into the left ear
(right hemisphere). Follow-up studies (Heffner and Heffner 1984,1990)
indicated that lesioning the left temporal lobe, but not the right, caused
subjects to lose the ability to discriminate coos on the basis of their char-
acteristic frequency contours; although this deficit was observed early on,
subjects with left hemisphere lesions recovered quite rapidly. In general,
these results have been taken as support for the view that, as well as
humans, monkeys adso show a left hemisphere bias for processing
species-typica vocal signals.

The interpretation offered for Japanese macague data has two poten-
tial problems. First, only one call type was used. Thus we do not yet
understand whether the perceptual bias extends to other cals within the
repertoire. Second, the claim that Japanese macagues show a pattern of
hemispheric bias that is comparable with that shown for humans pro-
cessing language hinges on the assumption that coos are languagelike,
that they convey, at some level, semantic information. And yet, studies
of this call type in both Japanese macaques (Owren et al. 1992,1993) and
the closdy related rhesus macaque (Hauser 1991, section 2) suggest that
the information conveyed is likely to be entirely emotive (currently no
evidence exigs that the cal conveys even functiondly referential infor-
mation, sensu Marler, Evans, and Hauser 1992).

To address some of these concerns, a field study of rhesus macaques
was conducted (Hauser and Andersson 1994). Playback experiments
were carried out with alarge number of adults and infants (age <12mo),
using most cal types from the repertoire. A speaker was placed 180
degrees behind an individual, and a sngle exemplar of a call type was
played. The logic underlying the design was that if subjects preferentially
turned their right ear toward the speaker, they would bias the intensity
of input to the left hemisphere; if they turned the left ear, they would
bias input to the right hemisphere. Note that both ears receive acoustic
input, but interaural time and intensity differences are present due to the
orienting bias. For al conspecific calls played, adults consistently showed
right ear bias despite an overall lefthand motor preference for reaching
and manipulating objects in this population (Hauser et al. 1991), with no
correlation between handedness and orienting bias in a subset of sub-
jects. In contrast, no ear bias was observed in infants for any cal types.
Moreover, when the aarm cdl of a loca bird (ruddy turnstone) was
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played, adults preferentially turned the left ear, whereas infants failed to
show bias; the turnstone’s cal is familiar to rhesus, but is asignd that is
clearly not from a conspecific. Together, these results provide additional
support for the idea that macagues have right ear bias for perceiving
congpecific sgnals, implying left hemisphere dominance for processing
congpecific cdls.

To determine which acoustic features of a signa influence the prefer-
ential head-turning response and thus the suggested hemispheric bias
underlying perception in rhesus (Hauser and Andersson 1994), a second
experiment was carried out (Hauser, Agnetta and Perez, in press).
Digital signal-editing tools (Beeman 1996) were used to modify the
structure of naturally produced cdls. The idea, in a nutshell, is this. Call
types within the repertoire are characterized by a suite of parametric fea-
tures, including both temporal and spectral ones. We hypothesized that
when particular features of a sgnal are manipulated beyond the range
of natural variation, such signals will no longer be perceived as conspe-
dfic cals; cal typeswithin the repertoire will differ in terms of their char-
acteristic defining features and consequently, no single manipulation is
likely to be meaningful across al call types, except at extremes. Given
the observation that rhesus respond to playbacks of one avian species
alarm cdl by preferentialy turning their left ear to listen (Hauser and
Andersson 1994), we predicted that playbacks of calls shifted outside the
species-typica range would aso dicit |eft ear bias; such manipulations
may lead to no response bias if the acoustic signal caused sgnificant acti-
vation in both hemispheres as a result different causal factors. Cals that
have been manipulated, but remain within the speciestypica range,
would continue to dicit right ear bias, that is, continue to be classfied as
congpecific cdls.

The focus of this experiment (Hauser, Agnetta, and Perez, in press)
was the sdience of temporal parameters in cal classfication. All three
cal types presented are characterized by pulses of energy separated by
slence. For each cdl type, we started with a naturally recorded call con-
dsting of three pulses, together with pulse and interpulse intervals that
fdl close to the population mean. We then shrunk as well as stretched
interpulse intervals to create four additional stimuli. Calls with reduced
interpulse intervals were reduced to the minimum observed in the pop-
ulation or were completely eliminated. Calls with stretched interpulse
intervals were increased to the maximum in the population or twice the
maximum.

Figure 6.5 shows representative spectrograms of the three call types
used in this experiment: grunt, shrill bark, and copulation scream
(Hauser 1993b; Hauser and Marler 1993a; Bercovitch, Hauser, and Jones
1995). Three factors guided our decision to use these particular cdl types.
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Figure 6.5
Schematic illustration of the experimental design for playbacks on orienting biases to rhesus monkey vocalizations The upper panel shows

temporal manipulations imposed and the lower panel shows spectrograms and time-amplitude waveforms of the three call types used. Fre-
quency is measured in kilohertz, time in milliseconds, and amplitude in decibels.
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First, each one is produced in a context that can be clearly identified.
Thus, grunts are produced during affiliative interactions involving food
or a conspecific (Hauser and Marler 19933, section 2). Shrill barks are
given exclusvely in the context of alarm, and for rhesus monkeys on
Cayo Santiago, represent their only alarm vocalization (Hauser and
Marler 1993a; Bercovitch, Hauser, and Jones 1995). Copulation screams
are given only by adult males during copulation and in no other context
(Hauser 1993h). Second, quantitative acoustic analyses were already
available from published results (Hauser and Marler 1993a) and unpub-
lished data. Thus, before starting our experiments, we had a good under-
standing of the range of acoustic variation both at the population level
and in terms of specific features of the call. Third, in manipulating the
structure of a call away from its species-typical morphology, it is impor-
tant to avoid changing its structure into that of a different cal from
within the repertoire. Thus, for example, adding a broad, frequency-
modulated component to the terminal portion of the end of a coo turns
the sgnal into a harmonic arch (see figure 6.2). For grunts, shrill barks,
and copulation screams, manipulating interpulse interval does not trans-
form them into different call types from within the repertoire.

Having manipulated one parameter of the cal, we conducted playback
experiments using the design of our previous experiments (Hauser and
Andersson 1994). Specificaly, cdls were broadcast from a speaker
located 180 degrees behind the subject and head orientation was scored.
Figure 6.6 shows results from playbacks of each call type. For al three
types, playbacks of unmanipulated exemplars, and exemplars with inter-
pulse intervals reduced to the population minimum, subjects showed a
highly dgnificant right ear bias. For grunts and shrill barks, eliminating
interpulse interval eliminated orienting bias, with some individuas
turning to the right, some to the left, and some not responding at al; for
copulation screams, however, right ear bias was preserved. When inter-
pulse interval was stretched to the maximum in the popul ation, the ten-
dency was for subjects to orient with the left ear leading for both grunts
and shrill barks, but this pattern was not statistically significant; for cop-
ulation cdls, right ear bias was preserved. Findly, when interpulse inter-
val was stretched to twice the maximum, subjects showed a Satitically
significant left ear bias for the grunt and shrill bark, but a right ear bias
was preserved for the copulation scream.

For grunts and shrill barks, manipulating interpulse interval beyond
the species-typical range of variation (at least for this population) caused
a shift from right ear bias to either no bias (eliminating interpulse inter-
val) or to a dgnificant left ear bias (two times the maximum interpulse
interval). This pattern of change was not observed in playbacks of cop-
ulation screams.
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Fig. 66

Figure 6.6

Results of playback experiments on orienting asymmetries. Each panel shows data on
unmanipulated cals as well as on calls whose temporal structure has been altered by
stretching or shrinking the interpulse interval. Numbers inside the white boxes refer to

sample sizes per condition.
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Why did manipulations of the interpulse interval have a detectable
effect on responses to grunts and shrill barks, but no effect on responses
to copulation screams? Closer inspection of the natural variation in
acoustic morphology provides aclue. Whereas grunts and shrill barks are
produced with no fewer than two pulses, copulation screams can be pro-
duced with a single pulse. Thus, although the number of pulses and inter-
pulse interval in a copulation scream may be relevant to mae quaity
(Hauser 1993b), such temporal features do not appear to be important
in terms of classfying the call as a rhesus copulation scream.

In summary, we appear to have identified at least one feature that
defines a rhesus monkey cdl, and showed that altering this feature causes
a shift in the direction of acougtic orientation. We interpret this orient-
ing bias as evidence that the left hemisphere is dominant with respect
to processing conspecific cdls. This interpretation must be considered in
greater detail because there are possible noncortical mechanisms (biases
a the periphery) and at the cortical level, aternative pathways for
guiding the orienting bias (auditory, visual, cross-modal).

Call Production

Neurophysiological studies of squirrel monkeys and several macague
species revealed homologues to Broca' s and Wernicke' s areas (reviewed
in Jirgens 1990; Deacon 1992,1997). When the homologue to Broca's
area was lesioned in these species, however, no detectable differences
in the acoustic morphology of the voca repertoire were observed
(reviewed in Larson, Ortega, and DeRosier 1988; Hauser 1996). These
results led to the conclusion that in nonhuman primates, the locus of
control for production of species-typical vocalizations is the limbic
system. A problem with this interpretation is that both studies obtained
relatively crude measurements of preoperative and postoperative effects
on cal structure (Kirzinger and Jirgens 1982). Specificdly, spectro-
graphic differences in call structure were assessed qualitatively, rather
than quantitatively using detailed acoustic analyses. Given that damage
to Broca's and Wernicke's areas can lead to quite subtle linguigtic effects
in humans, it is possible that comparably subtle effects would emerge
among nonhuman primates as well. Moreover, the potential effects of
these experimental lesions were measured only over a short period of
time; production and perception deficits may not revea themselves
immediately after injury. In sum, the importance of higher cortical struc-
tures in nonhuman primate voca production remains ambiguous.
Studies of cortical physology aside, considerable interest has been
shown in the possibility that the fundamental units of human language
(phonemes, words) evolved from a homologous nonhuman primate
ancestor. For example, MacNellage (1994) suggested that syllables
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evolved from primate lip smacks and other mandibular cydlicities asso-
ciated with vocal production. Thus far, however, no study has explored
whether nonhuman primates exhibit asymmetries during vocd
articulation.

In humans, Graves and colleagues (Graves, Goodglass, and Landis
1982; Graves and Landis 1985; Graves and Potter 1988; Graves and
Landis 1990; Graves, Strauss, and Wada 1990) demonstrated that during
speech production, the right side of the mouth opens wider than the left.
Moreover, in aphasics with damage to the left hemisphere, bias for the
right side of the mouth is observed for spontaneous speech, repetition,
and word list generation, whereas bias for the left sde of the mouth
is observed for seria speech (counting to ten) and singing (familiar
rhymes). This difference suggests that when an automatic motor
sequence is enlisted for vocd production, the right hemisphere is domi-
nant. In contrast, even aphasics show left hemisphere dominance for
nonautomatic voca articulations, specificdly those involving speech
articulation. Studies such as these in humans are now critically needed
for nonhuman primates. Given our increasing knowledge of primate
voca communication, including its function, acoustic architecture, and
mechanisms underlying its production (Jirgens 1990; Cheney and Sey-
farth 1990; Snowdon 1990; Hauser, Evans, and Marler 1993; Hauser
1993b, Hauser and Schon Y barra 1994), we are in an excellent position
to examine hemispheric biases underlying the production of species-
typica vocalizations.

In paralle with our analyses of facid expressions (Hauser 19933),
assessment of articulatory gestures was derived from two measures.
Firgt, for each vocdization (acoustics and visud articulation captured
on video), we scored whether or not one side of the mouth opened or
shut before the other—a timing measure. An articulation was scored as
asymmetric if one side of the mouth started or ended the articulation at
least one frame earlier than the other side. Second, we scored, frame by
frame, which side of the mouth was open wider a the start of articula-
tion aswell as the midpoint of the call. Specificdly, a frame was digitized
and the mouth divided down the middle, and the number of pixels on
the right and left sides were derived. For both the timing clips and the
digitized frames, hadf of the exemplars were flipped in the horizontal
plane so that observers were blind with regard to the subject’s original
orientation. The end product of this analysis was an overall assessment
of articulatory asymmetry and its production time course. Below, | focus
on results from the timing measure.

The firgt set of analyses focused on three cdl types: coos, screams, and
grunts. Coos and grunts are produced by lip protrusion and an open
mouth, whereas screams are produced by lip retraction. Results (figure
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Fig. 6.7

Figure 6.7

Asymmetries in timing of articulation for rhesus monkey grunts, screams, and coos. The
photograph is of an individual producing a scream vocalization, with production bias on
the right side of the face.

6.7) from three adult males and two adult females (five to nine call exem-
plars per individual) indicate that for both screams and grunts, there was
bias for the ggnificant right sde of the face (p < .05-.01). In contrast, for
coos, the articulation appeared highly symmetrical, with only asmall pro-
portion of exemplars showing bias for left or right side. Although the
samples were small, these results are promising, especially when con-
trasted with the kinematics of facid expressions (Hauser 1993a). Specif-
icdly, fear grimaces and screams are both produced by retracting the lips.
When they are produced, bias is for the left side of the face, whereas it
is for the right side for screams. If screams were merely expressions of
affective state (fear), we would expect bias for the left sde of the face
(right hemisphere), as shown for fear grimaces. Given that screams show
right side bias, we suggest that the dominant message is semantic. If
correct, this would provide neurobiological support for the behavioral
observations of Gouzoules and colleagues (1984) indicating that the
rhesus monkey’'s scream system consists of functionally referential
signals that map onto variation in the details of the socia interaction
(e.0., aggressive interactions with kin or nonkin).

Concluson

Production and perception of human music depend on particular
neurocognitive mechanisms. Some of these mechanisms are innately



Marc D. Hauser

specified, such as our capacity to perceive differences among melodies,
to hum atune, and to extract emotion from a musical composition. Such
mechanisms aso guide and constrain subsequent experiences, as we
learn to play an instrument or sing, each of us with different degrees of
skill and expertise. Most forms of musical performance require conven-
tions, formalized symbolic notation, or coordinated action, often led by
one individua (eg., a conductor leading the orchestra, a mother singing
with her child). Our curiosity and creative impulses, however, give us a
capacity to break conventions, sometimes resulting in success and some-
times in failure.

In this chapter | discussed some of the mechanisms underlying primate
voca communication. Based on our research with rhesus monkeys and
other species, it appears that several components of our own musical
capacity have been in place for a long time. Some of them may have
evolved independently severa times, suggesting convergent evolution.
In the case of primates, however, it seems likely that similarities with
humans represent homology, characteristics shared by a common ances-
tor. Specificaly, | propose that humans and nonhuman primates share
three criticad mechanisms, with some admittedly important differences
in their form and function. First, some nonhuman primate vocalizations
encode information about affective state and external referents. Listen-
ers are sendtive to such information and use it to dassfy salient objects
and events. Second, for some vocalizations, use is guided by a conven-
tion of sorts. Violators of the convention may incur significant costs if
they are caught by group members. Third, hemispheric biases underlie
the production and perception of vocalizations.

