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Abstract: It is widely assumed that human learning and theesire of human languages are intimately
related. This relationship is frequently suggestederive from a language-specific biological
endowment, which encodes universal, but communigigtiarbitrary, principles of language structure (a
universal grammar or UG). How might such a UG hewalved? We argue that UG could not have arisen
either by biological adaptation or non-adaptatibgenetic processes, resulting ifogical problem of
language evolutionSpecifically, as the processes of language charggemuch more rapid than processes
of genetic change, language constitutes a “mowangget” both over time and across different human
populations and, hence, cannot provide a stabliea@ment to which language genes could have
adapted. We conclude that a biologically determid€dis not evolutionarily viable. Instead, the anig
motivation for UG — the mesh between learners anduages — arises because language has been shaped
to fit the human brain, rather than vice versaldwahg Darwin, we view language itself as a complex
and interdependent “organism,” which evolves ursgdectional pressures from human learning and
processing mechanisms. That is, languages thenssigeshaped by severe selectional pressure from
each generation of language users and learnerssiiggests that apparently arbitrary aspects of
linguistic structure may result from general leaghand processing biases deriving from the straabér
thought processes, perceptuo-motor factors, cegrlitnitations, and pragmatics.

Keywords: biological adaptation; cultural evolution; gramroalization; language acquisition; language
evolution; linguistic change; natural selectionivensal grammar



1. Introduction

Natural language constitutes one of the most coxgpects of human cognition, yet children
already have a good grasp of their native langbad@are they can tie their shoes or ride a
bicycle. The relative ease of acquisition suggstswhen making a “guess” about the structure
of language on the basis of apparently limited enak, the child has an uncanny tendency to
guess right. This strongly suggests that there imeist close relationship between the
mechanisms by which the child acquires and prosdasguage and the structure of language
itself.

What is the origin of this presumed close relatiopdetween the mechanisms children use in
acquisition and the structure of language? One gaWwat specialized brain mechanisms
specific to language acquisition have evolved ¢eeg periods of natural selection (e.g., Pinker
& Bloom 1990). A second view rejects the idea thase specialized brain mechanisms have
arisen through adaptation and assumes that theydraerged through some non-adaptationist
route, just as it has been argued that many bicdbgtructures are not the product of adaptation
(e.g., Bickerton 1995; Gould 1993; Jenkins 200@hkfioot 2000). Both these viewpoints put the
explanatory emphasis on brain mechanisms speddimdanguage — and ask how they have
evolved.

In this target article, we develop and argue ftriad view, which takes the opposite starting
point. It does not ask why the brain is so weltesiito learning language but, instead, asks why
language is so well suited to being learned bybtlagn. We propose th&anguagehas adapted
through gradual processes of cultural evolutiobegeasy to learn to produce and understand.
Thus, the structure of human language must indyitad shaped around human learning and
processing biases deriving from the structure oftbought processes, perceptuo-motor factors,
cognitive limitations, and pragmatic constraintanguage is easy for us to learn and use, not
because our brains embody knowledge of languagddmause language has adapted to our
brains. Following Darwin (1900), we argue thasiuseful metaphorically to view languages as
“organisms,” i.e., highly complex systems of intamnected constraints, that have evolved in a
symbiotic relationship with humans. According testhiew, whatever domain-general learning
and processing biases people happen to have ndlttebecome embedded in the structure of
language — because it will be easier to learn ttertstand and produce languages, or specific
linguistic forms, that fit these biases.



We start by introducing “The Logical Problem of lgarage Evolution” (Sec. 2.), which faces
theories proposing that humans have evolved spssibbrain mechanisms for language. The
following two sections, “Evolution of Universal Gramar by Biological Adaptation” (Sec. 3.)
and “Evolution of Universal Grammar by Non-adaaist Means” (Sec. 4.), evaluate
adaptationist and non-adaptationist explanationargfuage evolution, concluding that both face
insurmountable theoretical obstacles. Instead, niesgmt an alternative perspective, “Language
as Shaped by the Brain” (Sec. 5.), in which languadreated as an evolutionary system in its
own right, adapting to the human brain. The next $&ctions, “Constraints on Language
Structure” (Sec. 6and “How Constraints Shape Language over Time”.(%gadiscuss what
biases have shaped language evolution and how ¢taedee observed in language change
mediated by cultural transmission. Finally, in tBeope of the Argument” (Sec. 8.), we consider
the wider implications of our theory of languag®lenion, including a radical recasting of the
problem of language acquisition.

2. The logical problem of language evolution

For a period spanning three decades, Chomsky (11%622; 1980; 1986; 1988; 1993) has argued
that a substantial innate endowment of languageHspknowledge is necessary for language
acquisition. These constraints form@versal grammafUG); that is, a collection of
grammatical principles that hold across all hunarglages. In this framework, a child’s
language ability gradually unfolds according toeaefic blueprint in much the same way as a
chicken grows a wing (Chomsky 1988). The staunghegionents of this view even go as far as
to claim that “doubting that there are languagezBjme innate computational capacities today is
a bit like being still dubious about the very egiste of molecules, in spite of the awesome
progress of molecular biology” (Piattelli-Palmarit94, p. 335).

There is considerable variation in current conaeystiof the exact nature of UG, ranging from
being close to the Principle and Parameter ThePyi( Chomsky 1981) of pre-minimalist
generative grammar (e.g., Crain et al. 2006; C&altetroski 2006), to the Simpler Syntax (SS)
version of generative grammar proposed by Jacké2iob2) and colleagues (Culicover &
Jackendoff 2005; Pinker & Jackendoff 2005), toNheimalist Program (MP) in which
language acquisition is confined to learning aderifrom which cross-linguistic variation is
proposed to arise (Boeckx 2006; Chomsky 1995). Rtenviewpoint of PPT, UG consists of a
set of genetically specified universal linguistrngiples combined with a set of parameters to
account for variations among languages (Crain.étGf)6). Information from the language
environment is used during acquisition to deterntineeparameter settings relevant for
individual languages. The SS approach combinesezienirom construction grammar (e.g.,
Goldberg 2006) with more traditional structuralngiples from generative grammar, including
principles relating to phrase structure (X-bar tygcagreement, and case-marking. Along with
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constraints arising from the syntax-semantic igiesf these basic structural principles form part
of a universal “toolkit” of language-specific meciems, encoded in a genetically specified UG
(Culicover & Jackendoff 2005). By contrast, propatseof MP construe language as a perfect
system for mapping between sound and meaning (Ghob®95). In departure from earlier
generative approaches, only recursion (in the fofiMerge) is considered to be unique to the
human language ability (Hauser et al. 2002). Vemmamong languages is now explained in
terms of lexical parameterization (Borer 1984)t ibadifferences between languages are no
longer explained in terms of parameters associatgdgrammars (as in PPT), but primarily in
terms of parameters associated with particulacébtiems (though some non-lexical parameters
currently remain; Baker 2001; Boeckx 2006).

Common to these three current approaches to gereegaammar is the central assumption that
the constraints of UG, whatever their form, aredamentally arbitrary — i.e., not determined by
functional considerations. That is, these pringmannot be explained in terms of learning,
cognitive constraints, or communicative effectivend-or example, consider the principles of
binding, which have come to play a key role in gatiee linguistics (Chomsky 1981). The
principles of binding capture patterns of, amorgeothings, reflexive pronouns (e.gimself
themselvesand accusative pronourtsr, them etc.), which appear, at first sight, to defy
functional explanation. Consider Examples (1)-#)ere the subscripts indicate co-reference
and the asterisks indicate ungrammaticality.

1. Johpsees himself
2. *John sees him

3. Johpsaid hg won.
4, *He said Johpwon.

In (1) the pronoumimselfmust refer to John; in (2) it cannot. In (3) threrpunhe may refer to
John or to another person; in (4) it cannot redefdhn. These and many other cases indicate that
an extremely rich set of patterns govern the barafipronouns, and these patterns appear
arbitrary. It appears that numerous alternativéepas would, from a functional standpoint, serve
equally well. These patterns are instantiated ifi ByPthe principles of binding theory

(Chomsky 1981), in SS by constraints arising fraractural and/or syntax-semantics interface
principles (Culicover & Jackendoff 2005), and in My limitations on movement (internal

merge; Hornstein 2001). Independent of their spefwfmulations, the constraints on binding,
while apparently universal across natural languagesassumed to be arbitrary and, hence, may
be presumed to be part of the genetically encoded U

Putative arbitrary universals, such as the regnston binding, contrast with functional
constraints on language. Whereas the former arethgpized to derive from the internal



workings of a UG-based language system, the lattginate from cognitive and pragmatic
constraints related to language acquisition and@sasider the tendency in English to place
long phrases after short ones, for example, aseeet by so-called “heavy-NP shifts.” In
Example (5) shown below, the long (or “heavy”) direbject noun phrase (NRhe book he

had not been able to locate for over two monépgpears at the end of the sentence, separated
from its canonical postverbal position by the pponal phrase (PR)nder his bedBoth

corpus analyses (Hawkins 1994) and psycholingus&titence-production experiments
(Stallings et al. 1998) suggest that Example (S)ush more acceptable than the standard (or
“non-shifted”) version in Example (6), in which tdeect-object NP is placed immediately
following the verb.

5. John foungdunder his bed]s[the book he had not been able to locate for overrhonths].

6. John founde[the book he had not been able to locate for overmonthskdunder his bed].

Whereas individuals speaking head-initial languagesh as English, tend to prefer short
phrases before long ones, speakers of head-fingliéayes, such as Japanese, have been shown
to have the opposite long-before-short prefereNeen@shita & Chang 2001). In both cases, the
preferential ordering of long versus short phrasesbe explained in terms of minimization of
memory load and maximization of processing efficke(Hawkins 2004). As such, the patterns
of length-induced phrasal reordering are generahsidered within generative grammar to be a
performance issue related to functional constraatside the purview of UG (although some
functionally oriented linguists have suggested thase kind of performance constraints may
shape grammar itself; e.g., Hawkins 1994; 2004¢aintrast, the constraints inherent in UG are
arbitrary and nonfunctional in the sense that theyot relate to communicative or pragmatic
considerations, nor do they derive from limitatiamsthe mechanisms involved in using or
acquiring language. Indeed, some generative lingh@ve argued that aspects of UG hinder
communication (e.g., Chomsky 2005; Lightfoot 2000).

If we suppose that such arbitrary principles of &@ genetically specified, then this raises the
guestion of the evolutionary origin of this genetr@lowment. Two views have been proposed.
Adaptationistemphasize a gradual evolution of the human langteculty througmatural
selection(e.q., Briscoe 2003; Corballis 1992;, 2003; Dur@03; Greenfield 1991; Hurford
1991; Jackendoff 2002; Nowak et al. 2001; Pinké¥412003; Pinker & Bloom 1990; Pinker &
Jackendoff 2005). Linguistic ability confers addegroductive fitness, leading to a selective
pressure for language gehascher language genes encode increasingly elegrammars. In
contrastpon-adaptationistge.g., Bickerton 1995 — but see Bickerton 2003p1Gsky 1988;
Jenkins 2000; Lightfoot 2000; Piattelli-Palmari®i8P) suggest that natural selection played
only a minor role in the emergence of languageuim#ins, focusing instead on a variety of



alternative possible evolutionary mechanisms byctwidG could have emerged de novo (e.g., as
a result of as few as two or three key mutatioretes,” Lanyon 2006)

In the next two sections (Sections 3. and 4.), ge&that both of these views, as currently
formulated, face profound theoretical difficultiessulting in dogical problem of language
evolution® This is because, on analysis, it is mysterious pmto-language — which must have
been, at least initially, a cultural product likeb/be highly variable over both time and
geographical locations — could have become getigticeed as a highly elaborate biological
structure. Hence, there is no currently viable aoto@f how a genetically encoded UG could
have evolved. In subsequent sections (Sectiong,3verargue that the brain does not encode
principles of UG and, therefore, neither adaptasionor non-adaptationist solutions are
required. Instead, language has been shaped lbyalme Language reflects preexisting, and
hence nonlanguage-specific, human learning ancepsireg mechanisms.

