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ABSTRACT

The Evolution of Language in Three Stages

Syntactic language is a uniquely human accomplishment, and must
therefare have evolved since the split of the hominins from the other
great apes some six million years ago. | argue that there were three
main phases. The first came about through the emergerice of bipedalism,
a distinctively hominin trait, which enhanced the capacity for manual
communication by freeing the hands and opening a frontal stance. The
second began with the emergence of the larger-brained genus Homo
from around 2 million years ago, The increase in brain size may have
been driven by the necessity for enhanced social cooperation, and the
emergence of a more effective system for communicating propositional
information. Many of the praperties of Janguage, including the use of
arbitrary symbols, and the emergence of tense and other markers of
time and place, may have been driven by the increased understanding
of time, and the advantages gained by recording and communicating
episodic events. In short, language acquired syntax. The final stage,
unique to Homo sapiens, was the emergence of autonomous speech as
the primary mode of communication, replacing earfier dependence on
manual gesture. This may help explain the dominance of our species
over other hominin species, and indeed over the planet.
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OZET

Hominin ve bllyOk maymunun altt milyon il énce birbirinden ayrilmasi ile
geligen, insanoglunun en essiz basarisi, sézdizimsel dildir. Bu galismada dil
gelisiminin (¢ ana asamasi ele alinmistir. Birinci asarma, ellerin serbest
kalmasini ve frontal durus biciminin olusmasini saflayarak el ile iletisimi
gelistiren, tamamen insanimsi bir davramis olan bipedalizmin ortaya
akmasidir. Ikinci asarma, yaklasik iki milyon yil énce bilyik beyinli tirlerden
biri olan Homo turlerinin artaya cikisicir, Beynin buydmesi ise, sosyal ishirligi
gereksiniminin artmasi ve bilgiye dayall iletisimin ortaya cikmas ile gelismis
olmaldir, Gelisigizel sembollerin kullarilmasi, zamanlann ve diger yer-
zaman belirteclerinin ortaya ckmasi gibi dilin birgok ézelligi, zamanin
giderek anlasiimaya baslanmasi ve epizodik olaylarin kayit edilmesi ve
aktanlmasi ile kazanilmistir, Kisacasi, dil sézdizimini kazanmistir, Homo
sapieniere 6zl son asama ise, eski zamanlardaki el kol isareti il
anlasmanin yerini alan, iletisimin ilk sekli olan kendine dzgll anlatim bici-
minin dogusudur. Bu durum bizim, kendi tiirimiiz, dider insanims: tirler
ve aslinda gezegen Uzerindeki hakimiyetimizi agiklamamiza yardime ola-
bilir,
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INTRODUCTION

There is fairly general agreement that language is a
uniquely human accomplishment. Although other
species communicate in diverse ways, human
language has properties that stand out as special.
The most obvious of these is generativity -the ability
to construct a potentially infinite variety of
sentences, conveying an infinite variety of
meanings. Animal communication is by contrast
stereotyped and restricted to particular situations,
and typically conveys emotional rather than
propositional information. The generativity of
language was noted by Descartes as one of the
characteristics separating humans from other
species, and has also been emphasized more
recently by Chomsky, as in the following often-
guoted passage:

“The unboundedness of human speech, as an
expression of limitless thought, is an entirely
different matter (from animal communication),
because of the freedom from stimulus control; and
the appropriateness to new situations... Modern
studies of animal communication so far offer no
counterevidence to the Cartesian assumption that
human language is based on an entirely different
principle. Each known animal communication
system either consists of a fixed number of signals,
each associated with a specific range of eliciting
systems or internal states, or a fixed number of
linguistic dimensions,’ each associated with a non-
linguistic dimension."’

More recently Chomsky, in a co-authored article,
has acknowledged that some aspects of language
may owe their origins to adaptations also present in
other primates, but that the generative, recursive
nature of language is distinctively human.***

Despite general agreement on this point, there is
controversy over how and when language evolved.

Although captive chimpanzees, bonobos and other
great apes have acquired some of the features of
language, including the use of symbols to denote
objects or actions, they have not displayed
anything like recursive syntax, or indeed any
degree of generativity beyond the occasional
combining of symbols in pairs. To quote Pinker,”
they simply don’t “get it.” This suggests that the
common ancestor of humans and chimpanzee was
almost certainly bereft of anything we might
consider to be true language. Human language
must therefore have evolved its distinctive
characteristics over the past 6 million years. Some
have claimed that this occurred in a single step,
and recently -perhaps as recently as 170,000 years
ago, coincident with the emergence of our own
species. This is sometimes referred to as the "big
bang"” theory of language evolution. For example,
Bickerton® asserted that “... true language, via the
emergence of syntax, was a catastrophic event,
occurring within the first few generations of Homo
sapiens sapiens (p. 69)." Even more radically,
Crow® has proposed that a genetic mutation gave
rise to the speciation of Homo sapiens, along with
such uniquely human attributes as language,
cerebral asymmetry, theory of mind, and a
vulnerability to psychosis.

Against this is a more conventional Darwinian view
that language evolved in incremental fashion,
through natural selection, as maintained by Pinker
and Bloom’ and elaborated by Jackendoff.” In this
article, | propose that there were three broad phases
to the emergence of modern language, spanning
the past six million years.

