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CHAPTER1

INTRODUCTION:
THE EVOLUTION
OF LANGUAGE

MAGGIE TALLERMAN AND
KATHLEEN R. GIBSON

1.1 ANIMAL COMMUNICATION SYSTEMS
AND THE UNIQUENESS OF LANGUAGE

Most organisms communicate with conspecifics, whether intentionally or not, and
such communication encompasses all conceivable mechanisms. Vocal and other
sound-based signals, such as clicking wings or legs, are common. Visual signals are
also widespread, including those most associated with humans and other primates:
manual and facial signals, and bodily postures. Visual signalling with feelers or
other body parts occurs in many species. Colouration is a common type of visual
signalling: for instance, some species have distinct juvenile versus adult coloura-
tion, or special breeding plumages. Often, changes in colour occur according to
context, for instance in some fish, in octopuses, and in chameleons; social cepha-
lopods, such as squid and cuttlefish, deploy changes in skin colour and pattern to
signal messages such as readiness to mate. Tactile signals are widely employed, such
as touching with legs, trunks, or feelers. Communication via chemical signals is
widespread; for example, moths use pheromones to attract conspecifics in the dark.
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Electric organ discharge (for instance, in electric fish such as mormyrids) also
occurs, but is much rarer. Numerous social insect species have highly sophisticated
communication systems, such as the ‘dance’ used by honey bees, where complex
movements produced by a returning forager indicate the distance and direction of
pollen and nectar resources. Animal communication systems are thus immensely
varied in form.

Some animals communicate not only with conspecifics, but also understand at
least some of the signals produced by other species; for example, Diana monkeys
learn the message conveyed by the alarm calls of neighbouring Campbell’s monkeys
(Zuberbiihler, Chapter 5). Moreover, symbiotic relationships sometimes produce
communication across unrelated species. The honey guide bird (Indicator indica-
tor) leads honey badgers to bees’ nests by making a sound that attracts the badger,
which then breaks into the nest, allowing both animals to reap the rewards.

Mammals employ extensive vocal communication with conspecifics, often in
addition to using visual display, chemical messages, and tactile communication.
Humans are no exception here, and our ancient primate communication system
encompasses many non-verbal signals, including laughter, crying, smiles, frowns,
cries of pain, and postures of aggression and appeasement (Burling, Chapter 44).
With a very small amount of cultural diversity, these signals are human universals.
But all animal communication systems, including our own non-verbal signalling,
share a (negatively-defined) property: these systems cannot combine signals to
produce new meanings. In fact, they generally do not combine signals at all. For
language, though, this property is fundamental. The combinatorial principle,
exploited at different levels of organization, is a crucial, distinctive attribute of
language. The overarching property, shared by no other animal system, is the open-
ended productivity of language: humans combine signals to produce an infinite set
of distinct meanings, and can convey to conspecifics any topic that can be thought
of, including absent, hypothetical, and fictitious events and entities.

In every meaningful sense, language is an autapomorphy, i.e. a derived trait
found only in our lineage, and not shared with other branches of our monophyletic
group (say, the group of primates, or the group of great apes). We also have no
definitive evidence that any species other than Homo sapiens ever had language.
However, it must be noted straightaway that ‘language’ is not a monolithic entity,
but rather a complex bundle of traits that must have evolved over a significant time
frame, some features doubtless appearing in species that preceded our own.
Moreover, language crucially draws on aspects of cognition that are long estab-
lished in the primate lineage, such as memory: the language faculty as a whole
comprises more than just the uniquely linguistic features. We do not know, though,
if and how language has itself shaped properties such as memory (or vice versa), so
the role of extra-linguistic factors is hard to evaluate.

We anticipate that both animal communication and animal cognition will shed
light on the evolution of language, but in exactly what ways is hotly debated.
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Biologists do not expect evolution to throw up a radically new complex system
with no evolutionary precursors, so it is good scientific practice to look for relevant
primitive features in closely-related species, i.e. phylogenetically ancient features
that may have preceded language or been prerequisites for language; see Hopkins
and Vauclair, Chapter 18; Wilkins, Chapter 19. Another established methodology is
to search for examples of convergent evolution: functionally or formally similar
features appearing in species that do not share a recent common ancestry. Unfor-
tunately, for language such features are not easily detected. For specific traits, there
are indeed both analogues (unrelated but superficially similar features) and homo-
logues (features with a shared common ancestry) in other animal systems. These
include such common features as vocalization and cultural transmission. But it
seems clear that language as a system has no ‘simpler’ analogues or homologues in
other animals. In fact, language is exceptional in almost all aspects.

Language obtains its unique expressive power by exploiting a few distinct formal
principles that operate over numerous subsystems and at different levels of orga-
nization. These tools have little or no parallel in the animal kingdom. First, and
perhaps most critically, language combines elements at all levels. Starting with
sound systems (MacNeilage, Chapter 46), each language combines elements from
an individual set of digitized sounds known as phonemes: discrete, contrastive
sound segments. In turn, phonemes are often considered to be combinations of a
discrete set of phonological features, such as [+/— voice] and [+/— sonorant]
(though see MacNeilage, Chapter 46, for discussion). Phonemes combine in
language-specific permutations to form syllables, and syllables combine to form
morphemes and words; sign languages have equivalent manual systems (Goldin-
Meadow, Chapter 57). Words are combined, both in morphology, to form com-
pounds (greenhouse, dog-house, icehouse, outhouse), and in syntax, to form headed
phrases.

Second, elements are ordered in predictable ways. Each language has its own set
of phonotactic constraints, governing which sound sequences are permissible and
which are not; English, for instance, allows word-initial sequences of /pl/ (play) and
/Kl/ (clay) but not */tl/. Morphemes are ordered in fixed ways (un+afraid, but
fear+less; hand+ful+s, not *handsful); see Carstairs-McCarthy, Chapter 47, on
morphology. Words are also sequenced predictably, for instance by having a
usual order of heads and complements across phrasal categories, though languages
are not always dogmatic about this.

Third, language exploits hierarchical structure at several levels. Syllables are
hierarchically structured, with a nucleus and coda combining to form a rhyme
(say, vocalic nucleus /1/ plus coda /gk/ forming ink), and then an onset, say dr or sl,
combining optionally with the rhyme, forming drink or slink. Hierarchical struc-
ture also operates at the level of morpheme combinations: given the morphemes
un-+friend+1ly we get the structure [un|friendly]] rather than *[[unfriend]ly],
whereas with untidily (un+tidy+ly) the structure is [[untidy]ly]. Semantics
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exploits hierarchical structure, for instance by partitioning meanings into different
levels of specificity: spaniel, setter, retriever are types of dog, dogs are a type of
mammal, mammals a type of vertebrate and so on. Syntax exploits hierarchical
structure by combining words into phrases, and phrases into larger phrases and
clauses (Tallerman, Chapter 48). It is also widely argued that texts in discourse (e.g.
conversations or stories) are hierarchically structured. In addition to these organi-
zational principles, mappings occur between all linguistic levels, including most
broadly between sound and meaning. This, then, is the formal basis of language.

Even at the lowest levels of organization, there are strikingly few parallels in
animal communication systems. In human phonological systems, a relatively
small, closed set of meaningless elements (sound segments and their visual equiva-
lents in sign languages) combine to produce meaningful elements. Though bird
song is sometimes described as having ‘phonological syntax’ (Marler 1977), the
term is rather misleading. In bird song, discrete acoustic units also exist, and are
combined and sequenced in rule-governed ways, but there is no compositionality;
whatever the sequences of notes or motifs, the message never changes and no new
information is produced (Hilliard and White 2009; Slater, Chapter 8). There is no
productivity in the combinations. Bee dances display a limited compositionality
(Kirby, Chapter 61) but again, no productivity. As we move up the levels of
linguistic organization, we find fewer parallels still in animal systems. Hierarchical
structure exists in some bird song and some whale song (Janik, Chapter 9), but it is
always limited (Hurford 2011). There is no recursion (self-embedding) and no
semantic compositionality.

A priori, we might expect that the natural communication systems of our closest
living relatives, the great apes, would be nearest to language—perhaps rather like
language, but with a smaller vocabulary and a simpler grammar. But this is
absolutely not the case. Even at the most fundamental level, that of sound produc-
tion, we have a different morphology of the supralaryngeal vocal tract from that of
chimpanzees, with humans showing clear specializations for speech production
(MacLarnon, Chapter 22). Moreover, humans have evolved far greater neurological
control over their vocalizations than other primates. Although much is still
unknown about the subtleties of communication systems in other primates, it is
clear that there is really nothing analogous to human sound systems, lexicon,
semantics, or grammar. Some call combinations do seem to occur in wild chim-
panzees (Slocombe, Chapter 7) but as yet there is no evidence that these acquire a
compositional meaning; see Tallerman, Chapters 48 and 51.

Certain animal systems have something that at first glance seems to resemble a
primitive vocabulary. For instance, among other calls, some monkey species have a
small set of distinct alarm calls, each produced in response to a different predator
(such as the well-known vervet monkey calls, ‘eagle’, ‘leopard’, and ‘snake’; Seyfarth
and Cheney, Chapter 4). These have attracted much interest in the language
evolution literature, doubtless because of the relatively close relationship between
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humans and monkeys. It should be noted, though, that domestic chickens also
have distinct alarm calls for different predators, a system as sophisticated as those
of monkeys, and, additionally, have referential food calls; moreover, prairie dogs
(which are rodents) employ perhaps the most highly sophisticated systems of
animal alarm calls (Gibson, Chapter 11). Are alarm calls or food calls parallel to
words? They share one property—arbitrariness—with human vocabulary: they are
non-iconic, meaning that they do not sound like the entities they represent; see
Deacon, Chapter 43. Alarm calls are often described as having functional reference;
that is, they are prompted by external events (such as the appearance of a leopard)
rather than merely conveying an animal’s internal state, such as fear or aggression.
We might then assume that the leopard alarm in some way ‘means’ leopard. But
this is not necessarily so—the leopard call may alternatively be associated in the
hearer’s mind with the leopard-specific escape route, climbing a tree; see Hurford,
Chapter 40; Tallerman, Chapter 51, for discussion.

Alarm calls differ from words in all other respects; see Tallerman, Chapter 48.
They are not formed from different permutations of a discrete set of sounds, but
rather, are holistic. Both the calls themselves and the broad contexts that provoke
them are innate. Conversely, words, both forms and meanings, are learned by
human infants, and crucially, new words are learned by each speaker throughout
life. Monkey alarm calls are primarily used when the particular predator is present,
and sometimes to deceive conspecifics into thinking a predator is around. Even in
the latter case, calls are wholly situation-specific; calls cannot be used predicatively
to discuss a predator, past, present, or hypothetical. Alarm calls are indexical,
meaning that they have a causal link to what they represent—normally, the
presence of the predator induces the appropriate alarm call. Alarm calls thus also
lack the property of displacement that is crucial in language: words are not tied to
or produced in a precise context, but can be used whenever the concept they
represent floats into our minds.

Words are thus true symbols, whereas animal calls, even if functionally referen-
tial, are not; symbolic reference, which must be acquired by learning, is explored in
detail by Deacon, Chapter 43, and by Harnad, Chapter 42. Critically, word mean-
ings are established between a community of speakers and agreed by convention.
Part of what this entails is that the meaning of a word can change very quickly,
providing other members of the language community adopt the new meaning
(think of net, web, or drive). Alarm calls, in contrast, have a fixed meaning and
essentially form a closed set. The total repertoire of calls in any animal species is
tiny, numbering no more than a few dozen distinct calls, whereas the vocabulary of
all human languages numbers tens of thousands of items (Tallerman, Chapter 48).
The gulf between the small set of essentially innate and relatively inflexible calls
found in all other primate species and the massive, open-ended, and learned
vocabularies of human beings reveals one of the major innovations in language
evolution that must be accounted for. This is no mere matter of degree—in
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vocabulary, something altogether different has evolved from anything seen in the
natural communication systems of other animals (Burling, Chapter 44).

The evolution of a massive, learned vocabulary store (Tallerman 2009) is just one
of the unique aspects of language. Only in language do we find the extensive
categorization that, for instance, divides the lexicon into discrete categories such
as noun, verb, adjective, each category with its own distinctive behaviour. The
categories themselves are unlikely to be innate, since they differ from language to
language, but the ability to categorize in this way, and on the basis of little data,
appears to be uniquely human. Evidence of children’s abilities in generalizing over
categories has been well known at least since Berko (1958). In the wug test, children
are told that a mythical creature in a picture is a wug when asked what two such
creatures are called, they have no difficulty in replying /wagz/, thus using the
correct plural form of the noun.

Only language conveys propositional meanings (‘idea units’; loosely, what we
call sentences, such as The bird flew past the window), and of course these are
unlimited in scope. Only language exhibits all the paraphernalia of syntax (Taller-
man, Chapter 48), including headed phrases, recursion, long-distance dependen-
cies, and expressions such as each other or themselves that can only be interpreted
using other expressions (Kim and Mel hurt each other). Only language displays the
property of duality of patterning (see Tallerman, Chapter 51), with combinations
on two levels of organization: meaningless units (phonemes) are combined into
meaningful morphemes/words, and words are combined into phrases. Other
highly distinctive properties arise on each level of linguistic organization; even
the speech signal itself displays significant adaptations both in production and
perception (see Pinker and Jackendoff 2005 for an overview).

Given the limited nature of the evidence obtainable from studying animal
communication systems, how do researchers hope to break into the evolutionary
puzzle that is language?

1.2 WHAT COUNTS AS EVIDENCE IN
LANGUAGE EVOLUTION?

The previous section introduced the major novelties of the language faculty, which
includes notable discontinuities with animal communication systems. This gives
rise to a fundamental dilemma in the field of language evolution. Language seems
to display many features with no precursors, yet general evolutionary principles
suggest that a complex trait like language, which is not under the control of any
single gene or related group of genes, must have evolved in large part from simpler
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precursors. Frustratingly, we have no direct evidence for any aspect of language
evolution, and no uncontroversial indirect evidence. Moreover, what is considered
possible evidence differs from discipline to discipline, as we now discuss.

The comparative method is an obvious place to start; see chapters in Part I, also
Fitch (2010a). There are two ways in which this method can be employed. The first
involves comparing similar traits within a clade. For humans, the set of primates as
a whole or the smaller set of great apes would be most relevant; for instance, tool
use by other great apes is an established trait, so it seems likely that the last
common ancestor of all great apes, including humans, was able to use simple
tools. This trait is thus a homologue, involving a shared common ancestry. (See
Wood and Bauernfeind, Chapter 25, for discussion of likely features of the last
common ancestor between panins, i.e. chimpanzees/bonobos, and hominins, i.e.
creatures that are on the human line of descent, though not necessarily direct
ancestors to Homo sapiens.) Relevant here too are the natural communication
systems of closely-related species, and also their latent language-related abilities,
such as the ability to learn arbitrary symbols under human instruction (Gibson,
Chapter 3). The alternative way of employing the comparative method involves
comparing the convergent evolution of similar traits across a number of unrelated
lineages. For instance, bipedal locomotion in humans, kangaroos, and birds is not
due to common ancestry, so is an analogous trait across the three lineages.
Analogues are useful because they may have evolved in different lineages under
comparable selection pressures, such as a similar habitat, diet, or predation pattern.
The problem, as noted above, is that homologues and analogues to essential
properties of language are not easily established in animal systems, and no other
species has a language faculty, so the comparative method is difficult to apply
straightforwardly. For discussion in this volume, see especially Arbib (20); de Waal
and Pollick (6); Gibson (3 and 11); Hopkins and Vauclair (18); Hurford (40);
Pepperberg (10); Slocombe (7); Tallerman (48); Zuberbiihler (5).

The discipline of palacoanthropology examines the fossil record, and from skull
endocasts may uncover anatomical evidence of brain structure of potential rele-
vance to language, including brain size, external cortical reorganization, and hemi-
spheric asymmetries (Wilkins, Chapter 19). Unfortunately, we cannot study past
stages of brain evolution in any depth, since endocasts provide no evidence of
internal brain structure. Similarly, with the exception of an occasional hyoid bone,
we have no fossilized remains of the vocal tract (see MacLarnon, Chapter 22; Wood
and Bauernfeind, Chapter 25). However, even if we had clear evidence of the
emergence of modern vocal tract structure, we would not necessarily know how
to interpret it. A broadly modern structure, for instance, could initially have
evolved as a spandrel, that is, as a by-product, perhaps of bipedalism or changes
in dental function (MacLarnon, Chapter 22). In that case, speech capabilities could
still have been lacking if neural adaptations had not yet occurred. Even if we were
certain that a modern vocal tract provided full speech capabilities, this would not
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necessarily imply the presence of a full language faculty, since this encompasses far
more than speech.

Recently, molecular biology has provided another possible source of physical
evidence: the use of genetic material from hominin fossils, and the tracking of
changes in DNA in hominin populations (Cann, Chapter 24; Pakendorf, Chapter
59). Again, however, these methods are fraught with difficulties and controversies.
For instance, which class of DNA (mitochondrial, Y-chromosome, or autosomal)
should be considered the most reliable? This is as yet a young field, and new
discoveries and constant developments in technology should provide more answers
in future decades.

Another line of enquiry looks not at hominin fossil remains themselves, but at
the artefacts left by our ancestors. Archaeologists have argued that inferences can be
made about the development of symbolic communication and linguistic complex-
ity by looking at tools and other implements, or personal ornaments such as beads,
thus assuming some link between linguistic skills and cognitive sophistication, as
evidenced in the material record. Moreover, if a certain level of cultural complexity
is attested both in known societies and in prehistoric societies, it seems reasonable
to assume that a similar level of complexity occurs in cognition too. In this volume,
the chapters by Boeckx (52); Botha (30); d’Errico and Vanhaeren (29); Donald (17);
Mann (26); Mithen (28); and Wynn (27) discuss the relevance of the archaeological
record and the difficulties inherent in interpreting it; see also Cann, Chapter 24.
There are many possible drawbacks to using technological advances to infer the
presence of the language faculty, not least because crucial artefacts made of
degradable materials may be absent from the record: for instance, early hominins
may have utilized plant materials, including bark, leaves, wood, grass, and reeds,
and animal soft parts, including hides, furs, and feathers. We only have to think of
the exponential increase in the complexity of our own artefacts between 1850 and
2010 to realize that there is no simple chain of inference between sophistication in
the archaeological record and the presence of language (see also Botha, Chapter
30). Moreover, new archaeological findings readily overturn previous conclusions.
For example, it was once thought that art, beads, and some forms of stone-flaking
appeared only in Upper Palaeolithic times, i.e. after about 35,000 BP. We now know
that beads, other putative forms of symbolism, and advanced flaking techniques
long predate the Upper Palaeolithic (Brown et al. 2009; d’Errico and Vanhaeren,
Chapter 29; McBrearty and Brooks 2000). And until quite recently, tools compris-
ing more than one component—such as harpoons or bows and arrows—were
thought to have originated only within the last 20,000 years (Coolidge and Wynn
2009b; Wynn, Chapter 27) but a recent find suggests that arrows were being
produced as much as 64 kya (thousand years ago) (Lombard and Phillipson
2010). Thus, the archaeological record requires us to frequently re-evaluate evi-
dence and arguments.
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Given the problems with the physical record, both of hominin fossils and
associated artefacts, many have turned to other potential sources of evidence for
language evolution. Jackendoff (2010: 65) suggests that reverse engineering pro-
vides the most productive methodology: ‘We attempt to infer the nature of
universal grammar and the language acquisition device from the structure of the
modern language capacity’. Thus, one form of evidence comes from the study of
normal language and its acquisition; in this volume, see in particular the contribu-
tions by Bickerton (49); Burling (44); de Boer (33); Falk (32); Goldin-Meadow (57);
Graf Estes (64); Locke (34); MacNeilage (46); Studdert-Kennedy (45); Tallerman
(48 and s51). However, the danger of confusing ontogenetic and phylogenetic
processes must always be guarded against here. There is no reason to think that
any specific evidence concerning the origins of language can be gained from
studying the acquisition of modern languages. Moreover, infants learning language
today have a full language faculty, which clearly is not the case for the earliest
hominins.

Linguists often suggest that evidence can be obtained by extrapolating from
other modern contexts; for instance, from observable ‘language genesis’ in adults
and children, including the formation of pidgins and creoles (in this volume, see
Bickerton, Chapter 49; Carstairs-McCarthy, Chapter 47; Roberge, Chapter 56),
homesign, and emergent sign languages (Goldin-Meadow, Chapter 57). A very
strong line of linguistic research (and one of the few areas widely considered to
provide good evidence by practitioners of disparate linguistic theories) involves the
study of grammaticalization. It is widely argued that putative prehistoric stages of
language can be reconstructed by studying known linguistic trajectories of
change—specifically, the ways in which grammatical elements are formed from
lexical elements. In this volume, see especially the contributions of Bybee (55);
Carstairs-McCarthy (47); and Heine and Kuteva (54). The importance of gramma-
ticalization is also emphasized by Bickerton, Chapter 49; Corballis, Chapter 41; and
Chater and Christiansen, Chapter 65.

There are also, however, applications of reverse engineering in spheres other
than the narrowly linguistic. In the field of cognition, Coolidge and Wynn (Chapter
21) investigate the evolution of modern thinking, specifically the emergence of
indirect speech acts. There are also applications of reverse engineering in evolu-
tionary biology; in this volume, see in particular Szamad¢6 and Szathmary, Chapter
14, who discuss the co-evolution of language and the brain. Since there must be
some relationship between genes and language, it has sometimes been assumed
that there are readily identifiable genes ‘for’ language, or aspects of language (for
example, FOXP2 was often carelessly reported in the popular press as the ‘language
gene’). Diller and Cann, Chapter 15, evaluate the evidence concerning genetic
correlates for language, and conclude that language is highly unlikely to be
associated with any single genetic mutation; see also Cann, Chapter 24.
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Two related, relatively new applications of reverse engineering have become
major fields of investigation in language evolution: computational and mathemat-
ical modelling, and robotics, including embodied agent models. Formal models
allow the predictions of theories of language evolution to be tested empirically, by
building in the assumptions to be tested and seeing if they indeed result from the
model: if the model produces these results, the assumptions are borne out. In this
volume, see especially Cangelosi (62); Kirby (61); and Smith (60); also de Boer (63);
MacNeilage (46); Studdert-Kennedy (45). As both Kirby and Smith discuss, results
and predictions obtained from the formal models can further be tested on human
subjects in the laboratory.

In sum, though there will inevitably be much speculation in a field of this nature,
we believe that serious advances have been made in the past few decades in terms of
building an evidence-based discipline. In the next section we consider in more
detail the properties of language as a biological system.

1.3 LANGUAGE EVOLUTION AND BIOLOGY

We start by examining the uniqueness of language in biological terms, in compari-
son with other animal communication systems. Language is a complex amalgam of
lifelong learning (nonetheless including a critical period) and innateness; see Fitch,
Chapter 13. Most researchers agree that both aspects are crucial to language, but
many controversies arise over where the line should be drawn (see the following
section). The aspects uncontroversially considered to be learned are, of course,
vocabularies and idiosyncratic lexical properties of distinct languages, transmitted
from generation to generation (a trait known as traditional transmission). Vocab-
ulary is added beyond the critical period for language acquisition, a feature with
few clear analogues in other animal communication systems.

Simple communication systems which combine vocal learning and innateness
are found in some animals (notably, songbirds), but the contributions made by
each aspect are easier to tease apart, since experiments can be performed which
would be impossible with human subjects. Here we see a marked contrast with the
communication systems of non-human primates, in which learning plays a mini-
mal part—it is more a case of fine-tuning the acoustic properties of calls, and of
learning the specific contexts in which it is appropriate to use each call. Vocal
learning does play a vital role in the communication systems of some non-
primates, however, especially in bird species (Slater, Chapter 8), in a number of
marine mammals (whales, dolphins, sea lions etc.; Janik, Chapter 9), and in some
bats. Among vocal learning birds, there are certain parallels to language learning:
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song learning can involve a sensitive period, outside of which the learned system
will either be incomplete or abnormal; song is traditionally transmitted (i.e.
learned from adult models); and a stage analogous to babbling (known as sub-
song) occurs. However, Gibson (Chapter 11) points out that language learning is
actually very different from the learning of bird song, which often has a sensitive
period followed by a long ‘quiet’ period, with song emerging only in adulthood; see
Hurford (2011). Moreover, young birds raised without an appropriate adult model
(e.g. solely female instead of male relatives) will nonetheless sing, even though the
song is not adult-like. This shows that there is an innate stratum, some basis for the
song which is not entirely learned.

In the case of language, the child undoubtedly brings crucial cognitive contribu-
tions to the learning process, yet without linguistic input, full language does not
develop. Despite the necessity for learning, the language faculty (whatever it
contains) provides such a powerful drive that in the absence of normal linguistic
input, something language-like can emerge. A clear example comes from the deaf
children of hearing parents: from the non-linguistic gestures that the parents make
to communicate with the child, a structured system—known as homesign—devel-
ops spontaneously in the child’s communication (see Goldin-Meadow, Chapter 57).
This is not language, but has indisputable linguistic properties. And tellingly,
when speakers of different homesign systems get together in a naturalistic setting,
a shared system with more linguistic properties soon emerges, as in the well-known
case of Nicaraguan Sign Language, also discussed by Goldin-Meadow. Over the
course of a couple of ‘generations’ of schoolchildren, this sign system developed
into full language. It is also well documented throughout the world that when
contact occurs between groups with no shared language, restricted linguistic
systems develop, known as pidgins (Roberge, Chapter 56), and these may in due
course become full languages, learned natively by children. Given such evidence, it is
difficult to conclude that language has no genetic component. We will assume, then,
that there have been significant adaptations in our species with respect to a language
faculty.

Strikingly, though, and unlike animal communication systems, language differs
radically in its superficial form in distinct geographical locations—we have mutu-
ally unintelligible ‘languages’ in different regions, rather than distinct ‘dialects’, as is
the case in some bird song and whale song systems. The superficial diversity of
language systems has no discernible consequences for language learning; infants
seem equally capable of learning any ambient language (or indeed, learning half a
dozen or more languages in their environment), and take around the same amount
of time to get to the same stages, whatever language they are learning. This fact
alone suggests the presence of an innate predisposition for language learning.

Another biologically distinctive property of language concerns its function (see
also below). If indeed language has biological ‘function’ at all, it is difficult to
discern what the primary function might be, or might have been while language
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was evolving. The function of animal communication systems, on the other hand,
typically revolves around reproduction, including mate attraction, pair bonding,
and defence of territory. Even learned animal systems thus have a very limited
message. There is a biological imperative for songbirds to learn their songs: birds
that don’t learn the species-appropriate song are less likely to be chosen as mates,
and song quality is perceived by potential mates as a fitness indicator (Slater,
Chapter 8). Song is, thus, an honest signal (Zahavi and Zahavi 1997), in a way
that language is not. Song is ‘costly’, as it takes time to produce, and so reveals the
quality of the singer: only a bird that is already in good condition can afford to
spend time singing rather than feeding; song may also draw the attention of
predators. Conversely, producing language requires virtually no calorific expendi-
ture above and beyond that needed for overall brain growth and maintenance; it
doesn’t take up valuable time that could be used to forage and it doesn’t require
that the speaker be in good condition. One of the questions surrounding the
origins of language is therefore how a ‘cheap’ communication system of this nature
might have arisen; for discussion in this volume, see especially Donald, Chapter 17;
Dunbar, Chapter 36; Falk, Chapter 32; Knight and Power, Chapter 37.

It is also notable that language involves developments on three distinct but
interacting timescales (Kirby, Chapter 61; Carstairs-McCarthy, Chapter 47; Sza-
mad6 and Szathmary, Chapter 14). The first of these is biological evolution:
whatever is in the language faculty (and its precursors in early hominins) must
be genetically transmitted under selective pressures—the transition in hominins
from no language to language is a biological fact, so must conform to known
biological processes. Language in its earlier forms can therefore be assumed to have
been adaptive, i.e. to have conferred fitness benefits on its users. At the very least,
whatever neurological, physical, or other changes accompanied an evolving lan-
guage faculty had to have no negative impact on selection.

Biological change thus encompasses all the phylogenetic changes in hominins
which are prerequisites for language, including the evolution of crucial abilities not
shared with other primates, or at best, only minimally developed in non-human
primates. For the speech modality, these prerequisites include full vocal control
(the ability both to vocalize and to suppress vocalization at will), vocal imitation,
and vocal learning; see MacLarnon, Chapter 22; MacNeilage, Chapter 46. A certain
amount of vocal flexibility is in fact attested in modern primates (see Slocombe,
Chapter 7; Zuberbiihler, Chapter 5), taking the form of acoustic modification of
calls. It is now also known that some primates can both vocalize volitionally and
suppress vocalization under certain circumstances. Slocombe also reports on some
evidence showing that both vocal imitation and learning occur, for instance in
different ‘dialects’ of vocalizations in chimpanzees; if there are novel vocalizations,
they must be learned and must spread via imitation. But even before those traits
emerged, our ancestors must have developed the ability to understand that con-
specifics are communicating deliberately; to infer the mental states of other
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individuals (see Gibson, Chapter 3; Hurford, Chapter 40; Knight and Power,
Chapter 37); and to engage cooperatively in all sorts of tasks, which eventually
included discourse (Tomasello 2008). These traits are all expressed to some extent
in modern apes, so probably existed in the last common ancestor of apes and
humans. Language placed a premium on these abilities. For a protolanguage to
emerge, hominins needed to develop expanded abilities in such domains, leading
ultimately to the ability to learn, store, and retrieve a vast intersecting network of
arbitrary symbols (words; Deacon, Chapter 43), and the crucial property of
displacement (the ability to refer to entities remote in time or space; Hurford,
Chapter 40); see also Tallerman (2009).

Using these conventional symbols relies in turn on the capacity to imitate,
rehearse, and refine the practical skills required (Burling, Chapter 44; Corballis,
Chapter 41; Donald, Chapter 17). The use of vocabulary also relies on a shared
conceptual system, which probably developed directly from primate cognition
(Hurford, Chapter 40), and requires ‘the ability to associate gestures or vocaliza-
tions with concepts’ (Burling, Chapter 44; see also Corballis, Chapter 41): this must
be one of the critical first steps in language evolution. For full language, more is
needed—the major development being the compositional syntactic abilities which
are the main impetus in generative grammar for assuming an innate language
capacity; see Bickerton, Chapter 49; Tallerman, Chapter 48, for an outline of
syntactic processes.

The second timescale involves cultural transmission: individual languages are
transmitted across generations, and within populations of speakers. This has led to
proposals that languages themselves adapt to become more learnable (Christiansen
and Chater 2008; Chater and Christiansen, Chapter 65). Many developments on
this timescale are known from attested language change, in particular the processes
known as grammaticalization, whereby lexical items evolve into functional items
(auxiliaries, complementizers, demonstratives, determiners, and so on). Most
linguists assume that similar processes were operative in the evolution of the
full language faculty, so that the earliest protolanguages—simpler precursors to
language—may well have distinguished no categories other than protonouns
and protoverbs (Hurford 2003a; Heine and Kuteva 2007, Chapter 54; Tallerman,
Chapter 51).

Cultural transmission involves not only vertical transmission, between parents
and children, but also horizontal transmission of various kinds, both within and
across communities. This includes transmission between speakers of different
languages, in cases of language contact: see Pakendorf, Chapter 59. Such contact
can lead to interesting mismatches between the genetic and linguistic heritage in a
population, as Pakendorf outlines. Since population contact is likely to have been
extensive throughout our evolution, language contact between linguistic groups
has very likely contributed much to language evolution itself (Nichols, Chapter 58).
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Horizontal transmission between groups of deaf children also occurred in the
development of Nicaraguan Sign Language (Goldin-Meadow, Chapter 57).

The third timescale is that of individual learning—the growth of language in
children. MacNeilage, Chapter 46, argues that there is one respect in which
ontogeny recapitulates phylogeny, and that is in speech production; infants and
early hominins must share the same biomechanical constraints on mouth move-
ments, and these lead in both cases to initially simple syllable patterns (as seen in
babbling; see Studdert-Kennedy, Chapter 45, for discussion). Even prelinguistic
infants possess impressive statistical learning abilities which provide cues for
segmentation, enabling the internal structure of words and phrases to be detected
in the continuous stream of speech (Graf Estes, Chapter 64). Of course, these
learning mechanisms also evolved (Szamadd and Szathmary, Chapter 14), thus
relating back to the biological timescale.

As mentioned above, the complexity of the language faculty precludes any
simple account of language evolution relying on a few, recent genetic mutations.
The sequencing of the human genome (International Human Genome Sequencing
Consortium 2004) revealed, rather surprisingly, that humans only have around
20,000—25,000 genes—far fewer than was anticipated. (A microscopic roundworm,
Caenorhabditis elegans, has over 19,000 genes.) Since humans share approximately
99% of their genome with chimpanzees and bonobos, this suggests that relatively
few genes determine all of the biological differences between humans and panins
(Gibson 2002). Two factors may account for this. First, most genes are pleiotropic,
which means that they have control over more than one trait. Second, many genes
(such as FOXP2) are also regulatory in nature; that is, they serve as switches that
turn multiple downstream genes on or off. Regulatory genes that are active early in
development can have profound effects on developing phenotypes. Given the small
number of genetic differences between panins and humans, it is likely that many of
the phenotypic (i.e. observable) differences reflect functional differences in regu-
latory genes. The small number of total genes in the human genome—coupled
with the small number of probable genetic differences between other apes and
humans—also argues against views that each aspect of distinctively human neu-
rology, behaviour, or language is controlled by a distinct gene (Gibson 2002; Diller
and Cann, Chapter 15). Chater and Christiansen, Chapter 65, even doubt that the
language faculty has genetic underpinnings at all, arguing that aspects of language
fluctuate far more quickly than genetic changes could accommodate; but see
Szamado6 and Szathmary, Chapter 14, for an alternative view. We do not doubt
that cultural transmission has shaped the language faculty to some extent; since the
earliest forms of protolanguage must have been culturally transmitted (Nichols,
Chapter 58), just as languages themselves are, then learnability seems likely to have
played an important role in evolution. But we also see an evolving language faculty
itself as clearly adaptive.
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It is also important to acknowledge epigenetic factors in human evolution.
Genes interact with their environment, so that the same genotype (i.e. the same
DNA) occurring in two individuals does not necessarily produce the same phenotype
(observable properties or behaviour) in both, a phenomenon termed phenotypic
plasticity (Szdmad6 and Szathmary, Chapter 14). A simple example is height. The
ultimate height reached by any individual is a product of interacting genetic and
environmental effects, including intrauterine environment, postnatal diet, and
overall health. As noted by Szamad¢6 and Szathmary, and outlined in the introduc-
tion to Part II, phenotypic plasticity is built into mammalian, including human,
brain developmental processes. It is possible, via the Baldwin Effect and genetic
assimilation, for initially plastic phenotypes, including learned behaviours, to
ultimately become genetically fixed (Fitch, Chapter 13; Gibson and Tallerman,
Chapter 12; Szamadé and Szathmary, Chapter 14). Although an ‘instinct’ to learn
languages has clearly been incorporated into the human genome, no specific lexical
items or specific syntactic constructions are universal. This suggests that language,
as opposed to most animal calls, is a specific adaptation for communicating about
highly variable events.

1.4 LANGUAGE: WHAT ARE WE TRYING TO
ACCOUNT FOR AND (HOW) DID IT EVOLVE?

Do we even agree what language is? Although we have written so far as if it is clear
what the term ‘language’ refers to, the likelihood is that readers have quite disparate
ideas on this topic. We started this introduction by comparing language as a
communication system with animal communication systems, something that is
controversial for those who do not regard language as primarily ‘for’ communica-
tion at all. If ‘language’ suggests different things to researchers from distinct fields,
then we won’t necessarily agree about what there is to account for in ‘language
evolution’. We therefore need to consider how various terms have been defined and
used in the field.

A primary distinction often made in linguistics is that between E-language and I-
language (Chomsky 1986). E-language (‘external’ language) refers to linguistic
behaviours, also indicating an observable set of languages (living or extinct);
E-language is in some sense ‘out there’ in a language-speaking community.
I-language is a cognitive entity; it refers to the speaker’s (‘internal’ and ‘individual’)
knowledge of language, and is regarded by many linguists as the proper object of
biological study. Broadly, I-language can be equated with the better-known term,
competence; I-language is a property of an individual’s brain, while E-language is
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the output of a set of I-languages. For evolutionary linguistics, the relevance lies in
the distinction between the evolution of language as a human faculty, and the
subsequent development of various languages (linguistic systems) over historical
time, which is generally not thought to involve evolution in a biological sense.

There is, of course, no way to see I-language directly, and few methods are
available for investigating the nature of the language faculty apart from studying
the outputs of I-language, including interrogating native speaker grammaticality
judgements: indeed, linguistics journals are full of papers investigating various
aspects of (E-)‘languages’. Whether or not these analyses shed light on the language
faculty itself is often a matter of interpretation and of theoretical assumptions.
Moreover, I-language itself is not transferred from parent to child, but must
crucially pass through what Hurford (1990b) terms the ‘Arena of Use’ Children,
like linguists, have no direct access to their parents’ language faculty, and their own
I-language is in part the product of learning from incomplete linguistic data
produced in a social setting. There seems little doubt that processes of socio/
cultural transmission play a role in shaping languages (Kirby, Chapter 61). An
objection here might be that such transmission has shaped E-languages but does
not affect I-languages. For instance, it is likely that traditional transmission is
involved in forming vowel systems that keep segments as far apart as possible
within the acoustic space available (de Boer, Chapter 63), and also involved in
linearizing words and phrases in ways that aid processing (Hawkins 1994, 2004).
But cultural transmission operating while the language faculty was still evolving
may also have shaped I-languages themselves. The very fact of having to be
learnable by human brains may determine structural properties of language
(Anderson, Chapter 39; Chater and Christiansen, Chapter 65).