3. Evolution of universal grammar by biological adgtation

The adaptationist position is probably the mosteljidheld view of the origin of UG. We first
describe adaptationism in biology and its propcsgalication to UG before outlining three
conceptual difficulties for adaptationist explanas of language evolution.

3.1. Adaptation: The very idea

Adaptation is a candidate explanation for the arigfiany innate biological structure. In general,
the idea is that natural selection has favored gémet code for biological structures that
increasditness(in terms of expected numbers of viable offsprih@)ypically, a biological
structure contributes to fitness by fulfilling somerpose — the heart is assumed to pump blood,
the legs to provide locomotion, or UG to suppongiaage acquisition. If so, natural selection
will generally favor biological structures thatfillltheir purpose well, so that, over the
generations, hearts will become well adapted togngiblood, legs well adapted to locomotion,
and any presumed biological endowment for langaaggisition will become well adapted to
acquiring language.

Perhaps the most influential statement of the adiapist viewpoint is by Pinker and Bloom
(1990). They argue thahatural selection is the only scientific explanatiof adaptive

complexity ‘Adaptive complexity’ describes any system congzbef many interacting parts
where the details of the parts’ structure and gearent suggest design to fulfill some function”
(p. 709; their emphasis). As another example optdacomplexity, they refer to the exquisite
optical and computational sophistication of theteferate visual system. Pinker and Bloom note
that such a complex and intricate mechanism hax@amely low probability of occurring by

-6 -



chance. Whatever the influence of non-adaptatifatabrs (see Section 4 below), they argue that
there must additionally have been substantial adi@ptto fine-tune a system as complex as the
visual system. Given that language appears as exnaglvision, Pinker and Bloom conclude
that it is also highly improbable that languagensirely the product of non-adaptationist
processes (see also Pinker 2003).

The scope and validity of the adaptationist viewp@ biology is controversial (e.g., Dawkins
1986; Gould 2002; Gould & Lewontin 1979; Hecht eZaSober 2001); and some theorists
have used this controversy to question adaptatigi@s/s of the origin of UG (e.g., Bickerton
1995; Lewontin 1998). Here, we take a differenktde argue that, whatever the merits of
adaptationist explanation in general and as appdiedsion in particular, the adaptationist
account cannot extend to a putative UG.

3.2. Why universal grammar could not be an adaptatito language

Let us suppose that a genetic encoding of universglerties of language did, as the
adaptationist view holds, arise as an adaptatidhe@nvironment, here to theguistic
environment. This point of view seems to work meurally for aspects of language that have
a transparerfunctionalvalue. For example, the compositional charactéamjuage (i.e., the
ability to express in an infinite number of messagsing a finite number of lexical items) seems
to have great functional advantages. A biologicalavment that allows, or perhaps requires,
that language has this form appears likely to teaehhanced communication and, hence, to be
positively selected. Thus, over time, functiongexgs of language might be expected to become
genetically encoded across the entire populatiom B>, according to Chomsky (e.g., 1980;
1988), consists precisely of linguistic principteat appear highly abstract and arbitrary — i.e.,
they have no functional significance. To what ekteam an adaptationist account of the
evolution of a biological basis for language explaow a genetic basis could arise for such
abstract and arbitrary properties of language?

Pinker and Bloom (1990) provide an elegant appraachis question. They suggest that the
constraints imposed by UG, such as the bindingtcainss (mentioned in Section 2 above), can
be construed as communication protocols for tratigrgiinformation over a serial channel.
Although the general features of such protocols. (eoncerning compositionality, or the use of
a small set of discrete symbols) may be functignatiportant, many of the specific aspects of
the protocol do not matter as long as everyonen(wa given speech community) adopts the
sameprotocol. For example, when using a modem to comaate between computers, a
particular protocol might have features such aspatdy, handshake on, 7 bit, etc. However,
there are many other settings that would be jusffastive. What is important is that the
computers that are to interact adoptsheeset of settings. Otherwise communication will not
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be possible. Adopting the same settings is theeadbfundamental functional importance to
communication between computers, but the partiathiarce of settings is not. Similarly, when it
comes to the specific features of UG, Pinker arabBl suggest that “in the evolution of the
language faculty, many ‘arbitrary’ constraints nieywe been selected simply because they
defined parts of a standardized communicative aodee brains of some critical mass of
speakers” (1990, p. 718)Thus, such arbitrary constraints on language camedo have crucial
adaptive value to the language user; genes that fach constraints will be positively selected.
Over many generations, the arbitrary constraintg th@n become innately specified.

We will argue that this viewpoint faces three fumeatal difficulties concerning the dispersion
of human populations, language change, and thdiqnex whatis genetically encoded. We
consider these in turn.

3.2.1. Problem 1: The dispersion of human populatits. Pinker and Bloom’s (1990) analogy
with communications protocols, while apt, is, hoegwsomething of a double-edged sword.
Communications protocols and other technical statsdgypically diverge rapidly unless there is
concerted oversight and enforcement to maintainngomstandards. Maintaining and
developing common standards is an integral pasttifvare and hardware development. In the
absence of such pressures for standardizatiompquistwould rapidly diverge. Given that
language presumably evolved without top-down presstor standardization, divergence
between languages seems inevitable. To assum@theersal” arbitrary features of language
would emerge from adaptation by separate groupengiuage users, would be analogous to
assuming that the same set of specific featuresdimputer communication protocols might
emerge from separate teams of scientists workirsgparate laboratories (e.g., that different
modem designers independently alight on odd pdrapdshake on, 7-bit error correction, and so
on). Note that this point would apply equally welNen if the teams of scientists emerged from a
single group. Once cut off from each other, growpsild develop in independent ways.

Indeed, in biological adaptation, genes appeaapally evolve to deal with a specific local
environment. Thus, Darwin observed rich patterngapiations in fauna (e.g., finches) across the
Galapagos Islands and interpreted these variaéis@glaptation to local island conditions.
Hence, if language genes have adapted to localihg environments, we should expect a
range of different biologically encoded UGs, eaphcifically adapted to its local linguistic
context. Indeed, one might expect, if anythingt taaguage-genes would diverge especially
rapidly — because the linguistic environment inhgpopulation is assumed to be itself shaped by
the different language-genes in each subpopulatms, amplifying the differences in the
linguistic environment. If so, then people shoudddy, at minimum, some specific predisposition
to learn and process languages associated withgieetic lineage. This does not appear to be
the case, and it is a key assumption of the gameratguistics perspective that the human
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language endowment does not vary in this way bubigersal across the species (Chomsky
1980; Pinker 1994).

There is an interesting contrast here with the huimanune system, which has evolved to a
very rapidly changing microbial environment. Crligiathe immune system can build new
antibody proteins (and the genetic mechanisms fitwch antibody proteins are constructed)
without having to eliminate old antibody protei@o{dsby et al. 2003). Therefore, natural
selection will operate tenrichthe coverage of the immune system (though suairess will

not always be cumulative, of course); there is @ogtty for the immune system following a fast-
moving “target” (defined by the microbial environnt But the case of acquiring genes coding
for regularities in language is very different -chese, at any one time, there is just one language
(or at most two or three) that must be acquiredd; hence, a bias that helps learn a language
with propertyP will therebyinhibit learning languages with n&t-The fact that language change
is so fast (so that whether the current linguistigcironment has proper®or not will vary

rapidly, in the timescale of biological evolutiampans that such biases will, on balance, be
counterproductive.

Given that the immune system does co-evolve wigmtiicrobial environment, different co-
evolutionary paths have been followed when humawlations have diverged. Therefore,
populations that have co-evolved to their localnotital environment are often poorly adapted to
other microbial environments. For example, whenogaans began to explore the New World,
they succumbed in large numbers to the diseasgetiewuntered, while conversely, European
diseases caused catastrophic collapse in indiggraqudations (e.g., Diamond 1997). If an

innate UG had co-evolved with the linguistic enmimzent, similar radically divergent co-
evolutionary paths might be expected. Yet, as we Imted, the contrary appears to be the case.

The problem of divergent populations arises aceossge of different scenarios concerning the
relationship between language evolution and thgedgon of human populations. One scenario
is that language evolution is recent and occurrgthd the dispersion of modern humak®no
sapiens sapiensin this case, whether language was discovered,@nd then spread
throughout human populations, or was discoveradiious locations independently, there
remains the problem that adaptations to languagedamt be coordinated across
geographically dispersed groups. It is temptinguggest that all of these sublanguages will,
nonetheless, obey universal grammatical princighlass providing some constancy in the
linguistic environment. But this appeal would, oluicse, be circular, as we are attempting to
explain theorigin of such principles. We shall repeatedly have ¢ersaround thisircularity

trap below.



An alternative scenario is that language evolupgmdates the dispersion of modern humans. If
so, then it is conceivable that prior dispersiohBaminid populations, perhaps within Africa,

did lead to the emergence of diverse languagesiaedse UGs, adapted to learning and
processing such languages, and then that subséquerd local population proved to be
adaptively most successful and came to displacer dbminid populations. Thus, on this
account, our current UG might conceivably be thiy sarvivor of a larger family of such UGs

as a result of a population “bottleneck” — the ensality of UG would arise, then, because it was
genetically encoded in the subpopulation from whigddern humans descended.

This viewpoint is not without difficulties. Sometanpretations of the genetic and archaeological
evidence suggest that the last bottleneck in hugratution occurred at between 500,000 and
2,000,000 years ago (e.g., Hawks et al. 2000);résgarchers in language evolution believe that
language, in anything like its modern form, is tbiid. Moreover, even if we assume a more
recent bottleneck, any such bottleneck must at [gaslate the 100,000 years or so since the
geographical dispersion of human populations, &JQADO years still seems to provide
sufficient time for substantial linguistic divergento occur. Given that the processes of genetic
adaptation to language most likely would continueperaté; different genetic bases for
language would be expected to evolve across gebigedly separated populations. That is, the
evolution of UG by adaptation would appear to reguapid adaptations for language prior to
the dispersion of human populations, followed byabrupt cessation of such adaptation, for a
long period after dispersion. The contrast betweerevolution of the putative “language organ”
and that of biological processes, such as digessatriking. The digestive system is
evolutionarily very old — many orders of magnituader than the recent divergence of human
populations. Nonetheless, digestion appears to adapted in important ways to recent changes
in the dietary environment; for example, with agparrco-evolution of lactose tolerance and the
domestication of milk-producing animals (Beja-Pexait al. 2003).

3.2.2. Problem 2: Language chang&Vhatever the timing of the origin of language and
hominid dispersion, the thesis that a geneticallyoeled UG arose through adaptation faces a
second problem: Even within a single populatiamyuiistic conventions change rapidly. Hence,
the linguistic environment over which selectionedgsures operate presents a “moving target”
for natural selection. If linguistic conventionsatciye more rapidly than genes change via natural
selection, then genes that encode biases for plrticonventions will be eliminated — because,
as the language changes, the biases will be irttaanel, hence, decrease fithess. More
generally, in a fast-changing environment, phenotfipxibility to deal with various
environments will typically be favored over genleattbias the phenotype narrowly toward a
particular environment. Again, there is a temptingnterargument — that the linguistic
principles of UG willnot change, and hence these aspects of languageailtp a stable
linguistic environment over which adaptation caermpe. But, of course, this argument falls into
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the circularity trap, because the genetic endowraEblG is proposed texplainlanguage
universals; so it cannot be assumed that the laygguaiversals predate the emergence of the
genetic basis for UG.