Stage 1: Bipedal hominins

The journey toward articulate language began with
the separation of the hominin line from that leading
to modern chimpanzees and bonobos. The earliest
fossil skull tentatively identified as a bipedal hominin
is Sahelanthropus tchadensis, discovered in Chad,

* |t has recently been claimed that starlings can parse recursive sequences, suggesting that phrase structure grammar may not be beyond the capacity of a nonhuman

species. This claim is based on highly questionable evidence -see Corballis {in press).
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and dated between 6 and 7 million years ago.® This
date is probably very close to the time of the
chimpanzee-hominin split, estimated at between
6.3 and 7.7 million years ago by a DNA-DNA
hybridization technique. Another early fossil,
Orrorin  tugenensis, is perhaps more securely
identified as a hominin, and is dated from between
5.2 and 5.8 years ago."

The feature that distinguished the hominins from
the great apes was bipedalism. The idea that
bipedalism may have contributed to the evolution of
language was well anticipated by the 19th century
linguist Wilhelm von Humboldt:

"And suited, finally, to vocalization is the upright
posture of man, denied to animals; man is thereby
summoned, as it were, 10 his feet. For speech does not
alm at hollow extensions in the ground, but demands
to pour freely from the lips towards the person
addressed, to be accompanied by facial expression
and demeanor and by gestures of the hand, and
thereby to surround itself at once with everything that
proclaims man human - ftalics added. "

Although the upright stance might indeed have
enhanced vocal communication, its more immediate
and obvious effect would have been to free the
hands. Nonhuman primates, no doubt including our
Immediate predecessors, also have a frontal stance,
but are quadrupedal rather than bipedal. Our nearest
primate relative, the chimpanzee, makes fairly
extensive use of manual gestures, and these are
arguably under more voluntary control than
vocalizations, which in nonhuman primates serve as
emotional signals rather than propositional
utterances. Attempts to teach chimpanzees and
other great apes to talk have proved fruitless,” but
some progress toward human-like language has
been accomplished using gestures, loosely based on
American Sign Language, or by having the animal
point to symbols on a keyboard.” As noted above,
the animals still don't "get” the concept of grammar,
but appear able to use abstract symbols to denote
objects and actions, and to combine them in pairs or

triplets to make simple requests. Their vocabularies
may number in the hundreds, but this is of course
well short of the vocabulary attainable by humans,
which numbers in the tens of thousands. Echoing
Pinker, Bickerton® wrote that “The chimps’ abilities at
anything one would want to call grammar were next
to nil,” and has labeled this pre-grammatical level of
linguistic performance “protolanguage.”

Curiously, protolanguage has not been convincingly
demonstrated among great apes in the wild,
although closer study of natural gestures may well
reveal greater sophistication than has hitherto been
recorded. Nevertheless protolanguage may well
form the platform from which true language
evolved, as proposed by Jackendoff.® It is even
possible that it was the discovery of protolanguage
among the early hominins that drove bipedalism
itself, freeing up a manual system ready-made for
intentional action.

There are of course other possible explanations for
the emergence of bipedalism, although none is
completely satisfactory. One theory is that
bipedalism evolved to allow more accurate throwing
and clubbing.™ Another controversial idea is that it
was a product of an aquatic phase, in which the
early hominins spent part of their existence wading
in water, perhaps foraging for food in rivers, lakes,
or the ocean side. ™" The idea that bipedalism might
have been driven by selection for more effective
communication is also controversial, especially since
it implies that language itself evolved from manual
gestures, rather than from vocal calls.

The gestural theory of language evolution
The idea that language may have evolved from
manual gestures is nevertheless old, dating back at
least to Condillac,” and was revived in a landmark
article by Hewes” It has been increasingly
advocated over the past decade.?? It is based on a
number of considerations, and not merely on the
manual communicative capacities of great apes.
The late William C. Stokoe based his argument for

Turk Nérolofi Dergisi 2007; Cift:13 Sayr:3

175



#

the gestural theory primarily on the now well-
established fact that the signed languages of the
deaf have all the generativity and syntactic
sophistication of spoken languages.™" Four
additional “facts,” he claimed, show further that
visible language must have preceded speech:

1. Sign languages still exist.

2. Spoken utterances often require visible signs In
arder to be fully understandable.

3. Only visible signs have natural links to concepts
and syntactic structures.

4. All human infants use gesture to communicate
before they master the language of their
caretakers, whether that is a spoken language or
a signed language.”

The theory has also received support from primate
neurophysiology. Area F5 of the ventral premotor
cortex of the monkey is the homologue of Broca’s
area, which in humans is involved in the production
of vocal speech. In primates, however, area F5 has
to do with manual action, not vocalization. Cells in
F5 respond when the animal makes grasping
movements with the hand or mouth, and a subset
of those cells, dubbed “mirror neurons,” also fire
when the animal observes another individual
making the same movements. It is now known that
mirror neurons are part of a more general mirror
system, involving areas in the superior temporal
sulcus, and parietal lobe, as well as premotor
cortex.” The direct mapping of perceived action
onto the production of action seems to provide a
platform for the evolution of language.” It is
reminiscent of the so-called motor theory of speech
perception, which postulates that we perceive
speech with reference to its production, and not
through acoustic analysis.” That is, the mapping
system underling the perception of speech may be
part of a more general system for the understanding
of biological action.