A second distinction (Hauser et al. 2002) is between FLN and FLB—the faculty
of language in the narrow and in the broad sense. FLN is a component of the wider
FLB, but refers to whatever is uniquely linguistic—‘the abstract linguistic compu-
tational system alone’ (Hauser et al. 2002: 1571)—and thus, uniquely human. FLB
contains many additional capacities, including memory, respiration, and the audi-
tory system; traits that are used in language but are not necessarily uniquely
human. Jackendoff usefully (2010) refines this distinction. Some aspects of the
broader language faculty are uniquely human, but have a wider function than the
purely linguistic, such as a full theory of mind. Other aspects of the language
faculty are both uniquely human and uniquely linguistic, yet have evolved directly
from existing primate features; a clear instance is the specialized human vocal tract
(MacLarnon, Chapter 22). In FLN remains whatever is radically new in the primate
lineage—aspects of the language faculty that are so specialized or distinctive that
they appear to have no primate precursors. From a biological perspective, as little
as possible should be ascribed to this last category.

To step back a little, these distinctions also raise questions. What do we mean by
a language faculty? Does it even exist? Most linguists, psychologists, and biologists
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assume, at a minimum, that humans have some genetic endowment for language
acquisition; a biological trait which, in the presence of socially-presented linguistic
data, ensures that language will develop in all children with normal biological
endowments and normal socio/cultural experience. Briscoe (2009: 369) defines
such an innate language acquisition device as ‘nothing more or less than a learning
mechanism which incorporates some language-specific inductive learning bias in
favour of some proper subset of the space of possible grammars’. Linguists often
refer to this biological endowment as universal grammar (UG). UG in this sense
addresses the issue of the species-specificity of the language faculty; even when
raised by humans, other great ape infants do not acquire language (though some
may acquire rudimentary, protolanguage-like communications systems). Even if
‘an innate, species-specific and domain-specific faculty for language’ (Kirby, Chap-
ter 61) is rejected, it is presumably impossible to deny some crucial involvement of
our genetic code in language acquisition. As well as referring to the ‘initial state’ of
the language faculty, for many authors UG also constrains the design of languages,
providing ‘restrictions on search space’ (Chomsky 2010: 61). For instance, the
infant language-learner can assume that syntactic processes are structure-dependent,
so that, say, a fronting construction operates on a whole constituent rather than part
of a constituent (Whose book did you buy? vs. *Whose did you buy __ book?).

The concept of UG itself is frequently misunderstood (see Jackendoff 2002: ch. 4
for useful discussion and Goldberg 2008 for commentary on various interpreta-
tions). Although not everyone who uses the term UG has exactly the same
conception of it, various aspects should be clear. UG is not ‘what all languages
have in common), nor a set of language universals (contra Tomasello 2009a). Nor is
it an abstract semantic structure common to all languages. UG is often now seen as
‘the “toolkit” that a human child brings to learning languages’ (Jackendoff 2002:
75). Under this conception, UG provides a set of tools, or basic principles, for
building languages, which each language customizes in specific ways; see also
Culicover and Jackendoff (2005) for more details on the Toolkit Hypothesis.
There is no expectation here that everything the toolkit can build is found in all
languages (see Carstairs-McCarthy, Chapter 50), but it does constrain what can
be built.

Many questions arise. A major issue concerns whether there is a specialized
(domain-specific) language acquisition device at all. If a UG of this nature does
exist, what aspects of the language faculty does it contribute to? Does it contain
linguistically specific principles? As an alternative, can we do away with UG, so that
every aspect of language learning is subsumed under more general learning me-
chanisms? There are probably two polarized extremes in this area. At one end of the
spectrum lies the view that there is a completely specialized, innate language
faculty, centring around—or even consisting solely of—a narrow syntactic core
(see Piattelli-Palmarini 1989, 1994, 2010; Anderson and Lightfoot 2002). Much
recent debate focuses on the content of ‘narrow syntax’ (Hauser et al. 2002).
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Historically within generative linguistics, a great deal was attributed to an innate
UG, including very specific autonomous syntactic principles such as subjacency
and other island constraints, and numerous other filters such as the empty category
principle or the specified subject constraint. Crucially, such properties were seen as
highly abstract and arbitrary, rather than functionally motivated, and this arbitrar-
iness was a central plank in the argument; if these domain-specific principles don’t
make language more ‘useful’ or usable—and may even be dysfunctional (Chomsky
1995)—then they can’t be adaptive and thus can’t have evolved by natural selection
(see Lightfoot 1991, Chapter 31; Anderson, Chapter 39). Both Anderson and Light-
foot stress that it is extremely unlikely that natural selection accounts for every
aspect of the language faculty.

Although UG is still a central concept in more recent Minimalist theorizing in
linguistics, its role and hypothesized content is much reduced. The bulk of the
machinery associated with the heyday of the Principles and Parameters framework
is no longer considered part of UG (Hauser et al. 2002; Chomsky 2005, 2010; see
Boeckx, Chapter 52). Chomsky (2005, 2010) proposes that the central syntactic
operation is Merge, which takes items X and Y and combines them to form Z, thus
building ‘recursive’ hierarchical structure; this, in Chomsky’s view, is the main
component of genetically-determined UG (see Bickerton, Chapter 49).

At the other end of the spectrum of views on UG lies a disparate body of work
from various disciplines, including various ‘usage-based’ and ‘emergentist’ ap-
proaches to language (MacWhinney 1999; see Bybee, Chapter 55). Proponents of
such approaches may deny that there is any UG: thus, no domain-specific proper-
ties pertaining to language, and no genetic endowment that is language-specific. In
this vein, Tomasello (2009a: 471) comments that ‘the idea that there is a biological
adaptation with specific linguistic content. . .is dead’; see also Tomasello (2003a,
2005, 2008) and Christiansen and Chater (2008), who ‘conclude that a biologically
determined UG is not evolutionarily viable’ (2008: 489); also Arbib, Chapter 20.
This is not necessarily to deny that the child brings species-specific abilities to the
language-learning task, but crucially, these are seen as general cognitive and
pragmatic analytical capacities (Tomasello 2003a, 2005). Such factors constrain
languages to conform to the patterns we find, but are not domain-specific to
language. Bybee and McClelland (2005: 396) also ‘view language structure as
emerging from forces that operate during language use’; such forces include
frequency effects, whereby common sequences of words come to be treated as a
single unit and then undergo phonological reduction (e.g. dunno from I don’t
know). From a somewhat different perspective, Christiansen and Chater (2008)
also argue that rather than ‘language evolution’ involving phylogenetic change in
humans, language itself has adapted (literally) to fit the learner’s brain: there are thus
biological constraints, involving human learning biases, ‘but these constraints
emerge from cognitive machinery that is not language-specific’ (2008: 507); see
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also Evans and Levinson (2009). Bickerton, Chapter 49, evaluates such ‘cultural
invention” accounts.

Common to these ‘usage-based” approaches (also Croft 2001) is the idea that
grammatical constructions themselves shape language and contribute to the ap-
pearance of design. Chater and Christiansen, Chapter 65, argue that human
learning and processing capacities can account for many aspects of language
structure. This view does not rule out the existence of linguistic universals (i.e.
properties found in all languages), though of course these would have nothing to
do with UG, but would be due to common ‘aspects of human cognition, social
interaction and information processing’ (Tomasello 2009a: 471). Learners are
sensitive to the communicative functions of language, which are the same across
all human cultures, and stem from the fact that humans basically conceptualize the
world in the same way (Tomasello 2008). Similarly, Christiansen and Chater ‘adopt
a non-formal conception of universals in which they emerge from processes of
repeated language acquisition and use’ (2008: 500).

Amongst those who support the UG hypothesis, a central tenet has been ‘poverty
of the stimulus’ arguments, which claim that the language data which children
receive as input are too limited, haphazard, and imperfect to allow them to infer
the grammar of the ambient language without innate, language-specific learning
mechanisms (Chomsky 1965, 1986; Piattelli-Palmarini 1989; Anderson, Chapter 39;
Boeckx, Chapter 52). Much disagreement with the entire concept of ‘poverty of the
stimulus’ has arisen. MacNeilage, Chapter 46, contends that arguments of this kind
are inapplicable to phonology, since children ‘hear all the sound patterns’ they need
to learn, though other phonologists may well disagree with this view. Extensive
work has been undertaken on learning and other areas of cognition since UG was
initially proposed, and undoubtedly indicates that there is less work for the child to
do than was once supposed. Various kinds of ‘head start’ that do not involve
language-specific principles are widely proposed. Goldberg (2008: 523) cautions
against overlooking ‘the power of statistics, implicit memory, the nature of catego-
rization, emergent behaviour, and the impressively repetitive nature of certain
aspects of the input’ (see Graf Estes, Chapter 64, on statistical learning). Moreover,
the input is likely not as unhelpfully degenerate as once assumed, and interactions
between child and caregiver are probably highly significant in language acquisition
(see de Boer, Chapter 33, on infant-directed speech; also Falk, Chapter 32; Locke,
Chapter 34). To an extent, discoveries of this nature undermine arguments from
the ‘poverty of the stimulus’, but they do not negate it: we are far from knowing all
the methods employed by infants in learning any one of the world’s 6000 or so
languages, including the child’s abilities to abstract beyond a limited set of data and
to extrapolate the correct generalizations.

Tomasello’s work (e.g. 2008, 2009b) also discusses the relevance of collaboration,
cooperation, and shared intentionality in the evolution of human cognition,
including language. He suggests that shared goals and collaborative actions arose
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in the service of new hunting and/or foraging techniques, under conditions not
shared by other great apes (in this volume see Gibson, Chapter 35, on foraging;
Knight and Power, Chapter 37; also see Bickerton 2009a). Specific behaviours
which are undeveloped in other great apes, such as extensive pointing, establishing
common ground, and joint attention are all highly relevant to language acquisition,
especially acquisition of vocabulary (Burling, Chapter 44; Hurford, Chapter 40).

A large body of broadly ‘functionalist’ work within linguistics also suggests that
grammars themselves are shaped by the functions they perform, lessening the need
to posit arbitrary constraints in UG; see Newmeyer (1998, 2005) for extensive
discussion. The most concrete of these proposals provide evidence from language
processing. For instance, Hawkins (1994, 2004) demonstrates that the requirements
of language processing link directly to the form of grammars themselves. In head-
initial languages, such as English, short constituents generally precede long ones:
normal English word order has Adj-Noun, as in a yellow book, but in a book yellow
with age, the adjective phrase is ‘heavy, so must follow the noun, hence the
ungrammaticality in English of *a yellow with age book. Head-final languages,
such as Japanese, reverse the preferred order: long constituents precede short
ones. Sometimes these principles are merely strong preferences, but they are also
widely grammaticalized, meaning that a language disallows dispreferred orders. In
a similar vein, Christiansen and Devlin (1997) show that the universally strong
tendency for a word order that is fixed across all phrases within a language (head-
initial vs. head-final) need not be due to an innate, language-specific principle, but
instead may be accounted for by human sequential learning mechanisms. It seems
likely, then, that processing requirements have been responsible for much language
structure, thus obviating the need for many arbitrary constraints in UG.

The concept of UG is therefore subject to various lines of attack, including
arguments that languages themselves adapt to learners’ brains, that usage shapes
grammar, that language processing shapes grammar, and that learning of grammar
is aided by many domain-general cognitive processes. Does this mean that what we
might broadly call performance factors, i.e. factors involving the use of language,
can explain and predict all aspects of language structure, so that domain-specific
principles and/or UG can be dispensed with entirely? For some, the answer is yes;
Tomasello (2005) argues that poverty of the stimulus arguments are void, and that
no language-specific principles need be postulated. But as Jackendoff (2002: 79)
points out, ‘if language is indeed a specialized system, one should expect some of its
functional principles to be sui generis’ This debate essentially boils down to the
question of whether general cognitive principles and domain-general learning
mechanisms can ‘buy’ the kinds of language structure that recur cross-linguistically
(Bybee, Chapter 55), as well as the child’s ability to acquire these structures
so readily, or whether domain-specific linguistic principles are required (see
Anderson, Chapter 39; Boeckx, Chapter 52, for discussion).
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In fact though, much recent work in linguistics draws on both traditions—on
mainstream generative grammar and on cognitive/functionalist work. For exam-
ple, the Construction Grammar approach (Goldberg 1995, 2006) influences not
only the work of Joan Bybee and Michael Tomasello, working firmly within the
usage-based tradition, but also the ‘Simpler Syntax’ of generative linguists Peter
Culicover and Ray Jackendoff (2005). Chomsky (2010: 9) also notes that ‘we need
no longer assume that the means of generating structured expressions are highly
articulated and specific to language’. Moreover, Chomsky’s recent work explicitly
proposes that language acquisition depends not only on genetic endowment (UG)
and linguistic data, but also on ‘third factor’ principles not specific to the language
faculty, such as the capacity for data analysis, and more general biological princi-
ples, including developmental constraints.

In conclusion, it is fairly clear that UG should no longer be conceived of as a
large set of highly specific (and purely syntactic) principles, in the sense of the
Principles and Parameters approach. But this does not entail that there is no
specific biological endowment relating to the language faculty.

We turn next to the role of natural selection in the evolution of language, and the
question of how, why (and if) a language faculty evolved at all. Clearly, if any
domain-specific principles are required to account for the language faculty, then
the appearance of such principles must be accounted for. There are, broadly, two
views here, adaptationist and non-adaptationist (see Bickerton, Chapter 49; Chater
and Christiansen, Chapter 65; Gibson, Chapter 35 for more discussion). Under the
former view, the language faculty evolves gradually via natural selection; all stages
are adaptive, so confer increased fitness on their possessors. The seminal paper here
is Pinker and Bloom (1990); the target article and the following commentaries set
out many of the important issues. Pinker and Bloom aim to counter the position
that ‘the evolution of the human language faculty cannot be explained by Darwin-
ian natural selection’ (1990: 707) by providing arguments from design, and by
showing that language displays all the signs of adaptive complexity.

The non-adaptationist or exaptationist alternative (e.g. Piattelli-Palmarini 1989,
1990, 2010; Lightfoot 1999, 2000, Chapter 31) argues that natural selection may have
played a minor role, or even no role at all, in the formation of the language faculty.
Critical aspects of language may have arisen as a spandrel (an evolutionary by-
product), for instance of increased brain size (Chomsky 2010), or via general
physical or biochemical or developmental constraints (‘laws of form’) still dimly
understood (see Boeckx, Chapter 52), or as a result of ‘macroevolutionary changes
that are caused by single point mutations in regulatory genes’ (Piattelli-Palmarini
2010: 156). This view is essentially saltationist too, suggesting that the language
faculty appeared very suddenly and without primate precursors, and denying that
there has been gradual evolution of a language faculty under selective pressure.
In part, this goes hand in hand with the view that the language faculty has not
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evolved ‘for’ (and hence was not shaped by) communication, but rather, involved a
new kind of recursive thought process; see the discussion below.

The very existence of a language faculty is called into question by some. For
instance, Tomasello (1990, 1999, 2008) argues that language is purely a human
cultural invention, and is also acquired culturally, without help from an innate
UG. Evans and Levinson (2009: 446) claim that ‘The fact that language is a bio-
cultural hybrid is its most important property’; this leads to what they see as
extreme language diversity, rather than a homogeneous, but abstract, universal
linguistic template. Supporters of this view also argue against a Pinker-and-Bloom-
type of gradually evolving language faculty, but on the grounds that no domain-
specific abilities have evolved: ‘children learn language using general-purpose
cognitive mechanisms, rather than language-specific mechanisms’ (Christiansen
and Chater 2008: 507). This is not necessarily to deny that there were adaptations,
including biological adaptations, but these are for general human cognition (which
includes language).

In large part, the answer to the question of ‘what, if anything, evolved?” depends
on what one thinks is uniquely linguistic; what the language faculty contains. As
just noted, some recent work claims that general cognition handles everything
linguistic, while other work (e.g. Culicover and Jackendoff 2005) regards the
linguistic ‘toolkit’ as quite extensive, and certainly as containing more than just
syntactic principles. For Hauser et al. (2002) and Chomsky (2010), FLN contains
very little, perhaps only the operation Merge, which creates syntactic structure by
combining lexical items (Bickerton, Chapter 49; Boeckx, Chapter 52). Thus,
Chomsky can suggest that the ‘simplest speculation about the evolution of lan-
guage’ (i.e. FLN) is that ‘rewiring of the brain took place in some individual’ to
yield Merge (2010: 59). We should note, though, that to date there is no neuroana-
tomical evidence that any such rewiring occurred. In any event, this putative
development is not intended to account for the entire language faculty—it doesn’t
need to: if FLN contains only one critical syntactic operation, then everything left
over is regarded as part of FLB, which as noted above includes properties that are
not even species-specific. If what is unique in language can be minimized in this
way, then not much needs to be explained. Thus, Chomsky suggests that there may
even have been a single ‘genetic event’ causing language (Chomsky 2010: 58; but see
Diller and Cann, Chapter 15). Under this view, the role of natural selection in
shaping the language faculty is also minimized (as noted by Pinker and Jackendoff
2005: 219). Chomsky (2010: 61) further suggests that ‘solving the externalization
problem’ (i.e. getting I-language out of the brain into E-language, via phonology
and morphology) ‘may not have involved an evolutionary change—that is, a
genomic change’. One problem with this approach is that numerous additional
aspects of the language faculty apart from Merge appear to be not only uniquely
human, but also domain-specific, and hence must be part of UG; crucial examples
(two among many) are duality of patterning and the ability to learn and store a vast
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lexicon with highly specific linguistic properties; see Pinker and Jackendoff (2005),
Jackendoff and Pinker (2005), and Jackendoff (2010) for extensive discussion and
illustration; also Tallerman, Chapters 48 and 51.

In sum, we agree that it seems highly likely that many factors apart from ‘mere’
natural selection have shaped the language faculty, including some organizational
principles that have nothing to do with genetic changes—but has anyone ever
doubted this? Darwin certainly did not deny the existence of alternative evolution-
ary mechanisms, though of course he could not have known of such biological
factors as random genetic drift or gene flow. In any case, natural selection crucially
interacts with such factors, since selection pressures maintain or remove random
mutations. Since the language faculty in its entirety is a complex collection of traits,
not a single trait, the likelihood is that different factors shaped distinct parts. It is
biologically—if not linguistically—feasible to argue that some single aspect is
critical, and that this is not due to natural selection. But it is surely indefensible
to propose that the whole language faculty is attributable to non-selective factors.

We turn next to the question of why language evolved, in other words, what
selection pressures were involved. This of course also brings up the question of
function, as mentioned above. Language is, as noted from the start, a collection of
interrelated features, some of which are uniquely linguistic (either with or without
obvious primate precursors), and others which have a broader application than the
linguistic (see Jackendoff 2010). Discussion of function, selection, and adaptation
may seem to suggest that we can disentangle all these factors, but this is almost
certainly impossible.

One question regarding function that may be amenable to scientific investiga-
tion is why only one primate lineage developed a language faculty. To many, the
answer seems clear: to enhance communication (in this volume, see especially
Dunbar, Chapter 36; Falk, Chapter 32). But the issue is not whether communica-
tion has played some role in shaping the language faculty; there is probably near
unanimous agreement that it has. What is at issue is what language evolved ‘for'—
communication or thought. The two main positions can be characterized thus: 1)
language evolved as—and is uniquely adapted for—communication, therefore
traits enhancing communication were selected for from the start; or alternatively,
2) language evolved in the service of internal thought and was only later ‘externa-
lized’, therefore selective pressures for more efficient communication came later.
Under this view, ‘the earliest stage of language would have been [ ... ] a language of
thought, available for use internally’ (Chomsky 2010: 55; see Boeckx, Chapter 52).
Purely internal language would provide ‘capacities for complex thought, planning,
interpretation), etc. (Chomsky 2010: 59). Chomsky has consistently taken the view
that communicative needs did not provide a major selection pressure (see Piattelli-
Palmarini 1989, 2010; Chomsky 2005, 2010; Fitch et al. 2005), and language is not
seen primarily as a communication system (Chomsky 2000a). Moreover, current
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utility (e.g. the use of language for communication) does not explain the functional
origins of a trait (Fitch et al. 2005).

Although we do not share the view that the ‘language of thought’ came first, it is
instructive to consider how ‘inner speech’ might nonetheless be adaptive (see also
Coolidge and Wynn, Chapter 21). For example, Gary Lupyan’s work (e.g. 2006)
suggests how vocabulary might arise without communicative pressure. In experi-
ments with adults, having mental labels for new concepts is shown to aid categori-
cal learning; see also Harnad, Chapter 42. This is not inherently a communicative
function, but it is adaptive; for instance, it would help a hominin to distinguish
between two similar-looking mushrooms, one of which is nutritious and the other
poisonous. Of course, labels (words) are now the prima facie instance of what is
learned from the environment, but this need not (in fact, cannot) have been the
case at the very start of the evolutionary process: the earliest arbitrary symbols did
not exist in a community until someone put them out there. (See Harnad, Chapter
42, on the ‘symbol grounding problem’; also Cangelosi, Chapter 62; Deacon,
Chapter 43.) Others have proposed that critical selection pressures arise from the
kind of thought which language makes possible; Penn et al. (2008) suggest that an
ability to reason about higher-order relations would be adaptive, more so even
than being able to communicate with conspecifics. On this view, some kind of
simple pre-language, used for communication, might in fact have evolved first;
subsequently, more complex linguistic constructions might arise in a ‘language of
thought’, where they would be highly adaptive in terms of problem-solving.

The alternative view, that the primary adaptation was for communication, is
held by many, including Pinker and Bloom (1990), Hurford (2002), Jackendoff and
Pinker (2005), Pinker and Jackendoff (2005), Christiansen and Chater (2008),
Levinson’s contributions to Enfield and Levinson (2006), and Tomasello (2008).
Pinker and Jackendoff (2005: 224) state that ‘the key question in characterizing a
biological function is not what a trait is typically used for but what it is designed
for, in the biologist’s sense—namely, which putative function can predict the
features that the trait possesses’. The works cited argue that the design features of
language are specialized to handle the mapping between meaning and sound,
which is exactly what is involved in communication (i.e. rather than inner speech).
As Pinker and Jackendoff note (2005: 231), ‘the argument that language is designed
for interior monologues rather than communication fails to explain why languages
map meaning onto sounds and why they must be learned from a social context’

In fact, languages are replete with features that only service communication, and
play no role in mental representation. These features include (but are not limited
to) speech production and perception; the entirety of the systems of phonology
and morphology, including duality of patterning; devices that regulate the lineari-
zation of phrases and propositions, including unmarked word orders and ‘move-
ment’ constructions such as focalization (e.g. Beans, I like, but spinach, I hate)
and question formation; principles of interpretation of expressions with no



INTRODUCTION: THE EVOLUTION OF LANGUAGE 25

independent meaning, including pronouns and anaphors; the formation of gram-
matical functions such as ‘subject’ and ‘object’ and the ability to change these
functions by means of such processes as passivization, anti-passivization, dative
shift, and so on. More or less the whole point of syntactic operations is to express
different pragmatic effects; we wouldn’t need constituent questions or a passive
construction unless we were trying to put a message across. Along with these
properties, all known languages have some set of purely grammatical or ‘function-
al’ elements (such as complementizers, auxiliaries, determiners, and pronouns; see
Carstairs-McCarthy on complexity, Chapter 50) and morphosyntactic features,
such as number and grammatical gender, case, and agreement. Some of these
elements have a clear role in terms of communication, such as complementizers
marking clause boundaries; and case and agreement, which mark grammatical
relations (thus showing who did what to whom). But none of them appear to play
any role in conceptual structure, though it might be argued that these functional
elements are relatively recent innovations in language (Heine and Kuteva, Chapter
54), thus played no part in the human ‘environment of evolutionary adaptedness’,
and are not part of the initial adaptation.

The issue of critical initial selection pressures relates to, but should not be
conflated with, the continuity issue. There are three distinct views of continuity
(see also Hauser et al. 2002). One, language is totally dissimilar both to animal
communication and cognition; there is thus no continuity at all with prior systems,
and the language faculty (or some subpart deemed essential) is a saltation (Piat-
telli-Palmarini 1989, 2010). Two, direct continuity with animal communication
systems is the only biologically feasible solution. Saltations giving rise to excep-
tional complexity are impossible. Our ancestors are primates, so language must
originate in primate call/gesture systems (Wray 1998, 2000). Three, language is
totally dissimilar to modern great ape communication, so cannot evolve from
similar ancestral systems, but instead its origins lie in primate cognitive/conceptual
systems (Bickerton 1998, 2000; Hurford 2002, 2007; Fitch et al. 2005; Newmeyer
2005; Pinker and Jackendoff 2005; for discussion in this volume, see Arbib, Chapter
20; Seyfarth and Cheney, Chapter 4; Wilkins, Chapter 19).

Proponents of the first view note that evolutionary novelties may arise, not by
gradual adaptation, but by apparently quite sudden shifts, a view drawing on the
punctuated equilibrium approach of Gould and Eldredge (1977); see Lightfoot,
Chapter 31. Not all changes are adaptive, though they may subsequently acquire
adaptive value and be selected for. (We note, though, that contrary to older
assumptions, natural selection is now known to produce some very fast adapta-
tions; see Szamado and Szathmary, Chapter 14.) Under this first view, the language
faculty (whatever it contains) may even be a spandrel, a feature not directly selected
for, but which originally arose for non-adaptive reasons, as a by-product of
evolutionary change (Gould and Lewontin 1979). Adopting this view, Piattelli-
Palmarini (1989) claims that looking for language precursors in other apes is
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useless; once the gradualist/adaptationist view is discarded, biologists need not
search for intermediate stages of language: none exist. But, of course, there is no
way to test the validity of any hypothesis except by examining evidence. In this case,
the only way to determine the validity of the ‘no language precursors in apes’
hypothesis is to study apes.

The remaining two views do assume some continuity with animal precursors,
but cover a wide range of possibilities.

To an extent, we believe there is some evidence to support all three views. The
problem is, which aspects of language are deemed to be critical? Since language is a
complex system with crucially interacting subparts, it is unhelpful to promote one
aspect at the expense of others. Some aspects of language may well be spandrels.
For instance, Fitch (2000a) suggests that the lowered larynx may have evolved
primarily for size exaggeration, and was only subsequently selected for with regards
to speech sound production. But other aspects have been directly selected for, and
have clear primate precursors with a similar function. There are certainly trivial
senses in which primate communication systems give rise to language; for instance,
we use a modified version of the same vocal tract, and the same auditory system, to
produce and perceive sound (and mutatis mutandis for the gestural and visual
systems in the case of sign languages). However, there are few similarities between
language and the natural communication of other apes—not even in the sound
system, which might be expected to show some traces of its evolutionary history.
Therefore, the second view, if understood in any but the weakest sense, is unsup-
ported. The third view, that (aspects of) language are rooted in primate cognition,
seems to us to have empirical support (for discussion of evidence, see Hauser 1996;
Hurford 2007, Chapter 40; Gibson, Chapter 3; Seyfarth and Cheney, Chapter 4). It
also seems a promising line of further enquiry, since the cognitive capabilities of
other modern apes can at least be investigated scientifically; we hope that this is not
the biological parallel to the drunk looking for his keys under the lamp-post. In
contrast, Penn et al. (2008) argue that there is a radical discontinuity between human
and animal cognition, though they do not doubt that both human cognition and
language ‘evolved through standard evolutionary mechanisms’ (2008: 129).

In the following section, we briefly examine relevant stages in hominin evolution.

1.5 HUMAN EVOLUTION AND LANGUAGE

Although all great ape species (Gibson, Chapter 3; see also Knight and Power,
Chapter 37) have sufficient mental and communicative capacities to use rudimen-
tary protolanguages, none do so in the wild. Hence, protolanguage almost certainly
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dates to a period subsequent to the hominin phylogenetic split from chimpanzees
and bonobos, around 5-8 million years ago (mya) (Cann, Chapter 24). Language,
then, is an innovation in hominins. Although a number of hominin and possible
hominin fossils date to the lengthy period lasting from 2—7 mya (Wood and
Bauernfeind, Chapter 25), we do not know for sure if any of these early hominins,
such as Paranthropus, Ardipithecus, Australopithecus, or indeed early Homo were
our direct ancestors. Moreover, we cannot tell whether any of these hominins had
any form of protolanguage or anything we would recognize as speech. If they did,
this is not obvious from fossil anatomy, as most species had brain sizes only slightly
larger than those of apes, and at least one had an ape-like hyoid bone.

However, nearly all australopithecines and early forms of Homo had made
definite strides in the direction of human-like adaptations. Although most retained
some (ape-like) adaptations for an arboreal lifestyle, all were also bipedal to some
degree; bipedalism is a trait often hypothesized to serve as a preadaptation to the
descended larynx that characterizes modern humans (MacLarnon, Chapter 22).
Most of these hominins also had enlarged molar teeth with thicker enamel layers
than is generally present in apes (Wood and Bauernfeind, Chapter 25), suggesting
dietary adaptations. By 2.6 mya, some were clearly manufacturing sharp-edged
stone tools (Semaw et al. 1997) which were used for cutting meat and tendons
(Mithen, Chapter 28; Wynn, Chapter 27). Finds of bashed long bones and crania
indicate that hammerstones were used even earlier, and what are possible cut marks
on bones suggest that manufactured or naturally sharp-edged stone tools may also
have been used prior to 3 mya (McPherron et al. 2010). Taken together, this
evidence suggests that by the period between 2—4 mya, early hominins had adopted
some non ape-like foraging strategies (Gibson, Chapter 35). They had perhaps also
begun the long evolutionary trek to a hominin feeding adaptation that was
eventually characterized by cooking (Wrangham 2009), and by the exploitation
of foods with high nutrient density, which were hard to acquire, largely extractive
or hunted (Parker and Gibson 1979; Lancaster and Kaplan 2007). These altered
dietary strategies both enabled and were accompanied by major changes in life
history and social structure. For example, humans are less mature at birth than
apes, have a longer period of growth and maturation, and live longer (Locke,
Chapter 34). Also, human adults—unlike ape adults—form male/female food-
sharing bonds, and routinely provision the young (Deacon 1997; Hrdy 2009).
Possibly these dietary, life history, and social changes played a role in the selection
of various aspects of protolanguage, babbling, or speech (Falk, Chapter 32; Locke,
Chapter 34; Parker and Gibson 1979).

Dietary changes may also have helped provide the nutrients and energy neces-
sary to sustain the brain enlargement which characterizes early Homo, with brain
sizes of 500—725 cc, as opposed to 400—525 cc in australopithecines; Wood and
Bauernfeind, Chapter 25. This was the initial step in a two-million-year-long period
of continuing neural expansion. In a human adult, the brain uses 20% of the body’s
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metabolic energy; in newborns the figure is closer to 60% (Aiello et al. 2001).
Growing brains also have very high essential fatty acid requirements (Singh 2005).
From comparative studies of animal tool users, Parker and Gibson (1979) hypoth-
esize that the earliest hominin tool users would have acquired increased nutrients
by practising omnivorous extractive foraging; that is, they would have adaptations
enabling them to use tools to remove a wide variety of high energy, nutrient-dense
foods from outer casings, including hard-shelled nuts, beans, tubers, embedded
insects, honey, shellfish, brains, bone marrow, tortoises, burrowing animals, and
meat that required extraction from tough outer hides (see also Lancaster and
Kaplan 2007). Later work by Aiello and Wheeler (1995) provided a compatible,
expensive tissue, hypothesis. Using evidence of relative gut and brain sizes in
various animal species, they suggest that hominin brain evolution required
increased consumption of high energy, easy-to-digest foods, such as animal pro-
ducts, nuts, or underground tubers. Both hypotheses appear to have been verified
by findings of bones that are broken into to allow extraction of marrow, and stone
tools that could be used to cut meat in early hominin times (Wynn, Chapter 27).
Wrangham et al. (2009) also suggest that early hominins were exploiting water-
based underground storage organs (see also Tobias 2001). Aiello and Wheeler
(1995) further suggest that cooking may have been a critical adaptation for meeting
the energy requirements of the brain, a hypothesis that has been greatly developed
by Wrangham (2009). The cooking adaptation, however, almost certainly arose at a
later time than the basic shift to a high quality, nutrient-rich diet.

By between 1.8 and 1.9 mya, we see the emergence of a new grade of Homo,
generally referred to as Homo erectus, though African specimens are sometimes
classified separately as Homo ergaster. These hominins are characterized by full
bipedalism and greatly enlarged brains (9oo—1000 cc) in comparison to those of
apes; see Mann, Chapter 26. Not only were Homo erectus brains absolutely large in
comparison to those of apes or earlier hominins, they were also relatively large in
comparison to body size, and they exhibited a hominin-specific enlargement
(‘reorganization’) of the parieto-occipital-temporal region (Wilkins, Chapter 19).
It has long been debated which factor has played the greatest role in the evolution
of enhanced human intelligence: brain reorganization, absolute brain size, or
relative brain size (Holloway 1968; Jerison 1973). Homo erectus, however, had
them all. Perhaps this is not surprising since most postulated reorganizational
changes in the human brain (such as increased numbers of gyri and sulci) increased
neuronal connectivity, and proportionally greater increases in the size of some
brain regions rather than others actually correlate with increased brain or cortical
size (Jerison 1982; Passingham 1975). Of course, a postulated change in one
parameter does not indicate that other changes lack relevance. Even if key changes
in the brain that are not size-related have occurred in human evolution, this does
not negate the potential cognitive importance of increased neural information-
processing capacities (Gibson and Jessee 1999).
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So the increased brain size and obligate bipedalism of Homo erectus clearly
indicate an entry into a new, non-arboreal niche that was not ape-like, and that
involved the exploitation of higher-energy foods than was the case for apes or
earlier hominins, perhaps including increased quantities of animal foods such as
scavenged (Bickerton 2009a) or hunted meat, along with tubers and/or cooked
foods (Aiello and Wheeler 1995; Wrangham 2009). Whether this move into a new
niche was propelled by climatic changes, population pressures, or simple oppor-
tunism is unclear. It is unknown whether the increases in brain size in Homo erectus
had yet to result in the earlier births of their young (Falk, Chapter 32). It is also not
clear whether dietary changes in this period had already necessitated social adapta-
tions such as the adult provisioning of young, male/female food-sharing bonds,
and cooperative foraging endeavours. Eventually, such social adaptations may have
contributed to the supply of increased sustenance for growing brains (Marlowe
2010).

Evidence from the archaeological record may also provide indications of cogni-
tive changes. Bilaterally symmetrical Acheulean handaxes (Mithen, Chapter 28;
Wynn, Chapter 27) are produced by African Homo erectus, beginning about 1.6
mya. These indicate that in comparison to apes and earlier hominins, Homo erectus
had increased spatial intelligence (Wilkins, Chapter 19), increased procedural
learning capacities (Coolidge and Wynn, Chapter 21; Wynn, Chapter 27), possibly
an increased tendency to practise new skills (Corballis, Chapter 41; Donald,
Chapter 17), the ability to hold greater amounts of information in mind (Gibson
and Jessee 1999), and greater social learning and imitative skills (Donald, Chapter
17; Mithen, Chapter 28). We cannot, of course, know for sure whether Homo erectus
also had any form of language or protolanguage. Taken as a whole, though,
evidence including the invasion of a new niche by this species, its expanded
brain size, and its ability to manufacture spatially symmetrical tools do make it
seem quite likely that erectus possessed a pre-syntactic protolanguage, though there
is less agreement about the properties this might have had (Tallerman 2007, 2008a,
Chapter 51). Dunbar (Chapter 36) argues on the basis of correlations between social
group size and neocortical size that erectus also had enhanced vocal capacities in
comparison to apes. MacLarnon, on the other hand (Chapter 22) argues that the
narrow thoracic spinal canal of Homo erectus suggests an absence of enhanced
breathing control for speech (though see Wood and Bauernfeind, Chapter 25.)

A further major transition occurred about 400 kya with the appearance of
advanced hominins, which some palaeoanthropologists classify as archaic Homo
sapiens—humans—and others as Homo heidelbergensis (Gibson and Tallerman,
Chapter 23; Mann, Chapter 26). These hominins had an almost modern brain size
of about 1200-1300 cc. Advanced lithic technology also emerges at this time, and we
find the earliest clear evidence of hunting (not merely scavenging) in the form of
carefully made wooden spears from Schoningen, Germany, dating to 380—400 kya
(Thieme 1997); evidence also comes from the remains of hunted roe deer, horses,
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and giant elk from various English sites (Wynn, Chapter 27). From the same era,
400 kya, comes the first plausible evidence of deliberate interment of human
remains, from the ‘Pit of Bones’ in Atapuerca, Spain, as well as the first evidence
for the use of mineralized pigments, perhaps for body ornamentation (see Wynn,
Chapter 27).

There are widely differing estimates of when language (let alone protolanguage)
arose, depending on what evidence is considered relevant (see Gibson and Taller-
man, Chapter 23). Some archaeologists, as well as some linguists, regard the
emergence of the full language faculty as extremely recent; see, for instance,
Tattersall (1998b, 2010) and Chomsky (2005, 2010). The works cited by Chomsky
speculate that the language faculty is part of a broader ‘human capacity’ which only
appeared around 50 kya, and certainly less than around 100 kya. The idea that
language is not the product of a long and slow evolution, but rather, is a recent
saltation ties in with the Minimalist assumptions discussed above. Chomsky
consistently suggests that only one crucial step was required, the appearance of
Merge, seen as the product of ‘brain rewiring’. In Chomsky’s view, this is incom-
patible with a gradual evolution of the full language capacity. However, the mere
existence of the capacity to ‘merge’ information does not necessarily imply the
presence of the expanded working memory capacities that would be needed to
merge large amounts of information (Coolidge and Wynn, Chapter 21). It has also
been argued that the ‘merge’ capacity is not unique to language, but is also
necessary for the manufacture of constructed tools (e.g. hafted tools) and thus
was present considerably earlier than 50 kya (Gibson and Jessee 1999).