It would be mideading to conclude from the data presented that,
because of these underlying mechanisms, nonhuman primates have the
capacity to produce music. Many primate vocalizations are certainly
musical in that they sound, to the human ear, like a melody, one that
could readily be incorporated into aforma composition. But in the same
way that a piano and a sheet of music require a piano player, the neu-
rocognitive substrates of a monkey or an ape must smilarly be com-
mandeered by a musician. The problem is to figure out what kind of
mechanism evolved to take advantage of the existing substrate for music
performance, perception, and appreciation. The end product of this evo-
lutionary fuson of mechanisms was the emergence of a species with a
musical sense.
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Gibbon Songs and Human Music from an
Evolutionary Per spective

Thomas Gessnann

Abstract

Gibbons (Hylobates spp.) produce loud and long song bouts that are mostly
exhibited by mated pairs. Typicaly, mates combine their partly sex-specific reper-
toire in relatively rigid, precisely timed, and complex vocal interactions to
produce well-patterned duets. A cross-species comparison reveals that singing
behavior evolved several times independently in the order of primates. Most
likely, loud calls were the substrate from which singing evolved in each line.
Structural and behavioral similarities suggest that, of al vocalizations produced
by nonhuman primates, loud calls of Old World monkeys and apes are the most
likely candidates for models of a precursor of human singing and, thus, human
music.

Sad the calls of the gibbons at the three gorges of Pa-tung;
After three calls in the night, tears wet the [traveler’s] dress.
(Chinese song, 4th century, cited in Van Gulik 1967, p. 46).

Of the gibbons or lesser apes, Owen (1868) wrote: “... they alone, of
brute Mammals, may be said to sng.” Although a few other mammals
are known to produce songlike vocdizations, gibbons are among the few
whose calls dicit an emotional response from human listeners, as docu-
mented in the epigraph.

The interesting questions, when comparing gibbon and human singing,
are: do similarities between gibbon and human singing help us to recon-
struct the evolution of human music (especialy singing)? and are these
similarities pure coincidence, anal ogous features devel oped through con-
vergent evolution under similar selective pressures, or the result of evo-
lution from common ancestral characteristics? To my knowledge, these
questions have never been serioudy assessed.

Gibbons and Their Songs

What Are Gibbons?

The gibbons or lesser apes form a highly specialized and homogenous
group of primates. Twelve gibbon species are currently recognized
(Geissmann 1994,1995) and are usualy combined in the family Hylo-
batidae within the Hominoidea, the group of primates that includes apes
and humans (figure 7.1).

Gibbons are arboreal apes living in the tropical rain forests of south-
east Asia. Their speciaizations include, among others, atype of locomo-
tion called brachiation. Thus they are able not only to wak on branches
but to locomote swiftly and economically below branches, making them
more efficient foragers in the thin-branch niche of trees than other
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Fig. 7.1

Figure 7.1

Phylogenetic tree of extant primate families and some subfamilies (phylogeny adapted
from Purvis 1995; nomenclature after Groves 1993). Stars indicate singing and duet singing
behavior, which is known of only four primate genera (Indri, Tarsius, Callicebus, Hylobates)
representing four only distantly related species groups.

mammals of comparable body weight. Along with their locomotor spe-
cidizetion are a large number of correlated anatomical adaptations,
among which the elongation of their arms and hands is most essily
noticed (figure 7.2).

Gibbons have a monogamous socid structure. Monogamy is quite
unusual in mammals and has been suggested to be a socid charac-
teristic of only approximately 3% of species, in marked contrast to ap-
proximately 90% of bird species (Kleiman 1977). As in most other
monogamous species, gibbon groups usually consist of one adult pair and
one to three dependent offspring. These groups live in exclusve territo-
ries that they actively defend. The most interesting specidization in
gibbons, especially with regard to the topic of this book, are their loud
morning vocalizations, commonly known as songs.

Gibbon Songs and Duets?

For the purposes of this chapter, a song is what fulfills the criteria set
forth by Thorpe (1961:15): “What is usualy understood by the term song
is a series of notes, generaly of more than one type, uttered in succes-
son and so related as to form a recognizable sequence or pattern in
time,” or a succession of phrases with nonrandom succession probability
(Strophenfolgen mit nicht-zufélliger Folgewahrscheinlichkeit, Tembrock
1977:33).

Gibbons produce loud and long song bouts. Depending on species and
context, the bouts have an average duration of ten to thirty minutes, but
| a0 recorded an uninterrupted song bout of a male Hylobates lar with
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Fig. 7.2

Figure 7.2
Singing male white-handed gibbon (Hylobates lar, Zoo Rapperswil).

a duration of eighty-six minutes. Songs are preferentially uttered in the
early morning hours, with species-specific preferences for specific hours
before, around, or after dawn.

The songs are stereotyped and species-specific (Marshall and Marshall
1976, 1978, Marler and Tenaza 1977; Hamoff 1984; Marshal and
Sugardjito 1986; Geissmann 1993,1995). Species can eadily be identified
by their songs (figure 7.3), and vocal characteristics have been used to
asess systematic relationships among hylobatids and reconstruct their
phylogeny (Haimoff et al. 1982, 1984; Creel and Preuschoft 1984;
Marshall, Sugardjito, and Markaya 1984; Geissmann 1993).

Another specialization is the occurrence of duet singing in al gibbons
with the exception of H. klossii and H. moloch (Geissmann 1993). Duets
are mostly sung by mated pairs (figure 7.4). Typicdly, mates combine
their repertoire in relatively rigid, more or less precisely timed vocal
interactions to produce well-patterned duets.
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Fig. 7.3

Figure 7.3

Sonagram of gibbon great call sequences. Sonagrams ¢ and f are excerpts from female solo
song bouts; al others show duets. Male solo contributions to duets are underlined with a
solid line, synchronous male and female vocalizations are underlined with a dashed line.
a. Hylobates agilis (Asson Z00); b. H. lar (Paignton Zoo); c. H. moloch (Munich Zoo),
d. H. muelleri (Paignton Zoo); e. H. pileatus (Zurich Zoo); f. H. klossii (South Pagai, rec:
R.R. Tenaza); g. H. hoolock (Kunming Zoo); h. H. concolor (Xujiaba, Ailao Mountains); i.
H. leucogenys (Paris, Ménagerie); j. H. |. gabriellae (Mulhouse Zoo); k. H. syndactylus
(Metro Zoo, Miami).
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Fig. 7.4

Figure 74
A duetting pair of Samangs (Hylobates syndactylus, Munich Zoo).

Males of many gibbon species produce one or severa distinct types of
short phrases that often become gradually more complex (eg., in the
number of notes, number of distinct note types, degree of frequency mod-
ulation) as the song bout proceeds. At more or less regular intervals,
females insert long, femae-specific phrases that are commonly referred
to as great cdls. In most species, great cals consst of a particularly
rhythmic series of long notes uttered with increasing tempo and/or
increasing peak frequency. Males usualy stop vocaizing at the beginning
of each great cal and provide a specia reply phrase (coda) to the great
cal before resuming their more common short phrases. In addition, one
or both partners often exhibit an acrobatic display at the climax of the
great cal, which may be accompanied by piloerection and branch
shaking (figure 7.5). The combination of the femae great cdl and mae
codais termed a great call sequence, and it may be repeated many times
during a single song bout.

Of course, thisis avery smplified description of gibbon duetting. Most
gibbon species produce sequences other than great call sequences during
a song bout. In addition, femaes of most species contribute phrases other
than great cdls to the duets, but because great cals (and great call
sequences) are so loud and stereotyped, most studies smply ignore the
more variable portion of the femae repertoire.

In the samang (H. syndactylus) and possibly the hoolock (H. hoolock),
duet interactions are considerably more complex—even within the great
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Fig. 75

Figure 7.5
Locomotor display of a male siamang (Hylobates syndactylus) during the duet song. Note
piloerection (Munich Zoo).

cal sequence—than a smple great cdl-coda combination and include
severd different phrases and repeated vocal interactions between mae
and female (Geissmann, in press). According to Marshall and Sugardjito
(1986:155) “the [damang] duet is probably the most complicated opus
sung by aland vertebrate other than man.”

Inheritance

In contrast to what might be expected in primates and to what we know
about song development in many bird species, species-specific charac-
teristics in gibbons are not learned, as demonstrated by studies on the
vocd repertoire of alarge number of various hybrid gibbons (Geissmann
1984, 1993). A hybrid raised by its parents in a zoo where no other
gibbons are present receives only the male song of one parental species
and only the female song of the other parental species as potential tem-
plates from which song learning would be possible.

For instance, a female hybrid between a male H. lar and a female H.
muelleri never hears a great call other than that of H. muelleri. If great
calswere learned, the hybrid should produce those of H. muelleri. If the
parents are a male H. muelleri and a femae H. lar, on the other hand,
the hybrid will hear only great calls from H. lar and should end up pro-
ducing those great cdls. But neither of these options occurs (figure 7.6).
Both types of hybrids produce the same, hybrid-specific types of great
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Fig. 7.6

Figure 7.6

Sonagrams of female great calls of two gibbon species, Hylobates lar (a) and H. muelleri
(f), and several unrelated, first-generation hybrids H. muelleri x H. lar (b-d) and H. lar x
H. muelleri (e). a Hylobates lar (Al Maglio Zoo); b. Micky (Duisburg Zoo); c. no name
(private owner, Mazé); d.Tina (Ravensden Farm, Rushden), e. no name (Micke Grove Zoo,
rec: R.R. Tenaza); f. H. muelleri (Paignton Zo00).
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cdls that combine elements of both parental species, although each
hybrid has heard great cals of only one of the two species, and each had
a different species as a potential template. This and similar results with
male and femae hybrids among various gibbon species clearly indicate
that gibbons do not learn their repertoire from their parents.

I nterpretations

Clearly, song serves more than one function in birds and gibbons.
Marshal and Marshall (1976) proposed that different selection pressures
act on male and female repertoires in gibbon duets. Possbly, different
parts of the same individud’s duet contribution may dso differ in
function (Goustard 1985).

Apparently, most songs are produced either without any recognizable
external stimulus or in response to songs of neighboring groups. Only
occasondly are they produced in response to aarming situations
(I repeatedly observed Hainan crested gibbons directing great cals to
me).

Functions most frequently suggested for duet songs include territorial
advertisement and strengthening of pair bonds (Chivers 1976; Farabaugh
1982; Brockelman and Srikosamatara 1984; Mitani 1985a). The latter in
particular is a matter of debate (Cowlishaw 1992) and “has not yet been
demonstrated in any anima species that sngs’ (Hamoff 1983:iv).
According to Brockelman (1984:286), “this function of duetting is poorly
understood, for it is not clear how exactly duets would do this, or what
kind of evidence would support the idea. In short, there is no explicit
paradigm for analyzing such communicative behavior.”

Wickler (1980) first suggested a plausible mechanism by which duet
songs could &ffect the cohesiveness of the pair bond. If duetting has to
be learned at the beginning of each pair formation, this would reduce
the probability of partner desertion, since learning investment would
have to be provided anew with every new partner. To support this pair-
bonding hypothesis, the following three conditions must be met: duet
amelioration after pair formation has to be a necessary precondition to
copulation; duets have to be pair-specific; and pair-specificity must be
based on a mate-specific duetting relationship of at least one mate. To
test these predictions, changes in duet structure in two pairs of Ssamangs
(H. syndactylus) during a forced partner exchange were examined
(Geissmann, in preparation). The two newly formed pairs appear to be
the first documented cases to fulfill the requirements underlying
Wickler's (1980) hypothesis: the animals showed a stable song pattern
with pair-specific traits. After the partner exchange, new pair-specific
traits occurred, some of them apparently achieved through a directed
effort of one or both individuals.
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That study did not prove, however, that duetting in samangs strength-
ens the pair bond, because evidence of adirect relationship between pair
bond strength and quality of duetting is lacking. If duetting is related to
pair bonding, one would expect to find a relationship between its inten-
sty and indicators of pair bond strength. To test this, daily frequency and
duration of duetting and three generally accepted indicators of pair bond
strength (mutual grooming, behavioral synchronization, and interindi-
vidual distance between mates) were recorded in ten sSamang groups
observed in various zoos (Geissmann and Orgeldinger 1998, in prepara-
tion). This revealed that duetting activity was positively correlated with
grooming activity and behaviora synchronization, and negatively corre-
lated with interindividual distance between mates. These results suggest
that production of coordinated duets by siamang pairs is indeed related
to pair bonding.

As mentioned, considerable differences exist among gibbon speciesin
the complexity of song structure and interaction rules, ranging from
species that produce solo songs only (eg., H. klossii), to those with arel-
atively smple duet structure (e.g., H. leucogenys), to the siamang with
its highly complex voca interactions. These differences indicate that song
bouts aso differ in their functions or in the importance of these func-
tions, and interpretations in one species may not necessarily apply to al
species. If the complex duet song of the samang serves, among other
functions, to strengthen the pair bond, this may not necessarily apply to
gibbons of thelar group or the concolor group, whose simpler duet struc-
ture may not require practicing among newly mated animals. Strength-
ening of the pair bond may indeed be a highly specialized function of
the siamang duet song. The loudness of this song suggests, however, that
other functions are also involved. These are most probably related to pair
territorial advertisement, bond advertisement, and possibly mate attrac-
tion (Geissmann, in preparation).

In birds, experimental evidence supports the notion that songs func-
tion as a courtship display in at least some species. In whales, only males
appear to sing. Here, the song may function less as a courtship display,
but rather play arolein male-male competition (K. Payne, personal com-
munication). Inal singing primates (Indri, Tarsius, Callicebus, Hyl obates;
see below), on the other hand, females contribute to singing often as
much as males. Experimental data failed to support the hypothesis that
gibbon songs may have a mate-attracting function (Mitani 1988). It has
repeatedly been observed, on the other hand, that subadult males in
wild H. agilis, H. lar, H. klossii, and H. syndactylus tend to sing more
often, for longer durations, or earlier in the morning than mated
males (Aldrich-Blake and Chivers 1973; Ellefson 1974; Tenaza 1976;
Gittins 1978; Tilson 1981; Raemaekers and Raemaekers 1984;
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Raemaekers, Raemaekers, and Haimhoff 1984; personal observation). In
another siamang group in Sumatra, a subadult male was twice observed
producing solo songs within the territory of his family group before his
dispersal (Palombit 1992:319).

Phylogenetic Comparisons

Phylogeny of Singing in Primates

In contrast to birds, snging behavior israre in mammals and, among pri-
mates, is known only for members of the four genera—Indri, Tarsius,
Callicebus, and Hylobates (Robinson 1979, 1981; MacKinnon and
MacKinnon 1980; Hamoff 1986; Niemitz e al. 1991; Geissmann 1993;
Thalmann et al. 1993; Miiller 1994,1995; Nietsch and Kopp 1998). These
singing primates comprise about twenty-six species (depending on the
currently accepted taxonomy), amounting to about 11% of primate
species or 6% of primate genera.