There is so far no evidence that the mirror system is
involved in the perception or production of

vocalization in nonhuman primates, suggesting that
the incorporation of vocalization into the system
may have occurred late in hominin evolution -this is
discussed further below. The vocalizations of
nonhuman primates are probably largely automatic
and emotional, controlled by the limbic system
rather than the cortex.” Nevertheless there are cells
in area F5 of the monkey that respond to the sounds
of certain actions, such as the tearing of paper or
the cracking of nuts.” That is, the mirror system may
have been pre-adapted for the analysis of sound in
terms of the actions that produced those sounds,
but not for vocalization itself.

Stage 2: Large-brained Homo

The early bipedal hominins may well have
communicated more effectively than their primate
forebears, with the freeing of the hands and arms
providing for a more extensive signaling capacity.
There is little reason to suppose, however, that they
had evolved a form of communication beyond
protolanguage.

The emergence of a more grammatical, generative
form of communication may have begun only with
the emergence of the genus Homo, from around 2
million vears ago. Although there is no direct
evidence pertaining to language itself, a number of
other changes from that time suggest the
development of greater cognitive complexity. Stone
tool industries have been dated from about 2.5
million years ago in Ethiopia,® and tentatively
identified with Homo rudolfensis. However these
tools, which belong to the Oldowan industry, were
primitive, and some have suggested that H.
rudolfensis and H. habilis, the hominin traditionally
associated with the Oldowan, should really be
considered australopithecines.” The true climb to
humanity, and to language, probably began a little
later, with the emergence of the larger-brained
Homo erectus around 1.8 million years ago, and the
somewhat more sophisticated Acheulian tool
industry dating from around 1.5 million years ago.*
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Bigger brains

But tool manufacture was not the only quide to the
advance of cognition, and was probably not even
the most telling one, since the Acheulian industry
remained fairly static for over a million years, and
even persisted into the culture of early Homo
sapiens some 125,000 years ago.™ A better
indicator may be the increase in brain size.
According to estimates based on fossil skulls, brain
size increased from 457 cc in Australopithecus
africanus, to 552 cc in H. habilis, to 854 cc in early
H. erectus (also known as H. ergaster), to 1016 cc in
later H. erectus, to 1552 in H. neanderthalensis, and
back to 1355 cc in H. sapiens.” These values depend
partly on body size, which probably explains why
H. neanderthalensis, being slightly larger than
modern humans, also had slightly larger brains, but
the picture is clearly one of a progressive increase,
first clearly evident in early Homo.

The increase in brain size corresponds at least
approximately to the era known as the Pleistocene,
usually dated from about 1.8 million years to about
10,000 years ago" -although it has been argued
that it should be dated from as early as 2.58 million
years ago,” which corresponds more closely to the
emergence of the genus Homo. With the global
shift to cooler climate after 2.5 million years ago,
much of southern and eastern Africa probably
became more open and sparsely wooded.” This left
the hominins not only more exposed to attack from
dangerous predators, such as saber-tooth cats,
lions, and hyenas, but also obliged to compete with
them as carnivores. The solution was not to
compete on the same terms, but to establish what
Tooby and DeVore" called the “cognitive niche,”
relying on social cooperation and intelligent
planning for survival. As Pinker” put it, it became
increasingly important to encode, and no doubt
express, information as to “who did what to whom,
when, where, and why.” The problem is that the
number of combinations of actions, actors,
locations, time periods, implements, and so forth,
that define episodes becomes very large, and a

system of holistic calls to describe those episodes
rapidly taxes the perceptual and memory systems.
Syntax may then have emerged as a series of rules
whereby episodic elements could be combined.

Language, memory, and time

Episodic memory may itself be a uniquely human
endowment,® evolving as a subsystem of
declarative memory to record specific events.”
Declarative memory is contrasted with nondeclarative
memory in that it is conscious, and can be
“declared.” The adaptiveness of episodic memory, in
particular, may derive not so much from its role as a
record of the past as from its potential in planning the
future.”* Indeed, people probably remember only a
small fraction of actual past episodes,” and events are
often remembered Inaccurately, even to the point
that people will claim with some certainty to have
remembered events that did not in fact happen.®*
What remembered episodes do is provide a
vocabulary of episodic components from which to
plan events in the future, and perhaps to mentally
rehearse them in anticipation.