What has been considered evidence for a very recent emergence of language is
the massive increase in technological sophistication seen in the archaeological
record in Europe, starting at around 35—40 kya, a period known as the Upper
Palaeolithic. This technology led to composite tools such as harpoons and spear-
throwers; highly adaptable, specialized stone blades and microliths, i.e. small blades
used in backed tools; a wider variety of materials worked on, including ivory, bone,
and antler; as well as an explosion in forms of art, including personal ornaments,
an increased use of pigments, carvings in various materials, cave paintings, musical
instruments, and grave goods, all of which have been associated with symbolic
cognition (e.g. Tattersall 2010). According to this view, a ‘human revolution’
occurred within the last 50 kya, producing as a package advanced technology,
symbolic thought, and language (Klein 1989, 1992, 1998; Mellars 1989a, b; Mithen
1996; Klein and Edgar 2002).

However, many recent archaeological discoveries, and more accurate methods of
dating previous discoveries, have changed the picture radically; see d’Errico and
Vanhaeren, Chapter 29; also Wynn, Chapter 27. What was once thought to be
specifically European technology is now known to have been present in Africa,
starting perhaps 300 kya, but in any case significantly pre-dating the European
Upper Palaeolithic (McBrearty and Brooks 2000 is the seminal reference, but much
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work in the past decade also supports this view; see contributions to Mellars et al.
2007). The use of finely-made blades and points in the African Middle Stone Age
dates to at least 280 kya (McBrearty 2007), as do grindstones for processing plant
foods and pigments used in colouration. Since Middle Stone Age points were
routinely hafted (McBrearty and Brooks 2000), it can no longer be assumed that
composite thought is a recent innovation in our species. Personal ornaments such
as beads date to between 70 and 100 kya, and abstract art, in the form of carved
bone and ochre, dates to the same period. Brown et al. (2009) report on the
controlled use of fire in the heat treatment of stones, in order to improve their
flaking properties, apparently dating as far back as 164 kya in Pinnacle Point, South
Africa. The authors point out that a sophisticated knowledge of fire is required to
complete the process, which is cognitively highly demanding. This location also
provides the earliest evidence for the consumption of shellfish (164 kya, £ 12 ky),
argued to have been collected by predicting tides (Marean et al. 2007; Marean
2010a). And Lombard and Phillipson (2010) report on findings from Sibudu Cave,
South Africa, showing that stone-tipped arrows were in use 64 kya, pushing the use
of bows back at least 20,000 years from previous discoveries.

Interestingly, recent genetic findings support these lines of evidence. Behar et al.
(2008) report that mitochondrial DNA (mtDNA—which is transmitted via mater-
nal inheritance only) in the Khoisan peoples of South Africa diverged from mtDNA
in the rest of the human gene pool between 9o and 150 kya, and remained separate
for a long period: introgression from other lineages did not occur until about 40
kya. Since the Khoisan peoples have a normal human language faculty, this strongly
suggests that full language was already in place at the time of the split. See also the
discussion in Cann, Chapter 24.

In sum, the picture now emerging from archaeological, palacoanthropological,
geological, and genetic evidence (Cann, Chapter 24; Mann, Chapter 26) indicates
that ‘modern’ human anatomy, behaviour, and cognition are significantly older
than once believed, implying that far from being a recent innovation, symbolic
thought and some form of language may have been in place 200 kya, or, indeed,
significantly earlier.

1.6 ORGANIZATION OF THE VOLUME

The volume is divided into five parts. Part 1, Insights from comparative animal
behaviour, examines animal communication systems and cognitive capacities of
potential relevance to the evolution of language and speech. Part I, The biology of
language evolution: Anatomy, genetics, and neurology, offers various views of the
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physical components of a language faculty, including the evolution of a language-
ready brain, the potential relevance of genetic changes in the hominin lineage, and
the evolution of the vocal tract. Part III, The prehistory of language: When and why
did language evolve?, centres on palaeontological and archaeological evidence of
human evolution and presents current interpretations of the selective events that
may have led to the evolution of language. Part IV, Launching language: The
development of a linguistic species, presents the most immediately ‘linguistic’ chap-
ters, dealing with central properties to be accounted for in language evolution, and
issues surrounding the forces that shaped the language faculty. Finally, the chapters
in Part V, Language change, creation, and transmission in modern humans, examine
a number of putative ‘windows’ on language evolution; for instance, modern
events involving language emergence or change, for which we have reasonably
concrete evidence, might shed light on the evolution of the language faculty itself.

Chapters in Part I focus both on non-human primates and on other more
distantly related species. In the case of non-human primates, the central question
concerns homologous traits, that is, properties shared by humans and other
primates by virtue of common ancestry. For instance, all apes (gibbons, siamangs,
chimpanzees, bonobos, gorillas, orang-utans, and humans) lack tails, and apart
from orang-utans, live in social groups. Hence, we can infer that the last common
ancestor of these species (which probably lived 14-18 mya; Cann, Chapter 24) was
also tailless and social. Similar methods can also shed light on changes within
specific lineages. For instance, great apes apart from humans are all well adapted to
tree-climbing and have air sacs, so we can infer with confidence that our distant
ancestors were largely tree-dwelling and had air sacs, and it is the hominin lineage
that diverged.

When it comes to cognitive characteristics, it is far harder to determine homo-
logies, because unlike physical characteristics, these are not readily available for
inspection in the fossil record and, indeed, it has often proven difficult to deter-
mine cognitive capacities in living species. Thus, in the case of language evolution,
we have many more questions than answers concerning possible primitive traits,
i.e. those inherited from a common ancestor. Nonetheless, progress is being made.
From the chapters in Part I, it seems fairly clear that the common ancestor of great
apes and humans, although almost certainly lacking protolanguage, would have
possessed a number of protolanguage-pertinent cognitive and communicative
skills, including the ability to create novel referential gestures and, if sufficiently
motivated, to use such gestures in cooperative endeavours. It remains uncertain
whether or not the common ancestor of all great apes and humans, or even the
common ancestor of chimpanzees, bonobos, and humans (about 5-8 mya) had the
capacity to create novel vocalizations. However, it now appears that extant great
apes have more vocal flexibility than previously thought (Slocombe, Chapter 7).

Although great apes may have most, or even all, of the essential cognitive
prerequisites for a protolanguage of some kind, they clearly do not possess the
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full complement of neural, cognitive, and physical characteristics (such as the
uniquely human vocal tract) needed for fully developed language and speech,
including syntax and extensive hierarchical capacities. In some cases, apes may
possess cognitive or neural traits which they use in non-communicative contexts,
but which were exapted for language; that is, traits that were co-opted for language
at some point during hominin evolution, such as social cognition (Seyfarth and
Cheney, Chapter 4). In other instances, essential components of language or speech
lack any primate homologues at all, but rather evolved anew in the hominin line.
Disentangling these issues is fraught with problems, but, nonetheless, stands as one
of the most critical goals in the reconstruction of language evolution.

Examining communication and cognition in distantly related lineages such as
birds and cetaceans (marine mammals) is unlikely to reveal relevant homologous
traits, other than those that might be common to all vertebrates. However, it may
shed light on analogous traits—functionally similar features that have evolved
separately in more than one lineage, usually in response to similar environmental
pressures, a phenomenon termed convergent evolution. For example, wings have
evolved separately in birds and bats. Both types of wing permit flight, but because
these lineages share no recent common ancestry, their wings are structurally very
different. Although at least from the perspective of most linguists, nothing in the
rest of the animal kingdom is remotely analogous to language, a number of animals
do have vocal learning capacities that are far more sophisticated than those of non-
human primates. What we can hope for from animal studies is to find out
something about the selection pressures that led to the evolution of advanced
vocal learning capacities and other traits absent in apes, but present in humans and
some distantly related taxa. For example, what selective pressures led humans to a
communication system that is fundamentally innate, since all normal infants
clearly have a language faculty, yet which in all its fine details (all the specific
elements of each ‘language’) is learnt, transmitted from parent to offspring, just
like some bird song?

Turning now to Part II, The biology of language evolution: Anatomy, genetics, and
neurology, we note that scientists from different disciplines ask different, but
equally valid, questions. In doing so, as Fitch notes, they often ignore or ‘black
box’ subject matter beyond their specific realms of inquiry and expertise. It is
common, for example, for animal behaviourists to focus entirely on visible beha-
viours, while ignoring the genetic, physiological, and neurological mechanisms
that make those behaviours possible. Similarly, many language evolutionary the-
orists treat genes and brains as black boxes. Black boxing often results in theories
that make sense, until one examines the contents of the box. For example, on the
basis of archaeological data, some have proposed that language arose from a
sudden rewiring of the brain, perhaps caused by a specific mutation (see Klein
and Edgar 2002; note also remarks above). Although such proposals may seem
perfectly reasonable if viewed solely from the context of archaeological remains, to
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many geneticists and neurobiologists they seem untenable. Consequently, a full
understanding of language evolution will require the opening of many boxes and
the integration of their contents into comprehensive, synthetic frameworks. To aid
in this endeavour, the chapters in Part II focus on biological aspects of language
evolution primarily from the perspectives of anatomy, neurobiology, and genetics,
but also to some extent on modern understandings of neural developmental
processes and evolutionary mechanisms that can result in species-wide fixations
of what were initially plastic phenotypes.

Part III is The prehistory of language: When and why did language evolve?.
Chapters here address questions of language origins from genetic, palaeoanthro-
pological, archaeological, and linguistic perspectives, and offer some selective
scenarios for the evolution of language. Incontrovertible evidence for the existence
of language dates only to the emergence of written scripts a few thousand years
BP. Though it is certain that language arose long prior to that, the time period of its
emergence is unknown. Widely diverse information drawn from a number of
academic disciplines can, however, provide clues, which, taken in combination,
may eventually yield plausible answers. Genes and fossils, in combination, help us
chart phylogenetic pathways and times of origin of both early hominins and
modern humans. From the fossils, we can also determine the size and external
configuration of the brain of each hominin species, as well as the structure of the
hyoid bone, oral cavity, thorax, and locomotor organs. From archaeological re-
mains we glean evidence of hominin lifestyles, diet, technology, and art. From
historical linguistics, we gain insights about language history as well as possible
answers to key questions such as whether modern languages derive from single
versus multiple early languages (see also Nichols, Chapter 58). The papers in Part
111 focus largely on two interconnected issues. First, when did the language faculty
emerge? And when are protolanguages and languages likely to have initially
appeared? Second, why did language evolve? Did language, for example, arise as
a mere accident of genetic drift or as a spandrel (by-product) of some other evolved
trait(s)? Alternatively, perhaps the language faculty, speech, or even particular
linguistic features were the specific targets of selective agents; if so, what might
those agents have been?

In Part IV, Launching language: The development of a linguistic species, the
chapters deal with the various aspects of the language mosaic that must be
accounted for in language evolution. Here, the cognitive capacities required as
prerequisites for language are discussed, including the symbolic capacity, the
development of linguistic meaning, and the ability to learn and store vocabulary.
Questions surrounding the modality for language externalization are discussed:
were the earliest pre-languages gestural or vocal? How did the uniquely human
system of duality of patterning emerge? A central issue in evolutionary linguistics
concerns the existence—and appearance—of what is generally termed ‘protolan-
guage’; a putative pre-syntactic stage, which, like full language, depended critically
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on socio/cultural transmission, and thus involved learning. Protolanguage thus
constitutes a radical break with the primate communication systems that must
precede it: it is entirely volitional and (in its details) entirely learned. Whatever the
actual form of such protolanguages was, how did they subsequently turn into fully
syntactic languages? These issues are debated in Part IV.

Part V is Language change, creation, and transmission in modern humans.
A number of chapters here discuss instances of observable language creation and
change, including the formation of pidgins and creoles; homesign and emergent
sign languages; the processes of grammaticalization, which occur in all languages;
and the role of contact between individuals and groups in triggering language
change and language shift. Plausibly, what is known about the way languages
emerge and change in recorded history and in the present day may offer evidence
for the trajectory of evolution in the earliest pre-languages and languages. Most of
the chapters in Part V emphasize the critical role played by the socio/cultural
transmission of language. Since the details of individual languages can only be
transmitted in a social context, it seems highly likely that this mode of transmission
has shaped the language faculty itself, and thus has shaped the way that languages
are too. Some authors in Part V suggest that languages are themselves adaptive
systems, akin to independent biological entities but residing in human brains.
Evidence of a fairly new kind is offered to support the hypotheses in a number of
chapters in Part V: work from computational, mathematical, and robotic model-
ling. As is the case with molecular evidence, modelling is a relatively young field,
and it is certain that many advances will occur in this sphere in the coming decades.
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Which hominins first embarked upon the language evolutionary trajectory, why
did they do so, and which modality did they use, gestural or vocal? Comparative
studies of animal behaviour can shed light on these issues provided they follow
proper scientific methods. For example, theoretical considerations rule out the
possibility that any of our hominin ancestors was anatomically or behaviourally
identical to any living species (Tooby and DeVore 1987). Even our closest relatives,
the bonobo and chimpanzee, have almost certainly evolved since we last shared a
common ancestor with them about 5—7 mya. Recent fossil finds confirm this
theoretical prediction. The earliest probable hominin that is well represented in
the fossil record, Ardipithecus ramidus (dating to about 4.4 mya), was clearly
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substantially different from the bonobo, the chimpanzee, or any other primate, at
least with respect to locomotor and dental anatomy (White et al. 2009). Conse-
quently, if we are to reconstruct the behavioural capacity of the earliest hominins,
we must use more broadly comparative methods, as opposed to single-species
analogies.

Parsimony dictates that any trait present in all descendants of a common
ancestor is far more likely to have been present in that ancestor than to have
evolved separately in each descendant species (Seyfarth and Cheney, Chapter 4).
Consequently, by studying a number of descendants of a common ancestor, we can,
with some confidence, determine what speech and language-related communica-
tive, cognitive, and motor capacities may have been present in that ancestor,
especially if the ancestral species had numerous descendents all of which share
specific traits. While studies of non-human primates most often serve as the foci
for ancestral behavioural reconstructions, studies involving a much wider range of
animals have sometimes proven useful. For example, left—right brain asymmetries
and functional lateralization, long thought to be uniquely human, have now been
shown to exist in a wide range of vertebrates (animals with a backbone) including
some fish, amphibians, and many birds and mammals. Even amphioxus, a small
chordate (i.e. an animal related to vertebrates but lacking a true backbone) that
burrows in seashore sands, has an anatomically and functionally lateralized ner-
vous system (Andrew 2002). Hence, it now appears that brain asymmetry and
functional lateralization is an ancestral feature of all vertebrates and not a hominin
phylogenetic novelty. Similarly, in-depth studies of the genetics of Drosophila
(fruit flies) led to the discovery of homeobox genes, now known to regulate body
segmentation in a wide variety of animals including insects, crustaceans, and
vertebrates, including humans. Given these findings it is possible that studies of
almost any animal could shed light on the evolution of human language and
cognition.

In practice, however, a volume of this nature cannot provide an exhaustive
survey of the entire animal kingdom. Rather, we have chosen to focus primarily
on the communicative and cognitive capacities of two distinct animal groups: (1)
our closest phylogenetic kin, the non-human primates, especially those whose
vocal and gestural capacities have been well studied, and (2) avian and cetacean
species that are known to have well-developed vocal capacities or cognitive skills.
Studies of our primate relatives are the most pertinent to the reconstruction of the
behaviour of earliest hominins. Although studies of cetaceans and birds can, as
noted in the lateralization studies cited above, provide insights into capacities likely
to have been present in ancestral mammals or vertebrates, they are included in this
volume for a different purpose. In addition to tracing the language evolutionary
pathway, we need to know what selective pressures favour speech, protolanguage,
symbolism, syntax, and other key linguistic features. Distantly related animals that
face similar environmental circumstances often develop similar adaptations by a
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process termed convergent evolution: for instance, cetaceans have evolved a
streamlined body shape similar to fish. Hence, a study of distantly related animals
whose communicative systems may in certain respects resemble our own, for
example, by involving considerable vocal flexibility or by utilizing displacement
(as some insect communication systems do) can provide clues to the potential
selective pressures faced by our ancestors.

The first chapter in this section, by Gibson, reviews the ape language literature. It
concludes that human-reared and/or trained members of each of the great ape
species, orang-utan, chimpanzee, bonobo, and gorilla, have learned to use gestures,
tokens, or visual lexigrams referentially, and to combine limited numbers of these
visual references in an apparently rule-based fashion. Virtually all referential
gestures, tokens, and lexigrams used by the language-trained apes qualify as
symbols in the sense that they are of an arbitrary, as opposed to an iconic, nature.
According to Deacon (Chapter 43), however, genuine symbols are not necessarily
lacking in iconicity. Rather, to qualify as symbolic, a visual, auditory, or other
reference must be one whose meaning is derived contextually with respect to other
symbols and clues. Few of the ape language studies tested their animals for
these additional communicative skills. Deacon (1997), however, concluded that
two lexigram-using chimpanzees, Sherman and Austin, and one lexigram-using
bonobo, Kanzi, did meet his definition of symbol use. That great apes are capable
of at least rudimentary symbolism (as defined by Deacon) receives further support
from de Waal and Pollick (Chapter 6), who report that chimpanzees and bonobos
interpret their own natural gestures with respect to the overall communicative
contexts.

Gibson’s review draws a number of other pertinent conclusions. Specifically,
contrary to some reports, language-trained apes do often initiate their own gestural
or lexigram-based communications; under appropriate circumstances, they do
cooperate in the pursuit of common goals, and they do have some understandings
of others’ intentions and motives. In sum, they appear to have the basic capacities
necessary to create a gestural protolanguage. Whether they possess sufficient vocal
capacities for the creation of a vocal protolanguage is less clear. Moreover, although
at least one bonobo, Kanzi, comprehended significant aspects of English, all of the
apes appeared to fall far short of humans in their ability to create hierarchical
communications. Given that apes also fall far short of humans in their abilities to
construct complex tools, Gibson suggests that the ability to construct mental
hierarchies is a critical factor distinguishing a range of human and ape cognitive
capacities (see also Penn et al. 2008).

The following chapter, by Seyfarth and Cheney, complements Gibson’s by
focusing on baboon vocal and language-pertinent cognitive skills. From studies
in which baboon vocalizations are first recorded and then played back in diverse
circumstances and sequences, the authors conclude that baboon social cognition
involves a number of cognitive processes essential for language, including, among
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others, understandings of causality, representational knowledge, and the ability to
create hierarchical mental concepts by combining mental representations of ranked
matrilineal lineages and of individual rankings within lineages. Hence, in their
view, neural mechanisms for social cognition may have served as the initial
templates for many aspects of language comprehension. These findings are
intriguing and persuasive. They do raise questions, however, in light of Gibson’s
findings that great ape abilities to create mental hierarchies fall short of those of
humans. One possible reason for the discrepancy is that Gibson focuses on the
production of hierarchically-organized behaviours, whereas Seyfarth and Cheney
focus on comprehension of social hierarchies. Gibson, does, for example, conclude
that some apes at least are better able to comprehend hierarchical sentences than to
produce them. Alternatively, hierarchies contain varied levels and the units that
compose them comprise different degrees of discreteness. Neither chapter provides
sufficient details on these issues to allow direct species comparisons. Finally, the
baboon ability to mentally construct social hierarchies may be an adaptation to a
specific social structure, present in some Old World monkeys, but not in apes.
Specifically, baboons live in large multi-male groups with stable female-led
lineages. Each lineage has a specific ranking within the group and each individual
has a distinct rank within a lineage. (See Penn et al. (2008), though, for a critique of
Seyfarth and Cheney’s views of baboon hierarchical abilities.)

The Seyfarth and Cheney chapter also gives a general overview of the vocal
capacities of Old World monkeys, especially vervets, baboons, and macaques.
These monkeys can comprehend the vocalizations of other species, but they can
neither create nor mimic novel vocalizations. Thus, the ancestral Old World
monkey condition probably involved open-ended vocal comprehension but a
small, inflexible, vocal repertoire. Since they accept traditional views that great
ape vocal capacities resemble those of monkeys, Seyfarth and Cheney further
postulate that flexible vocal production evolved subsequent to the phylogenetic
split between hominins and chimpanzees/bonobos; hence it was not present in the
common ancestor of great apes and hominins. If, however, further research
corroborates Slocombe’s views (Chapter 7) that great ape vocalizations are more
flexible than previously believed, this hypothesis may require modification.

Zuberbiihler’s chapter (5) reiterates the view that non-human primate call
comprehension is more flexible than call production. He notes, however, that
chimpanzees, marmosets, and perhaps other species do have some vocal flexibility,
as evidenced by the possession of dialects and group specific calls. Also, in contrast
to older views, many primates modify their vocal production depending on the
audience. Hence, they exert some volitional control over whether to vocalize or not
as well as over the intensity and duration of their calls. Some primates also have
calls that combine two separate calls, but which have distinct meanings separate
from and unrelated to their individual components. For example, putty-nosed
monkeys produce ‘pyows’ in response to leopards and ‘hacks’ in response to eagles
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and falling trees. Adult males also produce ‘pyow hack’ combinations, which have
different meanings than either call produced individually. The significance of these
call combinations for language evolution remains unclear. As Tallerman (Chapter
48) argues, since the ultimate meaning of the ‘pyow hack’ calls has no relationship
to the meanings of either of its components, the combination does not qualify
as grammar or syntax. Perhaps it best viewed as more akin to syllable combinations
in human languages, such as car + pet = carpet, where there is no semantic
compositionality.

De Waal and Pollick (Chapter 6), like Seyfarth and Cheney, accept traditional
views that great ape vocalizations lack flexibility. In contrast, bonobo and chim-
panzee gestural communications are quite flexible in terms of gestural form,
meanings, and usage contexts. In turn, gestural usage and gestural meanings
appear to be more flexible in bonobos than in chimpanzees. In both species, the
meaning of a specific gesture can vary according to behavioural context and
whether the gestures are used alone or in combination with other communicative
signals. In light of these findings, they suggest that flexible usage of gestures
preceded symbolization. Throughout most of their chapter, de Waal and Pollick
reiterate common views that great ape vocalizations, unlike great ape gestures, are
strongly tied to emotions and contexts. They do, however, note that bonobo
vocalizations may be more flexible than those of chimpanzees. In particular,
bonobos have soft peeps that they use in contexts involving unusual circumstances
and events. De Waal and Pollick conclude that initial steps towards language may
have been in gestural or in combined gestural and vocal modes, and they suggest
that the communicative competences of the earliest hominins may have been more
like those of bonobos than those of chimpanzees.

Slocombe breaks with tradition and challenges views that great ape vocalizations
are entirely stereotyped and emotional. In fact, great ape vocal capacities have
hardly been studied, and what we do know about them derives mainly from loud
vocalizations used in emotional contexts, rather than from softer vocalizations
used during relaxed social interactions, such as those in which flexible gesture use
has been reported. Increasing evidence, however, suggests that ape vocalizations
may be more flexible than previously thought. We now know that chimpanzees and
bonobos have food grunts, which, in the wild, vary with food quality and quantity.
In captivity, however, apes sometimes use specific grunts referentially with respect
to specific foods. Moreover, although great apes lack the predator-specific alarm
barks displayed by many monkeys, wild chimpanzees do give varied calls and
produce call/drumming combinations in response to snakes. Some evidence
reviewed by Slocombe also indicates that chimpanzees have dialects and group-
specific pant-hoots, and in captivity a small number of orang-utans and chimpan-
zees have invented novel vocalizations. One orang-utan even imitated a human
whistle. Hence, further study of the soft vocalizations that apes use in relaxed social
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interactions looms as a critically important endeavour for those interested in the
possible vocal antecedents of speech and protolanguage.

Each of the remaining chapters focuses in part on vocal learning capacities in
non-primates. Slater (Chapter 8) provides a broad overview of bird song features
and usage contexts. He concludes that, although some bird songs are hierarchically
structured, none has the referential capability of human speech, and that modern
birds sing in such a wide variety of mating and territorial situations that it is
difficult to determine the original selective pressures that led to song. The most
elaborate cetacean songs, those of humpback whales, also occur during breeding
seasons, and they are performed only by males (Janik, Chapter 9). The final chapter
in Part I, by Gibson, compares animal songs to speech and concludes that differ-
ences overwhelm similarities. Hence, in her view, it is unlikely that human speech
evolved from song (for a contrary opinion, see Mithen, Chapter 28). Some accom-
plished vocal learners, moreover, are not especially noted for their songs, including
parrots (Pepperberg, Chapter 10), dolphins (Janik, Chapter 9), and bats (Gibson,
Chapter 11). Instead, these animals either have learned, group-specific, contact calls
(parrots, bats), and/or individual signature whistles (dolphins). Gibson suggests
that vocalizations like these, or other social signals, such as the soft vocalizations of
monkeys and apes—rather than song—may have provided the stepping stones to
language. Alternatively, as Zuberbiihler, Falk, and Locke all suggest in this volume,
vocal learning may have first evolved in hominin infants who needed to attract the
attention of adult caretakers.

In addition to discussing animal vocal capacities, the last chapters in this section
(Pepperberg, Janik, and Gibson) focus on the cognitive, including language-
pertinent, capacities of non-primate animals. Pepperberg summarizes the achieve-
ments of Alex, a language-trained, African Grey parrot. Although Alex was not
tested on the full range of ape language-related capacities (Gibson, Chapter 11), he
performed comparably to great apes on those capacities for which he was tested. In
addition, unlike any of the apes, Alex could speak recognizable English words.
Despite these impressive abilities, no wild parrots are known to use a referential
communication system. Similarly, insofar as they have been studied, dolphins
(Janik, Gibson) and sea lions (Gibson, Chapter 11), resemble apes in their abilities
to comprehend and respond to some grammar-like constructions, especially those
based on ‘word’ order. Unfortunately, neither dolphins nor sea lions have been
extensively tested on their abilities to actually produce, as opposed to simply
respond to, referential signals. Consequently, we lack sufficient data to determine
whether they possess the full range of protolanguage capacities now known to exist
in apes. Elephants have apparently never served as subjects of language-learning
experiments, but Gibson (Chapter 11) concludes that their broad range of cogni-
tive, vocal, and motor capacities suggest they would make good subjects. Corvids
(Gibson, Chapter 11) have also performed extremely well on a number of cognitive
tasks. To what extent, however, their intelligence is broadly-based or, alternatively,
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limited to specific contexts, remains unclear, and no corvids have served as subjects
of language-training experiments.

In sum, although non-human primates have often been considered the most
intelligent animals—as well as the animals most potentially capable of language
learning—it now appears that many animals are quite smart, and some may rival
apes in their language-learning capacities. To date, however, no animal has demon-
strated the full range of ape cognitive capacities, and none stands out as a better
animal model for language evolution.
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3.1 INTRODUCTION

Collectively, studies of the language capacities of the great apes (orang-utan,
gorilla, bonobo, and chimpanzee) far exceed in numbers those of other animals,
and for good reason. No matter how sophisticated the cognitive and communica-
tive capacities of other animals may ultimately prove to be, comparative studies of
our closest phylogenetic kin will continue to provide the strongest evidence of the
probable behavioural capacities of the last common ape/hominin ancestor, and,
hence, of the probable capacities of the earliest hominins.

From their inception, ape-language studies have been embroiled in controver-
sies. To some extent, these controversies reflect the differing perspectives of those
who hold Darwinian views of continuity between ape and animal minds versus
those who adhere to Cartesian traditions of sharp qualitative mental differences
between humans and other animals. Investigators also employ different working
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definitions of key aspects of language such as ‘symbol’ (Deacon 1997, this volume).
Finally, researchers use differing criteria for evaluating the presence or absence of
specific communicative capacities. Emil Menzel, a grandfather of great ape cogni-
tive studies, considered the strongest test of an ape’s signing capacity to be the
ability of deaf human signers to understand the ape’s intentions (E. Menzel 1978).
Allen and Beatrix Gardner judged Washoe and other chimpanzees to have mastered
specific gestural signs if, as judged by three independent observers, they made them
correctly and used them appropriately on 15 consecutive days (Gardner and
Gardner 1969). In contrast, the signing capacities of the chimpanzee Nim were
evaluated on the basis of how often he repeated himself, how often he interrupted
his trainers and what he most often used signs to express (Terrace 1979; Terrace
et al. 1979). As a result of these contrasting philosophies, definitions, and criteria,
investigators may interpret ape language-like achievements quite differently even
when faced with nearly identical behaviours.

As much as possible, this review simply describes actual ape behaviours, without
prejudging their linguistic nature. It does conclude, however, that a number of
apes mastered essential components of protolanguage (Tallerman, Chapter 51),
but none constructed hierarchically-structured sentences containing embedded
phrases or clauses. Hence, the development of greater mental constructional skills
may have been necessary for the development of full linguistic and syntactic
capacities.

3.2 ‘LANGUAGE’-LEARNING APES

3.2.1 Talking/listening apes

Many apes have lived in human homes and/or trained for various aspects of the
entertainment industry. Often, human owners have been convinced these apes
understood English or other modern languages. Rarely have these reports been
confirmed or negated. One exception was Gua, a female chimpanzee raised in a
human home for nine months, from 7% months of age (Kellogg and Kellogg 1933).
Gua consistently responded correctly to 95 simple English commands, such as
‘show me your nose’. At age eight, the bonobo Kanzi responded appropriately to
660 English commands, including unusual commands, such as ‘hit the can opener
with a rock’ (Savage-Rumbaugh et al. 1993). Kanzi also distinguished English
sentence meanings based on word order and/or on the prepositions used. For
example, he responded appropriately to ‘Make the doggie bite the snake’, and also
to ‘Make the snake bite the doggie’, as well as to commands to put objects in or on
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other objects. The gorilla Koko also appropriately executed English commands.
Indeed, Koko’s comprehension of English eventually became sufficiently sophisti-
cated that her caretakers often took to finger-spelling in her presence (Patterson
and Linden 1981).

In contrast to frequent, if mostly unconfirmed, reports that apes comprehend
human speech, only a few apes have produced recognizable words of any human
language, even when subject to intensive interventions and speech therapy (Miles
1999). This has led to the view that apes have no vocal learning capacities and are
incapable of making novel vocalizations, a view that may not be entirely accurate
(Slocombe, this volume). In particular, some great ape species have population
dialects, and a few individual apes have created novel sounds and/or use some
sounds referentially.

3.2.2 Signing apes
3.2.2.1 Signing chimpanzees

In the 1960s, Allen and Beatrix Gardner initiated studies of chimpanzee abilities to
learn elements of the American Sign Language of the Deaf, ASL (Gardner and
Gardner 1969). Washoe, their first chimpanzee, was housed in a trailer in the
Gardners’ yard from ten months to four years of age. Although the Gardners and
their assistants avoided talking to Washoe or to each other in Washoe’s presence,
in an effort to ensure she was exposed only to sign, they were not themselves
fluent signers. Washoe, who was initially taught to sign by hand-moulding
techniques, eventually mastered new signs simply by observing her caretakers.
At age four, Washoe and the Gardners’ graduate student, Roger Fouts, moved to
the Institute for Primate Studies (IPS), Norman, Oklahoma, where Fouts
continued to train Washoe and also began training some IPS-owned chimpanzees.
In 1980, Fouts and Washoe relocated to Central Washington University (Fouts and
Mills 1997). At CWU, Washoe was joined by an infant chimpanzee, Loulis, from
the IPS and by three animals also raised by the Gardners: Mojo, Tatu, and Dar.
Unlike Washoe, Mojo, Tatu, and Dar were mostly trained by native ASL signers
(Miles 1999).

Washoe eventually learned about 250 signs which she used to communicate
various needs and desires, including requests for specific foods or preferred
activities. She often made spontaneous comments, noting, for example, the pres-
ence of a dog, a toothbrush, or other items of interest, and, when alone, she was
observed to sign to herself, especially when ‘reading’ books and magazines. On at
least one occasion, she invented a new sign, ‘bib, by making an iconic outline of a
bib on her own chest. She also invented new sign combinations to refer to new
objects. For example, she called a Brazil nut a ‘rock berry’; the toilet ‘dirty good’s
and the refrigerator, ‘open food drink’ (Fouts and Mills 1997). It is unclear,
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however, if these sign combinations were permanently incorporated into her
vocabulary. Once housed in groups at the CWU facility, Washoe and the other
signing chimpanzees spontaneously signed to each other in situations involving
play, social interaction, and reassurance, and, according to videotapes, they did so
even in the absence of human observers. One infant chimpanzee, Loulis, learned
several signs entirely through his interactions with the other apes (Fouts and Mills
1997).

Another chimpanzee born at the IPS, Nim, was loaned, shortly after his birth, to
Herb Terrace, a Columbia University psychologist, who planned to teach ASL to
Nim, but Terrace did not know ASL himself and had no fluent signers on his staff
(Terrace 1979). Nim was initially housed with a large human family, the LaFarges,
and later relocated to a country estate with varied caretakers. From 10 months of
age, Nim sat at a desk in a Columbia University classroom several hours a day,
several days a week, while a succession of instructors taught him signs. Shortly
before Nim’s fourth birthday, he was returned to the IPS. Later he moved to the
Black Beauty animal sanctuary in Texas (Hess 2008). Reportedly, Nim learned 125
signs. In taped classroom sessions, however, Nim rarely signed spontaneously.
Many of his responses to trainers’ questions and cues were imitative, and he
often interrupted his trainers (Terrace 1979; Terrace et al. 1979). Later, however, at
both the IPS and the Black Beauty Ranch, Nim did sign spontaneously. Moreover,
his signs repeatedly satisfied Menzel’s criteria of being understood by native ASL
signers (Hess 2008; O’Sullivan and Yeager 1989). Hence, Nim’s classroom perfor-
mances may not have fully reflected his abilities to use signs in spontaneous,
communicative contexts.

By their very nature, spontaneous communications are unpredictable, often
irreproducible, and unlikely to occur in structured testing situations. This point
became quite clear to me in the early 1980s, when I frequently visited the home of
Jim and June Cook in Conroe, Texas. The Cooks had raised Nim’s full sibling,
Tania, and were subsequently raising Tania’s two offspring and another infant
chimpanzee. According to the Cook family, Tania had mastered 60 signs prior to
the move to Texas. During my visits, she routinely signed spontaneously. Once, she
spontaneously signed ‘pretty’ when a female visitor appeared wearing a flowered
dress. Another time, she became quite agitated when I was walking past her cage
and she signed ‘hurry, hurry, come here, hurt, hurry, come here, hurt” while staring
intently at my calf and apparently trying to reach it. One family member stated,
‘Oh, you have a huge mosquito on your leg. No video camera recorded this event.

Nim and Tania were only two of many chimpanzees owned by and/or born in
the IPS facility, a number of which received some ASL training including, among
others, Ally, Bruno, Booee, Cindy, Lucy, and Thelma. Lucy is perhaps most notable
as the first chimpanzee observed using signs to lie, specifically to blame her messes
on others. She also invented novel sign combinations to refer to new objects, e.g.
‘candy drink’ or ‘drink fruit’ for watermelon and ‘cry hurt food’ for radish. By and
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large, however, the accomplishments of Lucy and other IPS animals resembled
Washoe’s and thus will not be detailed here (Fouts and Mills 1997; Hess 2008).

3.2.2.2 Signing gorillas

Penny Patterson and her assistants, including deaf, fluent ASL signers, taught signs
to two western lowland gorillas, Koko and Michael. Currently, Koko is stated
to have mastered over 1000 signs, and Michael mastered approximately 600 prior
to his death in 2000. Reportedly, Koko and Michael often spontaneously signed to
each other. In many respects, Koko’s achievements are similar to those of the
language-trained chimpanzees. She uses combined signs to refer to new objects,
such as calling a ring a ‘finger bracelet), and she regularly combines some signs in
specific orders. Koko can also translate English words into her version of ASL signs
(Patterson and Linden 1981).

3.2.2.3 Signing orang-utans

Chantek, an orang-utan raised by Lyn Miles and later housed at the Yerkes Primate
Center and the Atlanta Zoo, learned approximately 150 signs, some of which he
made with his feet as well as with his hands. The majority of Chantek’s signs
referred to objects and actions. Only about 25% pertained to food or drink.
Chantek, like other apes, used sign combinations to refer to objects, e.g. ‘car
water’ for bottled water, and he often referred to absent objects. For example,
76% of the time that he used the sign for the building ‘Brock Hall’ it was not visible.
Approximately 3 times per week, Chantek used signs deceptively (Miles 1990, 1999).

Rinnie, a captive born orang-utan, was later rehabilitated to the wild at the
Tanjung Putting National Park in Borneo. During her transition stage, Rinnie
voluntarily maintained contact with humans and obtained some food from
them. For a period of 22 months when she was 10 to 12 years of age, this contact
incorporated training in ASL signs in a swamp forest environment (Shapiro and
Galdikas 1999). Rinnie reportedly learned 32 signs, mostly related to foods obtained
during her visits with human trainers. Rinnie invented signs for ‘groom), ‘scratch’,
and ‘grab hair’. She reportedly called large edible ants ‘pineapple nuts, and she
routinely combined signs in attempts to obtain food, e.g. ‘you food’, ‘give food,
‘you more rice’.

3.2.3 Plastic token and lexigram-using apes

Rather than attempt to teach apes to speak or gesture, David Premack, at the
University of Pennsylvania, and Duane Rumbaugh, at the Language Research
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Center (LRC), Georgia State University chose to test ape cognitive and communi-
cative capacities using visual symbols (Premack 1977; Rumbaugh 1977).