In dl snging primates, males and females both sing, and in most
snging primates, duet singing occurs. It is interesting to note that al
primate speciesthat are known to sing are a so thought to have a monog-
amous socia structure. In birds, too, duet songs mainly occur in monog-
amous species. This suggests that the evolution of singing behavior in
primates and of duet snging behavior in general are somehow related
to the evolution of monogamy.

Since the four species groups of primates that exhibit singing (and duet
singing) behavior are not closdly related, it islikely that singing (and duet
singing) evoled four times independently within the order of primates.

Phylogeny of Singing in Gibbons

Long, loud, and complex song bouts have been described for al gibbon
species. What did ancestral gibbons sound like? It is probably safe to
assume that voca characteristics shared by al modern gibbon species
were also present in their last common ancestor. Just what are these
common characteristics? Gibbon songs consist of phrases that are typi-
cdly pure in tone and with energy concentrated in the fundamental fre-
quency. Depending on species, the fundamental frequency of song
vocalizations ranges between 0.2 and 5 kHz. During the song bout, male
contributions exhibit some form of gradual development from initially
smpler phrases to increasingly complex phrases. Females contribute a
stereotyped great call phrase and exhibit a ritualized locomotor display
at the climax of the great cal. In many species, the male contributes a
vocd coda to the fema€'s great cal and may also participate in the

display.
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A comparative phylogenetic analysis of gibbon songs, taking into con-
sideration comparative characteristics of loud calls of other Old World
monkeys and apes, came to the following conclusions concerning the
evolution of gibbon songs (Geissmann 1993). The recent hylobatids rep-
resent a monophyletic group whose common ancestor produced duet
songs, although not all recent species are known to duet. Duet songs of
recent gibbon species are likdy to have evolved according to the song-
splitting theory (aterm coined by Wickler and Seibt 1982). Accordingly,
the duets probably evolved from a song that was common to both sexes
and only later became separated into male-specific and female-specific
parts. In addition, a process tentatively called duet splitting is suggested
to have led secondarily from a duetting species to nonduetting species
such as H. klossii and H. moloch, in that the contributions of the part-
ners split into temporally segregated solo songs.

Great cdls of dl gibbon species are, indeed, a homologous song
phrase. The acceleration of the rate of note emission during the great call
(and possibly the subsequent dow-down in rhythm near the end of the
cal) are probably the ancestral condition. The ancestor of modern
gibbons probably produced great cdls with a relatively moderate accel-
eration similar to that of H. moloch. The use of biphasic notes (alternate
production of exhalation and inhalation sounds) probably represents a
primitive characteristic for both male and femade vocalizations. Of inter-
est, biphasic notes occur in the great cdls of only few gibbon species (H.
agilis, H. lar, H. hoolock), but are dominant in those of ahybrid between
H. muelleri and H. syndactylus, although neither males nor females of
the two parental species are known to produce these types of notes.
Biphasic notes are dominant in the female great calls of H. hoolock and
H. syndactylus, and they aso occur rarely in H. agilis, H. lar, and H.
moloch. These types of notes are dso dominant in the male song of H.
hoolock, H. agilis, and H. pileatus, and occur occasiondly in H. lar and
H. moloch aswell (figure 7.7).

Comparison with Old World Monkeys and Great Apes

Great apes and humans are usually recognized as being the phylogenetic
sister group to the gibbons. Among members of this group, some vocal-
izations can be discerned that at least in part resemble elements of the
gibbon song (i.e., great cal) in their presumed functions and to a lesser
degree in structure. These vocaizations are thought to be used primar-
ily in interindividual or intergroup spacing.

In orangutans (Pongo pygmaeus), long calls are given by males only,
and are often accompanied by piloerection and branch-shaking displays.
Cdls last up to one minute in Sumatra and up to three minutes in
Borneo. Ther frequency is concentrated below .7 kHz in Sumatra and
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Fig. 7.7

Figure 7.7

Occurrence of biphasic notes in loud calls (or excerpts of loud calls) of Old World monkeys
(a-d) and apes (e, f). Alternating exhalation and inhalation notes are indicated by upward
and downward arrows, respectively. In (b), no arrows are used, because exhalation and
inhalation notes are produced very rapidly in this example. a. Chlorocebus aethiops (two
individuals, South Africa; Roché 1994); b. Lophocebus albigena (adult male, Gabon,
Bouchain, and Gautier 1995); c. Colobus satanas (Gabon; Roché 1994), d. Trachypithecus
johnii (India; rec: G. Hohmann); e. Hylobates hoolock (adult female and juvenile male,
Kunming Zoo); f. Pan troglodytes (Gambia; Roché 1994).
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below 13kHz in Borneo. Long cals begin with a short series of low-
frequency, low-intensity bubbling notes that build up to a long series of
evenly spaced, high-intensity moans or roars, then tail of gradualy in
another series of bubbling notes. The number of notesisrarely more than
twenty-five in Sumatra, but sometimes up to fifty in Borneo. Bubbling
inhalation notes occur in the inhaatory pauses between roars (Rijksen
1978). Long cdlls are mostly produced during the night in Sumatra, but
during the daytime in Borneo with a peak between 9:.00 and 10:00 am.
They are the only orangutan vocdization that can be heard over long
distances and are hypothesized to mediate interindividual spacing
among males (Brandes 1931; Hofer 1972; MacKinnon 1974; Rijksen 1978;
Gddikas 1983; Mitani 1985b; Roché 1994).

In gorillas (Gorilla gorilla), hoot series are most frequently given by
slverback males and may be terminated by chest beating, branch break-
ing, or runs through thick foliage. Hoot series last only a few seconds
(Schaller 1963; Fossey 1972,1983; Hess 1988; Roché 1994; Bouchain and
Gautier 1995) with frequency concentrated between 1 and 18 kHz. They
typicdly consst of two to twenty, but exceptionally up to eighty-four,
hoots that may become durred at the end, blending into a growling
sound. Hoots are often presented in accelerated series, with individual
sounds resembling a bubbling trill at the climax. Hoot series often begin
softly and with low frequency, but intensity and frequency build up
during acall. Inhalation notes were not reliably recognized in the record-
ings and sonagrams available during this sudy. Hoot series are fairly loud
and “may travel for roughly a mile’ (Fossey 1983). This call is hypothe-
sized to be used primarily in long-range intergroup communication.

In common chimpanzees (Pan troglodytes), a digtinctive loud cal
known as the pant-hoot is uttered by both sexes and dl ages, but most
often by males (Marler 1969; Marler and Hobbett 1975; Marler and
Tenaza 1977; Goodall 1986; Mitani et a. 1992; Roché 1994). Pant-hoots
last from two to twenty-three seconds and their fundamental frequency
ranges from .2 to 1 kHz. Pant-hoots have four distinct phases. Calls may
begin with a brief introduction condisting of a series of unmodulated
tonal elements of low frequency. A progressively louder build-up follows,
containing elements that are typicdly shorter than those in the intro-
duction and produced on both inhaation and exhaation (figure 7.7f).
Some further acceleration in rhythm may occur during this phase. The
third phase, the climax, is characterized by one or severa long, fre-
guency-modulated elements resembling a scream in acoustic properties.
This section is frequently present during pant-hooting of male chim-
panzees and typicaly absent in females. Frequency reaches its peak in
this phase. It is often accompanied by a vigorous charging display, which
may include erection of hair, running aong the ground, dragging or
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flailing branches, throwing rocks or other loose material, dapping the
ground with hands, stomping with feet, hitting or stamping a a tree
(drumming display), seizing branches and swaying them vigorously from
sde to dde, or showing exaggerated leaps or brachiation in a tree
(Goodall 1986). Pant-hoots conclude with a let-down portion, which
includes unmodulated tonal elements of low frequency, similar to those
of the build-up.

Pant-hooting is given in severa contexts, including in response to other
pant-hooting individuas, after rgoining other community members, in
response to strange congpecifics, on arriving a a particularly rich food
source, during agonistic displays, on capturing prey items, and during the
night. It can be heard over long distances and its functions have been
hypothesized to include long-range announcement of an individuad's
presence and sex, hence mediating interindividual spacing among some
individuals and groups, and reunion of others. In bonobos (P. paniscus),
apparently homologous vocdizations are known under the term hooting
complex and occur in Similar contexts as pant-hooting of common chim-
panzees (de Waal 1988).

Characteristics of these great ape cdls resembling at |east some gibbon
songs (especiadly femae great cals) include loudness, a hypothetical
function in long-distance interindividual or intergroup communication
(all species), acceleration of note rhythm (common in chimpanzees and
gorillas, apparently absent in orangutans), a find dow-down in rhythm
(chimpanzees), higher intensity in the central section of the call (appar-
ently in al species of great apes, but variable in orangutans), biphasic
notes consisting of aternating exhalation and inhalation (absent in goril-
las), higher frequency in the central section of the cal, pure tone of
notes (most prominent in chimpanzees), and frequent accompani ment
with piloerection and a locomotor display that may include leg kicking,
stomping, branch shaking, vegetation dapping or throwing, jumping,
running, chest beating, or ground thumping.

Among members of Old World monkeys, too, certain vocalizations can
be discerned that resemble some elements of the gibbon song (great
cal) in function and to some degree in structure. In many species these
characteristics are restricted to loudness and a hypothetical function
in long-distance interindividual or intergroup communication (Voge
1973; Horwich 1976;Tilson and Tenaza 1976; Waser 1977,1982; Oatesand
Trocco 1983; Herzog and Hohmann 1984; Hohmann and Herzog 1985;
Gautier 1988). Other characteristics mentioned above are fregquently
absent. In many species (Cercocebus spp., Lophocebus spp., Macaca
silenus, Papio spp., Presbytis potenziani, P. thomasi, Smias concolor,
Trachypithecus spp.) the occurrence of biphasic notes consigting of
alternating exhaation and inhalation has been reported. In some species
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(Cercocebus galeritus, Macaca silenus, Trachypithecusjohnii, Semnop-
ithecus entellus) notes are remarkably pure in tone, and in some
(Cercocebus galeritus, Trachypithecus johnii) they are produced with
accelerating rhythm. In addition, these cdls are often supplemented with
a ritualized locomotor display (Voge 1973; Horwich 1976; Tilson and
Tenaza 1976;Tilson 1977, Byrne 1981; Waser 1982, Herzog and Hohmann
1984; Steenbeek and Assink 1998).

Among great apes, chimpanzee pant-hooting apparently shares most
similarities with gibbon great cals. Among Old World monkeys, similar-
ities with great cdls are particularly prominent in the whooping display
of the Nilgiri langur (Trachypithecus johnii) and some other Asian
colobines. These similarities do not necessarily imply homology, but it is
tempting to assume that loud calls with biphasic notes and an acceler-
ated rate of note emission followed by a dowing down represent the
ancestral condition of hominoids, and perhaps even of Old World
monkeys.

Long, uninterrupted voca bouts that correspond to the definition of
songs are, however, not known for any of these species. The sequential
nature of femae solo song bouts and duet song bouts, as well as the
gradual development of increasingly complex phrases observed in male
solo song bouts, appear to be synapomorphic characteristics of gibbons
not reported for other Old World monkeys and apes. It should also be
noted that the loud cals of most Old World monkeys and great apes
described above are mainly mae-specific vocalizations or preferentially
uttered by males, whereas their main structural similarities to gibbon
songs are concentrated on great calls, which are essentially femde-
specific. The occurrence of female loud calls may to some degree be
related to the monogamous mating system of gibbons. In addition, the
gap between mae and female loud cals is reduced to some extent by
the observation that pant-hooting aso occurs in femae chimpanzees
(see above), whereas male gibbons of the concolor group, and occasion-
dly of other gibbon species, typicaly produce great cal-like phrases
before reaching adulthood (persona observation). Moreover, loud cals
of male Mentawai langurs (Presbytis potenziani) directed toward adja-
cent groups may be supplemented by a facultative coda of three to four
loud, apparently pure tones produced by the female, hence forming a
smple duet (Tilson and Tenaza 1976).

Most primate species produce specific, at least partly stereotyped loud
cdls in territorial or aarming contexts. It may be speculated that the
alternate use of inhalation and exhalation notes may be ancestral to an
even larger taxonomic group than just Old World monkeys and apes,
maybe to al primates. Although available evidence is inconclusive, it
should be noted that biphasic vocalizations are apparently used in loud
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cals by some New World monkeys (Alouatta, Callicebus) and wet-nosed
primates (Propithecus, Avahi; personal observation).

A Link to Human Musc?

Music may be one of the most ancient and universal forms of human
communication. Song is one of the most prominent features in most
forms of popular music, and the human voice has often be identified as
the most ancestral instrument used in music (Ewens 1995).

As pointed out above, snging behavior appears to have developed
severa times in primate evolution. Both the context in which singing
occurs in nonhuman primates and the structure of some song contri-
butions show similarities to territorial calls or alarm cdls in nonsinging
species. This suggests that snging in primates evolved each time from
loud calls used in aterritorial or alarm context. It makes sense to assume
that the same applies to the evolution of human singing behavior, and
that loud calls of early hominids may have been the substrate from which
human singing and, ultimately, music evolved.

Most forms of music are tied to emotionality and have a powerful
effect on both the audience and the performer, compelling them to shake
body parts to the rhythm, beat the rhythm by clapping or stomping, or
locomote (dance) to the rhythm. Often, dancing appears to be insepara-
bly linked with music (Ewens 1995). The almost universal, amost hyp-
notic effect of music on most humans suggests that this is an ancestral
characteristic that may have a strong inherited component. In addition,
this behavior bears an obvious similarity to ritualized locomotor displays
(drumming, stomping, branch shaking) associated with loud cdls of
many Old World primates, providing additional support that music is
derived from loud calls,

It is tempting to assume that early hominid singing shared many char-
acteristics with loud cdls of modern Old World monkeys and especially
apes, uch as loudness for long-distance communication, pure tonal
quality of notes, stereotyped phrases, biphasic notes, accelerando in note
rhythm and possibly a dow-down near the end of the phrase, a locomo-
tor display, and a strong inherited component.

After the divergence between early humans and some forms of
African apes from a common ancestor, several characteristics of human
music evolved that are not found in loud calls of modern monkeys and
apes. The most conspicuous of these are a steady rhythm (pulse, beat),
reduction of inherited stereotypy in favor of increased importance of
learning phrases and sequence rules, and the option to invent new
signal patterns (improvisation) and new conventions (exact repetition of



Gibbon Songs and Human Music

improvised units) spontaneoudy. Universals of human music are difficult
to identify but probably include a steady, accentuated beat (see Arom,
Nettl, and Méche this volume). Although some primates are able to
produce short, monosyllabic cals for several seconds a a relatively
steady pulse (e.g., some galagos, Galagonidae; E. Zimmermann, personal
communication) and mouse lemurs (Cheirogaleidag; persona observa-
tion), nonhuman primates, unlike humans, do not seemto be able to keep
a steady pulse in their song vocalizations.