Language may have evolved as a means of sharing
information about episodes, whether actual or
planned, thus vastly increasing our episadic
vocabularies. Sometimes, people confuse their own
experiences with those of others, and of course we
humans seem to have an insatiable appetite for
stories, whether told round the campfire, written in
novels, or played in theatres or on television screens.
Sometimes even memory and fiction are confused.
During several of his political campaigns, former US
President Ronald Reagan told the story of a
wounded gunner whose plane was hit by anti-
aircraft fire in World War Il, and he could not eject
from his seat. His commander comforted him,
saying “Never mind, son, we’'ll ride it down
together,” and was posthumously awarded the
Congressional Medal of Honor for heroism. It was
later revealed that this was not a true event, but was
a scene from the 1944 movie A Wing and a
Prayer.**

* And of course if the story were true, neither Reagan nar anyone else could have known the details, since both the gunner and the cammander were killed in the crash,
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Through episodic memory, we have come to
understand the very concept of time, which itself
may be uniquely human.” Our remembered
episodes give us a sense of the personal past, which
is readily extrapolated to a personal future. The
notion of time also extends beyond the bounds of
our own lives, as we ponder the events of history
and prehistory, or worry about the future of the
planet. The understanding of time also leads to an
understanding of death, and anxiety over what
happens to us after we die may have been partly
responsible for the emergence of religions that
promise life after death.

Many of the properties of language, including
syntax, emerge naturally from the requirements of
conveying episodic memories. Past and future
episodes are remote from the present in time, and
typically in space as well, and also involve individuals
and objects that are not physically present. In order
to describe these episodes we therefore need ways
of representing these absent components.
Languages, whether signed or spoken, accomplish
this through the use of symbols. Of course
nonhuman animals have also evolved ways of
communicating symbolically. For example, vervet
monkeys give different warning cries to distinguish
between a number of different threats, such as
snakes, hawks, eagles, or leopards. When a
monkey makes one of these cries, the troop acts
appropriately, clambering up trees in response to a
leopard call or running into the bushes in response
to an eagle call.” These cries bear no obvious
relation to the sounds emitted by the predators
they stand for, and are in that sense symbolic.
Similarly, chimpanzees in the wild emit a pant-hoot
call on the discovery of food,” and the bonobo
Kanzi has learned hundreds of abstract symbols
representing objects and actions.” These symbols
refer to events in the present, whereas the symbols
used by humans have extended properties of
reference, involving continuity across time and
space.”

One of the features of syntax is tense, which has to
do with conveying information about time itself.
Thus we can refer to events that happened in the
past, or to anticipated future events. Indeed,
syntactic structures go much further and allow us to
specify what will have happened, what might have
happened, what was happening, what should
happen, what was about to happen, and so forth.
We have also developed semantic systems to locate
events precisely in time, by specifying the century,
decade, year, month, day, and even time of day.
Displacement in time also usually means
displacement in space; the events of yesterday
typically happened in some place other than the
present location, so we need conventions to refer to
space. Indeed, it has been argued that the structure
of language itself derives from our concepts of
space,”* and that time can also be represented
spatially—the so-called “fourth dimension.” In
American Sign Language the time line runs from
behind the body, representing the past, to the front
of the body, representing the future®™ Most
prepositions in English, such as at, about, around,
between, among, along, across, against, from, to,
and through, are fundamentally spatial but can be
used to refer to time as well, and only a few, such
as since or until, apply specifically to the time
dimension. Spatial prepositions are also transported
to logical expressions, such as A follows from B, or
The argument against A is B. The intimate link
between grammar and space may derive from
human development, and Mandler™ has argued that
language is structured spatially because preverbal
infants have already constructed spatial
representations, and syntax is then built onto these
representations. The developmental links between
language and spatial concepts is explored more fully
in the edited volume by Bloom et al.”

In neuroanatomical terms, the key to the evolution
of both mental time travel and language may lie in
the mesial temporal lobe, and more particularly the
hippocampus. O'Keefe and Nadel* showed that
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the infrahuman hippocampus comprises a
“cognitive map,” in which particular locations are
stored for future use. O'Keefe suggests that this
model must be extended to account for evidence
on the role of the hippocampus in humans, in two
ways. First, time itself must be incorporated into the
model to allow for the storage of spatictemporal
information, thus providing for episodic memory. [t
is likely that the frontal lobes are also critically
involved in adding the time dimension.® Second,
the model must be extended to account for
lateralization of function, with much of the left
hemisphere taken over by language functions. In
humans, damage to the right mesial temporal lobe
results in amnesia for episodic visuospatial material,
while left-sided damage results in amnesia for
linguistic material.* Thus the right hippocampus
receives inputs from analysis of the physical world,
while the left hippocampus receives inputs from
language centers. Again, this account emphasizes
the priority of spatial structures in the
representation of both time and language.

The complementary nature of language and space
extends also to the neocortex. Language is
represented in many areas of the brain,
predominantly but not exclusively in the left
hemisphere.” In some areas, notably in parietal and
temporal lobes, the corresponding areas on the
right side have to do with spatial perception,®
suggesting that language usurped left-sided areas
that had evolved earlier to subserve spatial
functions. It should be noted, though, that cerebral
asymmetry per se is not unique to our species, but
has been widely documented in many if not most
other species, including reptiles, birds, fish,
mammals, and primates.®® The seeds for
lateralization were undoubtedly sown early in
vertebrate evolution, but lateralization appears to be
especially pronounced expression in the human
brain, especially with respect to handedness,
manual action, and visuospatial attention.