3.2.3.1 Sarah

Of his four initial chimpanzee subjects, only one, Sarah, mastered Premack’s
‘language’. Initially, Premack used plastic, metal-backed tokens and a magnetic
board. Chimpanzee subjects and human investigators communicated by placing
the tokens on the board. As Sarah became older and stronger, visual tokens were
placed on a typewriter-style keyboard. The keys, when pressed, displayed on
television screens. Ultimately, Sarah mastered the referential meanings of approxi-
mately 150 tokens referring to distinct objects, actions, adjective-like descriptors
and other parts of speech. She could compose short grammatical sentences, such as
‘Mary give apple Sarah’. Premack concluded Sarah could classify objects by colour,
shape, and size, that she understood concepts of interrogation, same/different, and
negation, and that she could comprehend if/then statements. Sarah used her token
‘language’ productively and often referred to absent objects (Premack 1977).

3.2.3.2 Lana

Lana, Duane Rumbaugh’s first chimpanzee subject, spent much of her time in a
room equipped with a computer screen and keyboard (Rumbaugh 1977). Each key
contained a lexigram, that is, a visual sign composed of parallel lines, circles, Xs and
other non-iconic shapes superimposed upon each other in seemingly random
fashions. Lexigrams representing a variety of linguistic categories could be moved
to new keyboard positions and/or removed and replaced by new lexigrams with
different meanings. A computer grammar, Yerkish, was also devised. Lana’s task
was to press the proper lexigrams in the proper Yerkish sequence to receive rewards
that were sometimes dispensed by the computer and sometimes by humans. If, for
example, Lana wanted the computer to dispense M&Ms, she would press five keys
in the following order: please, machine, give, Me>M, period. Initially, Lana failed to
comprehend this system, but after an assistant, Timothy Gill, demonstrated it, she
made rapid progress. Ultimately, Lana routinely used grammatically correct Yerk-
ish to request food, drinks, human visitors, and actions such as being allowed to
leave the room, having the window opened, or having a malfunctioning computer
(machine) fixed. Lana proved adept at learning lexigrams for colours, objects, and
actions. When presented with new objects, with no known lexigram, she described
them using combinations of familiar lexigrams. Thus, orange soda was described as
the ‘coke which is orange’, while orange (the fruit) was described as the ‘apple
which is orange’
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3.2.3.3 Sherman and Austin

Sherman and Austin, two LRC chimpanzees trained primarily by Sue Savage-
Rumbaugh, readily learned to use appropriate lexigrams for requesting items.
Initially, however, they appeared not to fully comprehend the symbolic nature of
the lexigrams. When others, for example, used the same lexigrams to request items
from them, they appeared not to comprehend the request (Savage-Rumbaugh et al.
1978; Savage-Rumbaugh and Lewin 1994). Later, however, they learned to group
lexigrams into classificatory categories, such as lexigrams for tools versus lexigrams
for food. At that point, they were able to use individual lexigrams in more diverse
contexts and also began learning them far more rapidly. Their most impressive
accomplishments occurred when they were housed in adjacent cages, each contain-
ing a lexigram keyboard. When one ape pressed a key on his board, the same key
would light up on the other’s board. Thus equipped, the chimpanzees first used
lexigrams to request food and other items from each other. (Unlike many captive
chimpanzees, they had been trained to share and did so willingly.) They also used
lexigrams to communicate information necessary for the achievement of joint
goals. For example, a desired food would be locked in a box in one room, while
the box-opening tools (e.g. screwdriver, wrench, money, key) were situated in a
second room which afforded no sight of the food containers. One chimpanzee was
allowed to enter the food-containing room, see the item housed in the box, and
determine the tool needed to open the box, while the other animal remained in the
tool room. To obtain the appropriate tool, the informed chimpanzee pressed the
correct lexigram on his keyboard. The non-informed animal responded by sharing
the appropriate tool. Foods obtained in this manner were shared between the
informer and the tool-provider, thus providing motivation for continued cooper-
ation. Sherman and Austin routinely communicated and cooperated in this way,
even when roles of informer and ‘tool-provider’ were reversed (Savage-Rumbaugh
et al. 1978).

3.2.3.4 Kanzi and other bonobos

Following her success with Sherman and Austin, Savage-Rumbaugh attempted to
teach lexigrams to a mature wild-born bonobo, Matata (Savage-Rumbaugh and
Lewin 1994). For two years beginning at six months of age, Matata’s adopted infant,
Kanzi, attended her language-training sessions, but was not directly trained him-
self. Matata failed to learn and was temporarily removed from their joint housing.
During that time, 2% year-old Kanzi demonstrated that he had mastered lexigram
use, even though no attempts had been made to teach him. Specifically, on the very
first day of Matata’s departure, he used the keyboard to request items from the
refrigerator and to announce his intentions, such as ‘apple chase), i.e. intent to take
apple and run, which he promptly did. After observing Kanzi’s lexigram usage for



A REVIEW OF THE APE LANGUAGE LITERATURE 53

several weeks, Savage-Rumbaugh abandoned direct drilling in lexigrams, choosing
instead to create environmental conditions that would naturally result in
‘conversations’ and in motivations to learn names of places, objects, and actions.
To this end, Savage-Rumbaugh and her co-investigators established 17 lexigram-
named locations in a s55-acre forest adjacent to the LRC. Each location was
associated with specific games, activities, and foods. Kanzi quickly learned to use
lexigrams to announce his intentions to visit preferred locations. During these
forest treks, Kanzi readily learned lexigrams for animals and plants that interested
him. He also learned lexigrams for preferred games, preferred toys, and preferred
foods.

About 90% of Kanzi’s utterances were self-initiated, and he often combined two
or three lexigrams in meaningful ways. Some of these combinations exhibited a
stable lexigram order, even when the lexigrams themselves were different. For
example, when requesting actions on people or objects, Kanzi usually put the
verb first and the object of the action second, i.e. ‘grab ball} ‘chase Austin, ‘hide
ball, whereas when requesting actions by people or chimpanzees, the person/
chimpanzee was normally first, e.g. ‘Austin give, ‘Austin go’ (Greenfield and
Savage-Rumbaugh 1990, 1993; see Tallerman, Chapter 51, for an alternative inter-
pretation). Kanzi also invented rules for combining lexigrams and gestures and for
combining two action gestures. Specifically, he pointed first to the lexigram for a
desired action and second to the person designated to perform the action. Kanzi
often put two action lexigrams together such as ‘tickle bite’ or ‘chase hide’. In each
case, Kanzi’s self-imposed rule appeared to be that the first lexigram would refer to
the more distant action, the second to the more proximal.

Nearly thirty years have passed since Kanzi first demonstrated competence with
lexigrams. In those years, a number of other bonobos and some chimpanzees were
born at the Language Research Center in Georgia. Several of these animals also
mastered lexigrams. One chimpanzee, Panzee, demonstrated via lexigram usage
what the investigators called episodic memory. Specifically, when Panzee observed
a human demonstrator hide food in the forest outside her cage, she would later,
sometimes days later, use lexigrams to direct naive investigators to the hidden
foods (C. Menzel 2005).

3.2.3.5 Summary of ape language studies

Although great apes do not mimic human speech, they occasionally create and
possibly imitate other novel sounds (Slocombe, this volume). They also learn to
make gestures by observing humans and other apes, both in captivity and in the
wild (de Waal and Pollick, this volume). Indeed, Terrace and his colleagues were so
impressed by the frequency with which Nim imitated his teachers, they concluded
he could do little else (Terrace et al. 1979). Since then, scientists have come to
recognize that there are different kinds and levels of imitation (Byrne and Russon
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1998). The most sophisticated, production level imitation, requires parsing sequen-
tial actions into component parts, practising each component part, and then
hierarchically reassembling the elements to reach an ultimate goal. Once mastered,
each element can also be incorporated into other behavioural sequences. Great
apes have demonstrated this capacity in some feeding and other object manipula-
tion endeavours. It also occurs during human vocal learning. No investigators,
however, have claimed that any of their subjects imitated complex gestural
sequences via a parsing and hierarchical reassembly technique. Rather, they appear
to have learned simply to copy individual gestures.

In the studies reviewed above, great apes of all species used manual gestures and/
or lexigrams to refer to objects, places, people, and actions, including some not
immediately present and visible. All apes also used gestures and/or lexigrams to
request objects and actions. Most also made spontaneous ‘comments’ to them-
selves, their caretakers, and, when possible, other apes. Several, including Koko,
Lucy, and Washoe were reported to sign to dolls and/or cats. Both lexigram-using
and signing apes often invented sign combinations to refer to foods, animals, or
other objects for which they had been taught no signs. Several invented new signs.

Many gestures and most lexigrams used in these studies functioned as non-
iconic, arbitrary signs of specific objects or actions, and, thus, met classic defini-
tions of symbol. Deacon (1997, this volume), however, maintains that true symbols
function, not just in isolated labelling contexts, but also in relationship to other
symbols. According to Deacon’s (1997) analysis, at least three of the apes, Kanzi,
Sherman and Austin, learned a set of logical relationships among lexigrams and,
thus, were using symbols, as he defines them.

Great apes of all species also created action-oriented combinations, such as ‘give
apple’, ‘chase Sue), ‘chase bite’, or ‘Mary give apple’. Two apes, Sarah and Lana, were
trained to compose token or lexigram sentences of four to five words using proper
English grammatical order. Others, however, including Washoe, Nim, Chantek,
and Kanzi may have invented their own combinatory rules. Nim and Koko, for
example, always placed the sign ‘more’ prior to the objects or actions requested.
Washoe placed subjects first in 90% of her spontaneous combinatory utterances.
She also made combinations of two to three signs to request items and used regular
‘word’ orders. For example, if an object was present and clearly visible she would
sign ‘object give’; if the object was absent, she would sign ‘give object’. Greenfield
and Savage-Rumbaugh (1990) proposed that some of Kanzi’s combinatory rules
qualified as grammar, because interchangeable lexigrams were assigned to specific
places in the lexigram string depending on the function, e.g. actor, acted upon,
action, etc.

Taken as a whole, it appears that at least some of these apes possessed all
elements necessary for protolanguage (see Tallerman, Chapter 51). None of the
signing or lexigram-using apes, however, spontaneously used regular rule-based
combinations of more than a few signs/lexigrams. None of the apes in any
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experiments constructed hierarchical sentences containing embedded phrases and
clauses. None used recursion, nor did any master duality of patterning. Possibly,
these failings reflect the nature of their language environments. No signing apes
were permanently housed with native ASL human signers. No evidence indicates
that most human trainers used complex grammatical constructions in their own
token/lexigram communications.

Great ape abilities to construct complex hierarchies, however, appear to fall short
of human abilities across multiple domains (Gibson 1990, 1996a, 1997b, 2002;
Gibson and Jessee 1999; Greenfield 1991; see also Penn et al. 2008). For, example,
great apes do not make hierarchical constructions that require first constructing
subcomponents such as stone points, shafts, binding materials, and fabrics and
then putting them all together to make a variety of new objects such as spears, rafts,
tents, costumes, or clothing. Nor do they construct complex dance sequences or
rule-based games involving balls and other objects. Hence, the transition from
protolanguage to language, as well as the transition from ape-like to human-like
overall intelligence may both have primarily involved the emergence of increased
hierarchical mental constructional capacities.

3.3 WHAT APES CAN DO VERSUS WHAT
APES USUALLY DO: THEORY OF MIND,
SHARED INTENTIONS

Despite abilities to master and use gestural signs, no wild ape population is
known to use a gestural communication system that remotely approaches the
protolanguage-like communications of language-trained apes. No wild apes, for
example, have been reported using gestures to refer to absent objects or events,
even though language-trained apes readily do so in captivity. Possibly, apes lack
other capacities essential for the invention of protolanguage, such as theory of
mind or the ability to develop shared intentions, or perhaps they simply lack the
motivation or need to use protolanguages.

3.3.1 Theory of mind

Premack and Woodruff (1978) were the first to question whether chimpanzees
possess a theory of mind, i.e. the ability to understand others’ beliefs, desires, and
intentions. For both human and non-human primates, the Sally Ann, or false belief
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test, has traditionally been the gold standard for determining the presence or
absence of theory of mind. In the human version, three people are simultaneously
present in a room. A child, say Sally Ann, and a human observer, say John,
simultaneously watch a human experimenter hide an object, such as a pencil,
under or behind another object, such as a cup. John then leaves the room. During
his absence, the experimenter moves the pencil and hides it under a different
cup. When John returns, Sally Ann is asked where John thinks the pencil is.
Three-year-old children invariably respond that John thinks the pencil is where it
actually is. Four-year-old children know that John thinks the object is where he
saw it hidden.

Whether or not great apes also comprehend that others may have false beliefs
has been a matter of some debate. Great apes perform poorly on Sally Ann tests.
Consequently, some investigators have concluded that great apes lack a theory of
mind and that this lack is a major factor accounting for their failure to develop
language (see Call and Tomasello 2008). Human children, however, speak in
grammatical sentences long prior to being able to pass Sally Ann tests. Moreover,
wild chimpanzees sometimes engage in intentional intra-specific deception, and at
least two of the language-trained apes, Lucy and Chantek, also engaged in frequent
deceptive acts (Byrne 1995; Fouts and Mills 1997; Miles 1990). Sherman and Austin
clearly behaved as if they were aware of each others’ knowledge state, when they
communicated about tools needed to open boxes (Savage-Rumbaugh et al. 1978).
Laboratory chimpanzees also sometimes perform well on non-Sally Ann tests of
others’ knowledge and perspectives. Hence, irrespective of whether apes compre-
hend that others may have false beliefs, it appears that chimpanzees, ‘... under-
stand both the goals and intentions of others as well as the perception and
knowledge of others’ (Call and Tomasello 2008; see also Byrne and Bates 2010).
Consequently, inability to comprehend others’ knowledge states does not appear to
be a primary factor preventing apes from developing protolanguage.

3.3.2 Shared intentions, cooperation

Tomasello proposed that inabilities to share intentions and cooperate are
major factors preventing great apes from developing language (Tomasello 2009b;
Tomasello et al. 2005). This hypothesis drew support from a study that found
juvenile chimpanzees were less likely than human infants to cooperate with human
adults (Warneken et al. 2006). However, the 2005 publication ignored or dis-
counted earlier studies that found chimpanzees sometimes cooperate with each
other. Wild chimpanzee adult males, for example, sometimes engage in cooperative
hunting endeavours which, according to some field workers, require individual
animals to adopt specific roles in the hunt (Boesch and Boesch 1989). Sherman and
Austin clearly cooperated and shared in their lexigram-mediated tool-using



A REVIEW OF THE APE LANGUAGE LITERATURE 57

endeavours (Savage-Rumbaugh et al. 1978). In the early 1970s, a group of chim-
panzees studied by Emil Menzel proved so adept at cooperating in the placement of
logs to escape from a fenced compound that they had to be relocated to another
study site (E. Menzel 1972). It has also long been known that chimpanzee males
jointly patrol group boundaries and engage in lethal aggressive acts at group
borders (Mitani et al. 2010). Further, recent studies from Tomasello’s own labora-
tory indicate that laboratory chimpanzees do cooperate with selected partners and
that bonobos may more readily cooperate than chimpanzees (Melis et al. 2006).
None of these findings, of course, indicate that apes cooperate as readily or as often
as humans, but they do indicate that given appropriate social circumstances and
problem-solving tasks, apes can cooperate.

3.3.3 Summary

Chimpanzees and bonobos do have some understandings of others’ minds and can
cooperate. Hence, if they do not use protolanguage in the wild, the most likely
reason is lack of motivation.

3.4 WHEN DID PROTOLANGUAGES AND
LANGUAGES DEVELOP?

That members of all great ape species can master the essential components of
protolanguages suggests that the cognitive capacities necessary for protolanguages
were present in the last common ancestor of all great apes and humans some 14 to
20 mya (Steiper and Young 2006). Unless, however, ancestors of some modern
great ape species once had protolanguages but later lost them, protolanguages must
have arisen subsequent to the hominin—Pan phylogenetic split about 6—7 mya.
Nothing in the archaeological or fossil records tells us precisely when. We do know,
however, that by 2.6 mya, hominins were making simple stone tools with sharp
cutting edges, and, thus, had entered a new non-ape-like environmental niche,
which may have involved using stone tools to cut hides, meat, tendons, or vegeta-
tion (Wynn, this volume). Possibly, this new niche also selected for gestural or
vocally mediated cooperative endeavours and/or for communication about absent
objects/events? Alternatively, hominins may have invented protolanguage-like
communications by 1.8 mya, by which time they had become fully terrestrial,
expanded their brain size, and begun to manufacture hand axes, tools that are
more complicated than anything made by apes. Whether initial protolanguages
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were gestural, vocal, or some combination of gestures and vocalizations cannot be
definitively determined from current evidence, given that great apes, while known
for their gestural capabilities, are proving more vocally adept than previously
thought (Slocombe, this volume).

As noted earlier, great apes do not construct lengthy, hierarchical or recursive
sentences. Nor do they construct tools of diverse components. Both Neanderthals
and early anatomically modern humans, however, constructed hafted spears as well
as dwellings of multiple subcomponents, such as poles and hides (Gibson 1996b;
Wynn, this volume). Although we cannot be certain that mental constructional
skills in technical and linguistic realms emerged simultaneously, it is quite possible
they did. Hence, a hierarchical language, as opposed to protolanguage, could have
been present in both Neanderthals and early modern humans. That this language
could have been spoken or, at least, involved advanced vocal skills is suggested by
the presence of the modern FOXP2 gene in both Neanderthals and early modern
humans (Diller and Cann, this volume).



CHAPTER 4

PRIMATE SOCIAL
COGNITION AS A
PRECURSOR TO
LANGUAGE

ROBERT M. SEYFARTH AND
DOROTHY L. CHENEY

4.1 INTRODUCTION

The goal of phylogenetic reconstruction is to group similar animals together. One
method is based on measures of distance, and arranges species into a phylogeny
such that each is grouped with those with which it shares the greatest number of
characters. Other methods rely on parsimony, generating the phylogeny that
requires the fewest evolutionary changes in character states (Ridley 1993). Among
primates, both methods yield a branching ‘tree structure’ in which humans are
grouped most closely with apes, less closely with Old World monkeys, and pro-
gressively less closely with New World monkeys, prosimians, and non-primate
mammals. This phylogeny is consistent with both distance and parsimony: for
example, morphological and genetic evidence indicate both that there is less
evolutionary distance between humans and chimpanzees/bonobos than between
humans and any other primate and also that a phylogeny that groups humans and
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chimpanzees/bonobos together is more parsimonious (requires fewer evolutionary
steps) than a phylogeny that does not (Boyd and Silk 2003).

As Ridley (1993) points out, the parsimony principle is reasonable because
evolutionary change is improbable. Suppose we know, for example, that two
modern species have the same character state. Parsimony suggests that all the
intermediate, ancestral states in the continuous lineages between each species
and their common ancestor possessed the same character state, and that the two
species are alike in this character because they descend from a common ancestor.
Parsimony, in other words, suggests that the two species are homologous in this
character. Of course, an infinitely large number of changes could have occurred
between ancestor and descendant; however, a change followed by a reversal of that
change is unlikely.

For the characters shared between humans and chimpanzees, the argument is particularly
powerful. Chimpanzees and humans share whole complex organ systems like hearts and
lungs, eyes, brains, and spinal cords. The initial evolution of each of these characters
required improbable mutations, and natural selection operating over millions of genera-
tions. It is evolutionarily improbable to the point of near impossibility that the same
changes would have evolved independently in the two lineages after their common ancestor

(Ridley 1993: 450).

The principle of parsimony allows us to identify homologous traits in humans
and other primates that were likely to have been present in the ancestral systems of
vocal communication and cognition from which language evolved. This makes it
possible to specify those traits that may have served as precursors to language and
to identify features that were most likely to have evolved only in the hominin
lineage, after divergence from the common ancestor of humans and chimpanzees.

4.2 RECONSTRUCTING THE PRELINGUISTIC
ANCESTOR

4.2.1 Vocal production

With a few exceptions, all modern mammals have a relatively small repertoire of
call types (a variety of grunts, threatening vocalizations, alarm calls, screams, and
so on), each of which has adult-like acoustic features when first produced and
shows little modification during development. Mammals can control whether they
vocalize or remain silent and make some limited modification in the acoustic
features of their calls, but for the most part vocal production is highly constrained
(for review see Hammerschmidt and Fischer 2008). The rare exceptions are some
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marine mammals (cetaceans, harbour seals) and humans (Janik and Slater 1997;
Janik, this volume). The principle of parsimony dictates that flexible vocal produc-
tion, once evolved, would be unlikely to revert to a system of fixed, unmodifiable
calls. It follows that constrained vocal production was the ancestral mammalian
condition and that flexible phonation is a derived characteristic. Because vocal
production in the great apes (chimpanzees, bonobos, gorillas, and orang-utans)
appears to be typical of that found in other mammals, flexible phonation in
humans probably evolved during the last six million years, sometime after the
divergence of human ancestors from the common ancestors of humans, chimpan-
zees, and bonobos (Enard et al. 2002).

4.2.2 Vocal usage

Non-human primates use acoustically different vocalizations in different social
contexts, suggesting that the mechanisms underlying call usage have a strong
genetic component, although perhaps not as strong as the mechanisms underlying
call production.

For example, vervet monkeys (Chlorocebus aethiops) give acoustically different
alarm calls to leopards, eagles, and snakes. Each call type elicits a different, adaptive
response. Individuals on the ground run into trees when they hear a leopard alarm,
look up in the air when they hear an eagle alarm, and peer into the grass around
them when they hear a snake alarm (Cheney and Seyfarth 1990). Confronted with a
wide variety of potential predators, adult vervets are highly selective, giving
‘leopard alarms’ to mammalian carnivores, ‘eagle alarms’ primarily to martial
(Polemaetus bellicosus) and crowned (Stephanoetus coronatus) eagles, and ‘snake
alarms’ to pythons (Python sebae). Infants and juveniles, by contrast, make many
more mistakes, by giving alarm calls to species like warthogs or pigeons that pose
no danger to them. Their mistakes, however, are not entirely random. They give
leopard alarms almost exclusively to terrestrial mammals, eagle alarms to birds,
and snake alarms to reptiles and snake-like objects. Vervet infants behave as if they
are predisposed from birth to divide other species into broadly different classes:
predator versus non-predator, and, within the former class, to distinguish among
terrestrial carnivores, eagles, and snakes. With time and experience they sharpen
the relation between each alarm call type and the stimulus that elicits it (Cheney
and Seyfarth 1990).

Although rhesus (Macaca mulatta) and Japanese (M. fuscata) macaques both
produce coo and gruff calls, individuals in the two species use them in different
ways. In play, for example, Japanese macaques give coos whereas rhesus macaques
give gruffs. In a 3-year cross-fostering experiment, two infant rhesus and two infant
Japanese macaques were raised in a group of the other species. Despite their
complete social integration, the cross-fostered infants showed little or no
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modification in call usage. They behaved as if the link between call and context was
difficult to modify (Owren et al. 1993).

The mixture of innate mechanisms and experience found in these two studies is
typical of vocal usage in virtually all mammals and birds (Seyfarth and Cheney
2010). Clearly, however, it differs from vocal usage in humans, who can learn to use
any word in any context. If we assume that completely flexible vocal usage, once
evolved, would be highly adaptive and unlikely to revert to a system with more
fixed, innate links between call and context, it follows that the highly flexible call
usage found in humans evolved relatively recently, after the divergence of the
human lineage from the common ancestor of humans and great apes, and that
the ancestral, prelinguistic condition was one in which vocal usage was partially
innate and partially modifiable by experience.

4.2.3 Comprehension

In contrast to the data on production and usage, data on perception and compre-
hension reveal several similarities between human and non-human primates. Like
human speech, primate vocalizations comprise a series of acoustically intergraded
signals that are perceived, roughly speaking, as discretely different calls. In
baboons, different call types are distinguished according to the placement of
vowel-like formants (see Seyfarth 2005 for references). Non-human primate call
perception also exhibits parallels with human speech in its underlying neural
mechanisms (though see Wilkins, this volume). In macaques, for example, the
left hemisphere is specialized for processing species-specific vocalizations but not
other auditory stimuli (Poremba et al. 2004). This and other results (Ghazanfar
and Hauser 2001) suggest that many of the neural mechanisms that underlie
human speech processing are general primate characteristics, shared among
humans, apes, and Old World monkeys. Once again following the principle of
parsimony, the simplest explanation is that these traits are homologous, and were
present in the common ancestor of all Old World primates.

Further parallels are evident in the development of call comprehension, which—
in contrast to production and usage—is flexible, open-ended, and can be modified
by experience. Infant vervet monkeys, for example, respond to playback of leopard,
eagle, and snake alarm calls by running to their mothers or showing some other,
often inappropriate, reaction. They require several months’ experience before they
respond to the different alarm calls in an appropriate, adult-like manner (Cheney
and Seyfarth 1990). In their natural habitats, many primates learn to recognize the
alarm calls of other species (see Zuberbiihler, this volume) even though these calls
are acoustically different from their own. In the cross-fostering experiments de-
scribed earlier, cross-fostered subjects learned to recognize their foster mothers’
calls—and the foster mothers learned to recognize theirs—even in contexts in
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which the two species used acoustically different vocalizations (Seyfarth and
Cheney 1997). And throughout their lives, monkeys and apes must continually
learn to identify the voices of individuals who join their group or are born into it.
For group-living animals, it is clearly adaptive to learn these associations and to
retain an open-ended ability to identify new sound-meaning pairs throughout
one’s life. Because the ability to form learned associations is widespread among
birds and mammals, we assume that it has a long evolutionary history and was
present in the prelinguistic ancestor of modern humans.

4.2.4 Summary: the prelinguistic ancestor had limited vocal
production but open-ended comprehension

Modern monkeys, apes, and other mammals share an oddly asymmetric system of
communication in which a small repertoire of relatively fixed calls, each closely
linked to a particular context, nonetheless gives rise to an open-ended, highly
modifiable, and cognitively rich set of meanings (see below; see also Seyfarth and
Cheney 2010). Because these traits are widespread across so many taxonomic
groups, it seems highly unlikely that they evolved independently in each case.
Instead, we assume that relatively fixed production and open-ended comprehen-
sion are homologous traits, and were present in the common ancestor of Old
World monkeys, apes, and humans. To illustrate the implications for theories
of language evolution, consider the communication and cognition of modern
baboons.

4.3 SOCIAL KNOWLEDGE IN BABOONS

Baboons (Papio hamadryas) are Old World monkeys that shared a common
ancestor with humans roughly 30 million years ago (Steiper et al. 2004). They
live throughout the savannah woodlands of Africa in groups of 50-150 individuals.
Although most males emigrate to other groups as young adults, females remain in
their natal groups throughout their lives, maintaining close social bonds with their
matrilineal kin (Silk et al. 2006a, b). Females can be ranked in a stable, linear
dominance hierarchy that determines priority of access to resources. Daughters
acquire ranks similar to those of their mothers. The stable core of a baboon group
is therefore a hierarchy of matrilines, in which all members of one matriline (for
example, matriline B) outrank or are outranked by all members of another (for
example, matrilines C and A, respectively). Ranks within matrilines are as stable as
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those between matrilines: for example, A1>A2>A3>B1>B2>C1, where letters are
used to denote matrilineal kin groups and numbers denote the different indivi-
duals within them (Cheney and Seyfarth 2007).

Baboon vocalizations are individually distinctive (e.g. Owren et al. 1997), and
playback experiments have shown that listeners recognize the voices of others as
the calls of specific individuals (reviewed in Cheney and Seyfarth 2007). The
baboon vocal repertoire contains a number of acoustically graded signals, each of
which is given in predictable contexts. Because calls are individually distinctive and
each call type is predictably linked to a particular social context, baboon listeners
can potentially acquire quite specific information from the calls that they hear.

Throughout the day, baboons hear individuals giving vocalizations to each
other. Some interactions involve aggressive competition; for example, when a
higher-ranking animal gives a series of threat-grunts to a lower-ranking animal
and the latter screams. Threat-grunts are aggressive vocalizations given by higher-
ranking to lower-ranking individuals, whereas screams are submissive signals,
given primarily by lower- to higher-ranking individuals. A threat-grunt—scream
sequence, therefore, potentially provides information not only about the identities
of the opponents involved but also about who is threatening whom. Baboons are
sensitive to both types of information. In playback experiments, listeners respond
with apparent surprise to sequences of calls that appear to violate the existing
dominance hierarchy. Whereas they show little response upon hearing the
sequence ‘B2 threat-grunts and C3 screams’, they respond strongly—by looking
toward the source of the call—when they hear ‘C3 threat-grunts and B2 screams’
(Cheney and Seyfarth 2007). Between-family rank reversals (C3 threat-grunts and
B2 screams) elicit a stronger violation of expectation response than do within-
family rank reversals (C3 threat grunts and C1 screams) (Bergman et al. 2003).

A baboon who ignores the sequence ‘B2 threat-grunts and C3 screams’ but
responds strongly when she hears ‘C3 threat-grunts and B2 screams’ reveals, by
her responses, that she recognizes the identities of both participants, their relative
ranks, and their family membership. Baboons who react more strongly to call
sequences that mimic a between-family rank reversal than to those that mimic
a within-family rank reversal act as if they classify individuals simultaneously
according to both rank and kinship. In all of these cases, listeners act as if they
assume that the threat-grunt and scream have occurred together not by chance but
because one vocalization caused the other to occur. Without this assumption of
causality there would be no violation of expectation when B2’s scream and C3’s
threat-grunt occurred together.

Baboons’ ability to deduce a social narrative from a sequence of sounds reveals a
rich cognitive system in which listeners extract a large number of complex,
nuanced messages from a relatively small, finite number of signals. A baboon
who understands that ‘B2 threat-grunts and C3 screams’ is different from ‘C3
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threat-grunts and B2 screams’ can make the same judgement for all possible pairs
of group members as well as any new individuals who may join. This open-ended
system of classification is, in at least one respect, abstract, because the categories of
rank and matrilineal kinship persist despite changes in the individuals who com-
prise them (Cheney and Seyfarth 2007).

In addition to making judgements based on social causation, rank, and kinship,
baboons appear to recognize other individuals’ intentions and motives. Baboon
groups are noisy, tumultuous societies, and an individual would not be able to feed,
rest, or engage in social interactions if she responded to every call as if it were
directed at her. In fact, baboons seem to use a variety of behavioural cues, including
gaze direction, learned contingencies, and the memory of recent interactions with
specific individuals when making inferences about the target of a vocalization. For
example, when a female hears a recent opponent’s threat-grunts soon after fighting
with her, she responds as if she assumes that the threat-grunt is directed at her, and
she avoids the signaller. However, when she hears the same female’s threat-grunts
soon after grooming with her, she acts as if the calls are directed at someone else
and ignores the calls (Engh et al. 2006).

The attribution of motives is perhaps most evident in the case of ‘reconciliatory’
vocalizations. Like many other group-living animals, baboons incur both costs
and benefits from joining a group. In an apparent attempt to minimize the
disruptive effects of within-group competition, many primates ‘reconcile’ with
one another, by coming together, touching, hugging, or grooming after aggression.
In baboons, reconciliation among females occurs after roughly 10% of all fights,
and typically occurs when the dominant animal grunts to the subordinate.
Playback experiments have shown that, even in the absence of other behaviour,
grunts alone function to restore former opponents’ behaviour to baseline levels
(Cheney and Seyfarth 2007).

In some cases, the behaviour of subordinates after aggression seems to involve
more complex and indirect causal reasoning both about other animals’ motives
and their kinship bonds. For example, playback experiments have shown that
baboons will accept the ‘reconciliatory’ grunt by a close relative of a recent
opponent as a proxy for direct reconciliation by the opponent herself (Wittig
et al. 2007). If individual D1 has been threatened by individual A1 and then hears a
grunt from A2, in the hour that follows she is more likely to approach, and more
likely to tolerate the approaches of, A1 and A2 than if she had heard no grunt or a
grunt from another high-ranking individual unrelated to the A matriline. Intrigu-
ingly, D1’s behaviour toward other members of the A matriline does not change.
Subjects in these experiments act as if they recognize that a grunt from a
particular female is causally related to a previous fight, but only if the caller is a
close relative of her former opponent (see Wittig 2010 for similar behaviour in
chimpanzees).
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4.4 SOCIAL COGNITION AS A
PRECURSOR OF LANGUAGE

Baboon vocalizations (and, by extension, those of other monkeys and apes) exhibit
no properties that we would be tempted to call syntactic. Nevertheless, their social
knowledge, assessment of call meaning, and parsing of call sequences display a
number of features that we may think of as syntactic precursors.

First, knowledge is representational. When a monkey hears a vocalization she
acquires information that is highly specific—about a particular sort of predator, or
about a particular individual, her motivation to interact in specific ways with
another, or the other animal’s reaction.

Second, knowledge is based on properties that have discrete values (Worden
1998), such as individual identity, kinship, dominance rank, and call type.

Third, animals combine these discrete-valued traits to create a representation
of social relations that is based on at least two relations—matrilineal kinship and
rank—simultaneously, in a manner that preserves ranks both within and across
families (Penn et al. 2008).

Fourth, knowledge is rule-governed and open-ended. Baboons recognize that
vocalizations follow certain rules of directionality that must, for instance, corre-
spond to the current dominance hierarchy. Threat-grunts are given only by domi-
nant animals to subordinates, fear barks are given only by subordinates to
dominants, but infant and move grunts can be given in either direction. Knowledge
is open-ended because new individuals can be added or eliminated without
altering the underlying structure, and because the set of all possible interactions
is very large (Worden 1998; Seyfarth and Cheney 2007). Taken together, these
properties lead to a cognitive system in which animals comprehend a huge number
of messages from a finite number of signals.

Fifth, knowledge involves the recognition of motives and causality and is
therefore propositional. Baboons evaluate the meaning of call sequences in terms
of other individuals’ identities and motives and the causal relations that link one
individual’s behaviour with another. That is, they represent in their minds (albeit
in a limited way) the individuated concepts of ‘Sylvia, ‘Hannah)’, ‘threat-grunt’, and
‘scream’, and combine these concepts to create a mental representation of one
individual’s intentions toward another. In so doing, they interpret a stream of
sounds as a dramatic narrative: ‘Sylvia is threatening Hannah and causing her to
scream’. Once we accept the notion of causality—and there would be no violation
of expectation without it—call sequences resemble the words in a sentence in at
least one respect: they are compositional. Individual calls preserve their meaning
but the sequence as a whole conveys a meaning that is greater than the sum of its
parts.
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Sixth, knowledge is independent of sensory modality. While playback
experiments allow us to explore the structure of primates’ social knowledge and
demonstrate that such knowledge can be acquired through vocalizations alone,
social knowledge is also obtained visually. Indeed, we now know that at the
neurophysiological level, visual and auditory information are integrated to form
a multimodal representation of call meaning (Gil da Costa et al. 2004; Ghazanfar
et al. 2005; Proops et al. 2008).

These properties of non-human primates’ social knowledge, while by no means
fully human, bear important resemblances to the meanings we express in language,
which are built up by combining discrete-valued entities in a structured, hierarchi-
cal, rule-governed, and open-ended manner. This leads to the hypothesis that the
internal representations of language meaning in the human brain initially built
upon our prelinguistic ancestors’ knowledge of social relations (Bickerton 1998,
2000; Cheney and Seyfarth 1998; Worden 1998). Indeed, as Worden (1998: 156)
argues, ‘no other candidate meaning structure has such a good fit to language
meanings.

We are not suggesting that all of the syntactic properties found in language are
present in primate social knowledge. Such a claim would be entirely unjustified,
given the many features of language—Tlike case, tense, subject-verb agreement, or
recursion—that have no counterpart in the communication of any non-human
primate and that almost certainly evolved long after the divergence of the hominin
line from the common ancestors of humans and chimpanzees. Instead, focusing on
the early, prelinguistic stages of language evolution, we suggest that the precursor
of the hominoid mind evolved in an environment characterized by social chal-
lenges and that such competition created selective pressures favouring structured,
hierarchical, rule-governed intelligence. Because this social intelligence shares
several features with language, many of the rules and computations found in
human language may have first appeared as an elaboration of the rules and
computations underlying social cognition.

Talmy (2007) argues that during the course of evolution, a crucial bottleneck was
overcome when our ancestors’ vocal communication changed from analogue to
digital, and he poses the question: where did language get its digitalness from? The
answer, we believe, lies in perception and social cognition. Long before they could
engage in the computations that underlie modern grammar, our ancestors per-
ceived calls as discrete signals, recognized individuals, and performed the compu-
tations needed to understand their societies. As a result, the discrete, compositional
structure we find in spoken language did not first appear there. It arose, instead,
because understanding social life and predicting others’ behaviour requires dis-
crete, compositional thinking. (See also Studdert-Kennedy, this volume.)

Similarly, Hurford (1990a) asks whether propositional structures (among other
features) are ‘elements of the structure of languages’ or whether they ‘somehow
existed before language’ in another domain. Here again, data on primate social
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cognition provide an answer: the propositions that are expressed in language did
not originate with language. They arose, instead, because to succeed in a social
group of primates one must understand an elementary form of propositional
relations.

4.5 BEYOND PRECURSORS

At some point in our evolutionary history—probably after the divergence of the
evolutionary lines leading to chimpanzees and bonobos on the one hand and
humans on the other (Enard et al. 2002)—our ancestors developed much greater
control over the physiology of vocal production. As a result, vocal output became
both more flexible and considerably more dependent on auditory experience and
imitation (P. Lieberman 1991; Fitch 2007). What selective pressures gave rise to
these changes?