There is an interesting report on pulse-keeping behavior in a female
white-handed gibbon (H. lar). This zoo animal was observed to follow
the beats of a metronome with its short cdls (Ziegler and Knobloch
1968) as long as the speed remained within the limits of 60 to 122 (the
authors probably referred to beats per minute). Outside of these toler-
ance limits, the animal produced short notes at a rhythm of approxi-
mately 112. The gibbon's response was best a a metronome tempo of
60, and not when presented with its own normal speed of 112. The rele-
vance of this observation is difficult to assess. The authors provided no
sonagrams of the vocalizations, but the description may refer to a form
of contact call rather than a song vocalization.

What fitness advantage is there to add a steady beat to a song vocal-
ization? The beat may help larger socia groups to participate in a song,
to coordinateit. A well-coordinated song may be amore effective display
than a cacophony of voices, and other social groups are less likely to
attack or threaten well-coordinated groups. In addition, introduction of
a steady beat may make it easier to assess a groups cohesiveness and
therefore its strength based on group display.

The main message of this chapter is that loud calsin modern apes and
music in modern humans are derived from a common ancestral form of
loud cdl. If this interpretation is correct, early hominid music may also
have served functions resembling those of ape loud cals. Loud cdls are
believed to serve a variety of functions, including territorial advertise-
ment; intergroup intimidation and spacing; announcing the precise local-
ity of gpecific individuals, food sources, or danger; and strengthening
intragroup cohesion. The most widely distributed (albeit not universal)
function, and probably the most likely function of early hominid music,
is to display and possbly reinforce the unity of a socia group toward
other groups. In humans, this function is gill evident today whenever
groups of people, be they united by politica, religious, age, or other
factors, define themselves by their music. National hymns, military music,
battle songs of fans and cheerleaders encouraging their favorite sports
teams, or the strict musica preferences of youth gangs may serve as
examples of this phenomenon, whose origin may go back to the very
beginning of human evolution.
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Social Organization as a Factor in the Origins of Language
and Music

Maria Ujhelyi

Abstract

The social organization of primate species is a key factor in the evolution of vocal
communication, and this is relevant to the emergence of music and language. The
most elementary languagelike characteristics, both in structure and function,
arise in the context of vocal territorial marking, which among present-day species
has attained its most sophisticated form in the solo and duet singing of the lesser
apes (gibbons). The social organization of the great apes, especially that of
common chimpanzees and bonobos, makes it possible to preserve and maintain
these characteristics while adding new, essential functions, namely, an increase
in voluntary control and social transmission. However, specializations present
in these species, which differ from those of humans ancestors, are obstacles to
further elaboration of these capacities. Either typical speech sounds and true
grammar, or the application of representational meaning to external objects, is
as yet missing at this stage. This primatological perspective provides a heuristic
framework for the reconstruction of a social setting in which these limitations
would not have been operative and, consequently, might have permitted lan-
guage to emerge as a qualitative novelty.

In this chapter | suggest that issues pertaining to the origins of music
and of language are related by more than superficia parallelism. Since
human language differs qualitatively from anima communication
systems, any attempt to reconstruct its origin within the framework of
biology must come to grips with the problem of qualitative change.
Quialitative change, the emergence of new qualities, implies system-level
organizational change. For the evolution of communication, the most
important system level is sociality: evolution of the socia system. Since
the socia system, the network of socia behaviors and interactions,
supplies the framework and field for possible communicative interac-
tions, evolutionary change there may result in drastic and discontinuous
transitions at the level of communication and voca signals. Thus, the
connection between socidity and mental capacities, including com-
municative ones, becomes a central issue for understanding the primate
order (Ujhdlyi 1979). As early as the 1970s primatologists suggested
that socia contexts pose stronger challenges for primate intelligence
than manual tasks (Humphrey 1976). Since then a number of field
studies and laboratory investigations showed that monkeys and apes
have more sophisticated problem-solving skills in dealing with socid
relations than in object manipulation (see Cheney and Seyfarth
1990). Socidity as a principal selection factor in the evolution of
primate intelligence is thus gaining wider acceptance (Whiten and Byrne
1983).

Since communication itsdlf (including language) is an aspect of socid
interactions, it may not be independent of social organization, and its
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evolution may not be independent of the evolution of socia systems. If
we suppose that language and music have a long evolutionary history
rooted in primate communication, we are forced to seek those special
forms of primate socidity that might support evolution of languagelike
and musiclike capacities.

This approach might also look to great apes for the emergence of inter-
mediate stages between lower-level animal communication and human
language. Presumably the potential for reorganization existed at the level
of the common ancestor of apes and humans and led to nonhuman-type
specializations in great apes, whereas a radica reorganization ensued in
the course of language evolution.

Language Competence of Chimpanzees

Language-teaching experiments demonstrate that both common chim-
panzees and bonobos are able to acquire two fundamental language
characteristics, at least to a certain extent. First, trained chimpanzees
understand that arbitrary signs can replace and represent objects.
Premack’s chimpanzee Sarah was able to carry out classfication without
the actual presence of objects, using only plastic figures representing
words. She chose, for example, a pink square and blue triangle as iden-
tical, since they both meant fruits (Premack 1985). So, chimpanzees can
learn and use the names of a number of abjects, attributes, and actions,
and can be taught a considerable vocabulary of words (Savage-
Rumbaugh 1979; Gardner and Gardner 1984; Premack 1985). These
animas comprehension of wordsis not limited to gestures or pictograms,
but can include spoken utterances (Brakke and Savage-Rumbaugh 1995).
That is, they can acquire the meanings of spoken words even though they
cannot produce articulated sounds themselves. Second, chimpanzees and
bonobos are also able to learn that two or more linguistic elements can
be linked into sentencelike structures in such a way that the order of
their arrangement influences their meaning (Premack 1985; Savage-
Rumbaugh et a. 1993).

With the extension of field studies directed to natural vocalizations, it
became clear that laboratory results were not artificia products, but that
vocalizations of both species in the wild have characteristics that furnish
preconditions for these types of performances. Both chimpanzees and
bonaobos emit a special form of vocalization, along call, that is composed
of smaller, acoudtically distinguishable e ements (Mitani et a. 1992; Clark
and Wrangham 1993; Hohmann and Fruth 1994). Although the order of
the four fundamental units is not changed, the animals insert individu-
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dly selected elements of the species-specific vocd repertoire into df-
ferent positions of the call (Arcadi 1996). In this way a large number of
syntacticaly different call variants can be produced.

To discover the function of these variants, Mitani, Gros-Louis, and
Macedonia (1996) compared two types of cdls, pant-hoots and pant-
grunts. The former, typicaly along-distance call, shows greater interindi-
vidual variability than the latter, which usudly is uttered within visua
distance of a conspecific. Moreover, individuadly distinguishable call
variants inform group members not only about the location of the caller
but also about his socia status, and perhaps about hisindividual identity
(Clark and Wrangham 1994).

The function of long call variability is related to chimpanzee-bonobo
organizational patterns. In everyday activities, chimpanzees associate in
temporary parties that vary in sze and composition. This is in contrast
to macaques or other group-living common monkeys, where members of
the whole group spend their time permanently together and travel
together. Chimpanzee group members and even favored partners are
often gpatialy separated (Mitani 1994). However, they have a strong
need to be assured of the permanent possibility of meeting and cooper-
ating. Long cal vocalizations serve as an effective means of maintaining
socid relations in such circumstances. In other words, the socia struc-
ture of both chimpanzees and bonobos can be seen as a framework
favoring a type of vocalization composed of units making variants pos-
sible by changing the arrangements of the units, and serving for marking
individua animals. However, the origins of vocaizations with such
characteristics can be traced to another, perhaps more ancient, socia
organization.

The composite nature of the long cdls of present-day chimpanzees and
bonabos is not manifested strongly, and the source of their units is not
clear. However, in the compound territorial songs of gibbons, some ele-
ments (notes) aso occur independent of song, such as in response to ter-
ritorial intrusions (Mitani and Marler 1989). The parallel use of vocal
elements, functioning both as communicative sgnals and as building
blacks for compound cals, is perhaps more definite in the simpler call of
capuchin monkeys (Robinson 1984), which sheds light on the evolution-
ary origins of this peculiar vocalization.

The syntactically variable compound call seems to evolve under the
congtraint of labeling individual territories. Every territorial primate
species uses the acoustic channel for marking territory. Since primary
sounds are limited in number, the differences needed for marking terri-
tory individually can be achieved only by combining elementary sounds
and varying their arrangement.
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There are indications that the chimpanzee's long compound call may
originate in a territorial marking function similar to that of present-day
gibbon song. This possihility is supported in comparing gorillaand chim-
panzee cdls. Gorillas dso have a long cdl, the hoot, that is connected
with group movements. It may be aterritorial cdl since it is emitted only
when encountering another group (Fossey 1972; Mori 1983). Gorillas
have also another cdl type, the wrah, with the function of cohesive
caling. A smilar sound sometimes appears in the find part of the chim-
panzee pant-hoot. Thus a compound cdl might have existed in the
common ancestor of gorillas, chimpanzees, and humans, the function of
which was territorial. As species diverged, the call split into constituents
that acquired different functions in the separated lines, as the original
function itsdlf ceased to exist.

Aswe have seen, territorial marking requires acougticaly distinguish-
able sgnas. However, producing a compound call is not the only solu-
tion to this need. Other nonterritorial monkey species can adso emit
acoudticdly variable cdls for example, vervets (Owren 1990) and
macaques (Hauser, Evans, and Marler 1993). These variants are pro-
duced by small articulatory differences in one basic cdl type. They are
produced through facia gestures modified by mandibular positioning or
lip configuration. That is, the ability to produce different facia expres-
sions also enables these animals to produce cal variants. But elaborate
facia gestures evolved only in primate species living in large, complex,
intricate groups where modifiable faces play an immediate communica-
tive role. Territorial species, on the other hand, have another, smpler
form of social organization, namely monogamy. Since monogamous
socidity relies on a closed socid unit with more limited social relations,
it does not promote evolution of facid gestures characteristic of group-
living species.

This limits the means available for producing call variants by articu-
latory means, and promotes production of variants through combining
available cals. Consequently, the emergence of compound calswas pro-
moted by the socid structure of monogamous territoriality.

If the compound call of great apes derives from the territorial song of
monogamous ancestors, its retention after the breakdown of both terri-
toriality and monogamy presumably is related to its capacity to dis
tinguish individuals. That is, surviva of the compound cal is closgy
connected with the special way of life of both chimpanzees and bonobos.
Its specificity is based on the surviva of an ancient vocalization capac-
ity that changed and evolved in new socia circumstances, thus resulting
in an essentia transformation of communication.

Whereas much lower-level animal vocalization is highly constrained in
its characterigtics, the chimpanzee long cal clearly shows elements of
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voluntary control and socia transmissibility. Chimpanzee males often
give the long cal together, during which they attempt to match the
acoustic characteristics of each other's vocalizations. Moreover, single
males ater the acoustic structure of their cals when chorusing with dif-
ferent partners (Mitani and Brandt 1994; Arcadi 1996). This matching
tendency shows that call variants can be learned; more specificaly,
learned not only early in ontogeny, but socidly acquired in adulthood.
Thisis already a new level of communication.

Barriers to Language Competence in Great Apes

This new, intermediate stage of language evolution in al probability
was present in the common ancestor of chimpanzees, bonobos, and
humans. However, specidizations having taken place in lineages of
the former species did not make possible further languagelike
evolution. Neither finer articulation nor grammar evolved in their vocal
communication. Moreover, communicative meaning did not develop
further.

Signals of anima communication essentialy express an emotional
state that can serve as motivation for the actions of others. However, in
the context of voca territorial marking, a new type of meaning started
to evolve, namdy, referential meaning. Mot mammals mark territory
with physical or chemical signs, leaving a more or less permanent trace.
Such signs can be placed directly on the territory, and even in the absence
of the defender they inform other animas. When primates announce
their territory acoudtically, the territory itsdf is not marked, but the pres-
ence and location of the defender are broadcast. Since different combi-
nations of available vocal elements result in interindividual differences
in cdl production, aspecial cal pattern may identify the caller. Thus, the
indirect character of this territorial marking made possible the preser-
vation of this type of vocalization in great apes long after its origina
function was lost.

Marking of socia status or even individual identity is aready a type
of reference. This suggests a different origin for referential communica-
tive signds relevant to the origin of language than that implied by the
often-cited varieties of predator alarm cals in vervet monkeys (Cheney
and Seyfarth 1990). As markers of individua identity, basic referential
vocalizations of great apes would be closer to the individua voca ges
tures of the highly encephalized bottle-nosed dolphins (Tyack 1993) than
to vervet alarm cdls. Although vervet Sgnals appear to refer to external
objects, their reference to objects instead of suggested modes of escape
remains to be proved.
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An origin of reference in cdls marking individual agents in socid
interactions would associate an important attribute of language with the
genera context of the evolution of intelligence in primates, namely,
socidity. As mentioned, monkeys and apes show more sophisticated skill
in socid contexts than in solving problemswith objects, and chimpanzees
are able to use objects as referentia tokens within the confines of
language-teaching experiments. However, extrapolation of referential
meaning from the socid context to the object world seems not to be
accomplished in the wild in any nonhuman primate. This limitation can
be explained by the socia relations of both common chimpanzees and
bonobos. Common chimpanzee males associate closay with one another,
travel together in temporary parties, and form alliances. Femaes are
more likely to range aone with their dependent offspring, especially
during nonestrous periods. Cooperation and communication are
stronger and more sophisticated among males than either among femaes
or between males and femaes. Pant-hoot chorusing aso occurs only
between males, females give this vocalization only rarely.

Although extensive cooperation exists between males, tool-using
behavior seems to be a female characteristic. Females use tools more
often than males, and, as Boesch and Boesch (1984) pointed out in the
case of Ivory Coast chimpanzees, most complex tool making is the exclu-
sve activity of femaes due to the strong male need to be together.
Divison of activities between the sexes prevents communicative and
tool-using behaviors from being joined.

In contrast, bonobos tend to form more stable and larger mixed
parties, in which females are as likely to be found as males (Furuichi and
Ihobe 1994), due to famales extended sexua receptivity. Cooperative
actions between the sexes are frequent, and males even take part in
infant care. Accordingly, communication between males and femaes in
bonaobos is more extensive than in common chimpanzees. Even the pant-
hoot analogue, the high hoot, is performed as a mae-femae duet.

Although the handicap resulting from divergence between coopera-
tion and tool making in the common chimpanzee is absent in bonobos,
the latter do not use tools in their natural habitat. Kano (1992), during
a ten-year study, observed only one case of using an object as atool: a
branch with leaves was used as an umbrella. Living conditions in the
habitat of bonobos do not require, and consequently do not demand, use
of tools to obtain food.

Since linkage between sophisticated communication and object
manipulation is absent in both species, selective forces to imbue com-
municative sgnas with object-referentidl meaning are aso absent.
Object-referent communication consequently has not evolved in either

Species.
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Per gpectives

Although transfer of referential meaning is hindered in both species in
the wild, it does take place to a certain extent in the laboratory in human
surroundings. There, however, the species perform differently; that is,
laboratory results may reflect a species difference in communicative
skill not directly observable in the wild. Representatives of both species
understand and apply differences in meaning arising from different
word orders. The bonobo generalizes and, without further training,
is able to respond properly to several hundred pairs of utterances
(Savage-Rumbaugh et a. 1993:91-97), whereas the common chimpanzee
trained by Premack did not appear to understand the general rule but
had to learn each case.