Christiansen, Reali, and Chater (2006) illustrateggroblems raised by language change in a
series of computer simulations. They assume thpleshpossible setup: that (binary) linguistic
principles and language “genes” stand in one-toammeespondence. Each gene has three alleles
— one biased in favor of each version of the cpoeding principle and one neutral alléle.
Agents learn the language by trial and error, whieee guesses are biased according to which
alleles they have. The fittest agents are allowe@produce, and a new generation of agents is
produced by sexual recombination and mutation. Whenanguage is fixed, there is a selection
pressure in favor of the “correctly” biased geraag] these rapidly come to dominate the
population, as illustrated by Figure 1. This isr@stance of th&aldwin effec{Baldwin 1896;

for discussion, see Weber & Depew 2003) in whidbrimation that is initially learned becomes
encoded in the genome.

A frequently cited example of the Baldwin effecthe development of calluses on the keels and
sterna of ostrichg®Vaddington 1942). The proposal is that callusedratially developed in
response to abrasion where the keel and sternh tbagyround during sitting. Natural selection
then favored individuals that could develop caltus®re rapidly, until callus development
became triggered within the embryo and could owgtitout environmental stimulation. Pinker
and Bloom (1990) suggest that the Baldwin effec similar way could be the driving force
behind the adaptation of UG. Natural selection f@ilor learners who are genetically disposed
rapidly to acquire the language to which they a@osed. Hence, over many generations this
process will lead to a genetically specified UG.
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Figure 1.The effect of linguistic change on the genetic dimgpof arbitrary linguistic principlesResults
are shown from a simulation with a population £i£&00 agents, a genome size of 20, survival ofape
50% of the population, and starting with 50% ndugliales. When there is no linguistic change,lefle
encoding specific aspects of language emerge quicke., a Baldwin effect occurs — but when larggua
is allowed to change, neutral alleles become mdvargdageous. Similar results were obtained across a
wide range of different simulation parameters (aeldfrom Christiansen, Reali & Chater 2006).

However, when language is allowed to change (bagause of exogenous forces such as
language contact), the effect reverses. Thatasedol genes are severely selected against when
they are inconsistent with the linguistic enviromneand neutral genes come to dominate the
population. The selection in favor of neutral geaesurs even for low levels of language change
(i.e., the effect occurs, to some degree, evaanijllage change equals the rate of genetic
mutation). But, of course, linguistic change (ptimany genetic encoding) is likely to have been
much faster than genetic change. After all, inrtfuglern era, language change has been
astonishingly rapid, leading, for example, to thdeyphonological and syntactic diversity of the
Indo-European language group, from a common ancabtwut 10,000 years ago (Gray &

-12 -



Atkinson 2003). Language in hunter-gatherer saesethanges at least as rapidly. Papua New
Guinea, settled within the last 50,000 years, Imasséimated one-quarter of the world’s
languages. These are enormously linguisticallyrdieand most originate in hunter-gatherer
communities (Diamond 1993).

Thus, from the point of view of natural selectidrgppears that language, like other cultural
adaptations, changes far too rapidly to providehbls target over which natural selection can
operate. Human language learning, therefore, manbigous to typical biological responses
to high levels of environmental change — i.e.,@galop general-purpose strategies that apply
across rapidly changing environments, rather tip@cializing to any particular environment.
This strategy appears to have been used, in biplng$generalists” such as cockroaches and
rats, in contrast, for example, to pandas and kpalhich are adapted to extremely narrow
environmental niches.

A potential limitation of our argument so far istiwe have assumed that changes in the
linguistic environment are “exogenous.” But mangexgs of language change may be
“endogenous,” i.e., may arise because the langigaapapting as a result of selection pressures
from learners and, hence, their genes. Thus, ogktnmagine the following argument: Suppose
there is a slight, random, genetic preferencedongliages with featurrather tharB. Then this
may influence the language spoken by the populatidrave featurd, and this may in turn
select for genes that favor the featdré Such feedback might, in principle, serve to amyplif
small random differences into, ultimately, rigid@rary language universals. However, as
Figure 2 illustrates, when linguistic change isegerally influenced, rather than random, it turns
out that, while this amplification effect can oceund lead to a Baldwin effect, it does not
emerge from small random fluctuations. Insteadnly occurs when language is initially
strongly influenced by genes. But if arbitrary feas of language would have to be
predetermined strongly by the genes from the vegirining, then this leaves little scope for
subsequent operation of the Baldwin effect as emwesl by Pinker and Bloom (1990).

-13 -



Figure 2.The Baldwin effectwvhere genes influence language: the role of poipualanfluence (i.e.,

genetic “feedback”) on the emergence of the Baldsfiact for language-relevant alleles when language
is allowed to change 10 times faster than bioldgibange. Only when the pressure from the learners’
genetic biases is very high (~50%) can the Baldffiact overcome linguistic change. (adapted from
Christiansen, Reali & Chater 2006).

3.2.3. Problem 3: What is genetically encoded®ven if the first two difficulties for
adaptationist accounts of UG could be solved, tbe gtill faces a further puzzle: Why is it that
genetic adaptation occurred only to very abstrempgrties of language, rather than also
occurring to its superficial properties? Given sipectacular variety of surface forms of the
world’s languages, in both syntax (including eveoynbination of basic orderings of subject,
verb and object, and a wide variety of less comstthword orders) and phonology (including
tone and click languages, for example), why didjieage genes not adapt to these surface
features® Why should genes become adapted to capture theneetly rich and abstract set of
possibilities countenanced by the principles of Wather than merely encoding the actual
linguistic possibilities in the specific languadpat was being spoken (i.e., the phonological
inventory and particular morphosyntactic regulastof the early click-language, from which the
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Khoisan family originated and which might be thestfihuman language; e.g., Pennisi 2004)?
The unrelenting abstractness of the universal pies makes them difficult to reconcile with an
adaptationist account.

One of the general features of biological adaptasahat it is driven by the constraints of the
immediate environment. It can have no regard fetadit or future environments that might one
day be encountered. For example, the visual systdmnghly adapted to the laws of optics as
they hold in normal environments. Thus, the lergfth stick in water is misestimated by human
vision, because it does not correct for the refoacdf light through water (this being not
commonly encountered in the human visual world) cBgtrast, the visual system of the
archerfish, which must strike airborne flies witlvater jet from below the water surface, does
make this correctio(Rossel et al. 2002RBiological adaptation produces systems designditl to
the environment to which adaptation occurs; thereficourse, no selectional pressure to fit
environments that have not occurred or those thgiitnoccur at some point in the future. Hence,
if a UG did adapt to a past linguistic environméiniyould seem inevitable that it would adapt to
that language environmeas a wholethus adapting to itspecificword order, phonotactic rules,
inventory of phonemic distinctions, and so on. émtjgular, it seems very implausible that an
emerging UG would be selected primarily for extrgnadstract features, which apply equally to
all possible human languages, not just the langeagkent in the linguistic environment in
which selection operates. This would be analogowntanimal living in a desert environment
somehow developing adaptations that are not speoifiesert conditions, but that are equally
adaptive in all terrestrial environments.

The remarkable abilities of the young indigo bugtia use stars for navigational purposes —
even in the absence of older birds to lead the+wayght at first seem to counter this line of
reasoning (e.g., Hauser 2001; Marcus 2004). Evaiynan this migratory bird uses the location
of Polaris in the night sky to fly from its sumnugrarters in the Northeast United States to its
winter residence in the Bahamas. As demonstratdehfign (1970), the indigo bunting uses
celestial rotation as a reference axis to discadech stars point to true north. Thus, when
Emlen raised young fledglings in a planetarium thas modified to rotate the night sky around
Betelgeuse, the birds oriented themselves as thmeas in the direction of this bright star.
Crucially, what has become genetically encodedtsarstar map, because star constellations
change over evolutionary time and thus form movargets, but instead that which is stable:
Stationary stars indicate the axis of earth’s roteand, hence, true north.

Similarly, it is tempting to claim that the priné®s of UG are just those that are invariant across
languages, whereas contingent aspects of word org#ronology will vary across languages.
Thus, one might suggest that only the highly absttanguage-universal, principles of UG will
provide a stable basis upon which natural selec@mnoperate. But this argument is again, of

-15 -



course, a further instance of the circularity tAafe are trying to explain how a putative UG
might become genetically fixed, and hence we caasstime UG is already in place. Thus, this
counterargument is blocked.

We are not, of course, arguing that abstract strastcannot arise by adaptation. Indeed, abstract
patterns, such as the body plan of mammals or larésconserved across species and constitute
a complex and highly integrated system. Noticeugfinp that such abstract structures are still
tailored to the specific environment of each specldus, while bats, whales, and cows have a
common abstract body plan, these species embodyatically different instantiations of this
pattern, adapted to their ecological niches inaihein water, or on land. Substantial
modifications of this kind can occur quite rapidly a result of changes in a small numbers of
genes and/or their pattern of expression. For elartige differing beak shape in Darwin’s
finches, adapted to different habitats in the Gadg@s Islands, may be largely determined by as
few as two gene®8MP4, the expression of which is associated with thdthyias well as depth,

of beaks (Abzhanov et al. 2004), aBdM, the expression of which is correlated with beak
length (Abzhanov et al. 2006). Again, these adaptatare all related closely to the local
environment in which an organism exists. In confradaptations for UG are hypothesized to be
for abstract principles holding across all lingicignvironments, with no adaptation to the local
environment of specific languages and languagesuser

In summary, Pinker and Bloom (1990), as we hava,s@aw a parallel between the
adaptationist account of the development of thealisystem and an adaptationist account of a
putative language faculty. But the above argumentisate that the two cases are profoundly
different. The principles of optics and the struetaf the visual world have many invariant
features across environments (e.g., Simoncelli gh@lsen 2001), but the linguistic
environment is vastly different from one populattoranother. Moreover, the linguistic
environment, unlike the visual environment, widletf be altered in line with any genetic
changes in the propensity to learn and use langu#ges further amplifying differences
between linguistic environments. We conclude, thieat linguistically driven biological
adaptation cannot underlie the evolution of languag

It remains possible, though, that the developméfgrguage did have a substantial impact on
biological evolution. The arguments given here fygpeeclude the possibility that linguistic
conventions that would originalljiffer across different linguistic environments could stiww
become universal across all linguistic communitievirtue of biological adaptation to the
linguistic environment. This is because, in thevaht respects, the linguistic environment for
the different populations is highly variable, arehbe any biological adaptations could only
serve to entrench such differences further. Bueth@&ght be features that are universal across
linguistic environments that might lead to biolagiadaptation, such as the means of producing
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speech (Lieberman 1984) or the need for enhanceabnyecapacity or complex pragmatic
inferences (Givon & Malle 2002). However, theseglaage features are likely to be functional —
i.e., they facilitate languagese— and thus would typically not be considered patiG.

It is consistent with our arguments that the emeegeof language influenced biological
evolution in a more indirect way. The possessiolaofuage might have fundamentally changed
the patterns of collective problem solving and oaial behavior in early humans, with a
consequent shift in the selectional pressures amhs engaged in these new patterns of
behavior. But universal, arbitrary constraints lo@ $tructure of language cannot emerge from
biological adaptation to a varied pattern of lirgdid environments. Thus, the adaptationist
account of the biological origins of UG cannot sext.

4. Evolution of universal grammar by non-adaptationst means

Some theorists advocating a genetically based Ughtheioncur with our arguments against
adaptationist accounts of language evolution. kangple, Chomsky (1972; 1988; 1993) has for
more than two decades expressed strong doubts adotDarwinian explanations of language
evolution, hinting that UG may be a by-productrdreased brain size or yet unknown physical
or biological evolutionary constraints. Furtherwargents for a radically non-adaptationist
perspective have been advanced by Jenkins (2086y0n (2006), Lightfoot (2000), and
Piattelli-Palmarini (1989; 1994).