Vocal communication in non-human primates lacks three features that are
abundantly present in human language: the ability to generate new words, syntax,
and a theory of mind (defined as the ability of both speakers and listeners to make
attributions about each others’ beliefs, knowledge, and other mental states when
communicating with each other; see Grice 1957). How might these traits have
evolved: simultaneously, in response to the same selective pressures, or more
serially, in some particular order? We propose that the evolution of a theory of
mind came first, creating the selective pressures that gave rise to the ability to
generate new words and syntax, and to the flexibility in vocal production that these
two traits would have required (Cheney and Seyfarth 2007). We make this argu-
ment on both empirical and theoretical grounds.

Empirically, there is no evidence in non-human primates for anything close to
the large vocal repertoire we find even in very young children. Similarly, non-
human primates provide few examples of syntax. Recent work on the alarm calls of
forest monkeys suggests that the presence of one call type can ‘modify’ the meaning
of another (Zuberbiihler 2002; Arnold and Zuberbiihler 2006; Zuberbiihler, this
volume), and a study by Crockford and Boesch (2003) suggests that a call combi-
nation in chimpanzees may carry new meaning that goes beyond the meaning of
the individual calls themselves, but these rare exceptions meet few of the definitions
of human syntax.

By contrast, there is growing evidence that both Old World monkeys and apes
possess rudimentary abilities to attribute motives or knowledge to others and
engage in simple forms of shared attention and social referencing (see Cheney
and Seyfarth 2007 for review). These data suggest that a rudimentary theory of
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mind appeared among primates long before flexible vocal production, the ability to
generate new words, and syntax. More speculatively, we suggest that the prior
appearance of a theory of mind acted as a prime mover in the evolution of language
because, while it is easy to imagine a scenario in which a rudimentary theory of
mind preceded and provided the impetus for the evolution of large vocabularies
and syntax, any alternative sequence of events seems less likely.

Consider, for example, word learning in children. Beginning as early as 9—12
months, children exhibit a nascent understanding of other individuals’ motives,
beliefs, and desires, and this skill forms the basis of a shared attention system that is
essential for early word learning (Tomasello 2003a). One-year-old children seem to
understand that words can be mapped onto objects and actions. Crucially, this
understanding is accompanied by a kind of ‘social referencing’ in which the child
uses other people’s direction of gaze, gestures, and emotions to assign labels to
objects (see Fisher and Gleitman 2002 for review). Gaze and attention also facilitate
word learning in dogs and other animals. Children, however, rapidly surpass the
simpler forms of shared attention and word learning demonstrated by animals.
Long before they begin to speak in sentences, young children develop implicit
notions of objects and events, actors, actions, and those that are acted upon. As
Fisher and Gleitman (2002: 462) argue, these ‘conceptual primitives’ provide
children with a kind of ‘conceptual vocabulary onto which the basic linguistic
elements (words and structures) are mapped. Moreover, in contrast to monkeys,
apes, and other animals, 1-year-old children are highly motivated to share what
they know with others (Tomasello and Carpenter 2007). While animals are
concerned with their own goals and knowledge, young children are motivated to
make their thoughts and knowledge publicly available.

The acquisition of a theory of mind thus creates a cognitive environment that
drives the acquisition of new words and grammatical skills. Indeed, results suggest
that children could not increase their vocabularies or learn grammar as rapidly as
they do if they did not have some prior notion of other individuals’ mental states
(Fisher and Gleitman 2002; Tomasello 2003a).

By contrast, it is much more difficult to imagine how our ancestors could have
learned new words or grammatical rules if they were unable to attribute mental
states to others. The lack of syntax in non-human primate vocalizations cannot be
traced to an inability to understand that an event can be described as a sequence in
which an agent performs some action on an object (as already noted, baboons
clearly do this). Nor does the lack of syntax arise because of an inability to mentally
represent actions or signs that modify objects. In captivity, a variety of animals,
including dolphins, sea lions, and African Grey parrots, can be taught to under-
stand and in some cases even produce signs that appear to represent actions,
modifiers, and prepositions (see Cheney and Seyfarth 2007 for review). Even in
their natural behaviour, non-human primates and other animals certainly seem
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capable of thinking in terms of propositions, but this ability does not motivate
them to speak in sentences. Their knowledge remains largely private.

This limitation may arise because non-human primates and other animals
cannot distinguish between what they know and what others know, and cannot
recognize, for example, that an ignorant individual might need to have an event
explained to them. As a result, although they may mentally tag events as proposi-
tions, they fail to map these relations into a communicative system in any stable or
predictable way. Because they cannot attribute mental states like ignorance to
others, and are unaware of the causal relation between behaviour and beliefs,
monkeys and apes do not actively seek to explain or elaborate upon their thoughts.
As a result, they are largely incapable of inventing new words or recognizing when
thoughts should be made explicit.

We suggest, then, that while our prelinguistic ancestors represented the world—
and the meaning of call sequences—in terms of actors, actions, and those who are
acted upon, a crucial step in the evolution of language occurred when these
ancestors began to express their tacit knowledge and use their cognitive skills in
speaking as well as listening. The prime mover behind this revolution was a theory
of mind that spurred individuals not only to recognize other individuals’ goals,
intentions, and even knowledge—as monkeys and apes already do—but also to
share their own goals, intentions, and knowledge with others. Whatever selective
pressures prompted this change, it led to a mind that was motivated to make public
the thoughts that had previously remained private. The evolution of a theory of
mind thus spurred the evolution of words, grammar, and the vocal modifiability
that these traits required.
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CHAPTER §

COOPERATIVE
BREEDING AND
THE EVOLUTION

OF VOCAL
FLEXIBILITY

KLAUS ZUBERBUHLER

5.1 INTRODUCTION

Primates communicate not only because they are biologically hardwired to do so,
but also because they pursue specific goals during social interactions. This is well
documented in the context of ape gestural signals, which have revealed a consider-
able degree of flexibility in psychologically interesting ways (de Waal and Pollick,
this volume). In terms of vocal behaviour, however, both monkeys and apes appear
to be much less flexible, which raises important questions about how and why
vocal flexibility evolved in the human lineage. One purpose of this chapter is to
review some of the current empirical evidence for vocal flexibility in non-human
primates both in terms of production and comprehension; see also Slocombe, this
volume. The emerging picture is that, across the primate order, flexibility is wide-
spread in call comprehension but largely restricted to humans in call production.
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Non-human primates, including the great apes, are curiously constrained by weak
motor control over their vocal apparatus, resulting in limited vocal repertoires.

Initially, human infants differ little from the other primates in their vocal
behaviour, but they soon gain increasing control over their vocal apparatus. Why
humans have evolved relatively greater motor control remains largely unclear. One
possible explanation lies in the highly cooperative nature of humans, which is
particularly manifest during childcare. Humans are cooperative breeders, which
exposes infants to a range of caretakers in addition to the mother. Although
cooperative breeding provides mothers with significant fitness benefits, infants
do not seem to enjoy any particular advantage. Instead, infants grow up in a social
environment in which they need to compete with each other for resources as well as
the attention of their caregivers, who are often not directly related to them. A basic
primate repertoire of vocal and gestural signals may have been insufficient for this
social challenge. Following the advent of human cooperative breeding, natural
selection would have favoured individuals with advanced vocal skills if such
individuals enjoyed a selective advantage over their peers in interacting with
caregivers (Hrdy 1999, 2009; Locke, this volume). Much of this change must have
built on the vocal flexibility already established in the primate lineage.

5.2 INTENTION IN PRIMATE COMMUNICATION

When chimpanzees produce visual gestures, they often position themselves in such
a way that the targeted receiver is able to see the signal (Call and Tomasello 2007).
Similarly, captive orang-utans modify their gestures depending on how well they
have been understood by others. If completely misunderstood, they continue
signalling, but elaborate the range and avoid failed gestures. However, if only partly
misunderstood, they repeat previous gestures more frequently (Cartmill and Byrne
2007). Bonobos, playing social games with a human experimenter (e.g. rolling a
piece of fruit back and forth), show signs of understanding the collaborative nature
of such games. When the experimenter deliberately interrupts the game, subjects
respond with a variety of gestures in an apparent attempt to re-engage the reluctant
human partner with the game (Pika and Zuberbiihler 2008). In an important
parallel to human language, these examples illustrate how signal production is
adjusted and controlled by the individuals, presumably the outcome of communi-
cative intent, rather than being a hardwired response to an external stimulus or a
mere expression of mood or another inner state (Call and Tomasello 2007; de Waal
and Pollick, this volume).
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In the vocal domain, evidence for such goal-directedness and intentionality is
less strong, although there are a number of relevant findings. For example, work on
free-ranging Chacma baboons’ vocal behaviour has produced evidence that these
monkeys are surprisingly aware of the social consequences of their calls (Cheney
and Seyfarth 2007; Seyfarth and Cheney, this volume). Studies on audience effects
in primate vocal behaviour have also revealed considerable degrees of social
awareness and complexity (Zuberbiihler 2008). In one study, male Thomas langurs
continued to alarm call to a predator model until all other group members had
responded with at least one alarm call, and the interpretation was that callers kept
track of who had already seen the predator (Wich and de Vries 2006). In another
example, male blue monkeys produced significantly more alarm calls if members of
their group were close to the suspected eagle than if they were far away, regardless
of the caller’s own position (Papworth et al. 2008). Although there are alternative
explanations, one interpretation was that these primates took into account the
degree of danger experienced by other group members.

As mentioned above, chimpanzees are sensitive to whether the intended audi-
ence is in visual contact, but this is not limited to gestural signals. If a human
experimenter is oriented so that there is no visual contact with a chimpanzee, then
individuals are more likely to produce vocalizations as their first communication
signals, in contrast to when the experimenter is oriented towards the individual,
which triggers more gesturing (Hostetter et al. 2001). Equally relevant, wild chim-
panzee females adjust the production of copulation calls depending on who is
likely to hear the calls. In general, females are reluctant to produce vocalizations
during mating, unless mating with a high-ranking male when other high-ranking
males are nearby. Presumably the females seek to spread the likelihood of paternity
more widely amongst the socially relevant males, because this will secure their
support in the future when they are travelling with a vulnerable infant. If high-
ranking females are nearby, however, then females usually remain silent during
copulation, regardless of whom they mate with, suggesting that they are aware of
the potentially severe social consequences of female—female competition in wild
chimpanzees (Townsend et al. 2007, 2008). These examples demonstrate how high
degrees of social awareness, present in many primates, not only affect the gestural
domain, but also drive primate vocal communication.

5.3 REFERENCE AND INFERENCE

Although there is good evidence that primates attend to each others’ vocalizations
to make predictions about the event encountered by the caller, it is not clear
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whether this requires specialist comprehension skills beyond what is already
handled by general cognition. According to one view, a receiver has simply learned
that one thing predicts another, or even causes another, in the same basic way as
many other everyday phenomena (Tomasello 2008).

Whether all empirical evidence is sufficiently explained by this associative
account—and how human comprehension fits into this model—is not clear.
There is empirical evidence that, when responding to alarm calls, primates not
only attend to the peripheral acoustic features of calls but also maintain specific
mental representations associated with these calls (Zuberbiihler et al. 1999a). In one
experiment, Diana monkeys were first primed with the alarm calls of Campbell’s
monkeys, a species often found associating with Diana monkeys. The Diana
monkeys responded with their own corresponding alarm calls, for instance by
producing their own eagle alarm calls when hearing the Campbell’s monkey eagle
alarm calls. After a brief period of silence the same monkeys then heard a second
playback stimulus, either the growls of a leopard or the shrieks of a crowned eagle.
If the predator vocalizations corresponded to the previously heard alarm calls (e.g.
leopard alarm calls followed by leopard growls), then the monkeys no longer
responded to the predator vocalizations, but they behaved as if they were already
aware of the predator’s presence. If the prime and probe stimuli did not match in
their semantic content (e.g. leopard alarm calls followed by eagle shrieks), then the
responses to the predator vocalizations were strong (Zuberbiihler 2000a). This
behaviour appeared to be driven by mental representations of different predator
classes, which allowed the monkeys to equate another species’ predator alarm call
(e.g. to an eagle) with the vocalizations of the corresponding predator (e.g. eagle
shrieks).

Primates share their habitats with a range of other species, and often respond to
their alarm calls. In many cases the call referents are unspecific and often ambigu-
ous. For example, Diana monkeys respond to the alarm calls of guinea fowl, a
gregarious ground-dwelling forest bird, as if a leopard were present. Guinea fowl
alarm call to leopards on a regular basis, probably because they fall prey to them
(Zuberbiihler and Jenny 2002). However, the birds also produce the same alarm
calls to humans, suggesting that their calls indicate little more than the presence of
a dangerous ground predator. This poses a problem for nearby monkeys, such as
Diana monkeys, because the most adaptive response to humans is to remain still
and avoid detection, while the most adaptive response to leopards is to behave
conspicuously to signal detection and futility of further hunting (Zuberbiihler et al.
1999b). In one playback study, Diana monkeys were led to believe that a group of
nearby guinea fowl had encountered either a leopard or a human poacher before
hearing a recording of Guinea fowl alarm calls. The monkeys’ responses to the
birds” alarm calls differed significantly depending on the priming stimulus, i.e.
likely cause of the alarm calls. Overall, the results suggest that the monkeys took
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into account wider contextual cues when evaluating vocalizations, rather than
responding to the calls themselves (Zuberbiihler 2000b).

In sum, a relevant finding in primate communication is that the meanings of
vocal signals vary with how signallers use them. Often, listeners cannot rely on
simple stimulus-response associations, but need to retrieve meaning through
inferential processes. Whether such inference-based comprehension is similar to
or different from the one used by humans during language processing has not yet
been investigated.

5.4 CREATING MEANING FROM
A LIMITED REPERTOIRE

Non-human primates are profoundly constrained by the number of acoustic
signals the different species can produce (e.g. Jirgens 1998; Owren and Goldstein
2008; Seyfarth and Cheney, this volume). Despite this limitation, fieldwork has
shown that primate vocalizations can function as semantic signals. In one classic
study, East African vervet monkeys produced acoustically distinct alarm calls to
different predator types, which were meaningful to listeners (Seyfarth et al. 1980).
This basic finding has been replicated with other primate species, suggesting that
vocal ‘labelling’ of external events is a widespread feature of primate communica-
tion (e.g. Zuberbiihler et al. 1997; Ouattara et al. 2009). In addition to producing a
range of basic call types, some species have been observed to enhance their
small repertoires by acoustic modifications of existing call types or by producing
sequences of calls. Both means of increasing flexibility in a limited system are
discussed next.

5.4.1 Acoustic modifications

Careful examination of the call repertoires of non-human primates typically
reveals that some of the basic call types can be subdivided into meaningful acoustic
variants (e.g. Crockford and Boesch 2003; Lemasson and Hausberger 2004).
Crucially, some of these call types, particularly the ones used in social interactions,
are acoustically modifiable even during adulthood (Snowdon and Hausberger 1997;
Lemasson et al. 2003, 2005). This type of vocal plasticity is the source of local
dialects, a phenomenon observed in various primate species. Most recently, dialects
have been described in free-ranging pygmy marmosets (de la Torre and Snowdon
2009). Similarly, chimpanzee pant-hoot vocalizations are acoustically flexible, and
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dialects and group-specific call variants have been reported in different popula-
tions (Marshall et al. 1999; Mitani et al. 1999; Crockford et al. 2004). These and
other examples illustrate that, for some of their calls, non-human primates are able
to produce a considerable degree of acoustic flexibility, a behaviour governed by
social factors.

Equally interesting are cases of short-term acoustic modifications performed by
adult individuals. A chimpanzee attacked by another individual produces victim
screams which reveal something about the nature of the attack (Slocombe and
Zuberbiihler 2006b). Playback experiments have shown that individuals are able to
discriminate between different scream variants by responding more strongly to
variants that indicated a severe attack (Slocombe et al. 2009). In addition, if high-
ranking individuals are nearby, victims tend to produce variants that indicate a
more severe attack than has actually taken place, probably as an attempt to recruit
nearby high-ranking group members to intervene on their behalf (Slocombe and
Zuberbtihler 2007; Slocombe, this volume). One intriguing possibility, which
requires further testing, is that chimpanzees are socially aware of the impact of
their screams and strategically modify the acoustic structure in order to influence
the audience to their own advantage, essentially by producing false information.

Taken together, these studies show that non-human primates can acoustically
modify some of their calls, usually in response to social variables or some aspects of
their environment. Further research will have to address how widespread such
phenomena are in the primate order and how much active volitional control callers
have in these circumstances.

5.4.2 Combinatorial signals

Another way in which non-human primates can circumvent the constraints of
their limited repertoires is by combining different call types into more complex
sequences of calls in context-specific ways. Examples come from Campbell’s
monkeys (Zuberbiihler 2002), Diana monkeys (Stephan and Zuberbiihler 2008),
black-and-white Colobus monkeys (Schel et al. 2009), gibbons (Clarke et al. 2006),
chimpanzees (Crockford and Boesch 2005), and bonobos (Clay and Zuberbtihler
2009). In the great ape examples, it is not yet clear whether the different sequences
carry any specific meaning. In putty-nosed monkeys, however, callers combine two
of their alarm calls, the ‘pyows’ and ‘hacks’, into sequences, which serve as the main
carriers of meaning (Arnold and Zuberbiihler 2006a, b). Series of ‘pyows’ are given
to leopards and a range of other disturbances, while series of ‘hacks’, or hacks
followed by ‘pyows), are given to crowned eagles and other startling events, such as
falling trees. More intriguingly, however, males also produce a ‘pyow’—hack’
combination, which consists of a few ‘pyows’ followed by a few ‘hacks’ This call
combination can precede or be inserted into other call sequences or be produced
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alone. The common feature in all cases is that ‘pyow’—‘hack’ combinations reliably
predict group movement, irrespective of context (Arnold et al. 2008; Arnold and
Zuberbiihler 2008). The ontogenetic pattern of this behaviour has not yet been
studied and it is also unclear whether all populations of putty-nosed monkeys in
sub-Saharan Africa produce the same calling behaviour. In Diana monkeys, onto-
genetic experience is required for callers to assemble individual alarm calls into
more complex sequences (Stephan and Zuberbiihler 2008).

Since some non-human primates produce series of calls arranged in specific
ways in response to discrete events, should this behaviour be considered as a
‘syntactic’ precursor and therefore be of relevance for theories of human language
evolution? A key point here is that, for a call sequence to be syntactic, each
individual call in the sequence should have its own stable meaning, but at present
there is no good evidence for this.

5.5 TRANSITIONS TO SPEECH

Although non-human primates have comparatively limited motor control over
their articulators, the basic vocal tract structures and mechanisms of articulation
are the same as in humans. Diana monkeys, for example, can generate various vocal
tract constrictions and articulatory manoeuvres which alter the formant frequen-
cies of their alarm calls in communicatively relevant ways (Riede and Zuberbiihler
20033, b). Unlike in human speech, however, the primate tongue does not appear
to play an important role during articulation (Riede et al. 2005, 2006). In human
infants, the acoustic features of possible sounds also depend on the physical
structure of the vocal tract (Smith and Oller 1981). Imaging work has shown that
the infant vocal tract initially grows rapidly, until the age of about 15 months, but
then growth rates decrease and the vocal tract develops at a slower pace (Vorperian
et al. 2005). The relationship between these physical changes and the portfolio of
vocal signals available to the infant has yet to be explored.

As infants experience increasing motor control over their vocal apparatus, they
begin to produce consonant- and vowel-like sound sequences, or babbling, in a
range of social situations, a behaviour not observed in infant chimpanzees. Prior to
this babbling phase, infants communicate with a primate-like vocal repertoire,
which consists of a few basic call types, such as grunts, cries, screams, or laughter
(Wolff 1969; McCune et al. 1996). As with non-human primates, the different calls
can be meaningful to others in the sense that listeners are able to infer the cause of
calling (Zeskind et al. 1985). Which articulators are involved, and in particular the
role of the tongue during such call production, is a topic for further research, but
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there is currently no reason to assume that this process of call production is
fundamentally different from that of non-human primates.

5.6 COOPERATIVE BREEDING AND THE
EVOLUTION OF VOCAL FLEXIBILITY

A key transition in the evolutionary origins of language may have been when
early humans began to interact with each other collaboratively (Tomasello 2008).
Collaborative behaviours require a high degree of social awareness, such as the
ability to understand and share intentions. One context in which collaborative
social behaviour is particularly evident is during childcare. Humans are coopera-
tive breeders with large amounts of childcare undertaken by individuals other than
the mother (Hames 1988; Hrdy 1999, 2009; Hewlett and Lamb 2005). Although
cooperative breeding is relatively common in non-human primates, there are
considerable inter-species differences in quantity and quality, with no species
matching the degree of allocare observed in humans (Hrdy 1976; Solomon and
French 1997; Ross and MacLarnon 2000). Clutton-Brock (2006) distinguishes four
types of cooperative breeding: group breeding (multiple females breed together),
communal breeding (multiple females breed together and share care), facultative
cooperative breeding (non-breeding helpers can be present), and specialized coop-
erative breeding (non-breeding helpers are essential). Humans fall into the last
category, while most cooperatively breeding primates are group breeders.
Another way of categorizing breeding systems is by looking at the care given by
non-maternal caregivers. Non-maternal care, or allocare, can range from energeti-
cally costly behaviour, such as lactation or carrying, to less demanding activities,
such as playing or grooming (e.g. Poirer 1970; Redican and Mitchell 1974;
Hershkovitz 1977; Biben and Symmes 1986). Across species, there is a strong relation
between the amount of allocare given and the reproductive success of the mother
(Mitani and Watts 1997; Ross and MacLarnon 2000). Allocare is particularly
prominent in New World primates, but this is usually due to fathers helping with
infant carrying. In Old World primates, allocare is relatively rare (with the exception
of the Colobinae, e.g. Poirer 1970) and infants typically avoid the proximity of other
adult females and prefer to play with other infants or juveniles (Forster and Cords
2005). Great apes, in particular, provide conspicuously little allocare, although cases
of adoption by older siblings have been reported (e.g. Goodall 1989). In humans,
allocare is likely to have played a major role during evolution (Pavard et al. 2007).
Modern humans are very unusual in the amount of effort they are prepared to
devote to infants who are not their own, with grandmothers providing an unusually
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large contribution (e.g. Scelza 2009). In addition to kin, mothers often entrust
non-relatives with looking after their offspring (Hewlett and Lamb 2005). For
example, in the Efe, a forager people of the Ituri forest in Eastern DR Congo,
children grow up in peer-groups often looked after by a non-relative, while their
mothers are on foraging trips (Henry et al. 2005).

Ape childhoods are very different. In Budongo Forest, a habitat very similar to
Ituri forest, young chimpanzees stay continuously with their mothers until about
the age of 10 to form a small family unit that travels, forages, rests, and nests
together, often separated from the rest of the group. If mothers are in almost
continued contact with their offspring, a basic vocal repertoire and ritualized
gestural conventions (Call and Tomasello 2007) are fully sufficient to regulate all
social interactions. However, the challenges are infinitely greater in a human-type
cooperative care system. Competition over resources and caregiver attention is
likely to be considerable, and non-maternal caregivers may be more reluctant to
provide care than the mothers, suggesting that natural selection will favour beha-
vioural mechanisms that help the infant to overcome such obstacles. Communica-
tion skills are the obvious evolutionary target.

Vocal signals are particularly adaptive if direct visual interaction between in-
dividuals is difficult and the risk of attracting malevolent eavesdroppers is low,
particularly violent neighbours, infanticidal males, or predators. Across all species
of primates, humans probably have by far the most vocal infants, especially if
compared with the great apes. This suggests that humans have been relatively
unconstrained in evolving vocal behaviour. When comparing the vocal behaviour
of human and ape infants, a major difference concerns the advent of babbling
sometime in the first 12 months of life. It is relevant that babbling triggers positive
social responses in human receivers, regardless of kin relations, suggesting that the
behaviour may have evolved on a pre-existing receiver predisposition (Locke
2006). By producing signals that receivers find attractive as well as easy to detect,
discriminate, and remember, human infants have evolved a communication tool
that aids them with their species-specific social challenges (e.g. Guilford and
Dawkins 1991; Locke, this volume).

Babbling is also found in some non-human animals, particularly songbirds (e.g.
Goldstein et al. 2003; Aronov et al. 2008) but also in greater sac-winged bats
(Knornschild et al. 2006). In primates, one intriguing example comes from the
pygmy marmoset, a facultative cooperative breeder with bi-parental care (Elowson
et al. 1998a, b; Snowdon and Elowson 2001). Pygmy marmosets are highly vocal as
infants, producing over a dozen different call types at high rates. The different calls
are assembled into sequences, which can last for several minutes. Some of the call
types are specific to infants; others resemble the adult calls, or are acoustic variants
thereof. Similarly to humans, the main function of infant pygmy marmoset
babbling appears to be in increasing social bonding: parents are more likely to
interact with a babbling than an otherwise active infant (Elowson et al. 1998a).
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During puberty, babbling is still observed, although at lower rates, and the beha-
viour eventually disappears in adulthood (Snowdon and Elowson 2001). So far, the
vocal behaviour of pygmy marmosets remains an isolated case in the primate
literature. To what degree babbling is crucial for the development of adult vocal
behaviour is also not explored, although adult pygmy marmosets possess consid-
erable vocal flexibility, as evidenced by the presence of vocal dialects and other
effects (e.g. Snowdon and Hodun 1981; Elowson and Snowdon 1994; Converse et al.
1995).

Once vocal control has evolved to help infants secure care, it is only a small step
to producing utterances in context-specific ways. This may only be possible against
a background of other psychological skills, such as the ability to share intentions
and attention (Tomasello 2008), and well-developed comprehension. The key
invention, however, is increased motor control over the articulators, and once
this is established, vocal behaviour can become subject to learning and voluntary
control.

At present, the proposed link between cooperative breeding and enhanced vocal
control clearly requires further empirical investigation. Specifically, whether high
degrees of allocare have had an effect on the evolution of vocal behaviour in human
infants remains to be tested. It is interesting that high degrees of allocare have been
linked with other types of infant signalling (Alley 1980). Using data from 82
primate species, Ross and Regan (2000) found considerable variation in the coat
colour of newborn primates. Species with high degrees of allocare tended to give
birth to infants that were brightly or conspicuously coloured, whereas species with
little or no allocare produced very inconspicuous infants. If allo-mothering is
essential, infants will benefit from advertising their need for care to attract the
attention of conspecific caregivers at birth. The colobines, a group of Old World
primates with the highest degrees of allocare (apart from humans), give birth to
infants that are initially almost completely white, in stark contrast to the black coat
of adults (Davies and Oates 1994).

Another prediction is that species in which infants are exposed to competition
over non-maternal caregivers should be more likely to exhibit elaborate vocal
behaviour than species in which infants are raised by their mothers only. Research
on the communicative skills of other cooperative breeders, particularly communal
breeders, may provide interesting empirical data to test this hypothesis. Hrdy
(1999, 2009) recently made similar arguments, suggesting that human infants are
equipped with especially powerful tools to solicit and secure care, not just from
their mothers but potentially any involved bystander. Vocal control may have been
the crucial component of this tool kit, subsequently paving the way to the elaborate
and unique speech abilities of modern humans.
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CHAPTER 6

GESTURE AS THE
MOST FLEXIBLE
MODALITY OF
PRIMATE
COMMUNICATION

FRANS B. M. DE WAAL AND
AMY S. POLLICK

6.1 INTRODUCTION

An understanding of the complex issue of language evolution must be grounded in
a range of disciplines, including linguistics, psychology, neuroscience, philosophy,
archaeology, and primatology. The evolution of language is typically debated
within a hypothetical framework, but we can look to extant non-human primate
communication to help shape the discussion. While the vocal modality has seemed
to be a naturally continuous one for complex communication, Corballis (this
volume) and others (e.g. Arbib et al. 2008) have argued that hominin ancestors
used manual gesture in a linguistic capacity prior to speech.

One of the most interesting and least studied forms of social communication in
apes is gesture. All four species of great ape—bonobo, chimpanzee, gorilla, and
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orang-utan—use their hands to communicate, but gestures are difficult to study in
the wild. A notable exception is one of the first reports on gestures in wild
chimpanzees by Goodall (1968). The most detailed studies of gesture historically
concerned human-reared individuals trained to use American Sign Language
(Gardner et al. 1989).

In this chapter we will review gestures that we studied in two species of great ape,
chimpanzees and bonobos. The gestural origin of language theory offers a
tantalizing scenario for what human language may have looked like in its early
stages, and we will review the data on ape gestures that support this theory, or
rather, a suggested modified version.

6.2 MANUAL GESTURES IN APES

Genetically equidistant from humans, chimpanzees (Pan troglodytes) and bonobos
(P. paniscus) diverged from the line that produced our species approximately 6
million years ago (Patterson et al. 2006), whereas the two ape species themselves
split apart approximately 2.5 million years ago (Sarich 1984). Studying similar
types of communicative signals in closely related species allows one to determine
homologies, i.e., shared evolutionary ancestry. A gesture that occurs in both of these
apes as well as humans was likely present in our last common ancestor.

If we are going to draw any evolutionary comparison between ape gestures and
human language, we need to narrowly define gesture as communication by means
of hands, feet, or limbs (cf. Pollick and de Waal 2007). Restricting the study of
gestures in apes to the limbs is crucial because the perception of manual activity in
monkeys has been shown to be neurologically distinct. In humans, Broca’s area, the
neural region that is involved in speech production, is also active during the
observance and performance of manual gestures but not other body movements
(Rizzolatti et al. 1996b). Hence, a sharp distinction needs to be drawn (though not
all primate gesture studies observe this) between manual gestures and any other
non-vocal bodily-based forms of communication.

Another reason to pay special attention to manual gestures is that they seem to
be a recent addition to primate communication. Whereas all primates regularly use
vocalizations, orofacial movements, body postures, and locomotion patterns,
gestures are typical of humans and apes (de Waal 2003). Descriptions of wild and
captive apes’ gestures span several decades, starting with chimpanzees (Goodall
1968; van Hooff 1973), followed by other anthropoid apes: bonobos (de Waal 1988;
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Pika et al. 200s5a, b), gorillas (Tanner and Byrne 1996), and orang-utans (Liebal
et al. 2006). Facial expressions and vocalizations are common in all of the primates,
but, with rare exceptions, monkeys lack free, ritualized hand gestures. As opposed
to monkeys, chimpanzees and bonobos wave at each other, shake their wrists when
impatient, beg for food with open hands held out, flex their fingers towards
themselves when inviting contact, move an arm over a subordinate in a gesture
of dominance, and so on (Pollick et al. 2008).

Beyond behaviour, gesture has certain indelible characteristics in the ape brain.
Apes and humans gesture more with the right hand than the left hand (Hopkins
and de Waal 1995), and because the right hand is left-brain controlled, this means
that ape gestures share the same lateralization as human language (Hopkins and
Vauclair, this volume). Another recent body of neurological work revolving around
mirror neurons (see Arbib, this volume) intriguingly underscores the importance
of gesture in the evolution of language.

6.3 FLEXIBLY DEFINED MEANING PRECEDES
SYMBOLIC COMMUNICATION

The discontinuity between the Hominoidea and all other primates regarding the
gestural modality suggests a relatively recent shift towards a more flexible and
intentional communicative strategy in our pre-hominin ancestors (de Waal 2003).
One mark of this shift is contextually defined usage—that is, a single gesture may
communicate entirely different needs or intentions depending on the social context
in which it is used. For example, a bonobo stretching out an open hand towards a
third party during a fight signals a need for support, whereas the same gesture
towards a possessor of food signals a desire for a share (de Waal and van Hooff 1981;
Pika et al. 2005a, b; Pollick and de Waal 2007). Gestures are less closely tied to
specific emotions than are vocalizations (Pika et al. 2005a, b; Pollick and de Waal
2007), which probably results from greater cortical control of the manual modality
(Wiesendanger 1999).

Because many gestures do not seem tied to a specific social situation, there is a
great deal of equipotentiality in these communicative signals, and we don’t really
understand how they acquire meaning, both ontogenetically and phylogenetically.
Pollick and de Waal (2007), using context of usage as a proxy for meaning, found
that gestures showed far looser contextual associations than facial or vocal signals.
Two captive bonobo groups and two captive chimpanzee groups were videotaped
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for social interactions initiated by a gesture, vocalization, or facial expression.
Chimpanzees used gestures 56% of the time to initiate exchanges, both facial and
vocal signals 22% of the time, and combinations of gestures with facial/vocal
signals 22% of the time. In the bonobos’ repertoire, on the other hand, 78% were
gestures, 14% were facial/vocal signals, and 8% were combinations. The most
significant difference here is that chimpanzees combined their gestures with
other signals more frequently than did bonobos (see separate data below).

For each communicative behaviour we calculated a Context-Tie Index (CTI),
which is the percentage of interactions in which the signal occurred in its
most typical context (e.g. affiliation, agonism, food, grooming, play, sex, and
locomotion). We then compared the CTT for gestures with that for facial/vocal
signals for each species. As predicted, the average gesture had a significantly lower
CTI than the average facial/vocal signal in both bonobos and chimpanzees, mean-
ing that facial expressions and vocalizations were more closely associated with
specific social contexts than gestures. This was also clear if context-association was
correlated between groups of the same species. Thus, the facial expressions silent
bared teeth and relaxed open mouth showed extremely high correlations across
contexts as did the vocalizations scream and pant hoot. None of the gestures, in
contrast, reached high contextual correlations. Half the gestures even correlated
negatively across contexts, suggesting dramatically different context-associations in
each species.

Gestures showed greater contextual variation than facial and vocal displays
between species as well. Comparing the two separate bonobo groups, facial/vocal
signals showed significant overlap in context usage, but gestures did not. Thus,
knowing how one species uses facial expressions or vocalizations allows one to
predict how they will be used by the other species, whereas the same cannot be
said for gestures, and sometimes not even how other members of the same
species in another group will use them. For example, the facial expression silent
bared teeth and the vocalization scream were almost always produced in a fearful,
subordinate context in both ape species, yet the gesture arm raise was used
mostly in play in bonobos, whereas in chimpanzees it was used mostly to solicit
grooming.

This suggests that the meaning of a signal like arm raise, or any other manual
gesture, is informed by other signals as well as by the situation, and that individuals
need to interpret these signals in light of the entire behavioural context (de Waal
and van Hooff 1981). The flexibility of this class of signals suggests that gestural
communication may have been the means through which symbolic meaning was
acquired in our hominin ancestors, perhaps alongside referential vocalizations
(Corballis 2002; McNeill et al. 2008).
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6.4 APE USE OF GESTURE

Characteristics that we share with apes but not monkeys likely evolved recently,
hence may have provided a basis for the development of even more unique patterns
found only in humans (de Waal 2003). In this context, the difference in gesture
usage between apes and monkeys is highly relevant, and becomes even more
intriguing if we consider that apes likely possess greater control over the produc-
tion of gestures versus other signals (Wiesendanger 1999). This hypothesis is
supported by several observations, and the case of cultural (meaning variations
in behaviour between different populations of the same species) transmission of
gestures is one example. Just as there are cultural variations of gestures in humans,
population-specific communicative behaviours are also known to exist in chim-
panzees, such as leaf-clipping (Nishida 1980) and handclasp grooming (McGrew
and Tutin 1978). In chimpanzees and all other great apes species, gestures are more
culture-specific than facial expressions, which tend to be relatively invariant. The
tendency of cultural communication to be non-facial and non-vocal is probably
due to the ape’s limited control over face and voice. In humans, too, facial
expressions seem universal (Ekman 1972b), whereas gestures often vary by culture
(Kendon 1995).

That apes appear to have greater cortical control over limb movements than
vocalizations is further supported by observations that while efforts to teach
chimpanzees to modify their vocalizations have failed dismally (Hayes 1952),
non-vocal paradigms have had more success. While apes do not employ consistent
grammatical patterns, they can learn to use signs from American Sign Language
appropriately in terms of meaning (Gardner et al. 1989). In fact, each great ape
species has been successfully taught to communicate using visual and manual
signals; see Gibson, Chapter 3, for review. Both chimpanzees and bonobos have
learned to use a keyboard containing symbols, which they point to in sequence to
deliver messages. Kanzi, a bonobo, spontaneously added gestures to this repertoire
(Savage-Rumbaugh et al. 1998).

Greater control over gestures is further suggested by observations of deception,
in which apes may use their hands to modify a facial expression (de Waal 1982), or a
vocalization. This is no doubt why in so-called ape language studies the forelimbs
have proven a more promising candidate for intentional communication than the
voice. Goodall (1986) reported how a chimpanzee attempted to muffle his excited
pant-hoot signalling the discovery of food by covering his mouth with his hand,
presumably in an attempt to keep the food to himself. Note that monkeys also seem
to have great difficulty producing vocal signals in the absence of a triggering
situation (Goodall 1986).



GESTURE AS MODALITY OF PRIMATE COMMUNICATION 87

6.5 MULTIMODAL SIGNALLING

Communicative signals such as vocalizations, gestures, and facial expressions are
often produced in combinations, in both humans and apes. A deeper understand-
ing of the evolution of communication and language must be based on compara-
tive studies of vocal as well as other communicative abilities, and how the signals
work in concert to convey information. Rather than gesture alone, it may be that
multimodal communication was the springboard for the evolution of the almost
infinite flexibility of human language.

There are many ways to characterize multimodal signalling, from the documen-
tation of modalities involved to the description of complex temporal patterns. Of
course, apes employ a battery of communicative signals, including head move-
ment, posture, and gaze, but we are concerned here with three of the more
distinguishable and easily observed signals: manual gestures, facial expressions,
and vocalizations, and again, only those that initiated social interactions.