The development of episodic memory, mental time
travel, and language probably began with the

emergence of the genus Homo. There is also
evidence that the spatial world of our forebears
expanded during the Pleistocene. Homo erectus
marked the progression from a relatively primitive
form of bipedalism, retaining a degree of adaptation
to an arboreal habitat, to the full striding gait
characteristic of modern humans. It has been
suggested that the newer form of bipedalism
evident from erectus on was also an adaptation to
efficient endurance running, and resulted in marked
changes to skeletal structure.” From about 1.6
million years ago, some members of this species
strode out of Africa and into Asia, and erectus fossils
in Java have been dated to as recently as 30,000
years ago.”

In summary, the genus Homo was characterized by
a greatly extended habitat, a brain structured by
enhanced spatial and temporal understanding, and
an unprecedented ability to communicate that
understanding to others.

Stage 3: Articulate humans

Although syntactic language may have evolved
during the Pleistocene, it was probably primarily
manual rather than vocal, at least until the
emergence of Homo sapiens. It may have resembled
the signed languages invented by present-day deaf
communities, although it is likely that vocal
elements were increasingly introduced. Fossil
evidence suggests that articulate speech emerged
late in the evolution of the genus Homo, which
gives further grounds for supposing that it may have
been preceded by a gestural system. Indeed, | shall
argue that autonomous speech did not emerge until
the arrival of our own species, Homo sapiens, some
170,000 years ago, and perhaps even later, and may
have been the distinctive characteristic that led to
human domination on the planet, and the eventual
extinction of all other hominin species.

The idea that language could have switched from a
manual to a vocal form is nevertheless one of the
main difficulties associated with the gestural theory.
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In his 2005 book The Talking Ape, the linguist
Robhins Burling™ writes as follows:

... the gestural theory has one nearly fatal flaw. Its
sticking point has always been the switch that
would have been needed to move from a visual
language to an audible one (p. 123).

The point is a fair one. On the surface, at least, it
does indeed seem unlikely that language could have
shifted from a system involving visual perception of
hand and arm movements to one involving auditory
perception of movements of the tongue, lips, and
larynx. A deeper analysis, though, suggests
continuity between hand and mouth, implying that
the transition may have been relatively smooth.

The transition from hand to mouth

The transitional problem is eased by increasing
recognition that speech itself is a gestural system,
rather than an acoustic one. Earlier, | referred to the
motor theory of speech perception, and the
implication that speech is perceived, not through
regular  acoustic  analysis,  but through
understanding of the actions producing the speech
sounds. This has led to what is known as articulatory
phonology,”® in which speech is understood as
comprised of articulatory gestures rather than of
phonemes. Six articulatory organs -namely, the lips,
the velum, the larynx, and the blade, body, and root
of the tongue- produce these gestures. Each is
controlled separately, so that individual speech units
are comprised of different combinations of
movements. The distribution of action over these
articulators means that the elements overlap in time,
which makes possible the high rates of production
and perception.”

Given that speech is a gestural system, the transition
from hand to mouth could well have been gradual,
and in any case language has probably always been
a combination of manual, facial, and vocal
elements. Indeed it remains so today, since people
characteristically gesture manually and facially as

they speak, and these visible gestures can convey
critical information.”*” Manual movements can also
influence the actual production of speech. Relative
to grasping a small object, grasping a large object™
and bringing it to the mouth™ induces selective
increases in parameters of lip kinematics and voice
spectra of syllables pronounced simultaneously with
action execution. Even observing another individual
grasping or bringing to the mouth larger objects
affects the lip kinematics and the voice spectra of
syllables simultaneously pronounced by the viewer.”’
These findings suggest a mechanism of double
command to hand and mouth, which may have
helped mediate transfer of the language medium
from a manual to a vocal system.”

The evolutionary sequence of events may be
paralleled by those in the development of language
in children, in which gestures are intimately tied to
vocalizations.* For example, canonical babbling in
children aged from 6-8 months is accompanied by
rhythmic hand movements. Manual gestures
predate early development of speech in children,
and predict later success even up to the two-word
level. Word comprehension in children between 8
and 10 months and word productions between 11-
13 months are accompanied by gestures of pointing
and showing and gestures indicating recognition,
respectively. Even in adults, it is well known that
manual gestures accompany speech, to form a
single integrated system.”

It is also likely that movements of the face were
transitional between manual and  vocal
communication. Visible movements of the face can
also influence the perception of speech, as in the
McGurk effect, in which dubbing sounds onto a
mouth that is saying something different alters what
the hearer actually hears,” Watching speech
movements, and even stills of a mouth making a
speech sound, activate the mirror system, including
Broca's area.” Although we can communicate
without having to see the person we are talking to,
as on radio or cell-phone, speech in the natural
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world is rendered more eloquent and meaningful
with the addition of bodily movements.

What has changed, then, is the relative contribution
of visual and vocal components. The early
hominins, as we have seen, were naturally
preadapted to communicate using the hands and
arms, and any vocal contribution is likely to have
been restricted to emotional grunts, perhaps
somewhat resembling those of modern tennis
players. Unlike vocalization, manual movements
were under voluntary control, and free movement
of the hands in space provided a natural theater for
communicating information about events in the
spatiotemporal  world. Some degree of
communication could be accomplished through
mime, but this would become increasingly unwieldy
with the increase in vocabulary size.