Non-adaptationists typically argue that UG is boihly complex and radically different from
other biological machinery (though see Hauser.2@02). They suggest, moreover, that UG
appears to be so unique in terms of structure amgepties, that it is unlikely to be a product of
natural selection among random mutations. Howaverargue that non-adaptationist attempts to
explain a putative language-specific genetic endentralso fail.

To what extent can any non-adaptationist mechaastount for the development of a
genetically encoded UG, as traditionally conceived@articular, can such mechanisms account
for the appearance of genetically specified prilesghat are presumed to be (a) idiosyncratic to
language and (b) of substantial complexity? We atbat the probability that non-adaptationist
factors played a substantial role in the evolutbt/G is vanishingly small.

The argument involves a straightforward applicabbmformation theory. Suppose that the
constraints embodied in UG are indeed language{gpand hence do not emerge as side
effects of existing processing mechanisms. Thismaéaat UG would have to be generaaed
randomby non-adaptationist processes. Suppose furthéthk information required to specify
a language acquisition device, so that languagdeatquired and produced, over and above
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the pre-linguistic biological endowment can be espnted as a binary stringMbits (this
particular coding assumption is purely for conveos). Then the probability of generating this
sequence ofl bits by chance is™ If the language-specific information could bedified using
a binary string that would fit on one page of norteat (which would presumably be a
considerable underestimate, from the perspectiveast linguistic theory), theN would be

over 2,500. Hence, the probability of generatirggrammar by a random process would be less
than 2>°% So, to generate this machinery by chance (iighowt the influence of the forces of
adaptation) would be expected to require of thewood Z°*individuals. But the total
population of humans over the last 2,000,000 oresos, including the present, is measured in
billions and is much smaller thaf°2Hence, the probability of non-adaptationist meismas
“chancing” upon a specification of a language orgatanguage instinct through purely non-
adaptationist means is astronomically unlikety.

It is sometimes suggested, apparently in the fateotype of argument, that the recent
evolutionary-developmental biology literature hagaaled how local genetic changes, e.g., on
homeobox genes, can influence the expression ef génes and, through a cascade of
developmental influences, result in extensive phgno consequences (e.g., Gerhart &
Kirschner 1997; Laubichler & Maienschein 2007). ,Ystppose that UG arises from a small
“tweak” to pre-linguistic cognitive machinery, thgeneral cognitive machinery will provide the
vast bulk of the explanation of language structWehout this machinery, the impact of the
tweak would be impossible to understand. Thusyisien of universal grammar as a language-
specific innate faculty or language organ wouldéntvbe retracted. But the idea that a simple
tweak might lead to a complex, highly interdeperidand intricately organized system, such as
the putative UG, is highly implausible. Small geaehanges lead to modifications of existing
complex systems, and these modifications can lte tar-reaching; however, they do not lead to
the construction of new complexity. A mutation nti¢ggad to an insect having an extra pair of
legs, and a complex set of genetic modificatiotrm@at certainly over strong and continuous
selectional pressure) may modify a leg into a #ipgout no single gene creates an entirely new
means of locomotion from scratch. The whole burofethe classic arguments for UG is that UG
is both highly organized and complex and is uttdrstinct from general cognitive principles.
Thus, the emergence of a putative UG requiresdhstouction of a new complex system, and
the argument sketched above notes that the prayadfieven modest new complexity arising
by chance is astronomically low.

The implication of this argument is that it is extrely unlikely that substantial quantities of
linguistically idiosyncratic information have bespecified by non-adaptationist means. Indeed,
the point applies more generally to the generaticemy complex, functional biological
structure. Thus, it is not clear how any non-adagtat account can explain the emergence of
something as intricately complex as UG.
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Some authors who express skepticism concerningptaef adaptation implicitly recognize this
kind of theoretical difficulty. Instead, many appatly complex and arbitrary aspects of
cognition and language are suggested to have ethetgef the constraints on building any
complex information processing system, given peslaprently unknown physical and
biological constraints (e.g., Chomsky 1993; seefftaan 1995, for a related viewpoint on
evolutionary processes). A related perspectiveapgsed by Gould (1993), who views language
as a spandrel — i.e., as emerging as a by-prodther cognitive processes. Another option
would be to appeal texaptation(Gould & Vrba 1982), whereby a biological struetdhat was
originally adapted to serve one function is puise to serve a novel function. Yet the non-
adaptationist attracted by these or other non-atiapist mechanisms is faced with a dilemma.
If language can emerge from general physical, giold, or cognitive factors, then the
complexity and idiosyncrasy of UG is illusory; larage emerges from general non-linguistic
factors, a conclusion entirely consistent with tleav we advocate here. If, by contrast, UG is
maintained to be sui generis and not readily detesz&com general processes, the complexity
argument bites: The probability of a new and higtdynplex adaptive system emerging by
chance is astronomically low.

The dilemma is equally stark for the non-adaptastowho attempts to reach for other non-
adaptationist mechanisms of evolutionary changer& are numerous mechanisms that amount
to random perturbations from the point of viewlod tonstruction of a highly complex adaptive
system (Schlosser & Wagner 2004). These incgetestic drift(Suzuki et al. 1989), the random
fluctuations in gene frequencies in a populatgemetic hitchhikingMaynard-Smith 1978), a
mechanism by which nonselected genes “catch a waitd’another gene (nearby on the
chromosome) that wasibject to selectiorepigenesigJablonka & Lamb 1989), which causes
heritable cell changes as a result of environmenftialences but without corresponding changes
to the basic DNA sequences of that dedirizontal genetic transfeiSyvanen 1985) by which
genetic material shifts from one species to angtaitransposongMcClintock 1950), mobile
genetic elements that can move around in diffgpesttions within the genome of a cell and thus
alter its phenotype. Each of these mechanisms ¢ghes\a richer picture of the mechanisms of
evolutionary change, but none provides an answeraguestion of how novel and highly
complex adaptive systems, such as the putativeni@ht emerge de novo. However, if
language is viewed as embodying novel complexigntthe emergence of this complexity by
non-adaptationist (and hence, from an adaptivetdimiew, random) mechanisms is
astronomically unlikely.

We may seem to be faced with a paradox. It seeeas tiat the mechanisms involved in

acquiring and processing language are enormoutigate and moreover intimately connected
to the structure of natural languages. The compl@fithese mechanisms rules out, as we have
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seen in this section, a non-adaptationist accoluthear origin. However, if these mechanisms
arose through adaptation, this adaptation cansatieaargued above (in Section 3), have been
adaptatiorto language But if the mechanisms that currently underpirglaage acquisition and
processing were originally adapted to carry ouepoftlinctions, then how is their apparently
intimate relationship with the structure of natueadguage to be explained? How, for example,
are we to explain that the language acquisitionhaeisms seem particularly well adapted to
learning natural languages but not to any of a keagge of conceivable non-natural languages
(e.g., Chomsky 1980)? As we now argue, the paradoxe resolved if we assume that the “fit”
between the mechanisms of language acquisitiopeoakssing, on the one hand, and natural
language, on the other, has arisen because nktngalages themselves have “evolved” to be as
easy to learn and process as possible. Languadeebasshaped by the brain, rather than vice
versa.

5. Language as shaped by the brain

We propose, then, to invert the perspective ondagg evolution, shifting the focus from the
evolution oflanguage userso the evolution ofanguagesFigure 3 provides a conceptual
illustration of these two perspectives (see alsdeksen 1973; Hurford 1990; Kirby & Hurford
1997). The UG adaptationists (a) suggest that Sedegressure toward better language abilities
gradually led to the selection of more sophistidd#&s. In contrast, (b) we propose to view
language as an evolutionary system in its own rigé¢ also e.g., Christiansen 1994; Deacon
1997; Keller 1994; Kirby 1999; Ritt 2004), subjéatadaptive pressures from the human brain.
As a result, linguistic adaptation allows for th@lkition of increasingly expressive languages
that can nonetheless still be learned and procdgsddmain-general mechanisms. From this
perspective, we argue that the mystery of thediitvieen human language acquisition and
processing mechanisms and natural language magrbealed; and we might, furthermore,
understand how language has attained its appareédithgyncratic” structure.
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Figure 3.lllustration of two different views on the direatiof causation in language evolutiom) (
biological adaptations of the brain to languageutde arrows), resulting in gradually more intrichtés
(curved arrows) to provide the basis for incredgicgmplex language production and comprehension
(single arrows); (b) cultural adaptation of langeidg the brain (double arrows), resulting in insregly
expressive languages (curved arrows) that aresniéd to being acquired and processed by domain-
general mechanisms (single arrows).
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Instead of puzzling that humans can only learn allssnbset of the infinity of mathematically
possible languages, we take a different startingtpthe observation that natural languages exist
only because humans can produce, learn, and prtieass In order for languages to be passed
on from generation to generation, they must adapte properties of the human learning and
processing mechanisms; the structures in each d@egiorm a highly interdependesyistem
rather than a collection of independent traits. Kégto understanding the fit between language
and the brain is to understand how language hassieped by the brain, not the reverse. The
process by which language has been shaped byaheidrin important ways, akin to Darwinian
selection. Hence, we therefore suggest that ipioductive metaphor to view languages as
analogous to biological species, adapted througiralsselection to fit a particular ecological
niche: the human brain.

This viewpoint does not rule out the possibilitgtttanguage may have played a role in the
biological evolution of hominids. Good languagédiskinay indeed enhance reproductive
success. But the pressures working on languaggatat & humans are significantly stronger
than the selection pressures on humans to usedgagln case of the former, a language can
onlysurvive if it is learnable and processable by husn@n the other hand, adaptation towards
language use is merebye of mangelective pressures working on hominid evolutioe|uding,
for example, avoiding predators and finding foochakéas humans can survive without
language, the opposite is not the case. Thus, gamea language is more likely to have been
shaped to fit the human brain rather than the oilagrround. Languages that are hard for
humans to learn and process cannot come into exest all.

5.1. Historical parallels between linguistic andddogical change

The idea of language as an adaptive, evolutiongstes has a prominent historical pedigree
dating back to Darwin and beyond. One of the estrpeoponents of the idea that languages
evolve diachronically was the eighteenth-centungleage scholar, Sir William Jones, the first
Western scholar to study Sanskrit and note itaigffvith Greek and Latin (Cannon 1991).
Later, nineteenth-century linguistics was domindigen organistic view of language
(McMahon 1994). Franz Bopp, one of the foundersamhparative linguistics, regarded
language as an organism that could be dissectedlasslfied (Davies 1987). Wilhelm von
Humboldt, the father of generative grammar (Choni3§5; Pinker 1994), argued that
“language, in direct conjunction with mental powisra fully-fashionearganisni (von

Humboldt 1836/1999, p. 90; original emphasis). Mgeeerally, languages were viewed as
having life cycles that included birth, progressgyrewth, procreation, and eventually decay and
death. However, the notion of evolution underlyihg organistic view of language was largely
pre-Darwinian. This is perhaps reflected most ¢yeiarthe writings of another influential
linguist, August Schleicher. Although he explicidynphasized the relationship between
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linguistics and Darwinian theory (Schleicher 18G3oted in Percival 1987), Darwin’s principles
of mutation, variation, and natural selection did enter into the theorizing about language
evolution (Nerlich 1989). Instead, the evolutionariguage was seen in pre-Darwinian terms as
the progressive growth towards attainment of pédadollowed by decay.