As noted above, our research (Pollick and de Waal 2007; Pollick et al. 2008)
revealed that the multimodal signalling of bonobos included facial and vocal
signals in equal numbers, whereas that of chimpanzees included more vocaliza-
tions. That is, chimpanzees more often combined their gestures with a vocalization,
whereas bonobos exhibited no bias toward either a facial expression or a vocaliza-
tion when combining their gestures with other signals. Chimpanzees aren’t neces-
sarily more vocal than bonobos; the discrepancy is likely the result of more
combinations in agonistic situations, which usually involve vocalizing. Within
a combination, the facial or vocal signal tended to occur first, before the gesture
(cf. van Hooff 1973). It may be that facial/vocal signals are more easily triggered and
more emotional, and the subsequent gesture informs or emphasizes the meaning of
the first signal in a more deliberate manner.

While there was no overall difference in the production rates of the various
signals, chimpanzees combined their gestures with facial and vocal signals more
than bonobos did (22% vs. 8%, respectively, in a direct comparison; see Pollick
2006). Interestingly, though bonobos produced fewer combinations, these were
more likely to elicit a response from the receiver than similar combinations did in
chimpanzees. The combinations of gestures and facial or vocal signals we observed
in bonobos were significantly more effective in getting the recipient to alter its
behaviour (defined as any change in observable behaviour within 10 seconds of the
signal). For example, an individual performs a reach out up gesture accompanied
by a relaxed open-mouth facial expression, which results in the targeted recipient
approaching the signaller and engaging in play (as opposed to the gesture alone,
which the recipient ignores). Possibly, the relative scarcity of combinations in
bonobos renders them more salient and more likely to affect behaviour.
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6.6 SPECIES DIFFERENCES

How the gestural patterns differ between chimpanzees and bonobos serves as
interesting contrast. For example, when stretching the arm and hand out in a
gesture, the palm can be facing upwards, downwards, or to the side (a distinction
made for chimpanzees by van Hooff 1973). We did not observe the three being used
interchangeably, however, with respect to social context: the reach out side gesture
was more often made in food contexts, reach out up was made typically when
requesting a grooming session, and reach out down was often produced in play
(Pollick 2006). Of the 32 manual gestures we observed, bent wrist was rarely
produced and when it was, it was never in an agonistic situation. This is a stark
contrast with chimpanzees, who often use this gesture to ask for or provide
appeasement (Goodall 1968).

There are several other differences between bonobo and chimpanzee commu-
nication that may make bonobos the better model regarding the prerequisites of
language evolution. This has already been noted for vocal communication
(Taglialatela et al. 2003), which appears more dialogue-like in bonobos, and
includes soft peeps to draw attention to and ‘comment’ on novel items or
environmental events (de Waal 1988), a characteristic shared with human infant
language development (Tomasello and Carpenter 2007). Additionally, gesture
patterns in one chimpanzee group allow one to predict the usage of the same
gestures in another, which does not apply to bonobos, who are culturally more
diverse in their gesture usage. Second, when bonobos combine gestures with
facial/vocal signals, they are more effective at eliciting a response than when they
use gestures alone (Pollick et al. 2008). That this contrast between multimodal
and single modality utterances held only for bonobos is interesting, given that
multimodal combinations are less common in bonobos. As noted above, this
relative scarcity of multimodal signalling in bonobos may relate to a more
deliberate combination of gestures with other forms of communication, perhaps
in an attempt to add critical information to the message instead of merely
amplifying it.

Although they are genetically equidistant to us, the question of which of our two
closest relatives most resembles the last common ancestor of humans and apes
remains unanswered. But we speculate that the bonobo’s variable gestural reper-
toire and high responsiveness to combinatorial signalling characterized our early
ancestors, and that these features in turn may have served as stepping stones for the
evolution of symbolic communication.
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6.7 CONCLUSIONS

Manual gestures play a significant role in great ape communication. The flexible
nature of these gestures is underscored by the fact that facial expressions and
vocalizations correlate to a much higher degree with specific contexts than do
gestures. Gestures are also evolutionarily younger, as evidenced by their presence in
apes but not monkeys, and are likely under greater cortical control than vocaliza-
tions. Unlike vocalizations, manual gestures have been repeatedly shown to be
flexible signals that can be divorced from highly arousing contexts, although recent
work has elucidated further nuances in primate vocal communication (Slocombe;
Zuberbtihler, this volume). This makes gesture a serious candidate modality to
have acquired symbolic meaning in early hominins. While this supports the
gestural origin hypothesis of language, it is impossible to rule out an alternative
scenario (see Goldin-Meadow, this volume) in which gestures and early speech
signals co-evolved.



CHAPTER 7

HAVE WE
UNDERESTIMATED
GREAT APE VOCAL

CAPACITIES?

KATIE SLOCOMBE

7.1 A NEGLECTED AREA OF RESEARCH

Considerable research effort has been dedicated to vocal communication in
primates, and has revealed communicative and cognitive traits in non-human
primates that have relevance for language evolution (see Zuberbiihler, this
volume). The vast majority of vocal communication studies to date have, however,
focused on monkey species (Slocombe et al. 2011). In contrast both to research into
monkey vocal communication and to research on other aspects of great ape
behaviour, research into great ape vocalizations has been surprisingly limited.
This relative paucity of information on great ape vocal behaviour has serious
consequences for our understanding of language evolution. First, given that apes
outperform monkeys on many cognitive tasks (Tomasello and Call 1997), further
research on great apes may reveal that they use their vocalizations in more
sophisticated ways than monkeys, possibly demonstrating more commonalities
with humans. Second, given the imbalance of research effort to date (Slocombe
et al. 2011), current evidence appears to indicate that monkeys communicate in
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a more complex manner than great apes (Tomasello 2008). But if vocal traits are
homologous, we would expect to find apes somewhere in between monkeys
and humans in terms of complexity, just as we do for gestural communication
(Tomasello 2008). If this is not the case for vocalizations, then the monkeys’
sophisticated abilities may be the product of convergent rather than homologous
evolution.

In what follows, I outline what we know so far about great ape vocalization.

72 FUNCTIONAL REFERENCE

Many different species of monkeys produce calls in response to specific external
events (e.g. predator defence, food discovery, agonistic interactions) and these calls
function referentially, conveying information about the ongoing event to listeners
(see Zuberbiihler, this volume). Comparable evidence for this ability in great apes
had been absent until relatively recently. Great apes, in contrast to monkeys, do not
face severe predation pressure. Consequently, the first evidence for functional
reference in great apes came not from predator alarm calls, but from food-
associated calls.

Chimpanzees often produce rough grunt calls in response to food (Marler and
Tenaza 1977), and a study in captivity revealed that within their graded call system,
chimpanzees produce acoustically distinct rough grunt variants in response to food
of different quality (Slocombe and Zuberbiihler 2006). Distinct rough grunt
variants were elicited by high-, medium-, and low-preference foods and, in addi-
tion, food-specific calls were given in response to high-value foods (bread, banana,
and mango). This high level of specificity for individual food types has not been
found in monkey species. Food-specific calling was not, however, replicated using
data from wild chimpanzees, indicating that this pattern of calling probably did
reflect differences in the perceived value of the food; in captivity, the type of food is
the main determinant of food value, as quantity, ripeness, and quality of food
remain relatively uniform. A playback experiment showed that a listening chim-
panzee was able to extract information about the value of available food from
rough grunt calls and to use the information to maximize his own foraging
(Slocombe and Zuberbiihler 2005a). A young male, Liberius, heard rough grunts
given to bread (high value) or apples (low value), and he then demonstrated
significantly greater search effort for the food that corresponded to whichever
grunts he heard. This represented the first evidence of functional reference in a
great ape. It is still unclear what level of specificity was extracted from these calls:
high- or low-value food, or apple and bread. The single subject also makes this
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finding difficult to generalize. However, these findings have recently been repli-
cated at a different site (Slocombe et al., in prep).

Bonobos, like chimpanzees, have also been shown to give specific call types in
response to foods of different qualities (Clay and Zuberbiihler 2009). Bonobos
commonly produce five call types in response to food, and calling bouts contain
different proportions of these call types as a function of food quality. A recent
playback experiment, similar in design to that conducted with chimpanzees, has
shown that listeners can extract useful information from these call bouts (Clay and
Zuberbiihler 2011). Listening bonobos distinguished between call bouts given to
kiwis (highly preferred) and apples (less preferred). Instead of attending to the
individual calls, bonobos used the whole call sequence to make correct inferences
about the kind of food that was available.

Chimpanzee barks are also produced in a context-specific manner, indicating they
have the potential to function referentially. Crockford and Boesch (2003) found that
wild adult male chimpanzees produced different bark variants in response to snakes,
and whilst hunting. These barks were sometimes combined with other calls or
drumming and when produced in conjunction with other signals they were highly
context specific. Playback experiments are now required to assess whether recipients
extract meaningful information from these context-specific calls.

Chimpanzees, like many other species, vocalize during agonistic interactions, and
systematic examination of these screams reveals further examples of context-specific
calling. Chimpanzees commonly scream as the victim of aggression, but they also
scream in the role of aggressor, usually if attacking an individual of equal or higher
rank. Victim and aggressor screams, although highly graded calls, have been shown
to be acoustically distinct signals (Slocombe and Zuberbiihler 2005b). A playback
experiment performed in captivity showed that listeners understood the respective
roles (victim and aggressor) of the protagonists in a simulated fight just by listening
to the screams (Slocombe et al. 2010a). In this study, listeners heard two sequences of
calls from an adjacent room into which they could not see. One sequence simulated
an incongruous interaction that violated the dominance hierarchy, while the other
simulated a commonplace interaction in line with the existing social order. Listeners
showed significantly more interest in the incongruous sequence of screams, thus
showing that they had understood the respective roles of the callers and thus the
anomalous direction of the aggression. In addition to providing information about
the role of the caller, agonistic screams also reflect the severity of aggression experi-
enced by the victim (Slocombe and Zuberbiihler 2007). The researchers found that
the acoustic structure of victim screams varied systematically as the aggression
experienced by the caller increased from mild to severe. A playback study conducted
in the wild indicated that listeners could meaningfully distinguish between the
screams given to mild and severe aggression (Slocombe et al. 2009). Although
these calls meet the production and perception criteria for functional reference, it
is a matter of debate whether the information they provide to listeners is truly
external or an index of the caller’s arousal and emotional state.
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7.3 FLEXIBILITY IN PRODUCTION

Primate calls have been dismissed by some as cognitively uninteresting, inflexible,
involuntary reflexes that are not particularly relevant for understanding language
evolution (e.g. Tomasello 2008). Recent findings challenge this assumption and
show that great ape vocal production is flexible in a number of ways.

First, a number of studies have shown that calls are not just indiscriminately
broadcast as a reflexive response to external stimuli. Call production in chimpan-
zees seems to be sensitive to subtle and complex social factors, including the
composition of the audience. The production of copulation calls by females is
influenced by the rank of the copulating partner and the identity of those in the
immediate vicinity (Townsend et al. 2008). Females tend to inhibit calls when high
ranking females are in the audience, probably as a result of high female—female
competition observed at the study site (Townsend et al. 2007). Adult females also
show flexibility in the production of pant grunt vocalizations which function as
greeting signals directed at specific individuals of higher social rank (Laporte and
Zuberbiihler 2010). Females produced these calls in only 16% of encounters with
other group members, showing they were not obligatory signals. Calls were pro-
duced across neutral, aggressive, and affiliative contexts, and if the alpha male was
present, females were significantly less likely to greet a lower ranking male with a
pant grunt. Males also display sensitivity to audience composition and preferen-
tially produce rough grunts (food-associated calls) when a close social partner is in
the vicinity to benefit from them (Slocombe et al. 2010b). In agonistic interactions,
when the level of aggression faced by the victim is severe, the victim modulates the
acoustic structure of their scream vocalizations if there is an individual in the
audience who could help them (Slocombe and Zuberbiihler 2007). More specifi-
cally, if an individual is present who outranks the aggressor, the victim will produce
screams that are indicative of extremely severe aggression. By exaggerating the level
of aggression experienced, callers may be more likely to receive help from high-
ranking bystanders.

Orang-utans have also been shown to produce functionally deceptive sounds
(Hardus et al. 2009a). When orang-utans encounter predators they produce kiss-
squeak sounds, thought to function as a threat towards the predator. In situations
of acute danger, orang-utans will create a leaf tool and hold this to their lips before
producing a kiss-squeak. This lowers the frequency of their call, creating the
impression of a larger bodied animal.

Secondly, the acoustic structure of existing vocalizations can be modified, likely
through a process of vocal learning. There is some evidence for group-specific
versions of a call, or dialects, arising in chimpanzees. The long-distance pant hoot
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has been shown to have subtly different acoustic parameters in different commu-
nities of chimpanzees, and although early studies found it difficult to exclude
genetic and environmental differences driving the observed differences in call
structure (Mitani et al. 1999), more recent work provides stronger evidence for
vocal learning. In particular, studies of three adjacent communities of chimpanzees
in Tai forest, Cote d’Ivoire, where the environment is shared and the groups are
genetically similar, still found different pant hoot structures for each group
(Crockford et al. 2004). Playback experiments have shown that these chimpanzees
can distinguish between the pant hoots of neighbouring community members and
strangers, indicating that group-specific signatures may be important for the quick
identification of different non-group members in this territorial species (Herbinger
et al. 2009). Further suggestion of vocal learning comes from Kanzi, the language-
competent bonobo, whose peep calls for different events have certain structural
similarities to the human words for these items (Taglialatela et al. 2003). The
authors argue that these peep variants were unique to Kanzi, and have been formed
through a process of imitating the human words in these contexts; however, more
data on peep variants naturally produced by a representative sample of bonobos is
needed to thoroughly evaluate this claim.

Finally, although the basic vocal repertoire of great apes appears to be largely
fixed, some evidence shows that novel vocalizations and sounds can be produced.
First, population-specific vocalizations have been identified in orang-utans, with
seven call types present at some study sites, but absent at others (Hardus et al.
2009b). The authors suggest that these vocalizations may be local ‘cultural’
innovations; however, the identification of such population-specific calls relies
on the absence of these calls in certain populations. It is difficult to conclude
that something is definitely absent, given differing observation time and research
foci across sites.

More robust evidence for the production of novel sounds comes from captive
chimpanzee populations, who produce raspberry sounds, which have never been
reported in the wild (Hopkins et al. 2007). These calls seem to function as
attention-getting signals, and the authors argue they represent novel acoustic
signals, challenging the assumption that vocal communication in primates cannot
be generative (Tomasello 2008). In addition, a female orang-utan has been reported
to spontaneously copy human whistling and is now proficient in producing this
novel sound (Wich et al. 2009). The orang-utan’s whistles don’t seem to have a
particular communicative function, but she does imitate the duration and number
of whistles produced by human models. This study shows that novel sounds can be
acquired in great apes and are likely spread through imitative processes. It is
important to note, however, that the sound innovations discussed here do not
engage the larynx, which is crucial for human speech (Fitch 2000a).
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7.4 CALL COMBINATIONS

Important recent advances have been made in our understanding of call combina-
tions in various monkey species (see Zuberbiihler, this volume). Comparable
systematic research has not been conducted in great ape species; however,
one study has revealed that call combinations are a common aspect of chimpanzee
vocal communication, with just fewer than half the vocalizations produced by the
wild chimpanzees of Tai forest being produced in combination with other call types
to form a sequence (Crockford and Boesch 2005). Call combinations seem to be an
important part of chimpanzee vocal communication and as such deserve system-
atic research to investigate if the messages conveyed by calls in combinations are
different from the constituent parts.

7.5 OUTSTANDING ISSUES

Although the research discussed here shows the potential of great ape vocalizations
to demonstrate many interesting properties that are relevant for our understanding
of language evolution, much work remains to be done. Compared to the wealth of
studies conducted on monkeys in this modality, little is known about the great
apes. Within the great apes, the vocalizations of gorillas and bonobos have still
received virtually no attention.

Many issues need resolving, and numerous areas require more systematic investi-
gation. In particular, the issue of the degree of volition and intentionality that drives
call production in great apes must be addressed, as this currently represents a chasm
between human and non-human primate vocal communication. Given that gestures
seem to be produced intentionally (Tomasello 2008; de Waal and Pollick, this
volume), great ape species appear to have the capacity for this kind of communica-
tion; whether it occurs in the vocal modality needs to be empirically tested. Call
combinations provide an exciting and potentially fruitful area to explore, which may
reveal high levels of complexity. Most vocal studies to date have focused on evolu-
tionarily urgent contexts; great apes also produce vocalizations in relaxed social
contexts, which are associated with highly flexible gesture production. If we examine
vocal production in these contexts we may see a level of flexibility in vocal produc-
tion currently associated only with gestures. More research on how great apes
perceive each others’ calls is also required: many of the great ape calls are highly
graded, and if these continuums are perceived categorically by conspecifics, the
repertoire sizes could be far bigger than we currently estimate.



CHAPTER 8

BIRD SONG AND
LANGUAGE

PETER SLATER

There are several reasons why bird song might be of interest to those studying
human language. First, and most obviously, it is a system of communication. Birds
use sounds to communicate with one another. We call the most elaborate of these
sounds ‘song), and songs are largely used by males in the breeding season to keep
rivals out of their territories and to attract mates (Catchpole and Slater 2008). But
there are many other simpler sounds, usually labelled as calls, which fulfil other
functions and are often used by both sexes throughout the year. Contact calls help
birds that move around in flocks to keep in touch with one another; alarm calls tell
others when there is a predator about. These are just two examples, but a given bird
species may have 20 or so different types of call, each with a distinct function.

A second similarity is that much of the complex communication that birds have,
involving both songs and call notes, uses sounds. There is a good reason for this
which also extends to the use of sounds by other animals, including ourselves.
Sounds can be changed rapidly, so can convey a lot of information in a short period
of time. Provided an animal is large enough, the sounds it produces can also travel
long distances. Sounds can go round corners and are as useful by night as they are
by day, both features that give them an advantage over visual signals. The third
main modality, that of smell, has the advantage of persistence, as when the scent
marks of one dog are sensed by another days later, but is certainly not appropriate
for the transfer of a complex and changing stream of information. So it is not
surprising that sound is the modality of choice in the signals of many animals,
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especially where the speedy transfer of complex and detailed information is
required.

Beyond these two basic similarities comes a third, superficially more important,
one: birds, like human beings, often have a huge repertoire of different sounds
(Slater 2000). While they may only have a few different sorts of call notes that signal
very specific things, some birds have a vast repertoire of different songs. A few, like
the zebra finch from Australia or the white-crowned sparrow from North America,
normally have one short and simple song. But in other species each individual may
have hundreds or even thousands of different song types. The mockingbird in
North America, the nightingale in Europe, and the lyrebirds in Australia are all
examples here. The current record is held by the brown thrasher, an American
relative of the mockingbird, in which each male has 1500 or more different song
types. Furthermore, these birds are not just improvising and thus producing an
endless stream of variations. Detailed analysis of the songs of individuals shows
that their repertoires, even if huge, are limited, each song type being repeated again
and again in identical form.

This could be mistaken for a complex language, but it is not. While our words
convey different messages and have different meanings, in general the different
songs that a bird has convey exactly the same message as each other but do it in a
highly varied manner. Whichever song type the bird produces, the message may
just be: ‘I am a male robin in breeding condition on my territory’. In some species
there are two different sorts of song, one mainly for interaction with other males,
the other for signalling to females. But in most, regardless of how varied song is, the
signal is the same and fulfils both of these functions.

Why then all the variety? There are perhaps two answers to this question. Where
song is enormously varied it is likely to be the product of sexual selection, variety
being favoured by female choice. Studies on various species show females to prefer
to mate with males whose songs are more elaborate, and the ability to develop such
songs may indeed be a good cue as to the health and vigour of a male. In the
European sedge warbler, for example, each male has a repertoire of different
syllables which he strings together to produce his song (Catchpole 2000).
A syllable here is a single sound, or combination of sounds, which is used
predictably and repeatedly. The sedge warbler can combine syllables in many
different ways so that the exact sequence is probably never repeated. But the
more syllables he has, the more varied sequences he can produce and this seems
to be the important matter. Males set up their territories before the females return
from wintering in Africa, and returning females then choose which male to pair
with. The sequence with which males are chosen matches their repertoire sizes very
closely, the first having many more syllables than the last. Clearly, having a more
complex song pays as far as mate choice is concerned.

In other species, however, males have more modest repertoires of just a few song
types. Here the benefit seems to be in interactions with neighbours. For example,
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Figure 8.1. Part of the repertoires as they might be sung by two different neigh-
bouring song sparrows, the four songs on the left sung by one bird and those on the

right by the other.
Each song type is labelled by a different letter: A and B are shared by the two birds while Cand D
are not; E and F are a 'partial match’, the two songs starting very similarly but being quite
different towards the end. For further explanation, see text (sonagrams from Beecher et al. 2000
and Burt et al. 2002).

each male song sparrow has a repertoire of around 10 songs, each sung in exactly
the same form whenever it is produced, so that the syllables are not shuffled around
as they are in sedge warblers. A male song sparrow tends to share some but not all
of his songs with each neighbour and the ones that are shared will differ between
his neighbours. Birds often sing to each other across their territory boundaries, and
song may help to delineate their borders and to settle disputes between them. The
choice of song may indicate to whom they are signalling and, furthermore, the
exact song used may be more or less aggressive. It is a strong threat to sing the same
song back to a neighbour, but less so to sing another one that you share, and even
less so to sing one that you do not share. Figure 8.1 shows what might be part of the
repertoire of two male song sparrows.

If Bird 1 sings song A his neighbour might reply with the same song type, which
is highly aggressive. But he might reply with song B, which they also share (so called
repertoire matching), which is rather less aggressive. If he replies with song D,
which bird 1 does not have in his repertoire, this is less aggressive still. A further



BIRD SONG AND LANGUAGE 99

complication is that birds may have song types that are similar but not the same,
such as E and F, allowing a partial match. Thus, with a small number of song types
birds may not only match particular neighbours but also raise or lower the stakes in
their interactions (Beecher and Campbell 2005).

The similarity between the large number of song types a bird may produce and
the large number of words in our vocabulary is thus a very superficial one which
does not indicate great complexity in the messages their songs convey. However, a
final point of similarity between bird song and language is one that may run deeper
and help us to understand why language evolved. This is that both of them are
learnt. Not all birds learn the sounds that they produce but three groups do so: the
parrots (as is well known), less obviously the hummingbirds, and perhaps most
strikingly the songbirds. This last group (the oscine passerines) amounts to nearly
half of all known bird species, and includes virtually all the most elaborate singers:
warblers, larks, wrens, thrushes, finches, and so on. That there is virtually no
evidence for vocal learning in monkeys or apes means that something dramatic
seems to have happened in our own lineage in the very recent past, but gives us
little clue as to what this might have been. Perhaps the study of other groups, like
the songbirds, in which song learning has also arisen, might give us some hints of
the selective forces at work.

The development of song has now been studied in many bird species and, while
there may be differences in detail, the overall pattern is often similar (Catchpole and
Slater 2008). Young males that are isolated from others of their species develop songs
that are usually rather simple and lack the detailed structure and phrasing of normal
adult song. On the other hand, if they are played recordings of adult song, or even more
so if they are raised in the company of a singing adult male, they will often produce a
copy of that exact song that is precise in every detail. Copying is not always absolutely
exact, however, and when errors are made, new song types arise. This process, of
normally exact copying but with occasional errors, leads to gradual changes in songs in
time and in space. At an extreme, the latter may lead to dialects, with all the birds in one
area singing similar songs which differ from all those in another.

So why then do they learn? Among songbirds a number of suggestions have been
made as to why vocal learning may be beneficial, though most do not seem
applicable to more than a small number of species. The main ideas are as follows:

1. If males learn from their fathers, perhaps females might use song as a cue to
choose mates that were most appropriate, for example, by avoiding mating with
close relatives. This does seem to occur in some Darwin’s finches, but these are
among the few species in which father-to-son song transmission appears to be
the norm (Grant and Grant 1996). Females, at least when they are over a year old,
tend to mate with males that sing differently from their fathers. They are thus
more likely to outbreed. As inbreeding is deleterious, this is to their advantage,
and may be especially so in birds such as these where population sizes are small so
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that inbreeding is all the more likely. It has also been argued that females of some
species may do exactly the opposite: choose a mate that sings like their father did
and thus choose one well matched to them. In birds that occur in many different
habitats this might ensure that birds mate with others adapted to the same habitat
so that that adaptation persists in their offspring. While a theoretical possibility,
there is little evidence for this idea and it is certainly unlikely to be widespread given
that father-to-son song transmission seems to occur in rather few species.

2. Song learning may enable birds to develop songs that are particularly appropri-
ate to the acoustics of the habitat in which they live. As song degrades on its
passage through the habitat, a young bird hearing song at a distance will only be
able to copy sounds that transmit well, so that, with succeeding cultural gen-
erations, song will become progressively better adapted to that environment.
Perhaps the best example of this is in the rufous-collared sparrow in South
America (Handford 1988). The songs of these birds have a trill the speed of
which varies with habitat. In open country it can be quite rapid, but in forest it
tends to be slower. This is as one would expect, as rapid trills in forests become
distorted by echoes off trees so that the notes run into one another in a way that
is not the case when there are longer gaps between them. But again, while there
are some excellent examples of habitat matching, there is little evidence of it in
many other species so it is unlikely to be a widespread reason for vocal learning.

3. Song learning may also be a way of generating variety. In some species females
have been shown to prefer males with the biggest song repertoires and learning
may enable them to build these up. But some birds, like sedge warblers in
Europe and catbirds in North America (Kroodsma et al. 1997), develop larger
repertoires in isolation than when they are tutored, so that learning appears not
to be essential to the generation of variety. Nor is learning only found where
sounds are complex. Some simple calls, like the chink and rain call of the
chaffinch, are copied from other individuals and vary from place to place.

4. Where males have small repertoires of songs which they use to interact with
each other, perhaps the most likely benefit of learning is that it enables them to
develop songs that match particular neighbours with which they can therefore
countersing, as in the case of the song sparrows referred to earlier. But then,
there are many cases where neighbours share songs rather little if at all.

The reason why songbirds learn the songs that they sing therefore remains
something of a mystery. It may be that vocal imitation originally evolved in a
quite different context to the one in which it now takes place and may now persist
for quite different reasons. If territorial male birds did not learn their songs all
would sing similarly and be able to match each other. But once they learn, mistakes
will be made and different song types will arise. Small repertoires may become
essential if birds are to match all of their neighbours, and any bird that loses the
capacity to learn will be at a disadvantage compared with those that are able to do so.
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Computer simulations also suggest that birds that learn their songs may be locked
into doing so because they are more likely to attract mates. In a population where
males learn, so songs are highly varied, females that will mate only with males with a
narrow range of such songs are likely to be less successful in gaining a mate and thus
in reproducing, so supporting the persistence of learning (Lachlan and Slater 1999).

These last ideas may account for why song learning is so widespread. They
suggest that, once it evolved, it might be difficult to escape from. But they give
no clue as to why it might have evolved in the first place. Its origin among the
songbirds may pre-date the complexity of their songs, and be more associated with
the simpler vocalizations that we refer to as calls. As mentioned above, these are
sometimes learnt, and they may provide us with some clues about the advantages
that learning has. The task is to tease apart consequences that are simply by-
products of learning from those that are advantageous and may therefore have
led it to be selected for. Dialects such as those shown in the songs and calls of many
birds may come into the former category. Once birds learn, and sometimes make
mistakes in copying, differences in song with distance are bound to arise unless
birds learn before dispersal and the distances they move are very great. But as long
as birds interacting with each other respond appropriately to the call or song of
their area it may be of no consequence whether birds elsewhere use a different
version which they would fail to comprehend.

A more likely benefit of call note learning is that it leads to adaptive differences
between individuals in the area to which they belong. In some finches, the male and
female of a pair home in on the same call as each other. In colonies of caciques in
Central America all the individuals share a call, and this may act as a ‘password’ so
that alien birds may be excluded. Something similar occurs in groups of budger-
igars in captivity, so that their contact call takes on the same form within a group
but differs from that of other groups. In another small parrot, the spectacled
parrotlet, there is even evidence that birds may have different versions of their
contact call for each of the other members of their group so that they can label
them as the one they are signalling to, rather as if they were calling each other by
name (Wanker et al. 2005). Call notes certainly deserve more study, but there is no
doubt that vocal learning has an influence on many of them and that this has
consequences for social relations within the group. It may be here that we need to
look to understand the selective forces that led to the evolution of vocal learning in
birds, and this in turn may give hints as to why it evolved in ourselves.

To conclude, it is clear that vocal communication is of prime importance in
many birds as it is in humans. Some of the similarities, such as that between our
vocabulary and the large song repertoires found in many birds, are superficial. But
the fact that learning plays a role in the song development of many birds, as it does
in language development, may help us to look back in time and think about the
reasons why this crucial evolutionary step on the road to language took place
(Doupe and Kuhl 1999).



CHAPTER 9

VOCAL
COMMUNICATION
AND COGNITION
IN CETACEANS

VINCENT M. JANIK

9.1 WHAT ARE CETACEANS?

The mammalian order Cetacea comprises all animals known as whales, dolphins,
and porpoises, and is divided into two suborders, baleen whales (mysticeti) and
toothed whales (odontoceti) (Martin and Reeves 2002). Instead of teeth, baleen
whales have plates of baleen that filter small prey items from sea water. There are
currently 14 recognized species of baleen whales. Their social structures appear to
be simpler than those found in toothed whales (Tyack 1986). Most baleen whales
are relatively solitary for most of the year but come together during the mating
season when males often form surface-active groups around females. In many
species, males also sing long and elaborate songs to attract females in what has
been termed a floating lek. Given their size, these animals have rarely been studied
in captivity and all our information on their cognitive and communication abilities
comes from the wild.

Toothed whales are much the larger group, with more than 7o species. They tend
to feed on larger prey items such as fish, squid, and marine mammals. Odontocete
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social structures are much more varied than those found in baleen whales (Tyack
1986). While some species occur mainly in very small groups of less than five, most
delphinids live in larger groups and have complex societies. Fission-fusion societies
are common among delphinids, while some species, like the killer whale (Orcinus
orca), have a unique system in which both sexes stay in their maternal group for
life. Toothed whales do not sing but use sounds in more direct social interactions.

9.2 COMMUNICATION SKILLS

Cetacean communication occurs primarily in the acoustic domain. Light scattering
and absorption leads to very limited visibility underwater while the sense of
olfaction is virtually absent. Sound travels with little loss of energy in water
compared to air. Therefore many cetaceans use acoustic signals both for commu-
nication and for echolocation to explore their environment (Au 1993).

The males of most baleen whale species produce long, elaborate song sequences
during the breeding season. These appear to keep other males away and attract
females (Frankel et al. 1995; J. N. Smith et al. 2008). The song of the humpback
whale (Megaptera novaeangliae) has a hierarchical structure and is the most
complex one among whale songs. It consists of phrases that are made up of
multiple elements. A phrase lasts for around 15 seconds and is usually repeated
several times. Subsequent repetitions of one phrase are called a theme. Themes are
presented in a specific order in a song, which is the same in all animals of a
population. Occasionally, a specific theme can be omitted in a song. However, it is
rare that themes are presented in an order other than the one commonly found in
the population (Payne et al. 1983). One song consists of several themes and can last
as long as 35 minutes. Singers repeat these songs and may sing continuously for
more than 20 hours.

Patterns of change in the song of humpback whales demonstrate clearly that
these animals are capable of vocal learning, a relatively uncommon trait in mam-
mals (Janik and Slater 1997). All males in a population sing the same song at any
one time, but the song of the population changes over the singing season (Payne
et al. 1983). In one dramatic example, the population off the east coast of Australia
switched its song to that of the west coast in only 2 years after invasion by a few
males from the west (Noad et al. 2001). Without such an invasion small changes to
elements occur throughout each singing season which lead to a complete change in
the song structure within a population over a period of around 12 years (Payne and

Payne 1985).
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It is unclear why the animals change their song in synchrony. The most likely,
albeit speculative, explanation is that males need to synchronize to instigate the
necessary hormonal changes in females for mating, but also try to be sufficiently
different to be chosen by individual females as a mating partner. These opposing
pressures on song structure could explain the synchronous change in a population,
where males would introduce subtle changes throughout the singing season which
are then copied by neighbouring males. Even though the singing behaviour of
baleen whales resembles bird song in many aspects, this pattern of synchronous
change in a population appears unique to baleen whales. The bowhead whale
(Balaena mysticetus) has a simpler song but changes song in synchrony similarly
to humpback whales (Wiirsig and Clark 1993). The songs of other baleen whales are
much simpler and often consist of only one to three elements that are repeated in
long song sequences (Tyack and Clark 2000).

The study of toothed whale communication has concentrated largely on indi-
vidual or group distinctiveness. Since these animals live in more individualized
groups, they need to recognize each other and maintain contact at sea. Bottlenose
dolphins ( Tursiops truncatus) and several other dolphin species produce individu-
ally distinctive signature whistles that develop early in life (Tyack and Sayigh 1997).
These can remain stable for at least a decade and, in the case of females, most likely
for their entire lives (Sayigh et al. 2007). Signature whistle development is influ-
enced by vocal learning, with dolphins copying and modifying aspects of other
animals’ whistles to develop their own unique frequency modulation pattern
(Fripp et al. 2005). Playback studies demonstrated that this newly-created modu-
lation pattern carries the identity information even when general voice cues are
removed (Janik et al. 2006). Vocal learning is not limited to the early life stages of
bottlenose dolphins but is also used in adulthood to copy the signature whistles of
others, most likely in an attempt to address specific individuals at sea (Janik
2000¢). Signature whistles within alliances of males that spend almost all their
time in close associations tend to become more alike over time, departing from the
pattern of long-term stability of signature whistles found for females (Watwood
et al. 2004). Thus, vocal learning is used in a variety of contexts in dolphin
communication.

Signature whistles contribute around 50% of all whistles produced at sea (Cook
et al. 2004). Little is known about what non-signature whistles communicate.
Furthermore, dolphins have many complex pulsed vocalizations which are used
in social interactions. We know the communicative context of very few of these.
A popping sound seems to be used as a threat (Connor and Smolker 1996) and bray
calls appear to indicate food (Janik 2000a). Northern right whale dolphins (Lisso-
delphis borealis) produce long stereotyped sequences of burst-pulse sounds that can
last around 1.5 seconds and are often repeated within a group (Rankin et al. 2007),
but we do not know what information they carry. Repertoires of pulsed sounds can
indicate group membership, as is the case for killer whales (Ford 1991) and sperm
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whales (Physeter macrocephalus) (Rendell and Whitehead 2003). These dialects,
which are apparently learned, can be used to distinguish sympatric populations
with different association patterns or foraging specializations. It seems likely that
these dialects evolved as a consequence of social isolation between these groups,
but may now be used to recognize group membership.

9.3 COGNITIVE SKILLS

We know little about cognitive skills in baleen whales, since they are not easily
accessible for experimental studies. Observations in the wild have provided evi-
dence for social learning of song (see above) and also for lateralized brain specia-
lizations in foraging strategies (Clapham et al. 1995), but data for other behavioural
domains are not available.

Much more detailed information exists on cognition in toothed whales, espe-
cially the bottlenose dolphin. Experimental work indicates that bottlenose dolphins
have left-hemispheric dominance for the processing of visuospatial information
(Kilian et al. 2000) and numerical tasks (Kilian et al. 2005). In social interactions,
however, when looking at and rubbing conspecifics, bottlenose dolphins prefer to
use the right brain hemisphere, as indicated by an asymmetry of eye and flipper use
(Sakai et al. 2006).

Early studies demonstrated that bottlenose dolphins have both attribute memory
and temporal memory skills equal to those of non-human primates and that they
are capable of performing successfully in matching-to-sample tasks (Herman 1980).
In a delayed matching-to-sample task, one dolphin retained attributes of novel
samples for up to 120 seconds (Herman and Gordon 1974). The same animal
could determine whether a probe sound was a match to any sound in a list of up
to eight sample sounds (Thompson and Herman 1977). Dolphins also remember
associations between objects and arbitrary signals over long periods of time
(Herman et al. 1984).

To explore concept formation and communication skills, Herman and his
colleagues trained two bottlenose dolphins with artificial communication systems
(Herman et al. 1984). One received visual hand signals while the other one learned
to react to acoustic signals. Each animal learned to associate a variety of arbitrary
signals with different objects, actions, and modifiers. These were combined to form
command sequences of the form ‘direct object—action—indirect object’ for one
dolphin and ‘indirect object—direct object—action’ for the other. In order to per-
form correctly, the dolphins had to understand the rules underlying these se-
quences, since the same signals in a different sequence resulted in a different
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meaning of the sequence. For example, if one of the dolphins was given the
sequence BALL-FETCH-HOOP the animal would have to bring the ball to the
hoop while in HOOP-FETCH-BALL the hoop had to be brought to the ball. Both
animals performed successfully in these tasks, even when presented with novel
sequences that had not been used in training. Furthermore, Herman demonstrated
that the dolphins had a very detailed understanding of the command rules by
analysing their responses to incorrect or incomplete sequences (Herman et al.
1993). In later stages, the researchers added modifiers like ‘left, ‘right, ‘surface’,
and ‘bottom’ and eventually one of the animals learned to respond correctly to
novel sequences from a vocabulary of 40 items (Herman et al. 1984).

Kako (1999a) concluded that the dolphins’ comprehension skills were compara-
ble to that of language-trained apes. He also saw a greater syntactic competence in
dolphins than in other language-trained animals, since the dolphins learned to use
close-class items such as the words ‘and’ and ‘that’ (Kako 1999b). However, some
authors have cautioned against calling such skills in marine mammals linguistic,
concluding that the animals’ performance in such tasks can be explained by
complex association learning and the use of equivalence classes (Schusterman
and Gisiner 1997). To date, studies teaching dolphins to actively use artificial
communication signals have not progressed beyond simple conditioning to use
specific signals for specific rewards.