It is often claimed that signed languages are
fundamentally iconic, in which objects or actions
are sculpted by the hands as pictorial
representations. Although some signs do have
some degree of iconicity, most signs have lost their
iconic component and become arbitrary. This
requires a process of conventionalization, whereby
the meanings of symbols become known to the
linguistic community.” Conventionalization is as
much a requirement of signed languages as of
spoken ones, and different signed languages can
be as “foreign” to one another as are different
spoken languages. The use of arbitrary rather than
iconic or analog representations may not be a
fundamental property of language so much as a
matter of expediency. Even in the visual domain, it
s time-consuming to construct spatial represen-
tations of all objects and actions that we know, and
in the speech domain there is little opportunity for
analog representation, except perhaps in the case
of onomatopoeia (as in words like buzz or swish).
The switch to arbitrary representation also allows
the development of symbols to refer to abstract
ideas, like honesty or altruism.

Through evolutionary time, though, there would
have been pressure to shift from the hands to the
face, and ultimately to voicing. As Homo began to
develop more sophisticated manufacturing
technigues, there would have been increased
competition between use of the hands for
communication, and the use and manufacture of
tools. Communication may therefore have
increasingly incorporated facial movements, which
are also under some degree of voluntary control,
thereby freeing the hands for manufacture, as well
as for carrying things. It is increasingly recognized
that facial movements play an important role in
present-day signed languages, and are critical to
syntax. For example, in American Sign Language,
Interrogation is signaled by raising the eyebrows,
and negation by shaking the head.®

Incorporation of mouth movements, in particular,
would be facilitated by pre-existing neural
connections having to do with the role of the hands
in bringing food to the mouth.” Thus there may
have been increasing pressure for the tongue, lips,
and vocal tract to assume more of the
communicative burden. Since the tongue, velum,
and larynx are for the most part invisible, there may
have been pressure to add sound, so that gestures
of the mouth were rendered accessible. Adding
voicing to the gestures also provides for the
distinction between voiced and unvoiced sounds,
adding to the possible repertoire. In this view,
speech itself may be considered to be facial gesture,
half swallowed. We are able to recover speech
gestures somewhat in the way that monkeys,
through the activity of the mirror system can
recover, the actions leading to the sound of paper
tearing, or nuts being cracked open.

Fossil evidence

Fossil evidence suggests that the anatomical
changes necessary for articulate speech occurred
gradually in evolution, and were probably not
complete until the emergence of our own species,
Homo sapiens. If this is so, then articulate speech
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was probably predated by the evolution of syntactic
language itself. One piece of evidence has to do
with the hypoglossal canal at the base of the
tongue. The hypoglossal nerve, which passes
through this canal and innervates the tongue, is
much larger in humans than in great apes, probably
because of the important role of the tongue in
speech, Fossil evidence suggests that the size of the
hypoglossal canal in early australopithecines, and
perhaps in Homo habilis, was within the range of
that in modern great apes, while that in
Neanderthal and early H. sapiens was well within
the modern human range,*” although this has been
disputed.* A further clue comes from the finding
that the thoracic region of the spinal cord is
relatively larger in humans than in nonhuman
primates, probably because breathing during
speech involves extra muscles of the thorax and
abdomen. Fossil evidence indicates that this
enlargement was not present in the early hominins
or even in Homo ergaster, dating from about 1.6
million years ago, but was present in several
Neanderthal fossils.®*

The production of articulate speech in humans
depends on the lowering of the larynx. According to
P. Lieberman®® this adaptation was incomplete
even in the Neanderthals of 30,000 years ago, and
their resultant poor articulation would have been
sufficient to keep them separate from H. saprens,
leading to their eventual extinction. This work
remains controversial,® but there is other evidence
that the cranial structure underwent changes
subsequent to the split between anatomically
modern and earlier "archaic” Homo, such as the
Neanderthals, Homo heidelbergensis, and Homo
rhodesiensis. One such change is the shortening of
the sphenoid, the central bone of the cranial base
from which the face grows forward, resulting in a
flattened face.” D. E. Lieberman speculates that this
is an adaptation for speech, contributing to the
unigue proportions of the human vocal tract, in
which the horizontal and vertical components are
roughly equal in length. This configuration, he

argues, improves the ability to produce acoustically
distinct speech sounds, such as the vowel [i].% It is
not seen in Neanderthal skeletal structure,”
suggesting that it emerged in our own species
within the past 500,000 years.

Another adaptation unique to H. sapiens is
neurocranial globularity, defined as the roundness
of the cranial vault in the sagittal, coronal, and
transverse planes, which is likely to have increased
the relative size of the temporal and/or frontal lobes
relative to other parts of the brain.” These changes
may reflect more refined control of articulation and
also, perhaps, more accurate perceptual
discrimination of articulated sounds.

Perhaps the most critical evidence that the switch to
articulate speech emerged only in our own species
comes, not from fossils, but from genetics.

The FOXP2 gene

About half of the members of three generations of
an extended family in England, known as the KE
family, are affected by a disorder of speech and
language. The disorder is evident from the affected
child’s first attempts to speak and persists into
adulthood.” The disorder is now known to be due
to a point mutation on the FOXP2 gene (forkhead
box P2) on chromosome 7.%* For normal speech to
be acquired, two functional copies of this gene
seem to be necessary.