Darwin (1900), too, recognized the similaritiesviben linguistic and biological
change'*

The formation of different languages and of digtsyeecies, and the proofs that both
have been developed through a gradual processyuaceisly parallel . . . We find in
distinct languages striking homologies due to comitywof descent, and analogies
due to a similar process of formation. The mannevhich certain letters or sounds
change when others change is very like correlatedtty . . . Languages, like organic
beings, can be classed in groups under groupghaydccan be classed either
naturally, according to descent, or artificially biher characters. Dominant
languages and dialects spread widely, and leduetgradual extinction of other
tongues. A language, like a species, when oncaaxnever . . . reappears... A
struggle for life is constantly going on among tards and grammatical forms in
each language. The better, the shorter, the dasies are constantly gaining the
upper hand . . . The survival and preservatioreofain favored words in the struggle
for existence is natural selection. (p. 106)

In this sense, natural language can be construgaphmarically as akin to an organism whose
evolution has been constrained by the propertiésinfan learning and processing mechanisms.
A similar perspective on language evolution wasvexy, within a modern evolutionary
framework, by Stevick (1963) and later by Nerlid®89). Sereno (1991) has listed a number of
parallels between biological organisms and langeajé the biological comparisons in
parentheses):

An intercommunicating group of people defines aylaage (cf. gene flow in relation
to a species); language abilities develop in epelaleer (cf. embryonic development);
language must be transmitted to offspring (cf.taéiiity); there is a low level

process of sound and meaning change that contilyugeserates variation (cf.
mutation); languages gradually diverge, especiahign spatially separated (cf.
allopatric speciation); geographical distributiaislialects (cf. subspecies, clines)
gradually give rise to wholesale rearrangementshohology and syntax (cf.
macroevolution); sociolinguistic isolation can ldgadanguage divergence without
spatial discontinuity (cf. sympatric speciatiorp. 472)
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Christiansen (1994) pushed the analogy a littlehar; suggesting that language may be viewed
as a “beneficial parasite” engaged in a symbiaatronship with its human hosts, without
whom it cannot survive (see also Deacon 1997). S$ytialparasites and their hosts tend to
become increasingly co-adapted (e.g., Dawkins 1%Bif)note that this co-adaptation will be
very lopsided because the rate of linguistic chaadar greater than the rate of biological
change. Whereas Danish and Hindi needed less tB@f years to evolve from a common
hypothesized proto-Indo-European ancestor into défgrent languages (Gray & Atkinson
2003), it took our remote ancestors approximatély,a00-200,000 years to evolve from the
archaic form of Homo sapiemsto the anatomically modern form, sometimes tertdecho
sapiens sapientdeed, as we argued above (in Section 3), thelitgmf language change — and
the geographical dispersal of humanity — suggéstisiiiological adaptation to language is
negligible. This suggestion is further corroborabgdvork in evolutionary game theory,
showing that when two species with markedly diffémn@ates of adaptation enter a symbiotic
relationship, the rapidly evolving species adaptthe slowly evolving one, but not the reverse
(Frean & Abraham 2004).

5.2. Language as a system

But in what sense should language be viewed astaldn integratedrganism rather than as a
collection of separate traits evolving relativatgependently? The reason is that language is
highly systematic- so much so, indeed, that much of linguistic tiie® concerned with tracking
the systematic relationships among different aspefclinguistic structure. Although language is
an integrated system, it can, nonetheless, be daseomprising a complex set of “features” or
“traits” that may or may not be passed on from gaeeration to the next (concerning lexical
items, idioms, aspects of phonology, syntax, andmoTo a first approximation, traits that are
easy for learners to acquire and use will becomeempevalent; traits that are more difficult to
acquire and use will disappear. Thus, selectioregqure from language learners and users will
shape the way in which language evolves. Crucitily,systematic character of linguistic traits
means that, to some degree at least, the fatafferkedt traits in a language are intertwined. That
is, the degree to which any particular trait isygaslearn or process will, to some extent, depend
on the other features of the language becausedgegusers will tend to learn and process each
aspect of the language in light of their experiewdé& the rest. This picture is familiar in

biology. The selectional impact of any gene depeamdsially on the rest of the genome; the
selectional forces on each gene, for good orridl,teed to the development and functioning of
the entire organism.

Construing language as an evolutionary systemrhpbdations for explanations @fhatis

being selected in language evolution. From the pmnt of generative grammar, the unit of
selection would seem to be either specific UG ppiles (in PPT; Newmeyer 1991), particular
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parts of the UG toolkit (in SS; Culicover & Jackeffd2005), or recursion in the form of Merge
(in MP; Hauser et al. 2002). In all cases, selectiould seem to take place at a high level of
abstraction that cuts across a multitude of spekifguistic constructions. Our approach
suggests a different perspective inspired by tari¢hl turn” in linguistics (e.g., Combinatory
Categorical Grammar, Steedman 2000; Head-driveaselstructure Grammar, Sag & Pollard
1987, Lexical-Functionalist Grammar, Bresnan 198®&using on specific lexical items with
their associated syntactic and semantic informatqecifically, we adopt a Construction
Grammar view of language (e.g., Croft 2000; 200dldBerg 2006; O’Grady 2005), proposing
that individual constructions consisting of wordscombinations thereof are among the basic
units of selection.

To spell out the parallel, the idiolect of an indval speaker is analogous to an individual
organism; a language (e.g., Mandarin, French)iis taka species. A linguistic “genotype”
corresponds to the neural representation of ateictionstantiated by a collection of mental
“constructions,” which are here analogous to geaed,gives rise to linguistic behavior — the
language “phenotype” — characterized by a collectibutterances and interpretations. Just as
the fitness of an individual gene depends on teraction with other genes, so the fitness of an
individual construction is intertwined with thoskeather constructions; i.e., constructions are
part of a (linguistic) system. A species in biolagyefined by the ability to interbreed; a
“language species” is defined by mutual intelliGitipi Hence, interbreeding and mutually
intelligible linguistic interactions can be viewad analogous processes by which genetic
material and constructions can propagate.

The long-term survival of any given constructioafected both by its individual properties
(e.g., frequency of usage) and how well it fitoittie overall linguistic system (e.g., syntactic,
semantic, or pragmatic overlap with other constons)). In a series of linguistic and corpus-
based analyses, Bybee (2007) has shown how fregeéeccurrence plays an important role in
shaping language from phonology to morphology tephosyntax, as a result of the effects of
repeated processing experiences with specific elempither types or tokens). Additionally,
groups of constructions overlapping in terms oftagtic, semantic, and/or pragmatic properties
emerge and form the basis for usage-based geraraiiz (e.g., Goldberg 2006; Tomasello
2003). Crucially, however, these groupings lead tistributed system d¢dcal generalizations
across partially overlapping constructions, rathan the abstract, mostly global generalizations
of current generative grammar.

In psycholinguistics, the effects of frequency padtern overlap have been observed in so-called
Frequency Regularity interactions. As an example, consitleracquisition of the English past
tense. Frequently occurring mappings, sucha® went are learned more easily than more
infrequent mappings, such l&s ® lay. However, low-frequency patterns may be more gasil
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learned if they overlap in part with other patterfisus, the partial overlap in the mappings from
stem to past tense sheep® slept, wee® wept, kee® kept(i.e.,-eep® -epl) make the
learning of the these mappings relatively easy ¢lieagh none of the words individually have a
particularly high frequency. Importantly, the twaxcfors — frequency and regularity (i.e., degree
of partial overlap) — interact with each other. iigequency patterns are easily learned
independent of whether they are regular or notredmethe learning of low-frequency patterns
suffers if they are not regular (i.e., if they dat have partial overlap with other patterns).
Results from psycholinguistic experimentation aachputational modeling have observed such
Frequency Regularity interactions across many aspects @uage, including auditory word
recognition (Lively et al. 1994), visual word reciipn (Seidenberg 1985), English past tense
acquisition (Hare & Elman 1995), and sentence @msiog (Juliano & Tanenhaus 1994;
MacDonald & Christiansen 2002; Pearlmutter & MacBloinL995).

In our case, we suggest that similar interactieta/ben frequency and pattern overlap are likely
to play an important role in language evolutiorditdual constructions may survive through
frequent usage or because they participate in tisagged generalizations through syntactic,
semantic, or pragmatic overlap with other similanstructions. Additional support for this
suggestion comes from artificial language learstuglies with human subjects, demonstrating
that certain combinations of artificial-languageustures are more easily learned than others
given sequential learning biases (e.g., Christiai2890; Reeder 2004; Saffran 2001; see Sec.
6.3). For example, Ellefson and Christiansen (2@@®pared human learning across two
artificial languages that only differed in the ordé¢ words in two out of six sentence types. They
found that not only was the more “natural” langubegened better overall, but also that the four
sentence types common to both languages were tehgtter as well. This suggests that the
artificial languages were learned as integratetksys, rather than as collections of independent
items.

Further corroboration comes from a study by Kas@rakGlenberg (2004) who had adult
participants learn theeedsconstruction (e.g., “The meal needs cooked”) adufiee of the
American English dialect spoken in the northernlamds region from western Pennsylvania
across Ohio, Indiana, and lllinois to lowa. Therirgg on the needs construction facilitated the
processing of related modifier constructions (€ge meal needs cooked vegetables”), again
suggesting that constructions form an integratetesy that can be affected by the learning of
new constructions. Thus, although constructionsakected independently, they also provide an
environment for each other within which selectiakes place, just as the selection of individual
genes are tied to the survival of the other gelnasrhake up an organism.
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5.3. The nature of language universals

We have argued that language is best viewed agaistic system adapted to the human brain.
But if evolution is unlikely to have bestowed udwan innate UG, then how can we account for
the various aspects of language that UG constramtsupposed to explain? That is, how can we
explain the existence of apparent language unilgrisethe form of regularities in language
structure and use? Notice, however, that is itdoyneans clear exactly what counts as a
language universal. Rather, the notion of languageersals differs considerably across
language researchers (e.g., the variety in perspsa@mong contributions in Christiansen et al.,
in press). Many linguists working within the gertera grammar framework see universals as
primarily, and sometimes exclusively, deriving fraifs (e.g., Hornstein & Boeckx, in press;
Pinker & Jackendoff, in press). Functional lingsijsin the other hand, view universals as arising
from patterns of language usage as a result ohpaig, processing, and other constraints, and
amplified in diachronic language change (e.g., BRylie press). However, even within the same
theoretical linguistic framework, there is oftettlé agreement about what the exact universals
are. For example, when surveying specific univerpabposed by different proponents of UG,
Tomasello (2004) found little overlap among propbsgeiversals.

Although there may be little agreement about speaifiversals, some consensus can
nonetheless be found with respect to their gemertalre. Thus, within mainstream generative
grammar approaches, ,including MP and PPT, languaiyersals are seen as arising from the
inner workings of UG. As noted by Hornstein and &oe(in press),

on this conception universals are likely to be gaibstract. They need not be
observable even were one to survey thousands géigges looking for
commonalities (unlike, say Greenbergian Universéts)act, on this conception, the
mere fact that every language displayed some prppedoes not imply that P is a
universal in the sense of being a feature of UG niare paradoxically, the fact that P
holds universally does not imply that P is a ursakrConversely, some property can
be a universal even if only manifested in a simglural language. The only thing
that makes a principle a Universal on this viewhat it is a property of our innate
ability to grow a language. (pp. 3—4)

Thus, from the perspective of MP and PPT, languenyersals are by definition properties of
UG,; that is, they arformal universals (Chomsky 1965). A similar view of umsas also

figures within the SS framework (Culicover & Jac#leff 2005), defined in terms of the
universal toolkit encoded in UG. Because diffelanguages are hypothesized to use different
subsets of tools, the SS approach — like MP and-P&iggests that some universals may not
show up in all languages (Pinker & Jackendoff,n@sg). However, both notions of universals
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face the logical problem of language evolution désed above (in Sections 2 — 4): How could
the full set of UG constraints have evolved if aimgle linguistic environment only ever
supported a subset of them?