However, dolphins perform successfully in a variety of other tasks that suggest
complex cognition rivalling that of the great apes. Bottlenose dolphins understand
the referential nature of artificial signals as demonstrated by their ability to report
the presence or absence of named objects by pressing a ‘yes’ or ‘no’ paddle (Her-
man and Forestell 1985), and by their understanding of the human pointing gesture
independent of the location of the target object (Herman et al. 1999). Captive
bottlenose dolphins also spontaneously point at objects with their rostrum, seem-
ingly to communicate with their caregivers (Xitco et al. 2001). The evidence from
language-training experiments and the reporting on absent objects presents a
convincing case that dolphins are able to form concepts. A study on cross-modal
perception supports this further. Bottlenose dolphins immediately recognize ob-
jects they have previously seen but not perceived through echolocation when they
are allowed to use echolocation but not vision to explore them, and vice versa
(Pack and Herman 1995; Harley et al. 2003).

Many cetaceans are clearly capable of social learning in the vocal realm. In
bottlenose dolphins, additional forms of social learning have been explored.
They are capable of vocal learning (Richards et al. 1984), imitation (Herman
2002), mirror self-recognition (Reiss and Marino 2001), and emulation (i.e. the
animal achieves the same end state as a demonstrator but develops its own strategy
to get to it; Tayler and Saayman 1973). Both imitation (e.g. Meltzoff 1996) and
mirror self-recognition can be seen as possible indicators for a theory of mind.
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However, a study exploring belief attribution, usually considered the defining
aspect theory of mind, was inconclusive (Tschudin 2006).

Some evidence exists for mental simulations as indicated by problem-solving
skills that include advanced planning of actions (Kuczaj and Walker 2006). Smith
et al. (1995) found some metacognition: specifically, bottlenose dolphins can report
how certain they are about their choices in a forced choice task.

9.4 THE EVOLUTION OF COMMUNICATION
AND COGNITION IN CETACEANS

Cetaceans have evolved in an environment that is as different from that of primates
as one could imagine. Yet, they share many cognitive skills with the great apes.
Their closest living relatives, the even-toed ungulates like hippopotamuses and
deer, are not known for their communicative and cognitive complexity. Thus, it is
safe to assume that in cetaceans these skills evolved after they had returned to an
aquatic lifestyle. Some of the hypotheses brought forward for the evolution of
complex cognition in primates (as summarized by Van Schaik and Deaner 2003)
can be immediately discarded for cetaceans. Food processing or arboreal clamber-
ing certainly had no influence. Similarly, extractive foraging seems an unlikely
explanation. However, spatiotemporal mapping or social strategizing are possible
candidates. Some species migrate long distances and appear to be able to predict
when and where foraging opportunities arise (Wells et al. 1999). However, others
stay in the same area for their entire lives. Many toothed whales have complex
social systems (Tyack 1986) and, entertaining the assumption that their communi-
cation and cognition skills have evolved in the context they are used in today, one
could argue that social strategizing is the most likely origin at least for their
cognitive skills. Improved sound transmission in the sea and low visibility, as
well as the scarcity of landmarks, must have been major factors in the evolution
of acoustic communication skills. In favourable conditions, dolphins can detect
whistles of conspecifics over more than 10 km (Janik 2000b). Some baleen whales
appear likely to detect each other over more than 1000 km (Clark 1995).

This large range leads to potentially wide communication networks (Janik 2005).
Conspecific calls may be used to find large aggregations of whales at feeding or
breeding grounds; however, it seems unlikely that whales coordinate their move-
ments on a fine scale over such distances. Nevertheless, cetaceans are able to
monitor and stay in touch with conspecifics over a larger range than most
terrestrial animals.
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This larger communication range has two main consequences. First, animals
have to develop strategies to overcome considerable biological background noise if
animal density is high. Some oceanic dolphin species can occur in groups of
thousands which leads to a cacophony of constant vocalizations, a serious problem
if an individual is trying to get a message across. Secondly, each sound is heard by
many receivers, and addressing specific receivers or implementing strategies to
avoid eavesdropping may be more important than in terrestrial species. Janik and
Slater (1997) argue that the most likely context for the evolution of vocal learning
was the need for individual recognition in social groups. This has led, at least in
bottlenose dolphins, to a communication system that allows referential communi-
cation about the identity of conspecifics. Dolphins may be the only non-human
mammalian species that introduces novel acoustic signals into its repertoire and
then uses them in a referential way, although this vocal flexibility might also occur
in parrots (Wanker et al. 2005).

Recent studies on language evolution have highlighted the importance of non-
verbal sharing of information and joint attention in humans as a stepping stone to
the evolution of language (Terrace 2005; Herrmann et al. 2007). There are no
dedicated studies on this in cetaceans, but food sharing and cooperative hunting
has been observed in several species (e.g. Hoelzel 1991; Gazda et al. 2005). This
suggests that information is actively shared between animals since coordination by
pure observation of conspecifics is often not possible in the marine environment.
Dolphins are also capable of eavesdropping on the echolocation signals of con-
specifics (Xitco and Roitblat 1996), which increases the potential for joint atten-
tion. Finally, the finding that dolphins spontaneously use learned artificial sounds
that have been presented in association with novel objects, when they are allowed
to manipulate these objects themselves (Reiss and McCowan 1993), is reminiscent
of the first declarative use of language in human infants. The main question that
remains is what aspects of a theory of mind are present in cetaceans and conse-
quently how their impressive communicative skills are related to their mental
representation of the world. Given their cognitive skills, the investigation of this
question should be a high priority.
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CHAPTER 10

EVOLUTION OF
COMMUNICATION
AND LANGUAGE:
INSIGHTS FROM
PARROTS AND
SONGBIRDS

IRENE M. PEPPERBERG

10.1 INTRODUCTION

Most language evolution research focuses on primates, positing a hominin transition-
al link with emerging learned vocal communication. Such research increased after
apes, humans’ closest genetic relatives, learned elements of human communication
systems (Hillix and Rumbaugh 2003). Grey parrots (Psittacus erithacus), despite
considerable phylogenetic separation from humans, acquire comparable human-like
communication skills and, unlike present-day apes, can imitate human speech be-
cause they can learn novel vocalizations (Pepperberg 1999). Specifically, they acquire
species-specific and heterospecific vocalizations by actively matching their progressive
production of specific sound patterns to live interacting models or memorized
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templates. Research on selective pressures resulting in avian vocal learning and
imitation could provide clues about pressures leading to similar human skills. To
understand the ancestral hominin condition, language evolution researchers might
thus use models based on both phylogenetic kin and birds.

10.2 PHYSICAL CAPACITIES: SPEECH
PERCEPTION AND PRODUCTION

Many species, including non-human mammals, categorically distinguish various
bits of human speech, for instance cleanly separating speech tokens such as /b/ — /p/
(Kuhl 1981; Dent et al. 1997; Patterson and Pepperberg 1998). Few, however, can
produce human speech, and in some that do, speech-like reproductions may arise
via mechanisms (such as sine-wave interference; Lieberman 1984) unrelated to
those used by humans. Grey parrots, however, distinguish most human tokens
(vowels, consonants) and also reproduce them accurately, including human-like
formant structures (Patterson and Pepperberg 1984, 1988; Pepperberg 2007b, 2010).

10.3 IMITATIVE ABILITY

Imitation is likely involved in language acquisition, whatever the modality. Imita-
tion is most stringently defined as purposeful, meaningful replication of an other-
wise improbable, novel act (Thorpe 1963), distinguishing it from mimicry
(meaningless reproduction of physical actions or vocalizations), social facilitation,
stimulus enhancement, and other non-imitative, socially-mediated learning for-
mats. Whereas the physical imitation abilities of parrots are limited (that is, they
involve actions already in their repertoire; Mui et al. 2008), referential avian
heterospecific vocal learning, demonstrated in my laboratory by Grey parrots,
including Alex and Griffin (Pepperberg 1999), clearly fits Thorpe’s definition.
Alex, Griffin, and, to a lesser extent, the parrots Alo and Kyaaro learned to
reproduce English speech sounds and use them meaningfully to interact with
humans and to comment on items of interest in their lives.

Alex, for example, vocally identified over 50 objects. He labelled seven colours,
five shapes, and quantities to eight. He also had concepts of category, and vocally
reported on what attribute was same or different between two objects (i.e. colour,
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shape, material) or which was bigger or smaller. He stated ‘none’ if nothing was
same or different, if items were of equal size, or if a designated quantity was missing
from a collection. He used ‘T want X’ and “Wanna go Y, where X and Y were,
respectively, object or location labels. He combined labels to request, refuse,
categorize, or quantify over 100 different items, including subsets in mixed-item
collections (for instance, how many blue blocks in a collection of red and blue balls
and blocks). Apes acquire comparable referential communication, using simplified
American Sign Language (ASL), plastic chips, or computer symbols (see Hillix and
Rumbaugh 2003); parrots, however, acquire a substantial vocal repertoire.

10.4 UNTRAINED VOCAL PRACTICE, SOUND
PLAY, AND REFERENTIAL MAPPING

Like children and songbirds, Alex privately vocally practised before acquiring
targeted utterances (Pepperberg 1999, 2010, in press), suggesting he actively
matched memorized templates—a large number, given his repertoire. For example,
early in training, Alex privately generated strings like ‘mail chail benail’ before
producing the targeted ‘nail’ (Pepperberg 1999). Here, phoneme combination
seemed less an intentional attempt to create a new label from specific sounds
resembling the target than deliberate play within a range of existing patterns in
an attempt to hit a pairing that matched some remembered template. Thus Alex
recognized the combinatory nature of his utterances, but so far (however, see
below) lacked knowledge of how to segment a novel targeted vocalization exactly,
then match its components to those in his repertoire to create the trained label.

He apparently exhibited anticipatory co-articulation: that is, he separated spe-
cific phonemes from the speech flow and produced them, setting up his vocal tract
to facilitate production of upcoming phonemes as the previous one was completed
(for instance, /k/ in ‘key’ differed from his initial /k/ in ‘cork’; Patterson and
Pepperberg 1998). In humans, these abilities suggest top-down processing
(Ladefoged 1982), necessary for segmentation and phonological awareness, dis-
cussed below.

Alex derived new speech patterns spontaneously from existing ones, with a
format suggesting he abstracted rules for utterance beginnings and endings, con-
sistently recombining label parts according to their order in existing utterances
(e.g. ‘carrot’ from ‘key’ and ‘parrot’; Pepperberg 1999). He constructed the novel
label ‘banerry’ to refer to an apple (something tasting ‘banana’-like, looking
‘cherry’-like). He referentially produced and understood labels that form minimal
pairs (Patterson and Pepperberg 1998), for instance “‘Want corn’ versus ‘Want cork,
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or ‘Want tea’ versus ‘Want pea’ (and refusing the alternatives), again showing that
he segmented phonemes from the speech stream (for non-human primate abilities,
see Newport et al. 2004). He thus recognized these phonetic differences (‘tea’ vs.
‘pea’) as meaningful, though he may not initially have deliberately parsed those
labels when learning to produce them.

New patterns not initially directed at novel items occurred via spontaneous play
(e.g. ‘grate’, ‘grain; ‘chain’, ‘cane’ evolving from ‘grape’), and could then be referen-
tially mapped: given relevant objects to which novel patterns could refer, Alex then
used these labels to identify or request the items (Pepperberg 1999). Thus, sponta-
neous utterances initially lacking communicative value could, as they do for
children, acquire such value if caretakers interpreted them as meaningful and
intentional; Alex behaved as though human interactions ‘conventionalized’
sound patterns and sound-meaning connections toward standard communication.
Comparable incidents for ASL-using apes—‘water bird’ for swan, ‘cry hurt food’
for radish (Fouts and Rigby 1977)—were not chereme combinations (comparable
to phonemes) but rather whole signs, considered as descriptors of the entire
situation, not as specific combinations to denote one element.

10.5 SEGMENTATION

Alex eventually demonstrated vocal segmentation—a special form of vocal beha-
viour—which implied that he understood that his existing labels consisted of
individually separable morphemes or phonemes that could be (re)combined to
create what were for him novel vocalizations, and he also demonstrated phonolog-
ical awareness. Such behaviour is considered basic to human language develop-
ment, and uniquely human: most non-humans, lacking speech, are never exposed
to, trained, or tested on issues of phonological awareness, nor are they expected to
have representations of phonemes to engender such combinatorial behaviour
(Pepperberg 2007b). Alex, when learning ‘spool’ and ‘seven) began by using
combinations of existing phonemes and labels to identify, respectively, a wooden
bobbin and the Arabic numeral. For ‘spool’ he started with /s/ (unvoiced, trained
in conjunction with the alphabet letter, S) combined with ‘wool’, to form ‘s’ (pause)
‘wool’ (/s/-pause-/wul/); for ‘seven’, he started with ‘s’ plus ‘one’, thus forming ‘s’
(pause) ‘one’ (/s/-pause-/won/). Pauses provided space for initially absent /p/ and
/vl (difficult sans lips), preserving the number of syllables in targeted vocalizations
and also prosodic rhythm. Alex retained these forms for months, despite learning
other new labels having existing phonemes after only weeks of training (Pepper-
berg 1999). Eventually, he produced a perfect ‘spool’ (/spuil/) and ‘seben’ (/sebm/).
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Such behaviour requires understanding that labels consist of a finite number of
sounds that can be recombined into patterns limited only by the phonotactic
constraints of a given language; that is, understanding that existent complex
entities (e.g. labels X and Y) can be parsed into pieces (their constituent phonemes)
that can then be integrated into a new complex entity (label Z), which represents
the imitated target. Non-human primates segment human speech sounds (New-
port et al. 2004), but cannot produce sound-letter associations or (re)combine
speech elements. Thus Alex, despite a limited combinatory rule system, showed
intriguing parallels with young children’s early label acquisition (Pepperberg
2007b).

10.6 OTHER LEARNING ISSUES: JOINT ATTENTION

Grey parrots learn human speech patterns best if training involves reference,
pragmatic use, and considerable social interaction. The primary technique, the
Model-Rival (M/R) method, uses three-way social interactions between two hu-
mans and a parrot to demonstrate targeted vocal behaviour (Pepperberg 1999). The
parrot observes two humans handling and speaking about one or more objects; one
trainer queries the other about targeted items (e.g. “What’s here?’, “‘What colour?’),
giving praise and transferring the named object to the human partner to reward
correct answers, thereby providing 1:1 correspondence between object and label.
Incorrect responses are punished by scolding and temporarily removing items
from sight. Thus the second human is both a model for the parrot’s responses
and its rival for the trainer’s attention, and the consequences of errors are evident.
The model must try again, speaking more clearly after a response was (deliberately)
given incorrectly or garbled; thus the bird observes the model experiencing correc-
tive feedback. The parrot is also included in interactions, being queried and
rewarded for successive approximations to correct responses; training is adjusted
to its performance level. Interestingly, apes that were most successful at acquiring
communication skills were taught by comparable methods (Savage-Rumbaugh
1991). Removing reference, pragmatics, or social interaction causes learning to
fail (Pepperberg 1999).

One social aspect, joint focusing of learner-trainer attention (Baldwin 1995),
provides important comparisons with apes. In an M/R variant testing whether
joint attention affects acquisition, a single trainer faced away from the bird (Kyaaro
or Alo, in separate sessions), who was within reach of, for example, a key. The
trainer talked about the item, emphasizing its label, ‘Look, a shiny key!’, “You want
key?” and so on, thus framing the label, and allowing repeated label use while
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minimizing possible habituation. The trainer neither visually nor physically con-
tacted parrot or object (Pepperberg 1999). Both Kyaaro and Alo learned labels
trained simultaneously in standard M/R sessions, but never even attempted label
production with this variant, although Kyaaro tried to climb into the trainer’s lap.
Possibly, Kyaaro sought the trainer’s focus, to form a relevant object-label connec-
tion. Giret et al. (2009) also demonstrated some attention-following in Grey
parrots which experienced focused human interaction. Apes follow gaze, but do
not spontaneously understand gaze in terms of communicative intent; encultura-
tion (for instance, for apes acquiring Yerkish or simplified ASL) produces more
sophisticated understanding (Tomasello 2007).

10.7 THEORY OF MIND

Although no formal research exists on parrots’ theory of mind (such as a Sally-Ann
test), one study provided indirect evidence for Alex (Pepperberg and Gordon
2005). The task involved labelling the colour of a targeted numerical set within
collections of simultaneously presented quantities (e.g. 4-, 5-, and 6-block subsets
of three different colours). After about a dozen correct trials with different item sets
(balls, keys, corks, etc.), Alex replied ‘five’ when asked ‘What colour three?” for a set
of two, three, and six objects. Queried twice more, each time he inexplicably replied
‘five’. The questioner finally said ‘OK, Alex, what colour five?’ He immediately
responded ‘none’. Although he would respond ‘none’ if nothing (colour, shape,
material) was same or different for two proffered objects, and had spontaneously
used ‘none’ to answer ‘What colour bigger/smaller?” for two identically-sized
objects, he had never been taught about absence of quantity nor how to respond
to a missing exemplar. Noteworthy, however, was how he manipulated the trainer
into asking the question he seemingly desired to answer, perhaps suggesting some
evidence for a theory of mind.

10.8 QUESTIONS OF SYNTAX

When non-humans are taught human linguistic systems, they acquire only simple
rule-governed behaviour; for instance, they can execute instructions given in a
particular order, such as “Take X to Y’, or produce sentence frames such as ‘I want
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X, where X and Y can stand for numerous items. In nature, however, both birds
and non-human primates use certain combinatorial communication forms, which
vary significantly across species.

In general, calls of monkeys and birds such as chickens lack what linguists
consider syntax (see Tallerman, Chapter 48); these animals’ vocalizations comprise
some distinct sounds that can be repeated but are rarely combined. Chickens
(Evans et al. 1993) and vervets (Cheney and Seyfarth 1990) both learn appropriate
contexts for call usage, but calls themselves are innate. Even calls that are combined
(Arnold and Zuberbtihler 2006a) generally denote specific situations which are not
directly related to the summed meanings of the individual calls.

Vocal communication in suboscine birds (e.g. flycatchers) parallels the un-
learned ape systems: for both, vocalizations are more flexible and complex than
those of chickens or monkeys in terms of meaning and context of use, though not
in the sounds themselves. In addition to calls, flycatchers have simple innate songs
of just a few notes, but learn the effect of context from social interactions, for
instance how repeating innate signals or combining actions and innate vocaliza-
tions extends meaning (Smith and Smith 1996; Leger 2005); such behaviour is
much like that of apes (Pollick and de Waal 2007; Arbib et al. 2008). Flycatchers
engage in very simple combinatory syntax by altering the number of repetitions of
their utterances or by varying flight patterns or body postures while vocalizing
(Smith and Smith 1996). These variant patterns signal differing levels of aggression
or affiliation. Our ancestors may have similarly amalgamated grunts and gestures
(Pepperberg 2007a; cf. Bickerton 2009a).

For oscines, avian vocal learners, song is more remarkable (Kroodsma 2005;
Slater, this volume). Song repertoire size can vary from one to thousands; song
‘syntax’ can vary from a simple series of repeated notes to structures such as
whistle-trill-buzz, or (at least to human ears) to endless collections of amorphous
phrases repeated eventually but not often; birds learn which variations are used in
given contexts. The extent to which birds can learn other species’ songs seems
constrained by combinatory rules of the songs in question (Pepperberg and
Schinke-Llano 1991). The uniqueness of human syntax is best left to other entries
(e.g. Bickerton, Chapter 49; Boeckx, Chapter 52; Tallerman, Chapter 48), but one
controversial claim seems unfounded: Hauser et al. (2002) argued that a recursive
syntax A'B" (where A, B are specific elements) separates humans from all other
species, based on its absence in monkeys. The monkey experiment used simple
human syllables for the A, B elements. Interestingly, in contrast to monkeys,
laboratory-trained starlings (Sturnus vulgaris) recognize this ‘syntax’ when spe-
cies-specific warbles and rattles were used as the A, B elements (Gentner et al.
2006); no one has yet tested apes. Note that both monkeys and starlings might have
learned the appropriate patterns by comparing the number of As and Bs in a string
(e.g. AAAABBBB) given that both likely can, without counting, recognize quantity
up to about four (Dehaene 1997); however, starlings succeeded and monkeys failed.
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Although for humans such a recursive syntax generally involves embedded clauses,
not simple syllables or their equivalent, the starling experiment supports the idea of
using avian models for simple precursors to language.

10.9 LANGUAGE EVOLUTION

Bird ‘song’ thus may imply many things (Slater, this volume), but oscines’ song
must be learned. Bird song is a simpler communication system than human
language, but important parallels exist between songbird and human vocal
learning, which suggest birds as models for speech evolution (Pepperberg 2010,
in press). These parallels generally also hold for parrots. Both songbirds and
humans have (a) a sensitive period during which exposure to the adult system
allows development to proceed most rapidly, although later acquisition is possible,
particularly if social interaction is involved; and some birds (such as parrots) are,
like humans, open-ended learners; (b) a babbling-practice stage wherein juveniles
experiment with sounds that will ultimately become part of their repertoire; (c) a
need to learn not just what to produce but the appropriate context in which to
produce specific vocalizations; (d) abilities to process hierarchically structured
vocal sequences, which in humans must have been a precursor to syntax; and (e)
lateralized brain structures devoted to acquisition, storage, and production of
vocalizations.

Whereas behavioural correlates (a)—(d) are important, neurobiology is central
for using birds as models for vocal learning and language evolution. Avian and
mammalian brain structures responsible for vocal learning are thought to be
derived from similar pallial structures (Farries 2004; Jarvis et al. 2005). Hence,
behavioural parallels between avian and human vocal learners may be reflected in
the presence of similar neuroanatomical systems. These systems may be absent or
differently structured in non-vocal learning birds and mammals. Thus, birds can
potentially provide models for how fully-developed vocal learning systems which
include lateralization could evolve from pre-existing motor systems via addition,
subtraction, or modification of projections between brain nuclei (Farries 2004;
Perkel 2004; Feenders et al. 2008). Interestingly, a gestural theory of vocal learning/
language evolution has been posited for both birds and humans (Hewes 1973;
Williams and Nottebohm 1985; see Corballis, this volume). Notably, avian beaks
are often used like primate forelimbs. Motor control of the beak resides in neural
areas separate from, but near to, the song system and these areas relate to those
controlling human jaw movements (Wild 1997). Arbib (2008), for example, argues
for expansion of the projection from Fs that controls vocal folds in monkeys to one
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that controls human tongue and lips (see Arbib, this volume). Although direct
correlations such as those between human Broca’s area and monkey Fs5 (Arbib
2008) are unlikely for avian—human brains, recent studies strengthen avian—human
correlations, particularly possible mirror neuron systems (Prather et al. 2008; Keller
and Hahnloser 2009) purportedly involved in producing and understanding ges-
tural and vocal communication (Arbib 2008). Examination of additional avian
brain areas co-opted for evolution of song learning and decoding might suggest
parallel areas co-opted for human language evolution.

Birds may also provide models for neural mechanisms of primate co-develop-
ment of gestural and vocal combinations. Young children begin combining objects
(such as spoon-into-cup) and phonological/grammatical units (such as ‘more+X’
emergent syntax) almost simultaneously. Greenfield (1991) posited that control of
such parallel development initially resides in one neural structure (roughly Broca’s
area) that differentiates as a child’s brain matures into specialized areas for,
respectively, physical combinations versus language, and she proposed that such
competence is a critical aspect of language (i.e. human) development. Subsequent
research on the physical combinatorial behaviour of non-human primates and
combinatorial communicative acts by apes trained in a human-based code showed
that ape combinations of physical objects and labels (such as ‘more tickle’)
resemble, although are simpler than, those of young children. For monkeys, unlike
apes, combinatorial behaviour develops only with intensive training and is even
more limited (Johnson-Pynn et al. 1999). Greenfield (1991) thus proposed that
non-human primate behaviour derives from a homologous structure just predat-
ing the ape/hominin evolutionary divergence. Whatever neural structures are
involved, combinatorial behaviour is not limited to primates: my Grey parrot
Griffin showed the same spontaneously co-occurring vocal and physical combina-
tory patterns (Pepperberg and Shive 2001).

But use of birds as models for language evolution really hinges on living avian
species which apparently straddle the vocal learning/non-learning divide—possible
avian models for similarly-behaving hominin ancestors. Specifically, a purported
suboscine, the three-wattled bellbird (Procnias tricarunculata)—a close relative of
flycatchers—seemingly learns its songs. The song is quite simple (a mixture of call-
like notes and whistles, more suboscine- than oscine-like), but males have dialects,
and can be bilingual with respect to these dialects (at least for several years).
Moreover, a close relative, the bare-throated bellbird (P. nudicollis), learns songs
of other species (Kroodsma 2005), thus providing indications of vocal learning in
species once thought unable to learn even their own song. These facts, plus data
that some bellbirds don’t sound (or even look) like adults until about 5 years old
(Kroodsma 2005), suggest a pattern radically unlike that of suboscines and oscines.
Interestingly, bellbirds have more K-selected species traits than most suboscines
and oscines: longer lives (possibly over 20 years), longer maturation periods, larger
body size, fewer young, and intense male—male competition in which older,
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stronger males get the most matings and also lead changes in song patterns, thus
forcing youngsters to follow (B. Snow 1977; D. Snow 1982; Powell and Bjork 2004;
Kroodsma 2005). Such data strengthens parallels with great apes and hominins.
Even oscines that learn songs throughout their lifetimes usually have a recogniz-
able, characteristic song in their first adult year. Bellbird learning abilities seem
similar to those of oscines, except for the extraordinarily long juvenile stage and
their classification as suboscines. Might they, like oscines but unlike other sub-
oscines, have brain areas for song learning? Is their prolonged babbling a conse-
quence of brains ‘differently’ equipped for learning? No one knows. But, if so,
might they have a primitive motor neuron system that is slow to mature beyond
the babbling stage (Pepperberg 2007a, 2010, in press)?

Such ideas support using bellbirds as a model system for what might have
been the ‘missing-link’ hominin species (or multiple species) which bridged the
gap between the communication systems of our non-human primate ancestors
(vocal, but non-learning) and Homo sapiens (vocal learning); thus, bellbirds
might provide a model of an intermediary brain system mediating early elements
of vocal learning. Notably, these birds’ vocalizations resemble those of vocal non-
learners (suboscines with innate songs), but the vocalizations are indeed learned.
Most likely, a continuum rather than a sharp break existed between innate and
learned, with certain communicative elements shifting as flexibility provided
evolutionary advantages. Conceivably, similar evolutionary pressures on brain
structures responsible for vocalizations leading from the innate, simple song of
true suboscines to the fairly simple but slowly learned bellbird song to the
complexity of, for example, the brown thrasher’s hundreds of songs may have
been exerted on brain structures responsible for non-human-to-hominin vocal
learning. If so, these evolutionary pressures were likely exerted on a motor
neuron system, such that brain and corresponding behavioural complexity
evolved in parallel, synergistically supporting the next evolutionary stage (Pep-
perberg 2007a, 2010, in press). Articulatory gestures grounded in feeding beha-
viour and contact calls/cries that can be co-opted for other uses were as likely in
birds as primates; possibly mirror neuron systems similarly shifted (Farries 2004;
Feenders et al. 2008).

10.10 CONCLUSIONS

Birds, although diverging from the lineage leading to humans approximately 280
million years ago, can provide models for the evolution of vocal communication.
Parallels exist at many levels: between vocal non-learning (calling) birds and
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monkeys, between non-learning suboscines and apes, among songbirds, parrots,
and humans, and, most interestingly, possibly between an existent bird straddling
the learning/non-learning line and the evolution of ancient hominins from non-
learning to learning. Evolution is generally conservative; much can be achieved
from studying birds.



CHAPTER 11

ARE OTHER ANIMALS
AS SMART AS GREAT
APES? DO OTHERS
PROVIDE BETTER
MODELS FOR THE
EVOLUTION OF
SPEECH OR
LANGUAGE?

KATHLEEN R. GIBSON

11.1 INTRODUCTION

Great apes (orang-utans, gorillas, chimpanzees, and bonobos) possess virtually all
motor, cognitive, and social abilities essential for the creation of a gestural proto-
language communicative system (Gibson, Chapter 3). These include the creation
and social transmission of novel gestures, the use of novel referential gestures to
represent both present and absent items, and the combination of two to three



ARE OTHER ANIMALS AS SMART AS GREAT APES? 121

gestures to create novel meanings. Great apes also understand that others have
thoughts and intentions, and they manifest that knowledge in competitive, concil-
iatory, and deceptive actions (Call and Tomasello 2008). Under appropriate cir-
cumstances, apes cooperate with conspecifics in the pursuit of joint goals and may
even use symbol-like lexigrams to do so (Menzel 1972; Savage-Rumbaugh et al.
1978; Melis et al. 2006). Great apes also have other capacities of possible relevance
to language or to its cognitive base, including tool-making, imitation of complex
manual manipulative tasks, and some elements of episodic memory. Given the
breadth of language-pertinent abilities exhibited by captive apes, it is puzzling that
no wild ape populations use gestural signs to refer to absent items (displacement)
or to coordinate group behaviours. Perhaps, wild apes simply lack the motivation.
Alternatively, perhaps, they lack critical, as yet unidentified, abilities.

Many other animals display high intelligence in some behavioural contexts.
Indeed, especially accomplished birds, dogs, dolphins, and sea lions now challenge
great apes’ once seemingly secure intellectual throne, at least in certain behavioural
realms. (See discussion below.) It remains unclear, however, whether other species
possess the breadth of intelligence manifested by apes or whether any might serve
as better models for the cognitive underpinnings of language. Quite a few animals,
however, do exceed all primates in vocal learning capacities, and, thus provide
potentially better models for the evolution of fine oral motor and vocal control.
Song learning birds, in particular, have been proposed as especially good models
for the evolution of speech (Fitch 2010a; Mithen, this volume; Pepperberg, this
volume). Similarly, Bickerton (2009a) suggests that non-primates, especially some
insects, may provide optimum models for the evolution of other protolanguage
components, including displacement. With these considerations in mind, this
chapter briefly reviews recent evidence for advanced, language-pertinent, cognitive
capacities in birds and mammals and evaluates the potential suitability of song and
other animal vocal behaviours as models for the evolution of speech.

11.2 LANGUAGE-RELATED COGNITIVE SKILLS
IN NON-PRIMATE MAMMALS AND BIRDS

Dolphins are extremely vocal, exhibit intelligence across a number of behavioural
domains, are highly social, often cooperate to herd schools of fish, and, in some
locales, routinely drive fish into fishermens’ nets. Despite lacking hands, some
dolphin populations use tools and socially transmit their tool-using techniques
(Boran and Heimlich 1999; Bearzi and Stanford 2010). Dolphins can also recognize
themselves in mirrors, coordinate body postures and swimming patterns with
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those of other dolphins, and imitate each others’ vocalizations, including unique
signature whistles which serve for individual recognition among adults and in the
mother—infant dyad (Janik 1999). No evidence, however, suggests that wild dol-
phins communicate about absent animals, foods, or events (displacement).

Two dolphins, Phoebe and Akeakamai, demonstrated comprehension of
sentence-like commands in artificial vocal (Phoebe) and gestural (Akeakamai)
languages (Herman et al. 1984). Both could appropriately respond to commands
containing semantic reversals such as ‘bottom basket fetch surface hoop’ (fetch a
basket from the bottom and take it to a surface hoop) versus ‘surface hoop fetch
bottom basket’ (take the surface hoop to the bottom basket). Nor are dolphins the
only marine mammals that have demonstrated comprehension of sentence-like
commands. A sea lion, Rocky, readily differentiated gestural commands such as
‘bottle fetch ball’ (take a bottle to the ball) from ‘ball fetch bottle’ (take a ball to the
bottle). Moreover, his performance improved when modifiers were added to
gestural sequences to yield commands such as ‘large white ball small black cube
fetch’ (Schusterman and Gisiner 1988; Gisiner and Schusterman 1992). Although
the dolphins and Rocky possessed smaller vocabularies than most ape-language
subjects, their behaviours were sufficiently impressive to indicate that great-ape-
like gestural and sentence comprehension may be more widespread than common-
ly thought. However, we do not yet know whether dolphins and sea lions can
master productive gestural, vocal, or lexigram-based protolanguage-like commu-
nication systems, such as those evidenced by some great apes.

The only other non-primate mammals whose ‘language’ capacities appear to
have been investigated are domestic dogs. One border collie, Rico, correctly fetched
200 different items in response to German commands spoken by his owner
(Kaminski et al. 2004). In the popular press, Rico’s comprehension of 200 spoken
object names was widely compared to the ability of some apes to produce approxi-
mately 200 gestural signs and/or to appropriately point to approximately 200
lexigrams, but Rico never produced or pointed to signs or symbols of any sort.
No captive apes have been tested to determine how many spoken words they can
comprehend. The bonobo, Kanzi, however, appropriately responded to approxi-
mately 600 English commands. Many of these commands required executing
actions on objects with respect to other objects, places, or people, as well as
comprehending word order, and some prepositions such as in or on (Savage-
Rumbaugh et al. 1993), and, hence, greatly exceeded in complexity and number
the 200 simple fetching commands comprehended by Rico.

Some have also claimed that domestic dogs equal or exceed great apes in social
intelligence (Hare and Tomasello 2005). In some studies, dogs did outperform
chimpanzees in recognizing and appropriately responding to human pointing
actions (Hare and Tomasello 1999). However, on more complex tests of social
intelligence, chimpanzees outperformed dogs (Wobber and Hare 2009). Nonethe-
less, given that some dog breeds are natural pointers, dogs would seem appropriate
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candidates for training in lexigram-type ‘languages’ that rely on pointing rather
than gestural skills.

It has also been suggested that both elephants and spotted hyenas are unusually
intelligent (Holekamp et al. 2007; Irie-Sugimoto et al. 2008). Elephants remember
and recognize by olfactory and visual means numerous conspecifics and classify
them into social groups. They also sometimes cooperate to achieve joint goals and
seem to understand others’ intentions and emotions. Moreover, elephants have
highly manipulative trunks, use tools for varied purposes, may recognize them-
selves in mirrors, and may have a stronger numerical sense than non-human
primates. Finally, they have elaborate vocal, olfactory, tactile, and gestural commu-
nication systems and can imitate some sounds (Poole et al. 2005; Byrne et al. 2009).
Given their broad cognitive and sensorimotor skills, elephants appear to have great
promise as potential protolanguage learners. So far, however, they have not been
subject to language-training experiments.

Spotted hyenas live in hierarchically-structured social groups similar to those of
baboons, with the exception that hyena societies are female dominated. Like
baboons, spotted hyenas can recognize individuals and hierarchically classify
them into kin groups (Holekamp et al. 2007). These animals have complex vocal
repertoires, hunt cooperatively in the wild, and may engage in deceptive beha-
viours. In captivity, they readily cooperate by jointly pulling ropes to obtain out-
of-reach foods, as long as two dominant animals are not paired together (Drea and
Carter 2009). However, spotted hyenas appear to lack imitative capacities, do not
use tools, and have not been shown to recognize themselves in mirrors. Conse-
quently, although they may equal or exceed baboons in many aspects of social
intelligence, it is premature to claim that they are as bright as great apes or that they
have the pertinent sensorimotor skills to master a protolanguage. Given that
hyenas are scavengers, displacement (e.g. communication about absent foods)
would appear advantageous for them, but it has not been reported.

Some of the strongest recent claims for high intelligence have involved birds,
especially parrots and corvids. The most intensely studied individual bird, Alex, an
African Grey parrot (Pepperberg 1999, this volume) could speak English words and
combine them to create novel meanings. For example, when presented with an
apple, a fruit for which he had no name, Alex combined the words for ‘banana’ and
‘cherry’ to create a new name, ‘banerry’. Alex could also combine words to make
requests such as ‘give nut, ‘wanna go back’. Pepperberg argues, rather persuasively,
that Alex learned to speak phonemically. If so, Alex is the only non-human animal
known to have mastered phonemes. Alex’s use of English words and phrases
indicated many additional cognitive capacities, including an understanding of
object permanence to the level of Piaget’s stage six, the ability to categorize objects
based on colour, shape, or materials, and an understanding of the concept same/
different. Alex could recognize and label quantities of six or less and could also add
small quantities to six. Studies of Alex’s word combinations, however, were just
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beginning at the time of his death, and he apparently was never tested on his ability
to comprehend English grammar or on his ability to cooperate with other parrots
to achieve common goals. Nor was he tested on his ability to use tools. Alex, thus,
appears to have been by far the most accomplished non-primate language student
yet studied, indeed, the most accomplished of all non-human animals, if speech
and phonemic learning are considered language criteria. Possibly Alex also pos-
sessed all language-pertinent cognitive and social capacities found in great apes,
but this is not certain.

Corvids, including various jays, crows, and ravens, and rooks are among the
most versatile birds in their abilities to exploit diverse habitats and foods. More-
over, unlike great apes, some wild corvids cache food. In captive studies, Western
scrub jays and some ravens have proven to have superb long-term memory for the
type of food cached, caching locations, how recently the foods were cached, and
whether others watched them cache (Emery and Clayton 2001; Bugnyar and
Kotrschal 2002). On the basis of these findings, Emery and Clayton (2004) have
claimed that Western scrub jays have theory of mind, tactical deception capacities
and episodic memory, and that they may equal great apes in social intelligence.
However, it has yet to be demonstrated whether jays and ravens cooperate in the
pursuit of common goals. Unlike chimpanzees, however, the rooks always pulled
strings immediately in lieu of waiting for a ‘pulling’ partner to appear, even when a
partner was essential for success (Seed et al. 2008). Nor have any corvids been
subject to ‘language’ training experiments.