The nature of the deficit in the affected members of
the KE family, and therefore the role of the FOXP2
gene, have been debated. Some have argued that
FOXP2 gene is involved in the development of
morphosyntax,™ and it has even been identified more
broadly as the “grammar gene” * -although Pinker”
has since recognized that other genes probably played
a role in the evolution of grammar. Subsegquent
investigation suggests, however, that the core deficit in
affected members of the KE family is one of
articulation, with grammatical impairment a secondary
outcome.” It may therefore play a role in the
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incorporation of vocalization into the mirror system.
This is supported by a study in which fMRI was used
to record brain activity in both affected and
unaffected members of the KE family while they
covertly generated verbs in response to nouns.®
Whereas unaffected members showed the expected
activity concentrated in Broca's area in the left
hemisphere, affected members showed relative
underactivation in both Broca’s area and its right-
hemisphere homologue, as well as in other cortical
language areas, They also showed overactivation
bilaterally in regions not associated with language.
However, there was bilateral activation in the
posterior superior temporal gyrus; the left side of
this area overlaps Wernicke's area, important in the
comprehension of language. This suggests that
affected members may have generated words in
terms of their sounds, rather than in terms of
articulatory patterns. Their deficits were not
attributable to any difficulty with verb generation
itself, since affected and unaffected members did
not differ in their ability to generate verbs covertly.
Another study based on structural MR showed
morphological abnormalities in the same areas in
the affected members of the family.®

The FOXP2 gene is highly conserved in mammals,
and in humans differs in only three places from that
in the mouse., Nevertheless, two of the three changes
occurred on the human lineage after the split from
the common ancestor with the chimpanzee and
bonobo. A recent estimate of the date of the more
recent of these mutations suggests that it occurred
“since the onset of human population growth, some
10,000 to 100,000 vears ago.” ' Enard et al, further
suggest that the date “is compatible with a model in
which the expansion of modern humans was driven
by the appearance of 3 more-proficient spoken
language” (p. 871). What made language more
proficient, then, may have been the final
accomplishment of autonomous speech,

It is unlikely, though, that the FOXP2 mutation was
the only event in the transition to speech, which

undoubtedly went through several steps and
Involved other genes." Moreover, the FOXP? gene
Is expressed in the embryonic development of
structures other than the brain, including the gut,
heart, and lung.'® It may have even played a role in
the modification of breath control for speech.® A
mutation of the FOXP2 gene may nevertheless have
been the most recent event in the incorporation of
vocalization into the mirror systern, and thus the
refinement of vocal control to the point that it could
carry the primary burden of language.

The idea that the critical mutation of the FOXP2
gene occurred less than 100,000 vears ago is
indirectly supported by recent evidence from African
click languages. Two of the many groups that make
extensive use of click sounds are the Hadzabe and
5an, who are separated geographically by some
2000 kilometers, and genetic evidence suggests that
the most recent common ancestor of these groups
goes back to the root of present-day mitochondrial
DNA lineages, perhaps as early as 100,000 years
ago." This could mean that clicks were a prevocal
way of adding sound to facial gestures, prior to the
FOXP2 mutation. Evidence from mitochondrial DNA
suggests that modern humans outside of Africa date
from groups who migrated from Africa and these
groups may have already developed autonomous
speech, leaving behind African speakers who
retained click sounds. The only known non-African
click language is Damin, an extinct Australian
aboriginal language. Homo sapiens may have
arrived in Australia as early as 60,000 years ago, not
long after the migrations out of Africa.

In a recent review, Mellars'™ suggests that modern
humans may have reached Malaysia and the
Andaman Islands as early as 60,000 to 65,000 years
ago, with migration to Europe and the Near East
occurring from western or southern Asia, rather
than from Africa as previously thought. This is not
inconsistent with an estimate by Oppenheimer'™
that the eastward migration out of Africa took place
around 83,000 years ago. Another recent study
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suggests that there was back-migration from to
Africa at around 40,000 to 45,000 years ago,
following dispersal first to Asia and then to the
Mediterranean.'™ These dates are consistent with
the view that autononomous speech emerged prior
to the migration of anatomically modern humans
out of Africa, and was indirectly responsible for the
subsequent dominance of our species on the planet.

Why speech?

According to the account presented here, the
transition from manual to vocal language was not
abrupt. This raises the question, though, of why the
transition took place at all. The signed languages of
the deaf clearly show that manual languages can be
as sophisticated as vocal ones, suggesting that the
switch was not driven by linguistic considerations.
There were also costs, since the transition to speech
involved the lowering of the larynx, which greatly
increased the risk of choking to death. Clearly, the
evolutionary pressure toward speech must have
been strong.

| have already suggested that the transition from
hand to mouth may have been driven in part by the
development of manufacture, and competition for
the hands. Indeed vocal language allows people o
speak and use tools at the same time, leading
perhaps to pedagogy.” But this was probably not
the only factor contributing to the pressure for
change. For one thing, speech is much less energy-
consuming than manual gesture. Anecdotal
evidence from courses in sign language suggests
that the instructors reguire regular massages in
order to meet the sheer physical demands of sign-
language expression. In contrast, the physiological
costs of speech are so low as 1o be nearly
unmeasurable.™ In terms of expenditure of energy,
speech adds little to the cost of breathing, which we
must do anyway to sustain life.