The solution to this problem, we suggest, is topa@ononformal conception of universals in
which they emerge from processes of repeated lgggaequisition and use. We see universals
as products of the interaction among constraintvidg from the way our thought processes
work, from perceptuo-motor factors, from cognitliritations on learning and processing, and
from pragmatic sources (Sec. 6 below). This viewlias that most universals are unlikely to be
found across all languages; rather, “universale’more akin to statistical trends tied to patterns
of language use. Consequently, specific univefafllon a continuum ranging from being
attested to only in some languages to being foenolsa most languages. An example of the
former is the class of implicational universals;isas that verb-final languages tend to have
postpositions (Dryer 1992), whereas the presencewfs and verbs in most, if not all,
languages (minimally as typological prototypes;f€26001) is an example of the latter. Thus,
language universals, we suggest, are best consirusitistical tendencies with varying degrees
of universality across the world’s languages.

We have argued that language is too variable, indiime and space, to provide a selectional
pressure that might shape the gradual adaptatian ofhate UG encoding arbitrary, but
universal linguistic constraints. Moreover, a py&innate UG would be too complex and
specialized to have credibly arisen through norptadeonist mechanisms. Instead, we have
proposed that the fit between language and the laréses because language has evolved to be
readily learned and processed by the brain. Wecwwider what kinds of non-linguistic
constraints are likely to have shaped languagkéddtain and given rise to statistical tendencies
in language structure and use.

6. Constraints on language structure

We have proposed that language has adapted t@thinguistic constraints deriving from
language learners and users, giving rise to obBkEriaguistic universals. But how far can these
constraints be identified? To what extent can lisgeistructure previously ascribed to an innate
UG be identified as having a non-linguistic basi$€arly, establishing a complete answer to this
guestion would require a vast program of resedrcthis section, we illustrate how research
from different areas of the language sciences eadmrdught together to explain aspects of
language previously thought to require the existesfdJG for their explanation. For the purpose
of exposition, we divide the constraints into fguoups relating to thought, perceptuo-motor
factors, cognition, and pragmatics. These congtaerive from the limitations and

idiosyncratic properties of the human brain aneofarts of our body involved in language
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(e.g., the vocal tract). However, as we note bdBac. 6.5), any given linguistic phenomenon is
likely to arise from a combination of multiple carasnts that cut across these groupings and,
thus, across different kinds of brain mechanisms.

6.1. Constraints from thought

The relationship between language and thoughttenpally abundantly rich but also extremely
controversial. Thus, the analytic tradition in plsibphy can be viewed as attempting to
understand thought through a careful analysisrgfuage (e.g., Blackburn 1984). It has been
widely assumed that the structure of sentencest{erances and perhaps the contexts in which
they stand) and the inferential relations over tipgavide an analysis of thought. A standard
assumption is that thought is largely prior to, amtkependent of, linguistic communication.
Accordingly, fundamental properties of languagehsas compositionality, function-argument
structure, quantification, aspect, and modalityy mase from the structure of the thoughts
language is required to express (e.g., Schoened@89).

Presumably language also provides a reasonabtyegffimapping of the mental representation
of thoughts, with these properties, into phonoldlyis viewpoint can be instantiated in a variety
of ways. For example, Steedman’s emphasis on iream&hinterpretation (e.g., that successive
partial semantic representations are constructéigeasentence unfolds — i.e., the thought that a
sentence expresses is built up piecemeal) is otieation for categorical grammar (e.g.,
Steedman 2000). From a very different stance, itheo&finding a “perfect” relationship
between thought and phonology is closely relatetieayoals of the Minimalist Program
(Chomsky 1995¥ Indeed, Chomsky (e.g., 2005) has recently sugdéisse language may have
originated as a vehicle for thought and only l&#tecame exapted to serve as a system of
communication. This viewpoint would not, of coursgplain the content of a putative UG,
which concerns principles for mapping mental reg@néstions of thought into phonology; and
this mapping surelis specific to communication. Inferences are, aftepaesumably defined
over mental representations of thoughts, rather peonological representations or, for that
matter, syntactic trees.

The lexicon is presumably also strongly constraimgg@rocesses of perception and
categorization — the meanings of words must be leaitmable and cognitively useful (e.g.,
Murphy 2002). Indeed, the philosophical literatarelexical meaning, from a range of
theoretical perspectives, sees cognitive consgrastffundamental to understanding word
meaning, whether these constraints are given aténsystems of internal representation (Fodor
1975) or primitive mechanisms of generalizationi(@uL960). Cognitive linguists (e.g., Croft &
Cruise 2004) have argued for a far more intimation between thought and language. For
example, basic conceptual machinery (e.g., conegspatial structure) and the mapping of such
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structure into more abstract domains (e.g., vieaptatr) are, according to some accounts,
evident in languages (e.g., Lakoff & Johnson 1980d from a related perspective (e.g., Croft
2001), some linguists have argued that semantegoats of thought (e.g., of objects and
relations) may be shared between languages, wheyatsctic categories and constructions are
defined by language-internal properties, such sisiblutional relations, so that the attempt to
find cross-linguistic syntactic universals is doahte failure.

6.2. Perceptuo-motor constraints

The motor and perceptual machinery underpinningdage seems inevitably to have some
influence on language structure. The serialityadfal output, most obviously, forces a sequential
construction of messages. A perceptual and menystg® that is typically a “greedy”

processor and has a very limited capacity for sgpfraw” sensory input of any kind (e.g., Haber
1983) may, moreover, force a code that can bepgrégrd incrementally (rather than the many
practical codes in communication engineering, incWinformation is stored in large blocks,

e.g., Mackay 2003). The noisiness and variabitith with context and speaker, of vocal (or,
indeed, signed) signals may, moreover, force aitaligcommunication system with a small
number of basic messages: i.e., one that usesthaanits (phonetic features or phonemes).

The basic phonetic inventory is transparently egldb deployment of the vocal apparatus, and it
is also possible that it is tuned, to some dedoersspect “natural” perceptual boundaries (Kuhl
1987). Some theorists have argued for more fariegaconnections. For example, MacNeilage
(1998) argues that aspects of syllable structurergenas a variation on the jaw movements
involved in eating; and for some cognitive lingajghe perceptual-motor system is a crucial part
of the machinery on which the linguistic systerbuslt (e.g., Hampe 2006). The depth of the
influence of perceptual and motor control on mdrstieact aspects of language is controversial,
but it seems plausible that such influence mayubstantial.

6.3. Cognitive constraints on learning and processgi

In our framework, language acquisition is constraoetlas learning a distant grammar, but as
learning how t@rocesdanguage. Although constraints on learning an@gssing are often
treated separately (e.g., Bybee 2007; Hawkins 2006asello 2003), we see them as being
highly intertwined, subserved by the very same dgohg) mechanisms. Language processing
involves extracting regularities from highly compleequential input, pointing to a connection
between general sequential learning (e.qg., planmiogor control, etc., Lashley 1951) and
language. Both involve the extraction and furth@icpssing of discrete elements occurring in
complex temporal sequences. It is therefore ngirsing that sequential learning tasks have
become an important experimental paradigm for stgdianguage acquisition and processing
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(sometimes under the heading of “artificial gramttaaiguage learning,” Gomez & Gerken

2000, or “statistical learning,” Saffran 2003). 8eqtial learning has thus been demonstrated for
a variety of different aspects of language, inatgdspeech segmentation (Curtin et al. 2005;
Saffran et al. 1996a; Saffran et al. 1996b), discioygg complex word-internal structure between
nonadjacent elements (Newport & Aslin 2004; Onniale2005; Pefia et al. 2002), acquiring
gender-like morphological systems (Brooks et a@3tFrigo & McDonald 1998), locating
syntactic phrase boundaries (Saffran 2001; 20@&)gufunction words to delineate phrases
(Green 1979), integrating prosodic and morpholdgioas in the learning of phrase structure
(Morgan et al. 1987), integrating phonological aistributional cues (Monaghan et al. 2005),
and detecting long-distance relationships betweemsv(Gémez 2002; Onnis et al. 2003).

The close relationship between sequential learamtygrammatical ability has been further
corroborated by recent neuroimaging studies, shgiat people trained on an artificial
language have the same event-related potential \BRwave patterns to ungrammatical
artificial-language sentences as to ungrammat@tiral-language sentences (Christiansen et al.
2007; Friederici et al. 2002). Moreover, novel ingouent musical sequences elicit ERP patterns
that are statistically indistinguishable from syit@incongruities in language (Patel et al. 1998).
Results from a magnetoencephalography (MEG) expeririurther suggest that Broca's area
plays a crucial role in processing music seque(idegss et al. 2001). Finally, event-related
functional magnetic resonance imaging (fMRI) hasvahthat the same brain area — Broca’s
area — is involved in an artificial grammar leagtask and in normal natural language
processing (Petersson et al. 2004). Further evedeomes from behavioral studies with
language-impaired populations, showing that aph@haistiansen et al. 2007; Hoen et al.

2003), language learning disability (Plante eR@D2), and specific language impairment (Hsu et
al. 2006; Tomblin et al. 2007) are associated witpaired sequential learning. Together, these
studies strongly suggest that there is conside@a@dap in the neural mechanisms involved in
language and sequential learrith@gsee also Conway et al. 2007; Ullman 2004; Willéns
Wakefield 1995, for similar perspectives).

This psychological research can be seen as pravalfoundation for work in functional and
typological linguistics indicating how theoreti@nstraints on sequential learning and
processing can be used to explain certain univeed#trns in language structure and use. One
suggestion, from O’Grady (2005), is that the largguprocessing system seeks to resolve
linguistic dependencies (e.g., between verbs agid dihguments) at the first opportunity — a
tendency that might not be syntax-specific butteiad, an instance of a general cognitive
tendency to attempt to resolve ambiguities rapialynguistic (Clark 1975) and perceptual input
(Pomerantz & Kubovy 1986). In a similar vein, Han&i(1994; 2004) and Culicover (1999)
propose specific measures of processing compléxitghly, the number of linguistic
constituents required to link syntactic and congalpstructure), which they assume underpin
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judgments concerning linguistic acceptability. Tdodlection of studies in Bybee (2007) further
underscores the importance of frequency of useapiag language. Importantly, this line of
work has begun to detail learning and processimgtcaints that can help explain specific
linguistic patterns, such as the aforementionedngkas of pronoun binding (previous Examples
1-4; see O’Grady 2005) and heavy NP-shift (Examplds see Hawkins 1994; 2004), and
indicates an increasing emphasis on performancgrenmts within linguistics.

In turn, a growing body of empirical research imgutational linguistics, cognitive science, and
psycholinguistics has begun to explore how theser#ftical constraints may be instantiated in
terms of computational and psychological mechanigtosexample, basic word order patterns
may thus derive from memory constraints relatesefguential learning and processing of
linguistic material, as indicated by computatiosiahulations (e.g., Christiansen & Devlin 1997;
Kirby 1999; Lupyan & Christiansen 2002; Van Evesdxk 1999), human experimentation
involving artificial languages (e.g., Christians2000; Reeder 2004), and cross-linguistic corpus
analyses (e.g., Bybee 2002; Hawkins 1994; 2004)il&iy, behavioral experiments and
computational modeling have provided evidence &regal processing constraints (instead of
innate subjacency constraints) on complex questionation (Berwick & Weinberg 1984;
Ellefson & Christiansen 2000).

6.4. Pragmatic constraints

Language is likely, moreover, to be substantidtigmed by the pragmatic constraints involved in
linguistic communication. The program of developamg extending Gricean implicatures (Grice
1967; Levinson 2000; Sperber & Wilson 1986) hagatéed enormous complexity in the
relationship between the literal meaning of anratiee and the message that the speaker intends
to convey. Pragmatic processes may, indeed, béatmainderstanding many aspects of
linguistic structure, as well as the processeamndliage change.

Consider the nature of anaphora and binding. Lewvirf2000) notes that the patterns of
“discourse” anaphora, Example (7), and syntactapanra, Example (8), have interesting
parallels.