In a recent experiment, two female infants from each species and of
the same age were reared together in the same conditions. Compared
for their <kill a comprehending spoken language, the bonobo
performed well above her chimpanzee peer (Brakke and Savage-
Rumbaugh 1995).

These performance differences in the laboratory strongly support the
view that the bonobo’ s superior language skill is a species characteristic.
This superiority may aso reflect species differences in social organiza-
tion. Although both chimpanzees and bonobos are primarily promis-
cuous in mating, among bonobos, long-term consortships between
particular males and particular femaes are common (Kano 1992).
Whereas in chimpanzees, as in most primate species, the reproductive
unit is essentially coextensive with the whole group, in bonobos,
temporarily separated reproductive units exist insde the group. This
structure results in a complex socia network with sophisticated com-
munication patterns.

Moreover, the stronger male-femae bonding in bonobos, which is
maintained by extended female sexua receptivity, may be linked to
greater preservation of ancestral territorial song. This is indicated by
duetting between males and females, characteristic of primate territorial
song (Haimoff 1986), and by more variable vocal performances com-
pared with chimpanzees. As noted by de Waa (1988), bonobos show a
high degree of synchronization, with duetting reminiscent in this respect
of gibbon duetting.

These alternative solutions within an essentialy smilar basic pattern
give some insight into a third possibility, which would join a bonobo-like
socid system to a chimpanzee-like manipulative activity, supposedly in
the ancestor of the human lineage. In such circumstances an opportunity
arose to extend referential use of vocal elements across and beyond the
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socid context, presumably through further development of the preex-
isting ability to recombine voca elements into new patterns. This would
open new channels for development of vocal and cognitive capacitiesrel-
evant not only to the origins of language, but presumably to the origins
of music as well.
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1. From a systems-organizational point of view, the major transitions of evolution—the
emergence of prokaryotic cells, composite or eukaryotic cells, multicellular organisms, and
sociality—are manifested as the emergence of higher-level systems. These higher-level
systems are also subject to evolution; that is, they evolve as systems from a lower aggre-
gational state through the inner differentiation of their components toward a higher level
of organization. This latter state can be achieved only if the system is dependent on
processes mediated by system-specific structures. That is, they are processes of structures
without independent existence outside the given system (e.g., ribosomes in cells, organs in
animals, communicative signals in animal societies).

Although every system exists and works by the presence and operations of its con-
stituents, networks of mutual interactions of constituents establish system characteristics
that are irreducible to characteristics of the constituents, and this, of course, includes social-
ity. Theresult is that the system as awhole acquires alife of its own, as it were. The degree
of this autonomy, that is, the extent to which the system level integrates the component
level, is dependent on the evolutionary state of the system. However, the integrational
process, like other evolutionary processes, does not embody a linear continuum. For
example, evolution of sociality in insects or in avian-mammalian lineages are alternative
solutions. In terms of higher levels of integrity, the final state of the evolution of sociality
as a system among mammals is represented only by human sociality established by the
existence of culture, the reified form of all human action and interaction. This is what gives
the human social system its radical particularity.

Emergence of new qualities pertains not only to the system as a whole but to its com-
ponents as well. The higher-level, comprehending, system provides special possibilities as
well as limitations for the evolutionary pathways of its components. In this downward direc-
tion of determination, sociality plays a preeminent (but naturally not exclusive) role in the
evolution of mental capacities of individuals.
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The Progressively Changing Songs of Humpback Whales:
A Window on the Creative Process in a Wild Animal

Katharine Payne

Abstract

Male humpback whales (Megaptera novaeangeliae) sing long, complex songs in
tropical waters during the breeding season. At any one time al the whales in a
population sing the same song, which differs significantly from songs of other
populations. The song of each popul ation evolves continuously, progressively, and
so rapidly that nonreversing changes can be measured from month to month in
a singing season. Such changes, which affect the songs at al levels, seem to arise
through improvisation and imitation rather than through accident or as convey-
ors of information. The greatest amount of change appears when singing is most
pervasive and the effort of each singer is most intense. A study of humpback
songs over thirty-two years in two isolated whale populations provides informa-
tion about the underlying rules of structure and kinds of changes whales are
selecting. Several examples of change within two- and five-year periods are pre-
sented. Rhymelike structures occur in songs that contain much thematic mater-
ial, perhaps serving as a mnemonic device in the context of a rapidly changing
oral culture. We speculate that sexual selection is the driving evolutionary force
behind song changing.

Some decades ago | was involved in an extensive study of the songs of
humpback whales. My focus was on the long, complex, repeating patterns
of sounds as phenomena in themselves. Yet as an amateur musician |
kept wondering whether what | was hearing might be relevant to a con-
sideration of the biological origins of human music. It was interesting to
find “mudica” similarities in the creative processes and products of two
mammals whose lives are as different from one another as those of
whales and humans. Many species that are genetically and behavioraly
closer to humans or to whales than they are to one another do not sing
at al, yet Snging appears in these two species as a complex and flexible
socid behavior with ggnificance to both singers and listeners.

Humpback whales are intermediate-sized baleen whales, 4 to 5 meters
long at birth and reaching 17 meters in length in adulthood. Their Latin
name, Megaptera novaeangeliae (“large-winged New Englanders’),
refers to their long white pectoral fins (5 meters long in adulthood) and
to the northern center of one of their migration routes. In fact most if
not al major ocean basins contain humpback whales. They feed in high
latitudes during the summer months and migrate to tropical or semi-
tropical waters, where some breed and others, having gestated for eleven
to twelve months, give birth. North Pecific humpback whales summer in
Alaskan waters and winter in a number of tropical areas, including the
Hawaiian and Reveillagigedo Idands. North Atlantic wintering grounds
include Bermuda and severa Caribbean banks.

During the roughly five months of their stay in the tropics, male hump-
back whales sing songs that function in maintaining floating territories
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and dominance hierarchies, aspects of male competition during the
season of courtship (Tyack 1981; Darling 1983). It seems likely that the
songs aso attract females, but this remains a matter of speculation, for
although human observers have spent thousands of hours in the vicinity
of humpback whales, nobody has yet observed them mating. The whales
acoustic behavior is easer to document, as sound travels well under
water, and under cam conditions a song is powerful enough to be
audible over thousands of square kilometers in favorable conditions
(Christopher Clark, personal communication). If one has a hydrophone
and a taperecorder, one can spend a day in aboat from which the only
view of whales is an occasiona distant spout, and come home with
excellent recordings of their acoustic displays.

Over the course of fifteen years | examined more than 600 whale songs
with a number of colleagues, including Roger Payne, Peter Tyack, Linda
Guineg, and Jan Heyman-Levine. We and others, particularly Frank
Watlington, recorded the songs over thirty-two years from whales in
North Atlantic and the North Pecific humpback populations. We sum-
marized most aspects of our comparisons of the songs in three papers
(Payne, Tyack, and Payne 1983; Payne and Payne 1985; Guinee and
Payne 1988) that give further details supporting the material | summa:
rize, and here that are also the source of dl the illustrations.

Humpback whaes songs are long, highly structured sequences of
sound that repeat hour after hour, often without a pause even when the
singer surfaces to breathe. They vary in length, usudly lasting between
eight and sixteen minutes (range 5 to 35 minutes). Each song includes
an extraordinary assortment of notes, or units. These vary in frequency
between 30 and 4000 Hz, and in length between 0.15 and 8 seconds; in
harmonic structure they range from pure tones to tone bursts, and they
show much variety in contour. Figure 9.1 shows how these units are orga-
nized into repeating groups or phrases. All the phrases of one sort are
grouped together and constitute a theme. A song contains ten or fewer
themes that proceed in an invariant order and repeat, often without a
pause. A series of songs uninterrupted by a pause of more than a minute
is a cycle The longest song cycle on record lasted 21 hours (Howard
Winn, personal communication).

The most flexible aspect of humpback song structure has to do with
the number of phrases in each theme. This varies even in the successive
songs of asinglewhae. Werefer to songsin which the same kind of mate-
rial appears in the same sequence as “the same” even if they differ in
length due to different amounts of phrase repetition.

It is not easy to record whale songs for study, because one rarely hears
a whale singing alone. Usudly we heard several or many voices
simultaneoudy, overlapping randomly and sometimes producing the



Fig. 9.1

Figure 9.1
Diagram of hierarchical structure of al humpback whale songs, using a tracing of a spectrogram. Times given are rough indicators. Vertical lines are inserted
between phrases. (From Payne, Tyack, and Payne 1983.)
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cacophony that New Zealand whale listeners refer to as the barnyard
chorus. When we separated out the various voices in such a chorus we
discovered dl the whales were repeating the same phrases and themes
in the same order, but not in synchrony with one another.

When we expanded the study to include whales in more than one pop-
ulation, we discovered that the songs in different populations were
smilar in structure but quite different in content. When we expanded it
to include more than one singing season, we discovered that in each pop-
ulation the songs were continuoudly and rapidly changing. Thus hump-
back whale songs were subject to two sources of change: geographical,
leading to between-population dialects, and temporal, leading to within-
population drift.

On the hunch that the processes involved in drift might reveal some-
thing about the innate sources of innovation—perhaps if | were bolder
| would use the word “composition”—I devote the rest of the chapter to
this phenomenon. Over the course of afew singing seasons, al elements
in the song of a humpback whale population change little by little, each
at its own rate. Basic units change in frequency, contour, duration, and
the ways they are organized to make phrases. Phrases change in the
numbers and types of units they contain and in their rhythmic pattern-
ing. Themes gradually occupy alarger or smaller percentage of the song
on average, for in spite of small-scale variability, there are also large-scale
trends in repetition. After some five or ten years, every theme is either
much changed as a result of many little changes, or it has become obso-
lete and dropped out of the song, or both. At the same time, new phrase
types have been introduced, imitated, and developed into new themes.
Usualy new material arises organicaly in the form of transitional
phrases that merge the qualities of phrases in adjacent themes, but from
time to time new material seems to arise de novo.

Figure 9.2A and B shows a typica humpback whale song recorded
near the Hawaiian Idand Maui in March 1977 and another recorded
from the same place in March 1978. The changes we measured in each
of several hundred songs from those seasons are characterized in these
examples. In the earlier year the song had nine themes, one of which was
often omitted; in the later year only seven themes were heard. Phrases
in the earlier song tended to be shorter than those in the later year, with
a different mechanism of phrase lengthening in different themes. Some
showed increases in the length of the units, whereas in others the number
of units increased.

Figure 9.3 shows the evolution of the phrase structure in one theme
in that song (theme 5) over five successive years. In the first subphrase
of each phrase we see the splitting of two units into four, the gradual
lengthening of these units, and their increased separation in pitch. In the
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second subphrase we see an increasing number of grunts over time. As
the result of these processes, the whole phrase grew progressively longer
throughout the five years. Figure 94 presents these changes statistically
and shows that they contributed to changes on a larger scale that were
simultaneoudly subject to other changes. The trend for phrase lengthen-
ing continued progressively throughout both years, for instance, but
phrase repetition decreased in the second year, with the result that the
theme tended to be shorter early in the 1978 recording season than it
had been in the last months of 1977.

Meanwhile, theme 6 was undergoing a different sort of change that
proceeded rapidly enough to be measured on a monthly basis in the
singing months of 1977. The replacement of “r's’ (rising units with a sus-
tained final tone) by “j's’ (quick upward-sweeping units) is shown graph-
icdly in figure 95 and statistically in figure 9.6.

All the other themes were simultaneously changing as well, each in its
own way. Changes in theme 7 were based on substitution of phrases
rather than of units. We found four common and two uncommon alter-
nate phrase types, which we classfied by applying three criteria to the
first subphrase (figure 9.7). There was steady progression of aternates (a
change at the level of the theme) coupled with the dropping out of the
theme (a change at the level of the song; figure 9.8).

Our andysis eventualy included al the phrases from dl the songs we
collected from three decades in North Atlantic and Pacific humpback
populations. The results suggest that the whales have an ever-expanding
number of ways to modify the structure of their notes, phrases, and
themes. Each theme continually changes in its own way and at its own
ever-changing rate, apparently as the conseguence of decisions (whether
conscious or unconscious) that are shared by dl the singers. At any given
time all the singers seem to agree which themes are stable and which are
changing. For those that are changing they agree as to which aspects
are changing and which are not, and how and to what extent they are
changing.

As biologists we ask, what accounts for and/or drives these rapid
changes? A clue to the answer lies in the fact that during the sx months
on the feeding grounds, when there is very little snging, the song hardly
changes: early songs on the breeding grounds are similar to those last
heard in the previous season. It is in the middle of the season, when the
number of singing whales is largest and the effort of each one is most
intense, as reflected by the durations of song sessions, that songs change
the most. Thus the changes appear to be not a consequence of between-
season forgetting, but a natural, active part of singing—part of a display.

Do these changes contain information about some aspects of the envi-
ronment that are significant to whales? Probably not, as their timing



Fig. 92

Figure 9.2

Tracings of spectrograms of representative songs from March 1977 and 1978. We selected songs that contained al possible themes. In 1977,
theme three was rare. Although the sample song shown here omitted it, it was included in the next song sung by that same whale. The star-
in-circle symbol in the tracing indicates where theme three was placed when it was sung. The two phrases of theme three shown under the
song were produced by the same whale in the song following the one fully traced here. The tracings omit al extraneous sounds (e.g., ocean
noise such as ships, other whales, underwater echoes, etc.) as well as harmonics. Pulsive sounds, which on the spectrograms showed dense har-

monics, are represented diagrammatically by closely spaced vertical lines, whose spacing does not necessarily reflect the repetition rate of the
pulses. (From Payne, Tyack, and Payne 1983.)
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Fig. 9.3

Figure 9.3

Sample phrases showing the evolution of theme five over five years. The units changed in
frequency, duration, spacing, configuration, and numbers, and the phrases changed dura-
tion gradually. (From Payne, Tyack, and Payne 1983.)

(other than of the intensity of the singing itself) does not coincide with
natural cycles that affect other aspects of whaes behavior, nor do they
repeat. Like improvisation in human music, changes seem to be gener-
ated by an internal process, and asin music, the imitation that then occurs
reveds listening and learning. Song changing in whales seems to be a
clear example of cultura evolution in a nonhuman animal.

Our general understanding of biological forces that drive styligtic
changes is that an individua who introduces an innovation gains some
advantage from being different. However, an innovation may not be
atractive if it is too different from the norm. Human psychology has a
term describing the ideal degree of change that an innovation should
have if it is to spread and set a new vogue: optimal mismatch. For a
novelty to be introduced into a cultura trend, it must have a certain
balance of conformity and originality.

With thisin mind | found it puzzling that an examination of the songs
of the few individua whaes we had repeatedly recorded in different
months and seasons did not reveal any stylistic leaders. At each interval
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Fig. 94

Figure 9.4

Some changing parameters of theme five over two singing seasons. Each bar represents a
thiry-one-day mean for the parameter being measured (see caption for Figure 9.6).