Few, if any jays, use tools, but some corvids do. Wild New Caledonian crows, for
example, fashion hooked and barbed probing tools from leaves (Hunt and Gray
2004). One crow, Betty, bent a wire into a hook-like shape for use as a tool (Weir
et al. 2002). Four laboratory-housed rooks bent similarly-shaped wires, even
though rooks do not use tools in the wild (Bird and Emery 2009). Both the tools
of the wild crows and the hooks manufactured by Betty and the rooks exceed
anything yet reported for apes in terms of the apparent manufacture of a tool to
match a complex preconceived shape. This does not necessarily mean, however,
that corvid tool-making and tool use is more intelligent than that of apes overall.
New Caledonian crows manufacture one basic category of tools—probes to extract
insects or small invertebrates from crevices or holes. Their tool use thus appears
context specific, rather than broadly intelligent (Parker and Gibson 1977). Wild
chimpanzees, in contrast, manufacture probing tools, sponging tools, and wiping
tools. They also use hammers and anvils and possibly chopping tools (Pruetz and
Bertolani 2007; Koops et al. 2010; McGrew 2010). In other words, chimpanzees have
a diversity of tool-using and tool-making techniques which they use for a diversity
of functions, including obtaining ants or termites from nests and mounds, crack-
ing nuts and animal skulls, sponging up brains and liquids, probing for small
animals or honey in tree cavities, and chopping large fruits. Hence, chimpanzee



ARE OTHER ANIMALS AS SMART AS GREAT APES? 125

tool use, unlike New Caledonian crow tool use, requires knowledge of diverse
foods, diverse environments, and diverse tool-using techniques.

In sum, a few animal species, most notably dolphins, elephants, and corvids,
appear to have high intelligence across a variety of domains. A few dolphins and sea
lions have demonstrated comprehension of some human gestural ‘symbols’ and
symbol combinations, and one Grey parrot’s language-like abilities matched or
exceeded those of great apes. Overall, however, the data are insufficient to deter-
mine whether any bird or mammal truly matches or exceeds great apes across the
entire range of capacities essential for protolanguage. Nor have any of those birds
and mammals usually considered especially intelligent yet demonstrated a ‘magic’
intelligence ingredient, which, if added to the cognitive repertoire of the apes,
would be expected to lead to the invention of a protolanguage. Indeed, all seem to
be lacking a critical probable function of early protolanguages: displacement.

11.3 TYPES AND FUNCTIONS OF VOCAL
COMMUNICATIVE SYSTEMS,
SOUND COMBINATIONS

All human spoken languages have a relatively small number of phonemes which
can be hierarchically combined and recombined into tens, even hundreds, of
thousands of referentially meaningful words. Words, in turn, can be flexibly and
hierarchically combined into a virtually infinite number of novel, meaningful
sentences and other complex utterances. These utterances can convey information
about virtually any aspect of the physical or social environment. Spoken languages,
then, are highly creative and potentially highly informative. Indeed, by about
2 years of age human infants already speak in creative sentences, each of which is
composed anew to reflect whatever might be on the infant’s mind. No animal vocal
communication systems remotely resemble human spoken languages in creative
communicative potential.

Nearly all birds and most mammals do, however, have well-developed call
systems, which may include alarm calls, contact calls, food calls, signature or
individual recognition calls, and the begging calls of the young. Many birds
and a few mammals also possess well-developed singing capacities. Song, especially
bird song, has drawn considerable attention from language evolution theorists,
because it has some clear parallels with speech (Fitch 2010a). Both immature
songbirds and human infants babble. Adult vocalizations of both humans and
songbirds match at least some aspects of vocalizations heard when young; both
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humans and songbirds have sensitive periods, subsequent to which vocal learning
becomes extremely difficult, and some songs exhibit hierarchical structure. In
addition to these functional similarities, it is now known that bird song and
human speech rely, at least in part, on homologous neural pathways (Jarvis 2004;
Bolhuis and Gahr 2006).

It is questionable, however, how specific or meaningful some of the proposed
parallels between speech and bird song really are. Sensitive periods occur in
sensory, motor, and other behavioural systems across a wide variety of animals.
Indeed, all mammalian and avian nervous systems develop epigenetically: that is,
via gene—environment interactions; hence, experience in general, not just in the
auditory/vocal realm, affects brain structure and development (Gibson 2005).
Further, sensitive periods for bird song and speech are really quite different. In
birds, sensitive periods often persist for a short period during development and are
then followed by a relatively longer period in which no song occurs until adulthood
(Hurford 2011). Even in adulthood, in many species, only males sing. In humans, a
highly sensitive period for language development extends to puberty; there is no
developmental period of vocal quiescence; and both sexes and all but the youngest
infants talk. Nor are hierarchicalization abilities unique to bird song, speech,
music, and language. Monkeys and hyenas comprehend hierarchical social rela-
tionships (Seyfarth and Cheney, this volume). Gorillas and chimpanzees construct
hierarchical manual feeding sequences (Byrne 1995). Human tool-making, art,
architecture, dance, gymnastics, and social structure are also hierarchical (Gibson
1996a; Gibson and Jessee 1999). Indeed, it has been argued that all of human
cognition develops hierarchically (Case 1985).

Animal songs including the most complex songs of birds and humpback whales
also differ profoundly from speech and language. Whereas in humans, the numbers
of phonemes in any given language are dwarfed by the numbers of potential words
and the virtually infinite variety of potential sentences, in many birds the syllabic
repertoire matches or exceeds the number of songs (Hurford 2011). Many bird
songs, as well as the songs of humpback whales, do involve some hierarchical
combination and recombination of vocal syllables, but, with few exceptions (see
Slater, this volume) these combinations result in a finite number of species- or
population-specific songs, not in the essentially infinite variety of speech combina-
tions critical for human language. Humpback whale song exhibits somewhat more
flexibility than most bird song in that groups of adult males construct new songs
each breeding season (Janik 1999). Nonetheless, each season all members of the
group sing the same song.

The final and, from an evolutionary standpoint, perhaps the most important
contrasts between song and speech are functional (Hurford 2011). Most animal
songs function in territorial, mating, or pair bonding situations and have no
referential meaning other than to announce the presence and condition of the
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singer. In contrast, human speech functions primarily within the context of
referential human language.

Animal calls are far less elaborate than songs, are not organized hierarchically,
and are mostly innate. Still, calls sometimes manifest interesting properties not
found in song such as environmental reference. Specifically, those species whose
optimal response to predation differs with the nature of predator may emit specific
calls in response to specific predators or predator classes (Seyfarth et al. 1980).
Vervet monkey alarm calls, for example, differ depending on whether the predator
is a snake, a leopard, or an eagle. Fach call elicits a different response. Many
other mammals and birds have similar predator-specific alarms. Possibly the
best developed are the alarm call systems of prairie dogs, small rodents that,
along with bison, once dominated the Great Plains of North America (Kiriazis
and Slobodchikoff 2006; Slobodchikoff et al. 2009b). These cooperatively breeding
animals spend most of their lives in underground burrow systems, but emerge to
feed on grasses and seeds during the day. Gunnison’s prairie dogs’ alarm barks and
responses to them differ depending on whether the predator is a hawk, coyote, dog,
or human. Barks may be given individually or in rapid succession in response to
the speed of predator approach. In experimental conditions, prairie dogs also
emitted readily distinguishable and reproducible alarm calls in relationship to
differences in human body size and shirt colour, and alarm barks for domestic
dogs are also thought to vary with colour and size of the dog (Slobodchikoff et al.
2009a). No animal songs remotely approach prairie dog calls in terms of referential
capacity.

Most animal alarm calls, including those of monkeys and prairie dogs, are largely
species-specific in that all members of a species use the same calls. As they mature,
young monkeys, and possibly other animals as well, refine their calls and learn the
appropriate contexts in which to use them. They may also learn to recognize and
appropriately respond to the calls of other species. They do not, however, invent or
socially transmit new calls. Although some cercopithecine monkeys do combine or,
at least juxtapose, limited numbers of calls, these call juxtapositions appear to have
different meanings for the monkeys than do the individual calls from which they
are composed, in that they elicit different responses (Zuberbiihler, this volume).
Nor do the monkeys use novel and varied combinations of calls.

Many species of birds and mammals, including most primates, however, also
have contact calls and/or food calls that help coordinate group movements and
cement social relationships. Unlike alarm calls, contact calls may be learned. Bats,
elephants, parrots, and some chimpanzee populations, for example, produce
learned group or family-specific contact calls (Boughman 1998; McComb et al.
2000; Wright and Wilkinson 2001; Crockford et al. 2004). Learned calls are useful
to species whose members routinely transfer between groups or live in fission—
fusion societies. In bats, for example, such calls help coordinate group movements
to feeding or roosting sites and determine which bats are permitted to remain at
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group-specific sites. Dolphins, bats, and some pinnipeds (sea lions, seals, walruses)
also create individually-specific signature calls or whistles (Janik 1999; Schusterman
2008). In these taxa, mothers leave their young behind when foraging. Mother and
young relocate via the calls. Dolphins also emit their unique signature calls in adult
interactions (Janik 1999).

In addition to the rather loud contact calls described above, many mammals and
birds, including great apes (Slocombe, this volume) have softer calls used between
pairs or in small groups of individuals, including parent/infant contexts. These
include the begging calls of altricial birds, and the soft grunts and coos that are used
in close contact social-bonding situations by many primates. Marmoset infants
also attract adult attention via babbling actions (Snowdon 1997). None of these
close contact calls are known to involve the invention or social learning of novel
vocalizations. Consequently, close contact calls, like alarm calls, louder contact
calls, and animal songs, fall far short of fully-developed human linguistic vocaliza-
tion. In human infants, however, speech is preceded by and develops from close
contact coos and grunts (McCune 1999; MacNeilage 2008). Could not a similar
process have occurred in language evolution? If so, why is it necessary to postulate
that song, rather than contact calls, preceded speech?

In sum, no one vocal communication system contains all features of speech.
Song may be learned, combinatorial, and hierarchical, but it is not referential, and
songs are used primarily by adults in breeding or territorial situations. Alarm calls
may be referential, but apparently are never learned, hierarchical, or composed of
novel sound combinations. Contact calls may be learned, occur in “friendly’ social
contexts, are used by both sexes and all ages as well as in mother—infant contexts,
but are neither hierarchical nor combinatorial.

11.4 MOTOR COMMUNICATION CHANNELS

With the exception of olfactory communication, all animal and human communi-
cative systems require motor channels of expression. Human language, which can
be gestural, written or vocal, is possible only because humans are strongly manip-
ulative animals. Humans can make voluntary, precise movements of fingers and
hands and flexibly coordinate these movements with each other and with other
body parts. Humans also have voluntary control of movements of the soft palate,
lips, tongue, and cheeks, and the ability to make very precise movements of the lips
and tongue. They create diverse phonetic sounds by coordinating precision move-
ments of the tongue and lips with diverse positions of the teeth and soft palate and
with laryngeal voicing.
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Great apes have sufficient manual manipulative capacity and arm mobility to
create novel manual gestures. With the possible exception of the elephant trunk, no
other animal manipulative organs appear to have the motor precision and flexibil-
ity essential for the creation of novel visual gestures. The motor precision and
flexibility to create and learn novel vocalizations appears somewhat more wide-
spread in that it is found in a number of birds, cetaceans, pinnipeds, bats, and
elephants as well as to a much lesser extent in great apes (Boughman 1998; Janik
1999; Poole et al. 2005; Schusterman 2008; Slater, this volume; Slocombe, this
volume). A few animals other than parrots and some songbirds—most notably,
pinnipeds and elephants—have sufficient vocal flexibility to sometimes imitate
human speech (Ralls et al. 1985; Holden 2006).

Schusterman (2008) postulates that pinniped vocal flexibility reflects the need to
communicate both on land and under water, as well as the possession of highly
mobile oral structures that are used both in complex foraging endeavours and in
vocalization. Elephants have extremely flexible, richly innervated trunks which are
used in many contexts including sound production, social grooming and play,
feeding, tool use, and both the sucking and squirting of water. When mimicking
human sounds, elephants may place their trunks in their mouths (Holden 2006).
This unusual flexibility of sea lion and elephant supralaryngeal filters may account
for their occasional ability to mimic speech. Other mammals with vocal learning
capacities include bats and dolphins, echolocators who use vocalizations in varied
social, locomotor, and feeding contexts.

Most avian vocal learners possess fine neuromuscular control of the syrinx, their
prime vocal organ. Parrots have less complex syringeal control, but they exceed
most birds in their abilities to modify sounds via coordinated movements of their
highly mobile, fleshy tongues and unusually mobile beaks (Beckers et al. 2004).
Parrot tongue and beak mobility also function as foraging adaptations. In particu-
lar, parrots crack hard-shelled seeds and nuts using their mobile beaks and then
extract the contents with their tongues.

The fact that in mammals and parrots, abilities to make and mimic novel sounds
coexist with feeding-related oral or laryngeal modifications suggests that, in some
species, fine motor control of the oral cavity may have evolved primarily as a feeding
adaptation that was then co-opted for vocal learning. Could this also be true of
human speech? Certainly, all great apes have extremely mobile lips and tongues
which they use in both feeding and communicative situations. This suggests that, at
the very least, great ape feeding adaptations served as pre-adaptations to speech.
Moreover, early hominins dating to about 3 million years ago were eating more
meat, and, possibly, more tubers, bulbs, and other underground storage organs than
great apes (Wrangham et al. 2009; Wynn, this volume). Their dental anatomy had
also changed profoundly from that of the apes in that they had relatively larger and
more thickly enamelled molars, reduced canines, and more vertically-oriented
chewing muscles (Wood and Bauernfeind, this volume). Possibly, then, additional
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hominin-specific dietary adaptations also served as pre-adaptations to the evolu-
tion of increased neural muscular control of the oral apparatus. That the motor
capabilities of our vocal tract may be derived, at least in part, from predecessor
feeding behaviours is, of course, not a new hypothesis (MacNeilage 2008).

11.5 CONCLUSION

Overall, it is clear that only humans evolved speech and language. No other animals,
if studied alone, can tell us how it happened. By studying a broad range of
animal social, cognitive, communicative, foraging, and motor behaviours, we
may, however, eventually be able to solve the language evolution puzzle. Great
apes, for example, appear to possess all of the cognitive and communicative skills
essential for a gestural protolanguage, but in the wild, they do not use novel gestures
or vocalizations to coordinate group actions or to discuss absent events or objects.
Studies of other animals that exhibit behaviours that are lacking in apes may help
determine the potential selective events that propelled an animal with an ape-like
intelligence into the protolanguage domain.

Many other mammals and birds have also demonstrated impressive cognitive
skills and one bird, Alex, performed comparably to great apes in many language-
learning tasks. No other species, however, have been studied across as broad a range
of language learning and cognitive tasks. Hence, whether any other animals possess
an ape-like breadth of language-pertinent cognitive and social skills remains
unknown. As of now, apes remain the best models of the probable cognitive
adaptations of the earliest hominins.

A number of animals do exceed apes in vocal learning skills. In many cases, these
skills manifest themselves in song. Song, however, differs from speech and language
in critical structural and functional respects. Moreover, other animals, not neces-
sarily known for their song, are more widely recognized for their overall cognitive
capacities and, in some cases, appear more adept at mimicking human speech.
Hence, it is suggested that an examination of oral/vocal behaviours other than
song, such as contact calls or feeding behaviours, may also shed light on the
evolution of the speech modality.
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Some of us have long assumed that instinct versus learning controversies met their
demise back in the 1960s with publications such as ‘How an instinct is learned’
(Hailman 1969) and the insightful behavioural analyses of Robert Hinde (1966).
Not so. In Fitch’s view (Chapter 13), these controversies continue, both because they
reflect interdisciplinary gaps and because of the tendency of scientists to black-box
issues not of their own immediate concern. Concepts of instinct and innateness are
actually quite useful for describing behaviours that routinely characterize all members
of species or at least all species members of specific sex and age classes. Thus, they tend
to be favoured by scientists with a primary focus on the distinctive behaviours of
individual species. To many developmental biologists and developmental psychologists,
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however, instinct and innateness are fallacious concepts because all behaviours
develop through gene—environment interactions. The solution to this dilemma, in
Fitch’s view, is to abandon the terms ‘instinct’ and ‘learning’ in favour of other
terms that more accurately describe the phenomena in question, such as ‘species-
specific’ or ‘species-typical’ to describe behaviours routinely displayed by all
members of a species, and ‘canalization’ (Waddington 1942) to explain the spe-
cies-typical gene—environment interactions that produce behavioural regularities.
From this perspective, language is a species-specific human behaviour that is
developmentally canalized via interactions of genes and predictable environmental
impacts such as typical adult-infant interactions.

Although all animals display species-specific behaviours, most also exhibit
behavioural plasticity in response to learning and/or in response to environmental
conditions that may directly impact on brain development or physiological status
(West-Eberhard 2003). Some animals can even, if subject to unusual rearing
conditions, develop behaviours not considered typical of their species. Great apes
reared in human homes or subject to language-training experiments, for example,
develop a number of behaviours not found in wild apes. In other words, dissimilar
phenotypes (i.e. observable behaviours and characteristics) can develop from
similar genotypes (i.e. genetic endowment), a phenomenon termed phenotypic
plasticity. As Szamadd and Szathmary (Chapter 14) note, phenotypic plasticity
plays important evolutionary roles. Specifically, those phenotypes which prove
adaptive and the genes that facilitate their development are subject to positive
selection, hence, increase in the population (see also West-Eberhard 2003). Ulti-
mately, these phenotypes may become fixed in the population (Baldwin effect;
Baldwin 1902). If the genes producing them also become fixed, genetic assimilation
will have occurred (Waddington 1953).

Each species occupies physical environments that can change in response to
numerous external events such as climate change, earthquakes, or volcanic erup-
tions. Species, however, also modify and create their own environments, and hence
the selective pressures that impinge upon them, a process termed niche construc-
tion (Odling-Smee et al. 2003). Although external environmental events have
undoubtedly influenced human evolution, niche construction has arguably played
an even greater role in shaping the selective forces that help mould the modern
human mind, and perhaps the human body as well, because our lineage has
repeatedly created and adapted to new technological, cultural, and linguistic
environments. It is sometimes thought that genetic change is too slow for our
genes and brain to have adapted to selective pressures posed by ever-changing
languages and cultures. Szamadé and Szathmary counter this argument by pre-
senting numerous examples of rapid genetic change in humans and other species.
They also argue that the pace of language change, like technological change, was
probably considerably slower during Pleistocene times than it is today. The result
of the combined processes of potentially rapid genetic change and an earlier,
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somewhat slower, pace of language change is that genes, languages, and the brain
have co-evolved, and to some extent may be continuing to do so. On the one hand,
genes and brains enable language; on the other, language change selects for further,
linguistically-conducive, changes in genes and brains.

12.1 DEVELOPMENTAL PLASTICITY AND GENES

Szamadoé and Szathmary (Chapter 14) also suggest that some biological systems,
such as the immune system, are specifically adapted to enable rapid responses to
environmental change. They suggest, for example, that the brain has been specifi-
cally shaped by selection to function as a rapid responder to linguistic change (and
we would add cultural change as well). This postulate draws clear support, not only
from our species’ well-recognized learning and problem-solving capacities, but also
from the plasticity that characterizes all developing and mature mammalian brains.
First, during early developmental periods, all mammalian brains routinely over-
produce neurons; those neurons that fail to achieve full functionality are subse-
quently pruned (Edelman 1987). In humans, neuronal production primarily occurs
prenatally, as does much neuronal pruning. Similarly, all mammalian brains
overproduce synapses during certain periods of development. Again, those that
fail to achieve full functionality are later pruned. Our species typically overpro-
duces synapses in the first several postnatal years and again just prior to puberty.
One unexpected result is that the typical human adolescent has more synapses than
most adults, at least in the frontal lobes (Blakemore and Choudhury 2006).
Although the production and pruning of neurons and synapses is primarily a
maturational phenomenon, these processes never truly cease. New cortical sy-
napses continue to be produced and pruned throughout life, and a region of the
brain concerned with declarative and episodic memory (Zito and Svoboda 2002),
the hippocampus, continues to produce new neurons throughout life (Eriksson
et al. 1998).

These processes have demonstrable functional effects. For example, in rats, final
adult brain size as well as performance on laboratory learning exercises varies
depending on experience during the maturational process (Bennett et al. 1964).
Similarly, humans who practise particular skills such as piano-playing or taxi-
driving develop enlarged neural structures pertinent to those tasks (Amunts et al.
1997; Maguire et al. 2000). Language-related functional reorganizations are also
known to occur in humans in relationship to environmental inputs. For example,
in congenitally deaf subjects who master sign language at a young age, regions of
the temporal lobe that normally mediate auditory functions become more attuned
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to visual input, including visual gestures (Neville 1991). Similarly, the visual
neocortex of congenitally blind subjects assumes tactile functions, if such indivi-
duals master Braille at a young age (Sadato et al. 1998). Even literacy changes brain
functions, and may, in fact, sharpen the neural perception of phonemes (Dehaene
et al. 2010). Recognition of the environmentally-induced developmental plasticity
of mammalian brains helps explain why chimpanzees, bonobos, and other apes,
reared from infancy in human homes, can, within limits, develop protolanguage-
like behaviours, whereas wild apes and/or apes captured in adulthood usually
cannot.

Brain plasticity, of course, has its limits. All brains of a given species strongly
resemble each other in overall structure and function. This must reflect considerable
genetic programming. As Szamad6 and Szathmary note, numerous genes impact on
brain development, and these genes appear to evolve at a rapid pace, thereby
potentially impacting rapid evolutionary changes in behaviour. Diller and Cann
(Chapter 15) focus on specific genes thought to influence the evolution of language
and the brain. FOXP2, a regulatory gene, helps determine when and where
other genes are expressed. In humans, certain FOXP2 mutations produce orofacial
dyspraxia (possibly by disrupting motor sequencing behaviours), some language
deficits, and mal-development of several neural structures (Lai et al. 2003). In other
animals, depending on the species, FOXP2 may exhibit increased or decreased
activity during periods of vocal learning. Hence, although no evidence indicates
that FOXP2 directly controls for vocal behaviour, the gene does, apparently, impact
on the development and functions of neural structures that do. Specific human
mutations in the FOXP2 gene were once thought to have occurred in the last 120,000
years. Re-evaluations of the genetic data now suggest a much earlier date of about 1.8
to 1.9 million years ago (Diller and Cann, Chapter 15).

Diller and Cann also review variants of two additional genes that, when mutated
in modern humans, result in microcephaly (microcephalin and ASPM). Dysfunc-
tional mutations in these genes result in abnormally small brains. Hence, it has
been suggested that both played key roles in the evolutionary enlargement of the
brain. Brain development, however, is a complex process involving hundreds,
possibly thousands, of genes. Functional disruptions in any of these can cause
developmental neural pathologies. This does not mean that earlier, different
mutations in the same genes caused increased brain size, only that normal, fully-
functional genes are needed for brain development. Other evidence cited by Diller
and Cann, however, indicates that certain variants of ASPM and microcephalin have
increased in frequency in the last 37,000 and 5800 years respectively. Some have
interpreted this to mean that these genes are currently experiencing positive
selection for their roles in brain function or development, but after reanalysing
the data, Diller and Cann conclude that the increased gene frequencies could
equally well represent genetic drift. In their view, in-depth analysis also fails to
support reports of correlations between the distribution of these genes and tonal
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languages. Ultimately, Diller and Cann conclude that language evolution is likely to
have resulted from interactions of a multiplicity of genes, rather than from a single
mutation in a ‘magic’ language gene. In sum, despite increasing research in this
area, our understandings of the genetic basis of language and of human-specific
neural developmental pathways remain vague.

12.2 ADULT BRAINS

Even though human children speak in full sentences by the time they are about 2%2
years old, most research on the neurological basis of language focuses on the
anatomy of the adult brain and, then, mostly on brain size or on the anatomy of
neocortical structures, some of which reach full functionality only in adolescence
or later. Brain size, both absolute and relative to body size, did increase steadily
from about 2,000,000 to 300,000 years ago (Mann, Chapter 26). It is likely that
these size increases were functionally adaptive; otherwise, they would have been
selected against. Large brains, after all, are metabolically expensive (Aiello and
Wheeler 1995). Specific language-related neural structures have also increased in
size in human evolution, as delineated in a number of the chapters in this section.
Consequently, increased brain size almost certainly contributed to the evolution of
language. However, no one-to-one correlation exists between language and overall
brain size, and no specific brain size Rubicon separates the linguistically capable
from the linguistically inept. Indeed, given that microcephalics do not entirely lack
linguistic abilities (Diller and Cann, Chapter 15) it is clear that overall brain size is
not the sole determinant of language capacity.

Most investigators have worked on the assumption that language evolution
primarily involved the neocortex, either the differential expansion of neocortical
areas and connections already present in non-human primates and/or the addition
of new neocortical structures. Gibson (Chapter 16) takes a somewhat different
stance. Following on from Gibson and Jessee (1999) and P. Lieberman (1991, 2000,
2002), she reminds us that lesions in structures such as the cerebellum and basal
ganglia often produce speech and language deficits. These areas have greatly
expanded in human evolution and they mature earlier than many areas of the
neocortex (Gibson 1991). In addition, a greater percentage of descending cortical
fibres terminate directly on brainstem and spinal cord motor neurons in humans
than in monkeys and apes, providing for finer control of lip, tongue, and finger
movements (Kuypers 1958). Consequently, neural areas and connections other than
those confined to the neocortex deserve far greater scrutiny from the language
origins community.
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Donald (Chapter 17) also emphasizes the role of neural circuitry involving the
basal ganglia, cerebellum, and neocortical areas (especially the premotor and
dorsolateral prefrontal cortex). These circuits enable procedural learning, that is,
the acquisition of motor skills that require much practice, including those needed
for mimesis and tool-making, both of which, in his view, preceded language
evolutionarily (see also Arbib, Chapter 20). Donald further notes that although
mimesis is, in large part, a sensorimotor function, the social contexts in which it is
used are amodal. Hence, once mimesis became an integral part of human beha-
viour, through, for example, mime, it would have selected for enhanced amodal
cognitive capacities, such as those needed for language and mediated by the
inferior parietal and frontal lobes (see also Wilkins, Chapter 19).

Most vertebrate brains exhibit functional lateralization (Rogers and Andrew
2002). In humans, the left hemisphere controls the right arm and hand and, as
Hopkins and Vauclair (Chapter 18) note, it is also dominant for language and
speech in 96% of right-handed and 70% of left-handed individuals. Although it has
long been known that individual primates prefer specific hands, until recently it
was assumed that population-wide preferences for the right hand were a uniquely
human trait. Indeed, the coincidence of two left hemisphere-controlled, largely
species-specific human behaviours (right-handedness and language) has led to
hypotheses that cerebral lateralization, language, and right-handedness evolved
together in a causally interconnected manner (Corballis 1993; Crow 2004). Such
views long received support from studies indicating that monkeys and apes fail
to display population-level handedness in simple manual reaching tasks. More
recently, however, Hopkins’ group has found population-wide right-handedness
in captive chimpanzees, when they were tested on complex manipulative tasks
requiring that an object be held in one hand and manipulated in the other
(Hopkins 1995).

In Chapter 18, Hopkins and Vauclair also report that captive chimpanzees,
bonobos, gorillas, and baboons all exhibit population-wide biases for the use of
the right hand for communicative gestures. In contrast, judging by asymmetrical
facial expressions, the majority of vocalizations and facial expressions in non-
human primates are controlled by the right hemisphere. The few exceptions,
controlled by the left hemisphere, include marmoset twitters and the novel rasp-
berry sounds and extended food grunts made by some captive chimpanzees.
Hence, lateralization in non-human primates may be greater for communicative
gestures than for manipulative behaviours, and for voluntary, as opposed to
emotional, vocalizations. These findings suggest that left-hemisphere dominance
for speech and language may have been preceded evolutionarily by left-hemisphere
dominance for voluntary gestures and vocalizations in other primates.

In humans, language and handedness are usually thought to be accompanied by
differential expansion of some left-hemisphere areas, in comparison to similar
areas on the right. A literature review by Hopkins and Vauclair finds that Broca’s
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area is somewhat inconsistently expanded in the left hemisphere in both apes and
humans. In contrast, the left temporal plane is usually expanded not only in
humans, but in apes as well. The left Sylvian fissure is also somewhat longer than
the right in both apes and humans. This fissure, which separates the temporal lobe
from the parietal and frontal lobes, is surrounded by neocortical areas known to
have language functions. In sum, anatomical and behavioural data indicate that
neural asymmetry is neither unique to humans nor a specific language specializa-
tion. That great apes and monkeys exhibit greater lateralization with respect to
gestural usage and voluntary vocalizations may, however, provide clues to possible
behavioural precursors to speech and language.

Wilkins (Chapter 19) addresses the anatomy and functions of Broca’s area, the
POT (parieto-occipito-temporal junction), the inferior parietal lobe, and tracts
that interconnect these areas. Since one of her aims is the delineation of ape/human
neural differences potentially visible in the fossil record, her primary focus is on
those species differences that can be seen on the external surface of the brain. This
is a critical point, because historically three different parameters have been used to
identify neural regions: external anatomy, internal cellular architecture (cytoarch-
itecture), and function. The three do not always provide identical results. For
example, a Broca’s area homologue was identified in monkey and ape brains via
cytoarchitecture as early as the 1940s (von Bonin and Bailey 1947; Krieg 1954), but
most investigators continued to insist, based on external morphology, that Broca’s
area was unique to humans until the discovery, in the 1990s, of mirror neurons, in
what many now accept as the monkey homologue of Broca’s area (see Arbib,
Chapter 20). Similarly, rhesus monkey and chimpanzee brains contain cytoarchi-
tectonic areas that these earlier neuroanatomists considered homologous to the
human POT. Externally, however, the anatomy of the POT region is quite different
in apes and humans. In apes, the lunate sulcus separates the occipital lobe from the
parietal and temporal lobes, while all three lobes merge in the human brain.
Wilkins accepts that much of the parietal cortex and Broca’s area have homologues
in monkey and ape brains, but she considers the POT to be uniquely human.
Nonetheless, she concludes from fossil evidence that the POT evolved early in our
lineage, prior to speech. These findings present an evolutionary quandary. The so-
called language areas of the human brain apparently evolved long prior to lan-
guage. From this, she concludes that language evolution involved exaptation, that
is, the re-appropriation of pre-existing functions to new uses.

For the most part, Wilkins focuses on the spatial functions of the parietal lobes
and their interactions with Broca’s and other motor areas in the frontal lobe.
Specifically, she notes that that the human POT plays an active role in the formation
of modality-free conceptual structures (see also Coolidge and Wynn, Chapter 21;
Donald, Chapter 17). In her view, these functions represent a natural expansion
of primate posterior parietal lobe functions, which include the construction of
modality-neutral spatial concepts and the spatial orientation of arm and hand
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movements. In non-human primates, these posterior parietal functions are coordi-
nated with motor functions of the frontal lobes to produce object-related actions.
She hypothesizes that the expansion (or emergence) of the POT permitted the
enhanced spatial analyses required for the coordination of arm, hand, and thumb
movements with respect to tool use and throwing (see also Calvin 1985). Since many
linguistic structures are spatially and thematically organized, POT expansion also
provided the necessary conceptual structure for critical components of the language
function; hence, in her view, spatial skills that developed initially in tool-using
situations were later co-opted for language.

Arbib (Chapter 20) also pursues issues of primate/human neural homologues
and neural exaptations. He accepts that the human Broca’s area is homologous
with similar areas in monkeys and apes, but notes that it has no obvious vocal
functions in other species. In contrast, neural areas that do mediate primate
vocalizations have no known linguistic role in the human brain. Rather, he posits
that mirror neurons found in Broca’s area of non-human primates served as the
foundation stones upon which imitation, gesture, and language were built. These
neurons fire when a monkey executes a particular manual action and when it
observes another individual performing the same action. Mirror neurons thus
provide an essential language function—parity; that is, assuring that communica-
tor and recipient have similar perceptions. In Arbib’s view, mirror neurons serve as
essential components of language and imitation, but are not, by themselves,
sufficient to mediate behaviours which require the hierarchical integration of
multiple actions and concepts. Since the earliest mirror neurons to be identified
were related to manual actions, Arbib adopts a gestural model of language origins
and delineates how such a system may have evolved. More recent research indicates
that mirror neurons are also found in the inferior parietal lobe; may represent oral
movements as well as manual; and may also be of an audiovisual nature. Hence, the
mirror neuron story continues to unfold.

Coolidge and Wynn (Chapter 21) focus on the neurological and cognitive
correlates of indirect speech, that is, intentionally ambiguous utterances that
must be interpreted with regard to social context and that are used primarily in
situations that require diplomacy. In their view, indirect speech requires working
memory, executive control structures, and theory of mind. Working memory, in
turn, is composed of phonological storage capacity, a visual spatial sketchpad and
an episodic buffer which allows the contents of phonological storage and the
visuospatial sketchpad to be simultaneously held in conscious thought, manipu-
lated, and combined and recombined with respect to each other. Hence, it facil-
itates the construction of complex plans and mental models. Executive functions
monitor these activities via selective inhibition and attention. Since indirect speech
is a product of multiple interacting cognitive components, it must also be a
product of multiple interacting regions of the brain. In particular, Coolidge and
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Wynn note the involvement of the inferior parietal and superior temporal lobes
and the dorsolateral frontal cortex.

Taken as a whole, the chapters in this section indicate that nearly all higher
neural processing centres play some role in the mediation of language or speech.
The complexity of the neural interactions required for indirect speech, in particu-
lar, suggests that whatever neural changes may have been needed to initiate and
sustain protolanguage and/or the language of human infants, fully developed
‘diplomatic’ language capacities reflect the interactions of much of the neocortex.
In her paper on ape language (Chapter 3), Gibson notes that great apes fall short of
humans in their ability to construct linguistic, technical, and other hierarchies, and
it is widely accepted that many aspects of language, most strikingly syntax, are
hierarchically structured. Consequently, it would seem of prime interest to deter-
mine which neural areas mediate hierarchical abilities. Greenfield (1991) assigned
that role to Broca’s area. Arbib (Chapter 20) follows her lead. Wilkins (Chapter 19)
remarks that the POT is structured to automatically create mental hierarchies.
Coolidge and Wynn (Chapter 21) do not use the term ‘hierarchical’, but they do
suggest that the ability to hold multiple images in mind in order to combine and
recombine them is mediated by the dorsolateral frontal lobe. That the various
authors in this section assigned hierarchical processing or components thereof to
different parts of the neocortex would appear to validate earlier suggestions by
Gibson that the creation of linguistic and other hierarchies, like indirect speech,
requires the interactions of multiple cortical processing areas (Gibson 1996a;
Gibson and Jessee 1999).

12.3 THE VOCAL TRACT

Although changes in brain function almost certainly played central roles in lan-
guage evolution, as MacLarnon notes (Chapter 22), other critical anatomical
changes occurred as well. For example, the larynx is lower in humans than in
apes and the oral cavity is differently structured. Together, these changes allow
humans to produce sounds not readily produced by apes. This vocal tract reorga-
nization may have been facilitated by bipedalism, diet, or a combination of the two.
In addition, humans have far greater neural control of their breathing than do apes,
and, unlike apes, they have no laryngeal air sacs. MacLarnon suggests that
increased control of the respiratory apparatus involved expansion of the numbers
of neurons in the thoracic spinal cord. While it is impossible to determine laryngeal
position from fossils, the very few hyoid bones that have been found suggest that
modern human laryngeal structure, including absent air sacs, may have been
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present in the common ancestor of Neanderthals and anatomically modern hu-
mans, but not in australopithecines. Similarly, fossil vertebrae indicate that both
Neanderthals and anatomically modern humans had achieved the modern size of
the thoracic spinal cord, but Homo erectus had not (see Wood and Bauernfeind,
Chapter 25, for a contrary view on the thoracic cord).

12.4 SUMMARY

In sum, evidence indicates that language evolution probably demanded changes in
multiple interacting genes and involved expansions in multiple parts of the brain,
as well as changes in the vocal tract and thoracic spinal cord. Given our current
understandings of exaptation, niche construction, the Baldwin effect, and neural
plasticity, neural changes probably built upon precursor neurobehavioural func-
tions in non-human primates and occurred over a lengthy period of time. In some
cases both neural and vocal changes may have occurred in response to the selective
pressures exerted by language and culture, as opposed to strictly external environ-
mental circumstances; see also Bickerton (2009a). Nothing that we know about
genetic or neural functions would suggest that language arose in response to a
sudden mutation or the sudden appearance of a new neural module.



CHAPTER 13

INNATENESS AND
HUMAN LANGUAGE:
A BIOLOGICAL
PERSPECTIVE

W. TECUMSEH FITCH

13.1 INTRODUCTION

Nativism is the idea that some traits that an adult organism exhibits are caused not
by postnatal interactions with the environment, but by virtue of biology, due to
inborn or ‘innate’ factors already present when its life began. By this broad
characterization, every biologist is a nativist. A congenital disease like cystic fibrosis
is caused not by interactions with the environment (infection, toxins, injury, etc.)
but by causal factors already present in the fertilized egg (namely, homozygosity for a
rare recessive allele in the CFTR gene). Despite critics’ frequent accusations, using the
term ‘innate’ in such cases does not entail belief in ‘pure’ genetic causes (the
environment necessarily plays a role), or in determinism (medical treatment can
often ameliorate genetic diseases), or in preformationism (foetuses do not suffer
from cystic fibrosis in utero). It simply picks out an important subset of traits that we
observe in living organisms: those that have an important, ineliminable genetic basis.

Descartes argued, by analogy with hereditary diseases, that some ideas are inborn
in a similar sense. Although most subsequent discussion of this ‘doctrine of innate
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ideas’ occurred among philosophers, in the 1950s Noam Chomsky put it at centre
stage in linguistics, with his argument that crucial components of the mechanisms
by which humans acquire language are innate, and that the ‘general learning
mechanisms’ studied by behav