7. a. John arrived. He began to sing.
b. John arrived. The man began to sing.

8. a. John arrived and he began to sing.
b. John arrived and the man began to sing.
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In both (7) and (8), the first form indicates preéel co-reference dfe andJohn the second

form prefers non-coreference. The general patgethat brief expressions encourage co-
reference with a previously introduced item; Gricagiaxim of quantity implies that, by default, a
prolix expression will not be used where a brighression could be, and hence prolix
expressions are typically taken to imply non-camfiee with previously introduced entities.
Where the referring expression is absent, thereterence may be required as in Example (9), in
which the singer can only be John:

9. John arrived and began to sing.

It is natural to assume that syntactic structurnesrge diachronically from reduction of discourse
structures — and that, in Givon’s phrase, “Yestgsldiscourse is today’s syntax” (as cited in
Tomasello 2006). The shift, over time, from defaalhstraint to rigid rule is widespread in
language change and much studied in the sub-ffegdamnmaticalization (see Sec. 7.1).

Applying this pragmatic perspective to the bindaogstraints, Levinson (1987a; 1987b; 2000)
notes that the availability, but non-use, of thiteseéve himselfprovides a default (and later,
perhaps, rigid) constraint thiaitm does not co-refer withohnin Example (10).

10. a. Johrikes himself
b. Johnlikes him.

Levinson (2000), building on related work by Reirtl{a983), provides a comprehensive
account of the binding constraints, and putativeepkons to them, purely on pragmatic
principles (see also Huang 2000, for a cross-listiriperspective). In sum, pragmatic principles
can at least partly explain both the structure @igin of linguistic patterns that are often viewed
as solely formal and, hence, arbitrary.

6.5. The impact of multiple constraints

In Section 6, we have discussed four types of caimés that have shaped the evolution of
language. Importantly, we see these constraintst@scting with one another, such that
individual linguistic phenomena arise from a conalion of several different types of
constraints. For example, the patterns of bindimgnomena are likely to require explanations
that cut across the four types of constraintspuiticlg constraints on cognitive processing
(O’Grady 2005) and pragmatics (Levinson 1987a; R&in1983). That is, the explanation of
any given aspect of language is likely to requae inclusion of multiple overlapping constraints
deriving from thought, perceptual-motor factorsymition, and pragmatics.
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The idea of explaining language structure and lisigh the integration of multiple constraints
goes back at least to early functionalist approstbehe psychology of language (e.g., Bates &
MacWhinney 1979; Bever 1970; Slobin 1973). It plagsmportant role in current constraint-
based theories of sentence comprehension (e.gD&fedd et al. 1994; Tanenhaus & Trueswell
1995). Experiments have demonstrated how adulistpretations of sentences are sensitive to a
variety of constraints, including specific worlddwledge relating to the content of an utterance
(e.g., Kamide et al. 2003), the visual context hich the utterance is produced (e.g., Tanenhaus
et al. 1995), the sound properties of individuatago(Farmer et al. 2006), the processing
difficulty of an utterance, as well as how sucHidifity may be affected by prior experience

(e.g., Reali & Christiansen 2007), and various pratic factors (e.g., Fitneva & Spivey 2004).
Similarly, the integration of multiple constraints, “cues,” also figures prominently in
contemporary theories of language acquisition ésge contributions in Golinkoff et al. 2000;
Morgan & Demuth 1996; Weissenborn & Hohle 2001;doeview, see Monaghan &
Christiansen, 2008).

The multiple-constraints satisfaction perspectimdamguage evolution also offers an
explanation for why language is unique to humarssaAultural product, language has been
shaped by constraints from multiple mechanismsesohwhich have properties unique to
humans. Specifically, we suggest that language doesvolve any qualitatively different
mechanisms compared to extant apes, but insteathbar of quantitative evolutionary
refinements of older primate systems (e.g., fagntibn sharing and understanding, Tomasello et
al. 2005; or complex sequential learning and prsiogs> Conway & Christiansen 2001). These
changes could be viewed as providing necessargghaptations that, once in place, allowed
language to emerge through cultural transmissian, (EIman 1999). It is also conceivable that
initial changes, if functional, could have beenjsabto further amplification through the

Baldwin effect, perhaps resulting in multiple qutative shifts in human evolution. The key

point is that none of these changes would resuherevolution of UG. The species-specificity

of a given trait does not necessitate postulatpegific biological adaptations for that trait. For
example, even though playing tag may be speciesfgpand perhaps even universal, few
people, if any, would argue that humans have edobpecific adaptations for playing this game.
Thus, the uniqueness of language is better viewquhe of the larger question: Why are humans
different from other primates? It seems clear toausidering language in isolation is not going

to give us the answer to this question.

7. How constraints shape language over time
According to the view that language evolution ited@ined by the development of UG, there is

a sharp divide between questions of language awal{how the genetic endowment could arise
evolutionarily) and historical language change @hhs viewed as variation within the
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genetically determined limits of possible humarglaages). By contrast, if language has evolved
to fit prior cognitive and communicative constrainhen it is plausible that historical processes
of language change provide a model of languageugwal indeed, historical language change
may be language evolution in microcosm. This partspeis consistent with much work in
functional and typological linguistics (e.g., Beetangendoen 1971; Croft 2000; Givén 1998;
Hawkins 2004; Heine & Kuteva 2002).

At the outset, it is natural to expect that languagl be the outcome of competing selectional
forces. On the one hand, as we shall note, thdfd&eva variety of selectional forces that make
the language “easier” for speakers/hearers; ootther, it is likely that expressibility is a
powerful selectional constraint, tending to inceelsguistic complexity over evolutionary time.
For example, it has been suggested that the usierafrchical structure and limited recursion to
express more complex meanings may have arrivetatdtages of language evolution
(Jackendoff 2002; Johansson 2006). Indeed, the mddeazonian language, Piraha, lacks
recursion and has one of the world’s smallest phmanimventories (though its morphology is
complex), limiting its expressivity (Everett 200%t see also the critique by Nevins et al. 2007
and Everett's 2007 response).

While expressivity is one selectional force thatrtend to increase linguistic complexity, it will
typically stand in opposition to another. Easeeairhing and processing will tend to favor
linguistic simplicity. But the picture may be maremplex. In some cases, ease of learning and
ease of processing may stand in opposition. Fanple regularity makes items easietdarn;
the shortening of frequent items, and consequesgutarity, may make aspects of language
easier tasay. There are similar tensions between ease of ptmtugwhich favors simplifying

the speech signal) and ease of comprehension (kdwolns a richer, and hence more
informative, signal). Moreover, whereas constragesving from the brain provide pressures
toward simplification of language, processes ohgraticalization can add complexity to
language (e.g., by the emergence of morphologieakers). Thus, part of the complexity of
language, just as in biology, may arise from th@glex interaction of competing constraints.

7.1. Language evolution as linguistic change

Recent theory in diachronic linguistics has focusedrammaticalization (e.g., Bybee et al.
1994; Heine 1991; Hopper & Traugott 1993): the pescby which functional items, including
closed class words and morphology, develop fromt\abainitially open-class items. This
transitional process involves a “bleaching” of megnphonological reduction, and increasingly
rigid dependencies with other items. Thus, the Ehgiumbeoneis likely to be the root ta(n).
The Latincantare habedl have[something]to sing mutated intahanterais cantaré, cantaro

(I will sing in French, Spanish, Italian). The suffix corresg@phonologically td havein each
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language (respectivelgj, he ho — thehaveelement has collapsed into inflectional morphology
Fleischman 1982). The same processes of grammaditah can also cause certain content
words over time to get bleached of their meanirgjl@come grammatical particles. For
example, the use g andhaveas auxiliary verbs (as inam going to singr | have forgotten

my haj have been bleached of their original meaninggeonng physical movement and
possession (Bybee et al. 1994). The processeswfgaticalization appear gradual and follow
historical patterns, suggesting that there areegyatic selectional pressures operative in
language change. More generally, these processeglpra possible origin of grammatical
structure from a proto-language initially involvipgrhaps unordered and uninflected strings of
content words.

From a historical perspective, it is natural towmmany aspects of syntax as emerging from
processing or pragmatic factors. Revisiting oucaésion of binding constraints, we might view
complementary distributions of reflexive and noflexdve pronouns as initially arising from
pragmatic factors; the resulting pattern may beigied and modified by future generations of
learners, to some degree independently of thoselifactors (e.g., Givon 1979; Levinson
1987b). Thus, binding constraints might be a compl®duct of many forces, including
pragmatic factors, and learning and processingebjamnd, hence, the subtlety of those
constraints should not be entirely surprising. Boin the present perspective, the fact that such
a complex system of constraints is readily learaa@bheither puzzling nor indicative of an
innately specified genetic endowment. Rather, trestaints are learnable because they have
been shaped by the very pragmatic, processingeanaging constraints with which the learner is
endowed.

Understanding the cognitive and communicative biasithe direction of grammaticalization

and related processes is an important challengeedgially, the suggestion that this type of
observable historical change may be continuous lartuage evolution opens up the possibility
that research on the origin of language may na tieeoretically isolated island of speculation,
but may connect directly with one of the most carttwpics in linguistics: the nature of language
change (e.g., Zeevat 2006). Indeed, grammaticadizétas become the center of many recent
perspectives on the evolution of language as madliay cultural transmission across hundreds,
perhaps thousands, of generations of learners Byee et al. 1994; Givon 1998; Heine &
Kuteva 2002; Schoenemann 1999; Tomasello 2003 o0Adh the present approach also
emphasizes the importance of grammaticalizatidherevolution of complex syntax, it differs
from other approaches in that we see this diachnarcess as being constrained by limitations
on learning and processing. Indeed, there have leeen intriguing attempts to explain some
aspects of language change with reference to #neiftey properties of connectionist networks.
For example, Hare and Elman (1995) demonstrateddnoss-generational learning by
sequential learning devices can model the gradstidrital change in English verb inflection
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from a complex past tense system in Old Englighéocdominant “regular” class and small
classes of “irregular” verbs of modern English.

7.2. Language evolution through cultural transmissi

How far can language evolution and historical psses of language change be explained in
terms of general mechanisms of cultural transmms$g attempting to capture the processes by
which information is passed from person to persdn@ how information might be selectively
distorted by such processes? Crucial to any suaemahether concerning language or not, are
assumptions about the channel over which cultafatmation is transmitted, the structure of the
network of social interactions over which transnaissoccurs, and the learning and processing
mechanisms that support the acquisition and usigeairansmitted information (Boyd &
Richerson 2005).

A wide range of recent computational models ofdhkural transmission of language has been
developed, with different points of emphasis. Saf#ese models have considered how
language is shaped by the process of transmissemsoccessive generations, by the nature of
the communication problem to be solved, and/oheyrtature of the learners (e.g., Batali 1998;
Kirby 1999). For example, Kirby et al. (2007) shthat, if information is transmitted directly
between individual learners, and learners samg@magrars from the Bayes posterior distribution
of grammars given that information, then languagjeratotically converges to match the priors
initially encoded by the learners. In contrast, thret al. (2003), using a different model of how
information is learned, indicate how compositiostalicture in language might have resulted
from the complex interaction of learning constraiahd cultural transmission, resulting in a
“learning bottleneck.” Moreover, a growing numbéstudies have started to investigate the
potentially important interactions between biol@jiand linguistic adaptation in language
evolution (e.g., Christiansen et al. 2006; Hurf@@®0; Hurford & Kirby 1999; Kvasnicka &
Pospichal 1999; Livingstone & Fyfe 2000; Munroe &r@elosi 2002; Smith 2002; 2004;
Yamauchi 2001).