A: mean number of units per phrase in each song session.

B: mean phrase duration in each song session.

C: mean number of phrases per theme in each song session.

D: mean theme duration in each song session.

E: percentage of song occupied by theme five.

Dashed lines indicate means when a small number of very aberrant songs were included
in the calculations. Vertical lines indicate standard errors. (From Payne, Tyack, and Payne
1983)
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Fig. 95

Figure 9.5

Tracings of single phrases of theme six in the months of a single singing season. The first
part consists of two different units, rs, and js (see text) in various mixtures. Note that the
rs are quickly replaced by js. (From Payne, Tyack, and Payne 1983.)

we found that each identified singer had changed his song about as much
and in about the same ways as dl the other singers in the population.
Why change so fagt and sophisticatedly if everyone else is changing at
the same rate and in the same ways? In my opinion, lack of an answer
suggests that the scde of our sampling system was inappropriate. Had
we managed to collect many songs on a daily basis from more than a few
known singers we might have found that leaders do in fact exist, and are
imitated so rapidly that their moment of innovation did not show up in
our anadyds. Then we would have suspected a postive relationship
between aspects of their innovation and their success in mating. Biolo-
gists have studied a variety of animals in which malesindulge in displays
that are not in themselves functiona: these persist if femaes prefer to
mate with the males who exhibit them.
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Fig. 96

Figure 9.6

Percentage of r andj units per song session versus time. The time periods (labeled 2-6 and
1-5 in the two seasons 1976-1977 and 1977-1978) are both thirty-one days. Periods having
the same number start and stop on the same dates of their calendar years. Notice that r
units replace j units. Standard error is indicated by vertical lines. Dashed lines indicate
means when aberrant songs are included in the calculations. (From Payne, Tyack, and Payne
1983)

Fig. 97

Figure 9.7

Alternate forms of the first subphrase of theme seven, labeled A-D. They were dl common
at some point in the 1976-1977 season. Two rare alternate forms were intermediate
between forms 7B and 7C. Tracings of spectrograms to the right of alternate phrases 7A-D
are examples of each type. (From Payne, Tyack, and Payne 1983.)
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Fig. 98

Figure 98

Percentage of occurrence of each alternate form of theme seven in each period of the
1976-1977 and 1977-1978 seasons. Only one song session in each of the two and one-half
periods 1977-1978 contains theme seven because this theme was dying out. The percent-
ages in those periods thus reflect the songs of just one whale. (From Payne, Tyack, and
Payne 1983)

| suggest that the innovation leading to song changing in whales may
be driven by sexual selection. Geoffrey Miller (this volume) makes a
powerful argument for this perspective as applied to human musician-
ship aswell. Such a process does not necessarily imply conscious choice,
yet it is evidence of mental versatility. The process of song change we
documented in whales has much in common with a human phenomenon
caled linguistic drift. Edward Sapir (1921/1949:171-172), in his classc
book Language, described drift without reference to purpose, as follows:

Language moves down time in a current of its own. It has a drift. . . Every word,
every grammatical element, every locution, every sound and accent is a slowly
changing configuration molded by the invisible and impersonal drift that is the
life of the language. The evidence is overwhelming that this drift has a certain
consistent direction. Its speed varies enormously according to circumstances that
it is not always easy to define .. . The general drift of a language has its depths.
At the surface the current is relatively fast. In certain features dialects drift apart
rapidly. By that very fact these features betray themselves as less fundamental
to the genius of the language than the more slowly modifiable features in which
the dialects keep together long after they have grown to be mutually alien forms
of speech. But this is not al. The momentum of the more fundamental, the pre-
dialectic, drift is often such that languages long disconnected will pass through
the same or strikingly similar phases .. .

Even though language is generally associated with conscious behav-
ior, linguistic drift as Sapir described it is apparently not the result of
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conscious decisions. It has nothing to do with the meaning of words,
phrases, or sentences being uttered.

Drift in whale song proceeds at a much faster rate than linguigtic drift.
Most changes originate as modifications of preexisting material, but
within one decade a population’ s song may undergo so much change that
one can no longer recognize its relation to the earlier version.

How do whales remember the current verson of their song in the
context of such a rapidly changing oral culture? Do they process mate-
rial in memorable groups of units or chunks, as humans apparently do?
(Miller 1956; Smon 1974). Linda Guinee and | noticed, while compar-
ing whale songs from many years in two geographicaly isolated popu-
lations, that when songs were most complex they tended to contain
severa adjacent themes whose phrases had similar beginnings or endings
(figure 9.9). Reminded of the fact that human rhyming sometimes acts
as amnemonic device, we speculated that rhymelike phrases might help
whales remember the sequence of material in their rapidly changing
song. To test this notion we collated the occurrence of rhymes in 548
songs (from seven years in the eastern North Pecific and twelve years in
the western North Atlantic) with the number of themes these songs con-
tained, a rough measure of complexity. We found a strong correlation,
with the most complex songs containing the most rhyming (figure 9.10).
In the same sample we found no relationship between rhyming and song
duration, which may reflect repetition and not complexity. This pair of
measurements strengthened our hunch that rhyming might play a role
in whaes ahility to keep up with current versions of their songs.

In the interest of clarity | have selected quite smple examplesto illus-
trate the process of whale song evolution; songs of many periods showed
greater variation in phrase and theme structure. In fact the further one
looks, the more variation one finds. Eventually one discovers that the
variation extends to the structure as wel as the contents of the phrases
and themes (Payne, Guinee, and Heyman-Levine, unpublished data).
Like the songs themselves, the story of their evolution is ever
developing.

Further studies of humpback whaes improvisationa tendencies will
be interesting as we continue to compare the voca behavior of other
animals with our own musica behavior. Most changes in human music
reflect a blending of external and internal influences, making it difficult
to isolate those that might be intrinsic to the process of singing itsdf.
Song changing in whales appearsto be less affected by outside influences,
and to offer a cleaner window on the mental processes of these
COMPOSErS.

| can imagine many questions that human composers would like to ask
whales. It would be nice to know, for instance, whether whales are aware
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Figure 9.9
Tracings of spectrograms of rhymelike subphrases.
A: Phrases in two or more adjacent themes contain the same initial subphrase (Bermuda 1977).

B: Two or more adjacent themes contain the same terminal subphrase (Hawaii 1979). (From Guinee and Payne 1988.)
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Fig. 9.10

Figure 9.10

Scattergrams show single linear correlations for combined Atlantic and Pacific samples.
Rhymelike subphrases are most likely to occur in songs having the greatest number of
themes. Their presence is related to amount of different material, not simply to amount of
material. To give roughly equal weight to the contribution of different whales, the mean
value per song session (per whale), and not per song, is the unit of comparison. This was
necessary since some song sessions contain many songs and others contain few. This
explains the presence of intermediate values for number of themes (A).
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of intentions as they compose and sing, and how they experience their
own and other whales' songs. In deep water, when the sea is cam and
singing whales are a certain distance away, all the sounds are resonant
and followed by echoes—from the bottom of the sea, from the wadls of
underwater mountains, and from the undersurface of waves. Questions
arise as to whether the acoustic properties have anything to do with their
selection of singing places, whether they value an amplifying environ-
ment, and/or whether they make choices when singing and listening on
the basis of the song's aesthetic quality as they perceive it. From the per-
spective of a person interested in music, these are important questions,
but we may never be able to answer them fully.

1. My impression that the overlapping of songs is random has not been systematically
examined. It would be hard to examine because when more than one male is singing, the
singers tend to be rather far apart. The time of arrival of a whale's utterance at the ears of
each of his separated listeners will differ dightly, depending on their distance from him,
making an intention toward unison or any particular kind of polyphony hard to detect.
What | noticed during many months of listening was that when more than one whale was
singing, their progress through the song was almost always asynchronous. It was unusual
even to hear parts of the same theme being sung by two whales at the same time, and even
rarer to hear two whales change from one theme to the next simultaneously.
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Can Biomusicology Learn from Language Evolution Studies?

Derek Bickerton

Abstract

The study of the evolution of music may have something to learn from the study
of the evolution of language, although most of the lessons may be of a negative
kind. A variety of factors have impeded the study of language evolution: lack of
interest among linguists, the consequent predominance in the field of researchers
largely ignorant of linguistics, excessive concentration on selection pressures
rather than on the genetic variation that alone permits those pressures to yield
results, the mistaken belief that evolution requires dogmatic faith in gradual ness,
and the belief that evolutionary continuity between humans and other creatures
entails direct linkage between human and antecedent nonhuman traits. The
extent to which biomusicologists can learn from these mistakes will depend in
part on the extent to which language and music truly resemble one another, and
the search for genuine universals of music that are not shared with other species
should play a significant part in such comparisons.

Interest in the origins of language goes back a good deal farther than
interest in the origins of music. The latter is not new, but did not really
begin until after the publication of Darwin’s On the Origin of Species.
Interest in language origins, however, goes back at least as far as the
Pharaoh Psamtik (Psammetichus to the Greeks) who, 3,000 years ago,
isolated two neonates with a deaf shepherd in the hope that the language
they eventually acquired would represent the earliest form of human
language

Given this very considerable time depth, it would be nice to be able
to say that the topic was by now fairly well understood and that the
framework of theory and evidence constructed over the years should
prove of considerable assistance to those investigating the origins of
music. But, regrettably, this is not the case. On the contrary, the history
of the field congsts of a series of fdse starts and blind alleys; if it has
anything to offer, biomusicology may be able to learn from language
origins studies some of the things that, if possible, it should try not to do.

One common problem that tends to loom large in negative evaua
tions is the absence of fossl evidence. Neither words nor notes fossilize,
and nor, save in vanishingly rare cases, do the brains that produce them.
This, a least in the case of language, led more than one commentator
to conclude that the origins of language can never be known. Even
the author of a work entitled Biological Foundations of Language
(Lenneberg 1967) concluded that it was impossible to find out how
those foundations came into existence, no matter how impressive the
evidence that such foundations did indeed exist. In 1866 the Linguistic
Society of Paris passed a resolution excluding from its meetings any
papers that dealt with language origins, and even in the last decade at
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least one linguist (Lightfoot 1991) caled for areintroduction of the Paris
ban.

In fact, that ban was not ill motivated when it was first put into action.
The yearsimmediately after publication of On the Origin of Specieswere
filled with pseudoevolutionary speculations. Fixating on the appearance
of the first words, steadfastly ignoring al that must have preceded and
followed this, scholars produced a series of basdless proposals that
survive today only as light relief in the introductory pages of some lin-
guistic textbooks: the first words came from grunts of pain, from work
chants, from imitations of the sounds of other species, from echoes that
objects gave out, from gestures made by the tongue, and so on (the take-
home message to students is, don't even bother thinking about how
language began!). However, the situation has changed radicaly since the
nineteenth century. Rapidly accumulating knowledge in a variety of
convergent fields (ethology, paleoanthropology, neurology, evolutionary
biology, and linguistics being among the most important) has radically
reduced the problem space. These advances impose a series of rigorous
congtraints on possible theories of language origins. We may even be
approaching a point a which only one among competing theories will
be compatible with the entire range of constraints.

Unfortunately, most researchers show little awareness of the full range
of knowledge that is now available. During the nineteenth century,
human behavior was divided up by the disciplines of the day in much the
same way as Africawas simultaneously being divided up by the colonial
powers. No surprise, the boundaries of these disciplines were often deter-
mined as arbitrarily and asillogicdly as were the boundaries of colonial
possessions. Consequently, many contemporary researchers, like many
contemporary African states, remain trapped within their own history.
They limit themselves to meeting those constraints on possible theories
that are imposed by their own particular discipline, completely ignoring
the often more rigorous constraints imposed by others.

These limitations loom largest when one of the ignored disciplines is
linguistics. We have found out more about human language in the last
thirty years than we did in the preceding three millennia. We can now
be sure that al human languages share a number of nonobvious char-
acteristics, and that these characteristics derive directly from human
biology and are therefore as indisputably formed by evolution as our
upright stance and opposable thumbs. Unfortunately, this certainty is il
obscured by mainly terminological disputes between holders of riva but
largely equivalent theories, and by arcane concepts and terminology
(“subjacency,” “empty categories,” “the theta criterion,” etc.) that remain
totally opague to the uninitiated. Linguists must be among the world's
worst popularizers (although Pinker 1994 constitutes an exception that
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every nonlinguist should read), and the reluctance of other scholars to
explore their territory, however regrettable, is al too easy to understand.

In addition to being poor popularizers, linguists are poor defenders of
territory. In the 1970s and thereafter, they largely abandoned the debate
over “animal language” projects such as those of Premack and Premack
(1972) and Gardner and Gardner (1969). But long before that, and for
long after the Paris ban, they abandoned language origins. Even today
one can number on the fingers of one's hands the serious linguists who
are genuingly interested in the topic. However, undefended territory
does not remain vacant for long, and members of other disciplines
(anthropologists, psychologists, biologists) hastened to colonize the area
with deplorable consequences.

| call those consequences deplorable not because | am a linguist with
a strong sense of territoriality but because, by ignoring dl that we know
about language, nonlinguists are doing the whole field a disservice. As |
pointed out elsewhere (Bickerton 1996), if one is going to write about
something evolving, it is helpful to know exactly what that something is.
Features specific to human language (the most interesting of which are,
as stated above, gill unknown to most nonlinguists) form one of the most
important constraints on evolutionary theories. Any valid theory of evo-
lution should be able to explain not merely how language began but aso
why language is as it is and not otherwise. In other words, an evolution-
ary theory that fals to explain the universal properties of language is
vaueless.

Biomusicologists might derive benefit from two things. First, they can
glean from linguists the fally of surrendering territory. They can convince
musicologists in general of the legitimacy of evolutionary studies, and do
their best to ensure that no one ignorant of music is alowed to pontifi-
cate on the topic. Second, they can determine the extent of similarity
between language evolution and music evolution by determining
whether human music, like human language, possesses nontrivia uni-
versa characteristics (see the Universals in Music section, this volume).

In music asin linguistics (Nettl, this volume), the search for universals
and the search for origins have not aways or necessarily gone together.
Indeed, universals do not necessarily derive from evolutionary processes,
they could, in principle, have arisen from historical accident or be due
merely to the way the world is constituted.

Within linguigtics two distinct approaches to the question of univer-
sals have long been established. The first is that of Greenberg (1963),
which looks merely at surface similarities between languages and
involves such things as the linear ordering of constituents; the second is
that of Chomsky (1965), which seeks to anadyze language at a deeper
level and uncover highly abstract properties that al natural human
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languages must share, but which are not necessarily found among artifi-
cia languages or languagelike artifacts. For those whose mgjor concern
is evolutionary biology, a weakness of the former approach is suggested
by the frequency with which that approach draws attention to what it
cdlsimplicationa universals (generalizations of the type, “if language A
has feature x, it will also have featurey”) or partial or statistical univer-
sals, in which languages share a given feature with afrequency far greater
than that of chance. Clearly in such cases there exigts the possibility that
the universals concerned could be merely contingent and in no way
directly derive from the biological makeup of the species. Surdly we
would be on firmer ground if we confined ourselves to properties that
are exceptionless and specific to natural language. Smilarly, in biomusi-
cology one should not expect to find universals lying conveniently on the
surface ready for any untrained investigator to pick up. However,
attempts to discover these universals, if properly conducted, should be
crucia in determining whether music is a species-pecific adaptation, like
language, or something that may be shared, at least in part, by members
of other species.