Speech is also less attentionally demanding than
signed language; one can attend to speech with one’s
eyes shut, or when watching something else. Speech

also allows communication over longer distances, as
well as communication at night or when the speaker
is not visible to the listener. The 5an, a modern hunter-
gatherer society, are known to talk late at night,
sometimes all through the night, o resolve conflict
and share knowledge.'™ Boutla et al.”™ have shown
that the span of short-term memory is shorter for
American Sign Language than for speech, suggesting
that voicing may have permitted longer and more
complex sentences to be transmitted -although the
authors claim that the shorter memory span has no
impact on the linguistic skill of signers.

The advantages of speech over manual gesture may
even help explain why humans eventually
predominated over other large-brained hominins,
including the Neanderthals, who died out some
30,000 years ago. By the same token, the freeing of
the hands and the emergence of pedagogy may
help explain the so-called “human revolution”,"
manifest in the dramatic appearance of more
sophisticated tools, bodily ornamentation, art, and
perhaps music, dating from some 40,000 years ago
in Europe, and probably earlier in Africa.””""
Changes in the mode of communication can have a
dramatic influence on human culture, as illustrated
by the invention of writing, and more recently by
email and the Internet. These changes were
relatively sudden, and cultural rather than biological.
The change from manual to vocal communication,
in contrast, would have been slow, driven by natural
selection and involving biological adaptations, but it
may have had no less an impact on human culture -
and therefore, perhaps, on human fitness.'

Summary and conclusions

Among present-day species, fully grammatical
language appears 1o be a uniguely human
accomplishment. Other animals are capable of
understanding  symbolic representations, and
perhaps even of segmenting speech, at least to the
point of isolating words. Besides the bonobo,” this
may include the Africa gray parrot'® and the
domestic dog."* But there is no evidence that
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nonhuman animals can decode or generate
grammar, and so create and understand a
potentially infinite variety of sentences. At best, they
are at the level of the two-year-old human child,
with a level of communication lacking the
generative, recursive property of fully developed
language. At best, the linguistic capacities of other
species, like those of the two-year-old child,
constitute protolanguage.

The emergence of language from protolanguage
may have occurred late in hominin evolution, though
not so late as to represent an evolutionary “big
bang.” The steps toward grammar may have begun
some 2 million years ago, with the emergence of
larger brained hominins, and continued over the next
1.5 million years, or thereabouts. The understanding
of how this occurred has been described as the
hardest problem in science.'” | have suggested in this
article that it was driven, at least in part, by the
emergence of episodic memary and the discovery of
time, and the adaptive advantages to be gained by
sharing our experiences and plans. Fully syntactic
language may have been achieved by some 500,000
years ago, when brain size leveled off to about the
modern range.

The emergence of speech as an autonomous system
probably occurred even later, and may not have
been complete even in the Neanderthals, who
survived until some 30,000 years ago. Indeed may
not have been complete in our own species until less
than 100,000 years ago, with the mutation of the
FOXP2 gene allowing vocalization to be
incorporated into the mirror system. Evidence from
mMtDNA suggests that modern humans migrated out
of Africa some 83,000 years ago,'” eventually
replacing all other hominins, including the
Neanderthals in Europe, H. erectus in Asia, and even
groups of H. sapiens who had migrated earlier.
What was it that led to the dominance of these late
migrants? | have suggested that it may have been
the consequences of the emergence of fully
articulate speech, resulting in improved technology,

perhaps including more lethal weaponry, and a
more coherent culture,

One might have thought that an understanding of
how language evolved would have been beyond the
reach of science. That, presumably, was the view in
1866, when the Linguistic Society of Paris banned all
discussion of the topic. Nevertheless the past
decade, in particular, has produced an
extraordinarily rich accumulation of evidence from
multiple sources, all of which appear to be
converging on common themes, if not yet on an
agreed scenario. In 1866, very little was known
about the transitions from ape to human, but
modern archaeology has given us a remarkably
detailed account of what our hominin forebears
must have been like. From sceptical talk of a
“missing link” we now have evidence of over 20
hominin species separating us from our common
ancestry with the chimpanzee and bonobo.”
Detailed inspection of hominin fossils has provided
evidence of brain size, and growth characteristics,
and modern biochemistry has elucidated the timing
of critical events, such as the ape-hominin split, and
the late migration out of Africa.

We also now understand much better what
language is actually like, how it differs from other
forms of communication, and how it develops. It
has only recently become clear that the signed
languages of the deaf are true grammatical
languages, and not impoverished signaling systemns.
With the advance of brain imaging, the
neurophysiology of language is increasingly
understood, and work on the so-called mirror
system has led to important insights as to how
language might be better understood as part of a
more general system for understanding biological
motion, instead of a rather abstract coding system
beyond any affinity with our animal heritage. It can
be safely anticipated that further discoveries and
Insights will contribute to the understanding of how
language evolved, and no doubt modify many of
the claims made in this article.
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