It should be borne in mind, too, that music may not be a natural kind
(Malino, this volume) and may accordingly be decomposable into dis-
tinct modules. Chomsky (1980) suggested that language may be similarly
decomposable into two components, conceptual and computational.
This digtinction was developed into the one between a meaningful but
unstructured protolanguage, potentially sharable with other species, and
a syntactic mechanism that imposed a complex hierarchical, parsable
structure on this protolanguage to yield contemporary human language
(Bickerton 1990,1995). It is equally possible that music may turn out to
contain elements specific to our species mingled with other elements that
may be much more widely shared.

A further problem for an evolutionary study of human behavior con-
cerns misplacing emphasis on one of the two basic ingredients that make
up an evolutionary process. For any trait to emerge in the course of
evolution, some kind of selective pressure must exist that is a set of cir-
cumstances that renders the trait adaptive in terms of increased progeny,
and a degree of genetic variability must be present from which the trait
can be salected. However, a number of recent studies have concentrated
exclusvely on possible candidates for the selective pressure that affected
language, and ignored the variation that must have existed for the pres-
sure to work. Thus anumber of studies sought to attribute the emergence
of language to the growing complexities of life in hominid groups,
ignoring the fact that sociad life aready achieved near-human complex-
ity among many primate species (de Waa 1996) and that any additional
hominid complexity was more likely a result of language (e.g., complex-
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ity introduced by possibilities of gossip, lying, tale-bearing, etc.) than the
primary cause of it. More specificdly, it was suggested that a hypotheti-
cal and unmotivated increase in hominid group size led to the emergence
of language as a “grooming substitute” by which hominids could foster
socid cohesion by means more economical of time than mutual delous-
ing (Dunbar 1996).

A widdly respected popular introduction to modern evolutionary
studies (Ridley 1993) endorsed the bizarre proposal that language
evolved as a means by which, after the emergence of a sex-based
divison of labor, husbands could keep track of whether their wives
remained faithful to them (the husband’ s mother could inform her son
if his wife was cheating on him). Still more recent work proposed the
birth of language from symboalic rituals required to establish primitive
marriage, a factor allegedly inescapable in a species characterized by
both reciproca altruism and male provisioning of offspring (Deacon
1997), or, returning to a once popular Marxist anaysis, from the require-
ments of communal problem solving in primitive forms of labor (Beaken
1996).

Given our present state of knowledge, no means exist, beyond very
general considerations of plausibility, for testing any of these hypothe-
ses. Indeed, the authors typically elaborated their own proposals with no
discussion df, or even reference to, alternative proposals, a sure sgn that,
in this area, we are gill at the level of “just-so stories.” But a still more
serious drawback to these approaches is that they divert attention from
the other haf of the evolutionary process.

For any of these alleged pressures to work, there must have been some
kind of genetic variability in the hominid line that pressure could encour-
age, and this variability must have been in some domain that, directly
or indirectly, was capable of affecting language. Clearly, certain types of
this kind of variability must have existed. Candidate types would have
included (but would not have been limited to) such things as variation
in the ability to store lexica items in long-term memory and to retrieve
them reliably. There can be no doubt that, once linguistic mode of com-
munication became established, natural selection would have worked on
such traits and given rise to autocatalytic effects. Improved voca control
would dmplify the task of the hearer, who, even without auditory
improvements, would be able to distinguish more sounds reliably and
thus identify words more reliably. The ability to make and distinguish a
greater range of speech sounds would make possible a wider variety of
sound combinations, which, given alarger and more efficient memory for
words, would give rise to a steadily increasing vocabulary.

Undoubtedly, these factors and processes would have combined to
yield a much richer means of communication among hominids, however,
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they would not have affected certain aspects of language as we know it
a al. All contemporary languages are characterized by an extremely
robust syntactic structure. Although the syntax of a foreign language
may appear on the surface to be dauntingly different from that of the
learner’s native tongue, research over the last few decades shows that
these differences are relatively trivial, and that the deeper principles that
underlie them are shared by al languages without exception (Chomsky
1981,1988). It is whaolly implausible that such abstract principles could
have been invented conscioudy and deliberately, contrary to what was
suggested by those who remain ignorant of those principles or who
refuse, mainly on ideological grounds, to accept their existence (Beaken
1996). Since those principles seem to be specificaly adapted for language
and to have little in common with general principles of thought or other
apparatuses that might be attributable to the human mind, it is no easy
matter to determine where they came from. So the question is, where
could the kind of variability have arisen on which pressure for an
improved syntax could work?

Workers such as Pinker and Bloom (1990) smply assume variations
in syntactic ability, without awareness of the problems this involves: just
what did that variability consist of? how was it expressed in terms of
behavioral differences? how could gradual improvements peak at a set
of exceptionless principles? and so on. The fact that those principles can
be expressed most successfully not as a set of positive admonitions but
rather as a set of constraints on otherwise unlimited potentialities only
exacerbates the problems. Although it might be possible to restate such
principles in terms of a steady state that could have been achieved by
smdl and gradual increments, no one has so far attempted to do so. But
faling such an attempt, any claim that syntax developed gradualy
reduces to mere handwaving.

In the absence of such attempts, we can only assume that the origina
state of language was wholly without syntactic structure, and that some
preexisting faculty was somehow appropriated to bring about an appar-
ently catastrophic emergence of syntax. The protolanguage that pre-
ceded this emergence would then have had no rules or principles
whatsoever. One could say, or not say, whatever combination of words
one pleased. Whereas practice would have undoubtedly have yielded
conventions that would have restricted and regularized speech outputs
to some extent, the result would not have continued to labor under the
difficulty that it lacked any units intermediate between the word and the
complete utterance. Words you get as soon as you have the idea of cre-
ating symbols for concepts you already have, and utterances you get as
soon as you add one word to another. But phrases and clauses, the inter-
mediate units in terms of which al generalizations about syntax must be
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made, do not develop automatically in this way. They can develop only
in the context of a hierarchical structure, which is created by adding one
unit to another and then a third to the combination of the first two. We
have no reason to suppose that in protolanguage any such operation
took place.

In natural language, a variety of operations can be carried out that
involve moving particular constituents around. For instance, instead df,
“Mary baked a cake’ you can say, “It was a cake that Mary baked,” or
“A cake was baked by Mary.” These operations involve selecting just the
right congtituents—you can't say, “It was baked a cake that Mary”—and
sdlecting the right constituents predicates hierarchical structure, since
only items dominated by a single node (and usually by a particular type
of node) can be treated in this way. Moreover, the results of such oper-
ations dways change emphasis, and sometimes even meaning, in pre-
cisdy predictable ways. In protolanguage, however, anything can be
moved around quite fredy, yet apparently without making a difference
in meaning or emphasis, and certainly without making a predictable
difference.

Now, the difference between fla structure (beads on awire) and hier-
archica structure is absolute, like the difference between life and death,
or married and single, not graded. One cannot be partly married and a
system cannot be partly hierarchical. Somehow a hierarchical system had
to be imposed on protolanguage in a single operation, or else something
efse had to be imposed that automatically imposed hierarchical
structure.

To discuss such issues in greater depth would take us too far from the
topic of this chapter. Interested readers will find a full account in Cavin
and Bickerton (in press). For now it is sufficient to note that biomusi-
cology should not jump to the conclusion that the features of music nec-
essaily evolved gradually and were selected for over a long period of
time, the time during which music as we know it today was dowly devel-
oping. Some features may indeed have evolved in this way; others may
not, and it is an empirical question which did and which did not.

This is a crucia point that can hardly be overemphasized. To date,
gradualism seems not to play any sgnificant role in studies of the evo-
lution of music. However, this may merely reflect an early stage of
inquiry, and may result from relative lack of exposure to evolutionary
concerns, rather than from greater sophistication.

Certainly, indifference to evolutionists and their norms characterized
studies of the evolution of language in the previous century. It may there-
fore be the case that, as biomusicology comes farther into the main-
stream of evolutionary studies, it will be infected by the doctrinaire,
quasi-religious gradualism so widespread in evolutionary circles.
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A few words on the nature of gradualism may be in order, as it has
had wholly negative effects on studies of language evolution. Support for
gradualism derives from the fact that many, probably most, evolutionary
processes are indeed gradual and incremental, and for very good reasons.
Although radical mutations do occur in nature, they are amogt aways
destructive—legs appear where wings ought to be, or vice verss—and
it is easy to see why this should be so. If you have a complex organism
whose sustainahility depends on very fine adjustments among al the
organs that compose it, any radical change, even if it brought a substan-
tial advantage in one areg, is al too likely to be paid for with devastat-
ing handicapsin other areas. For that matter, many minor aterations may
prove dysfunctional, but there is less chance that a useful change will
necessarily have to pay an excessive price in the disruption of unrelated
functions. Such alterations may, if the advantage they convey is substan-
tial enough, spread through a population and serve as the ground from
which successive favorable changes may take dof. If the changes are
cumulative in effect, they may eventually yield organisms very different
from, and better adapted than, those in which the long sequence of minor
changes was initiated.

However, it is one thing to believe that gradual processes predominate
in nature and quite another to hold that dl evolutionary processes must
be gradual. The issue is, after all, smply an empirical one: even if no
nongradual changes were ever witnessed, one could never exclude the
possibility that the next evolutionary process to be uncovered might
be nongradual. But in fact, more than one nongradual type of change is
aready known. Sudden changes in the environment, such as droughts,
floods, and iceages, especidly if they radically modify the ecosystem,
may release a cascade of associated changes that can radically modify a
species in a space of time that is, by evolutionary standards, extremely
short, mere thousands or afew tens of thousands of years. More striking
dtill, one finds what have been caled preadaptations or exaptations
(Gould and Vrba 1982). These occur when atrait originaly adapted for
one purpose is switched to another. For example, the origina insects
were exclusvely terrestrial, but some had fanlike structures that served
as cooling mechanisms. These were selected for and become more and
more efficient until they were large and long enough to lift the insects
off the ground. Once insects could fly, and flight proved advantageous
for avoiding ground predators, increasing foraging range, and so on,
traits that would enhance flying capacity were obvioudy selected for.
However, the origind act of flying was not specificdly selected for as it
rested on a quite different capacity that had been selected for. Were this
not the case, evolution would be impossible, and after four billion years
single-celled creatures would till populate the earth.



Biomusicology and Language Evolution Studies

If gradualism is an empirical issue, the same is certainly true of its off-
spring, continuism. Continuism holds that evolutionary development
must be a direct continuation of some trait found in an ancestral species.
For example, continuists hold that language must have developed
directly out of an early system of primate communication (Hockett and
Ascher 1964) with some kind of warning calls developing into words (for
the implausibility of such notions, see Bickerton 1990, chapter 1). But
again, biomusicology may do well to keep an open mind on this score.
Until | heard the stunning presentation by Francois-Bernard Mé&che (this
volume), | would probably have said, by analogy with language, that
music was unlikely to be in any sense a continuation of nonhuman song
or any other form of behavior. After | heard Mé&che' s recordings of a vast
range of different traditions in human music, each one accompanied
by an eerily smilar effect produced by an avian, mammalian, or even
amphibian species, | was not so sure. If anyone could produce such a
performance with linguistic material, | would be tempted to convert to
continuism overnight. But again, caution isin order, and one should ask
to what extent music, especialy music uninfluenced by the dominant
culture, may exploit the repertoires of other species to achieve its effect.

What dl this suggests is that one among many avenues of research
open to biomusicology is a comparison of musc and language (see
Brown, this volume). At the very least, such a line of inquiry would
greatly increase our understanding of the similarities and differences
between the two. At best, it might yield insghts into the evolution of
both.

But mention of the relationship between music and language brings
us to the find hurdle that students of any aspect of human evolution
should face. The way the behavioral sciences are structured, discussed
earlier in this chapter, encourages, even forces, students of the evolution
of a human capacity to focus exclusively on that capacity instead of
seeing its acquisition as part of a much larger and more complex process.

The rather ugly and cumbersome word for the whole process by which
the human species developed is: “hominization.” This is a process that
includes acquisition of language, of music, of mathematics, of logic, of
self-consciousness: dl those traits that either have no equivaent in other
species or that are developed to a degree unknown in other species. It
would be bizarre to suppose that al of these capacities developed
autonomoudly and independently, without constantly influencing one
another. It would aso be bizarre to suppose that each of these capaci-
ties had a separate and independent birth.

The time that has elapsed since the hominid line split from the rest of
the primates is nowadays estimated as less than sx million years
(Campbell 1988). For any one of these unique or quasi-unique
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capacities to have sprung up in such a short (in evolutionary terms)
period of time would be remarkable enough. That several unconnected
capacities of this magnitude could have emerged in the same period is
something entirely beyond belief. This clearly states the possibility that
just one of these capacities was the original starting agent and that it,
whether it was language, intelligence, or behavioral pladticity, triggered
the rest. Of course that would not preclude the possibility that some
capacities were rooted in the behaviors of antecedent species and were
merely enhanced, rather than initiated, by the master capacity.

Disentangling the intricate knot of hominization will require skills
drawn from every branch of human study, and musicologists have a Sg-
nificant role to play in that disentangling. All of us, however, should bear
in mind the existence of the following paradox. Humans differ radically
from al other animals but were produced, like al other animals, by
processes of evolution. In the history of human thought, many attempted
to escape this paradox by denying one or other of the propositions that
compose it. Until this century, denia of the second part was the com-
monest response (and one maintained by fundamentalists of severa reli-
gions). More recently, denial of the first part has gained in popularity,
especidly among students of evolution.

There's nothing specia about humans, we are assured; we are in fact
aunique species, but then so is every other species. It is assumed, counter
to fact, that to indgst on the first part of the paradox can only be the sgn
of some hidden theological agenda

Unfortunately, the paradox cannot be resolved so smpligtically. Both
halves of it are true, and dl researchers into human evolution should
repeat both halves every morning before they start work. For we will not
arrive at atrue account of how we came to be human unless we succeed
in resolving the paradox and in showing by what processes evolution
could have produced people like ourselves.
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Toward an Evolutionary Theory of Music and Language

Jean Molino

Abstract

To explain the genesis of music and language in evolutionary terms, an essential
guestion has to be confronted: when and how did the transition occur from
standard Darwinian evolution to a Larmackian form of evolution in which the
inheritance of acquired characteristics, namely, cultural characteristics, became
possible? The symbolic entities that make up cultures can be analyzed from the
standpoint of an evolutionary semiotics or “memetics.” Music and language are
cultural artifacts that do not correspond to natural objects. If we reduce them to
their constituent parameters (corresponding to autonomous modules), and take
into account such activities as poetry, song, dance, and play, we notice that all
these cultural products are based on a common set of modules: melody, rhythm,
and affective semantics. The fundamental hypothesis is that al these activities
have a common genesis, which leads me to make conjectures regarding the
central importance of one or more rhythmic modules in the brain, and the essen-
tial role of imitation in these activities, leading to the hypothesized formation of
mimetic culture based on mimetic representation, without language, but unified
by rhythm. Given this common foundation, music and language would be seen
as having diverged at some later time.

It is once again permitted for a linguist and a musicologist to be inter-
ested in the origins of music and language, even though the subject has
seemed almost completely taboo for around a century. | am referring not
only to the famous decision taken in 1866 by the Société de Linguistique
de Paris to ban al discussons concerning the origins of language,
but to a general atmosphere that has dominated the human sciences
since the beginning of the century. One could draw as a symbol of
this antievolutionary attitude the works of the anthropologist Franz
Boas (1858-1942) which, with those of Ferdinand Saussure (1857-1913),
set down principles of a synchronic and structuralist approach to the
human sciences that was opposed to the historicist perspectives of the
nineteenth century. This approach is ill the predominant one among
specidigts in the socia sciences, who continue to see evolutionary
thinking as pure and smple ideologica affirmation impregnated with
the socia Darwinism of the end of the nineteenth century. This was
demonstrated no better than in the discussions provoked by sociobiol-
ogy. | believe that it is now desirable and possible to move beyond these
conflicts and to address cdmly the problems posed by the origins and
development of the human faculties. One additional reason for this is
that the progress recently made in the study of cognitive capacities in
nonhuman animal species forces usto set out on a new ground the ques-
tion of continuity and discontinuity that unites and separates animals and
humans.
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Theoretical Problems: Lamardk and/or Darwin

Nobody should doubt that it is legitimate and necessary to place the
study of anima behavior and intelligence in the context of Darwin's
theory of evolution, this “dangerous idea’ that gill seems to evoke fear
in so many people (Dennett 1995). But if we no longer have reason to
doubt Darwin's idea, which is, according to its proper form, the notion
of “descent with modification,” the situation is much less certain with
respect to mechanisms, to the tempo of evolution, as well as to the rela-
tionship between macroevolution and microevolution. (These remarks
are dmogt certain to provoke irritation or scorn in many specialists of
evolution: numerous divergences remain between them, even if, it must
be added, these differences do not in any way threaten the stability of
the edifice) What is of greater interest to the specidist in the socia sci-
ences is that the notion of adaptation is often far from convincing, and
this makes one think, according to the formula of Gould and Lewontin,
of atype of “Panglossian paradigm”: in this regard, it suffices to recog-
nize the diversity and fragility of adaptive explanations to account for
the behavior and capacities of animals and humans, and in particular for
music and language.

But it is not here that the principa theoretical problem is presented
to specidistsin the social sciences when thinking about the evolution of
human capacities and their origins. Let us place oursdlves in the frame-
work of what Richard Dawkins (1983) caled “universal Darwinism.”
Darwinian principles of biological evolution are valid for dl evolution-
ary processes, wWhatever their particul arities may be; they occur in amore
general and more abstract form that one could summarize in the fol-
lowing scheme:

Evolution = replication + variation + selection
+ isolation of populations.

One should recdl in this regard that the very idea of extending
Darwinism to cultural phenomena was presented by Darwin himsdf
who, in a sgnificant passage from The Descent of Man, and Selection in
Relation to Sex (1874), suggested that the formation and transformation
of languages was analogous to the evolution of living species: “The
formation of different languages and of distinct species, and the proofs
that both have been developed through a gradual process, are curioudy
paralel” (p. 106). But it is clear that one cannot Smply transpose the
mechanisms of biological evolution to the evolution of culture: that
is the error that was committed by those who were too quick to use
Darwinism in the service of their own ideologica and political agendas.
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Cultural evolution possesses characteristics that distinguish it from
biological evolution.

Let us start off with a standard definition: cultures are “systems of sym-
bolically encoded conceptual phenomena that are socidly and histori-
cdly transmitted within and between populations’ (Durham 1991:8-9).
Thisleadslogicdly to the idea of adual inheritance system: in the human
species, a new system—culture—came to be added onto the genetic
system characteristic of living things in general. This inheritance system
is digtinct from and partly independent of the genetic inheritance system,
but is subject to the same law of perpetual transformation that is mani-
fested in biologicd evolution:“... all human cultures are related by his-
torical derivation” (Durham 1991:185). However, the system of cultural
symbols differs from genetic systems in at least two magor respects.
Firgt, biologica evolution is Darwinian in that there is no transmission
of acquired characteristics, on the other hand, cultura evolution seems
quite Lamarckian, since information acquired at each generation can be
transmitted in whole to the next generation.

Second, mutations, which introduce into the genotype variations that
make evolution possible, occur by chance; cultural variation occurs, in
part, in a random manner, but can also proceed in a directed manner.
This corresponds to orthogenetic phenomena, excluded in biological
evolution but central to this second hereditary system. Technology and
science are striking examples of directed evolution, as if their develop-
ment occurred by means of problems to which successvely more satis-
fying solutions were given by trial and error. Phenomena of the same
type are found in dl of the many domains of culture.

If two systems of transmission and transformation of information exist
in this way, musicologists, linguists, and more generally specialists in the
human sciences have a privileged interest in the question of the rela
tionship between these systems. Two approaches seem available. On the
one hand, we could, together with evolutionary psychologists, search for
mental modules that supposedly underlie the capacities that appeared
during the course of human evolution as adaptations to environmental
conditions (Barkow, Cosmides, and Tooby 1992). On the other hand, we
could turn to the study of cultural transmission itsdf, which athough
dependent on the biological evolution of mental modules produced
through environmental adaptation, deals with objects that are suscepti-
ble to the partly autonomous process of directed evolution. Thus, if one
wants to apply the scheme of universal Darwinism to culture, the first
step is to identify cultural units of replication, variation, and selection;
in other words, units corresponding to genes in biological evolution. In
his book The Selfish Gene (1976), Richard Dawkins proposed the
name “meme” for this unit of information that passes from one brain to
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another during the process of cultural transmission. It is interesting to
note that the example chosen by Dawkins to illustrate this notion is an
air from the song “Auld Lang Syne” This brings us right back to the area
of music: we know that protoforms of cultural transmission are present
among animal species that proceed, at least partly, by learning, particu-
larly in the case of vocalizations (see Whaling and Payne, this volume).
This helps us see more clearly the questions that have to be addressed
and the research avenues that are available. At what point does cultural
evolution appear? How does it establish itself? What relationship does
it have with genetic evolution? Or, if you wish, when is Lamarck added
onto Darwin? The study of the origins of music, language, and related
phenomena can help us find answers to these questions.

Musc and Language Are Not Natural Kinds

When one is interested in the origins of music, numerous data are at
one' s disposal. On one hand is dl information dealing with the behavior
and acougtic productions of a diverse array of animal species, and on the
other, dl that we know about human music. This latter knowledge
includes severa digtinct areas. anayss of the structure and elements of
music, but also the ontogeny of musical behavior and its instantiation in
the human nervous system. On first view, the natural point of departure
would seem to be the structure of human music such as we conceive of
it. But weimmediately see the danger of this approach: if we definemusic
according to structures of the European tradition, we commit a grave
methodological error, because nothing guarantees that this conception
has any kind of universal vdidity. By proceeding in thisway, we suppose
that music possesses some kind of stable essence, that it congtitutes a
natural kind. Logicians use this term to describe families of entities pos-
sessing properties bound by natural law: we know of natural kindsin the
form of categories of minerals, plants, or animals, and we know that
different human cultures dassfy natural realities that surround them
in a completely analogous fashion. Is the same thing true for cultural
artifacts?

It is Sgnificant to consider that anthropologists, who insst on the emi-
nently variable nature of cultural phenomena, do not go to the point of
placing into question the unity of human music. We redly believe we
know what music is, even though ethnomusicologists themselves have
taught us that in many cultures no word exists that corresponds to what
we know of as music, and that we are obliged to put under the vague
term of “music” very different types of practices. It seems to be the case
that, in a general manner, cultural artifacts do not constitute natural
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kinds: they never stop changing, and terms that designate them constitute
only what Wittgenstein called “family resemblance predicates.” Nothing
guarantees that dl the forms of human music contain a nucleus of
common properties that would be invariant since the origination of
music.

If music is not a unified and homogeneous redlity, there is no reason
to imagine that it emerged one day wholly made by evolution. The only
legitimate approach (in the worst case an exercise in brain storming) is
to recognize that there is no “music in and of itsdf,” no musica essence,
but only some distinct capacities that one day converged toward what
we today call music. In addition, we have to place in perspective not only
the mixed and heterogeneous nature of music itsdf but aso the exter-
nal relations that it maintains with what one could cal the sister arts. |
use this expression in abroad sense to refer not only to poetry and paint-
ing but aso to the entire family of the performing arts—theater, mime,
circus, dance—as well as to language. Contrary to common opinion,
language is no more natural than music; it constitutes a heterogeneous
redity. In ageneral manner, | believe that problems posed by the origins
of music aswell asby the origins of language can be resolved in a proper
manner only by engaging in an exercise of systematic deconstruction of
these notions. To take up once again the expression of Frangois Jacab,
evolution is a bricolage, and we have no reason to think that music and
language, two capacities of which we are so proud, could have escaped
this mode of production.

It is thus advisable to analyze music and language by reducing them
to their congtitutive elements, of which one could make the hypothesis
that they correspond to independent modules, each of which has under-
gone a specific evolutionary trajectory. What are these features or con-
dtituents of music? In an elementary fashion, one could distinguish a
temporal component consisting of meter and rhythm, and a melodic
component condisting of contour, pitch, and interval. An essential argu-
ment in favor of the existence of distinct modules for each of these fea-
tures is furnished by neuropsychology.

It must be pointed out first that the neuropsychology of music has
shown a pronounced lag by comparison with the current state of
knowledge of the neuropsychology of language. Even though aphasia
and its different forms have been topics of great interest for well over a
century—at least snce the work of Broca and Wernicke—the study of
the corresponding deficits in the domain of music, that is to say, the
amusias, is dill in its infancy. This seems sgnificant to me: it shows that
music, as it is viewed as an devated art form, is difficult to submit to
experimental scientific approaches. However, despite the insufficiency of
our understanding, the study of pathological dissociations and double
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dissociations at the neurological level seems to lead to the hypothesis of
specific modules for the temporal and melodic components of music,
themselves composed of distinct submodules for, on the one hand, meter
and rhythm, and on the other, contour,pitch, and intervals (Peretz 1993).
To these diverse components, it seems necessary to add a semantic
component.

We know of the great difficulty in specifying the nature of musical
sgnification, vigoroudy chalenged by the formdigt tradition from
Handick to Stravinsky and the latter’ s famous axiom, “I consider music,
by its nature, incapable of expressing anything.” | believe that to have a
less atificid and less inexact idea of musica dgnification, one must
abandon “great” music and instead turn to contemporary and primitive
forms of dance music, from ritual to disco. The issue is not about repre-
sentational semantics but about what | call rhythmo-affective semantics,
which involves the body, its movements, and the fundamental emotions
that are associated with them. This point seems to be essentia: our
conception of music, based on the production, perception, and theory of
“great” European classca musc, distances ourselves irremediably from
the anthropologica foundations of human music in general.

Let us now attempt the same exercise in the area of language, a
fidd in which resistance is much greater, because it is difficult for us to
think that language does not constitute, according to the formulas of
Saussure, an organism in which everything is internally connected. Y,
language is not, any more than living organisms, a perfectly organized
totality or aformal system: both are made from the pieces and fragments
that evolution, bit by bit, adapted to the world, and coadapted among
themselves. It is thus not certain that all of the components of language
appeared at the same time (but see Bickerton, this volume, for a differ-
ent viewpoint). The constitutive dimensions of language are well known,
but | would like to emphasize especialy those aspectsthat are most often
underestimated.

We classcally distinguish a phonetic-phonological level, a grammati-
ca or morphosyntactic level, a lexicosemantic level, and a pragmatic
level. Concerning thefirst level, an essentia point isthat thisitsdf is com-
posed of two sublevels: a segmental level of phonemes, and a supraseg-
mental level corresponding to the phenomena of accent, intonation, and
duration. One sees here the appearance of a first point of meeting
between language and music: the suprasegmental level of language
depends on mechanisms close to those that are operative in the melodic
component of music (see Brown, this volume). Moreover, language pos-
sesses, like music, a temporal and rhythmic component, essential for
speech, and that appears, for example, in the fundamenta unit of the
syllable. A universal definition of the phoneme (if there is one and if we
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are on the right track) will have a rhythmic organization based on the
emission of timed initiator powerbursts, each burst having a single peak
(Lass 1984:250). It should be noted that these two aspects of language,
the melodic and the rhythmic, are largely left by the wayside when trying
to reconstruct protoforms of language.

If we move on to morphosyntax, we see that it clearly constitutes one
of the specific characteristics of human language, which distinguishes it
from other known forms of animal communication. We can describe
morphosyntax from two points of view: formal and functional-semantic.
From the formd point of view, it appears as a capacity to link and
combine lower-level sequences. In this regard, it cannot be said that
there is anything language-specific about this function since one finds
analogous capacities in many other domains, from gesture to manual
skills to the articulation of speech. The same cannot be said for the
other aspect of morphosyntax, whose fundamental structure is the oper-
ation of predication. But here again, one should avoid getting stuck in
grictly linguistic analyses. In fact, predication, that is, the association
between a subject and a predicate, or, if you will, between afunction and
its arguments—as in the sentence “Peter hit Paul”—depends on prior
capacities and operations (i.e., naming and categorization) preceded by
pointing.

Pointing is particularly important. It leads us to distinguish two
domains in language, which Karl Buhler (1965) caled Zeigfeld and
Symbolfeld: the deicticfield, in which words directly refer to the speaker
and the world and are dependent on context (e.g., indexical expressions
suchas*“l,” “here,” “now,” “this’); and the symboalic field, which proceeds
through the intermediary of general concepts. The existence of the
deictic field in language suggests a socia origin for relations in the world:
it is for their “socius’ that humans designate and name objects. More-
over, the act of predication must not be interpreted as a logica or
abstract operation, but instead as the representation of a scene. It ishere
that one can establish a link between language and the way in which
problems of visua perception are conceptuaized today: the mgor
concern deals with understanding how the cerebral cortex represents an
environmental scene. It is the same thing for language: it represents, that
is it “plays out,” a scene, and we will soon see the importance of this
process for the origins of language.

The lexicosemantic dimension of language has been largely ignored
since the triumph of structural and generative linguistics and the empha-
dsthat it placed on grammar. | would like to focus on one final compo-
nent of language: afective semantics, something that | would relate to
musical sgnification. Linguistic semantics is generally, and amost exclu-
svdy, conceived of in terms of a referential semantics couched in the
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form of abstract and emotionally neutral cognitive representations.
Affectivity, wh