Of particular interest here are simulations indigathat apparently arbitrary aspects of linguistic
structure may arise from constraints on learningj@iocessing (e.g., Kirby 1998; 1999; Van
Everbroeck 1999). For example, it has been suggélsée subjacency constraints may arise
from cognitive limitations on sequential learnirig)léfson & Christiansen 2000). Moreover,
using rule-based language induction, Kirby (199%oanted for the emergence of typological
universals as a result of domain-general learnimj@ocessing constraints. Finally, note that, in
line with the present arguments, a range of resiemlies have challenged the plausibility of
biological adaptation to arbitrary features of linguistic environment (e.g., Christiansen et al.
2006; Kirby et al. 2007; Kirby & Hurford 1997; Mume & Cangelosi 2002; Yamauchi 2001).
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The range of factors known to be important in aaltt&ransmission (e.g., group size and
networks of transmission among group members,ifydet transmission) has been explored
relatively little in simulation work. Furthermort the extent that language is shaped by the
brain, then enriching models of cultural transnuasof language, against the backdrop of
learning and processing constraints, will be anartgnt direction for the study both of historical
language change and language evolution. More génenawing language as shaped by
cultural transmission (Arbib 2005; Bybee 2002; Ddr098) only provides the starting point
for an explanation of linguistic regularities. Tilgal challenge, we suggest, is to delineate the
wide range of constraints, from perceptuo-motgerelgmatic (as sketched above, Sec. 6), that
operate on language evolution. Detailing thesetcaings is likely to be crucial for explanations
of complex linguistic regularities and how they caradily be learned and processed.

We note here that this perspective on the adaptafitanguage differs importantly from the
processes of cultural change that operate throafjbedate and conscious innovation and/or
evaluation of cultural variants. On our accoung, pnocesses of language change operate to
make languages easier to learn and process andoomraunicatively effective. But these
changes do not operate through processes eitlidesifjn” or deliberate adoption by language
users. Thus, following Darwin, we view the origifhtloe adaptive complexity in language as
analogous to the origin of adaptive complexity ioldigy. Specifically, the adaptive complexity
of biological organisms is presumed to arise framdom genetic variation, winnowed by
natural selection (a “blind watchmaker”; Dawkins869. We argue that the adaptive complexity
of language arises, similarly, from random linggistariation winnowed by selectional
pressures, though here concerning learning aneégsot (so again, we havéland
watchmaker).

By contrast, for aspects of cultural changes foictvlvariants are either created or selected by
deliberate choice, the picture is very differenicl$ cultural products can be viewed instead as
arising from the incremental action of processestelligent design, and more or less explicit
evaluations, and decisions to adopt (see Chatés)2Many phenomena discussed by
evolutionary theorists concerning culture (e.g.mphell 1965; Richerson & Boyd 2005) —
including those described by meme-theorists (Blgckmore 1999; Dawkins 1976; Dennett
1995) — fall into this latter category. Explanasasf fashions (e.g., wearing baseball caps
backwards), catchphrases, memorable tunes, engigerethods, cultural conventions and
institutions (e.g., marriage, revenge killings)esdtific and artistic ideas, religious views, amd s
on, seem patently to be productsifhtedwatchmakers; i.e., they are products, in partast,

of many generations of intelligent designers, itoits, and critics.
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Our focus here concerns, instead, the specifiaraeddependent constraints operating on
particular linguistic structures and of which peophve no conscious awareness. Presumably,
speakers do not deliberately contemplate syntaeéinalyses of existing structures, bleach the
meaning of common verbs so that they play an isongdy syntactic role, or collapse discourse
structure into syntax or syntactic structure intorpiology. Of course, there is some deliberate
innovation in language (e.g., people consciouskgim new words and phrases). But such
deliberate innovations should be sharply distingedsfrom the unconscious operation of the
basic learning and processing biases that havesdithp phonological, syntactic, and semantic
regularities of language.

7.3. Language change “in vivo”

We have argued that language has evolved overttirhe compatible with the human brain.
However, it might be objected that it is not cldeat languages become better adapted over time
given that they all seem capable of expressingndasi range of meanings (Sereno 1991). In

fact, the idea that all languages are fundamenggjlial and independent of their users —
uniformitarianism — is widely adopted in linguigtjgreventing many linguists from thinking
about language evolution (Newmeyer 2003). Yet, nuatfation exists in how easy it is to use a
given language to express a particular meaningnhdive limitations of human learning and
processing mechanisms.

The recent work on creolization in sign languagevjgles a window onto how pressures towards
increased expressivity interact with constraintdeamning and processing “in vivo.” In less than
three decades, a sign language has emerged irajuEgrcreated by deaf children with little
exposure to established languages. Senghas 208#)(compared signed expressions for
complex motions produced by deaf signers of NicaaadSign Language (NSL) with the
gestures of hearing Spanish speakers. The resolgesl that the hearing individuals used a
single simultaneous movement combining both maandrpath of motion, whereas the deaf
NSL signers tended to break the event into two ecusve signs: one for the path of motion and
another for the manner. Moreover, this tendencystamgest for the signers who had learned
NSL more recently, indicating that NSL has chanfyedh using a holistic way of denoting
motion events to a more sequential, compositicorahét.

Although such creolization may be considered adexnge of UG (e.g., Bickerton 1984; Pinker
1994), the results may be better construed in t@fresgnitive constraints on cultural
transmission. Indeed, computational simulationseld@monstrated how iterated learning in
cultural transmission can change a language sgeaisra collection of holistic form-meaning
pairings into a more compositional format, in whggguences of forms are combined to produce
meanings previously expressed holistically (se&¥K& Hurford 2002, for a review). Similarly,
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human experimentation operationalizing iteratednieg within a new “cross-generational”
paradigm — in which the output of one artificiahdmage learner is used as the input for
subsequent “generations” of language learners sl@asn that such learning biases over
generations can change the structure of artifiai@juages from holistic mappings to a
compositional format (Cornish 2006). This allowsdaage to have increased expressivity, while
being learnable from exposure to a finite set ainfaneaning pairings. Thus, the change towards
using sequential compositional forms to describéioncevents in NSL can be viewed as a
reflection of similar processes of learning andwall transmission.

In a similar vein, the rapid emergence of a reg8lav (subject-object-verb) word order in Al-
Sayyid Bedouin Sign Language (ABSL) (Sandler eR@05) can be interpreted as arising from
constraints on learning and processing. ABSL Has@er history than NSL, going back some
70 years. The Al-Sayyid Bedouin group, locatechim llegev desert region of southern Israel,
forms an isolated community with a high inciden€eangenital deafness. In contrast to NSL,
which developed within a school environment, AB&is levolved in a more natural setting and
is recognized as the second language of the AliBayljage. A key feature of ABSL is that is
has developed a basic SOV word order within seet(e.g.boy apple egt with modifiers
following heads (e.gapple red. Although this type of word order is very commexross the
world (Dryer 1992), it is found neither in the lbspoken Arabic dialect nor in Israeli Sign
Language (ISL), suggesting that ABSL has develdpede grammatical regularities de novo.

In a series of computational simulations, Chrisgemand Devlin (1997) found that languages
with consistent word order were easier to learalggquential learning device compared to
inconsistent word orders. Thus, a language withemghatical structure such as ABSL was
easier to learn than one in which an SOV word owbes combined with a modifier-head order
within phrases. Similar results were obtained wiheman subjects were trained on artificial
languages with either consistent or inconsisterttiveoders (Christiansen 2000; Reeder 2004).
Further simulations have demonstrated how sequdedianing biases can lead to the emergence
of languages with regular word orders through calttransmission — even when starting from a
language with a completely random word order (Glamnsen & Dale 2004; Reali &

Christiansen, in press).

Differences in learnability are not confined to mgemerged languages but can also be observed
in well-established languages. For example, Slahih Bever (1982) found that when children
learning English, Italian, Turkish, or Serbo-Craatwere asked to act out reversible transitive
sentences, such #g horse kicked the cowsing familiar toy animals, language-specific
differences in performance emerged. Turkish-spep&imidren performed very well already at 2
years of age, most likely because of the regulse-taarkings in this language, indicating who is
doing what to whom. Young English- and Italian-dpeg children initially performed slightly
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worse than the Turkish children but quickly caugitaround 3 years of age, relying on the
relatively consistent word order information avhl&in these languages, with subjects
preceding objects. The children acquiring Serboa@an, on the other hand, had problems
determining the meaning of the simple sentencest hikely because this language uses a
combination of case-markings and word order tocati agent and patient roles in a sentence.
Crucially, only masculine and feminine nouns takeaocusative or nominative markings and
can occur in any order with respect to one anothdrsentences with one or more unmarked
neuter nouns are typically ordered as subject-objbet. Of course, Serbo-Croatian children
eventually catch up with the Turkish-, English-ddtalian-speaking children, but these results
do show that some meanings are harder to learprauéss in some languages compared to
others, indicating differential fitness across laages (see Lupyan & Christiansen 2002, for
corroborating computational simulations).

Within specific languages, substantial differenals® exist between individual idiolects; e.g., as
demonstrated by the considerable differences iguage comprehension abilities among
cleaners, janitors, undergraduates, graduate sderd lecturers from the same British
university (Dabrowska 1997). Even within the readay homogeneous group of college
students, individual differences exist in sentgm@Eessing abilities because of underlying
variations in learning and processing mechanismsbaeed with variations in exposure to
language (for a review, see MacDonald & Christiara@02). Additional sources of variation
are likely to come from the incorporation of lingtic innovations into the language. In this
context, it has been suggested that innovationsprimarily be due to adults (Bybee, in press),
whereas constraints on children’s acquisition nfleage may provide the strongest pressure
towards regularization (e.g., Hudson Kam & Newf05). Thus, once we abandon linguistic
uniformitarianism, it becomes clear that there i&mvariability for linguistic adaptation to
work with.

In sum, we have argued that human language hassheged by selectional pressure from
thousands of generations of language learners serg.uLinguistic variants that are easier to
learn to understand and produce; variants thatnare economical, expressive, and generally
effective in communication, persuasion, and perhagisative of status and social group, will be
favored. Just as with the multiple selectional puess operative in biological evolution, the
matrix of factors at work in driving the evolutioh language is complex. Nonetheless, as we
have seen, candidate pressures can be proposedhe.gressure for incrementality, minimizing
memory load, regularity, brevity, and so on); aegular patterns of language change that may
be responses to those pressures can be idengfgdthe processes of successive entrenchment,
generalization, and erosion of structure evidemgrammaticalization). Thus, the logical problem
of language evolution that appears to confronthgtts to explain how a genetically specified

-41 -



linguistic endowment could become encoded doesmsd; it is not the brain that has somehow
evolved to language, but the reverse.

8. Scope of the argument

In this target article, we have presented a thebtgnguage evolution as shaped by the brain.
From this perspective, the close fit between lagguaarners and the structure of natural
language that motivates many theorists to posihguage-specific biological endowment may
instead arise from processes of adaptation opgratifanguage itself. Moreover, we have
argued that there are fundamental difficulties witistulating a language-specific biological
endowment. It is implausible that such an endowroentd evolve through adaptation (because
the prior linguistic environments would be too deeto give rise to universal principles). It is
also unlikely that a language-specific endowmerargf substantial complexity arose through
non-adaptational genetic mechanisms, because dhalptity of a functional language system
arising essentially by chance is vanishingly sma#itead, we have suggested that some
apparently arbitrary aspects of language struchay arise from the interaction of a range of
factors, from general constraints on learningmpacts of semantic and pragmatic factors, and
to concomitant processes of grammaticalizationahdr aspects of language change. But,
intriguingly, it also possible that many apparemtthitrary aspects of language can be explained
by relatively natural cognitive constraints — amhte that language may be rather less arbitrary
than at first supposed (e.g., Bates & MacWhinneg919987; Bybee 2007; EIman 1999; Kirby
1999; Levinson 2000; O’Grady 2005; Tomasello 2003).

8.1. The logical problem of language evolution me¢he logical problem of language
acquisition

The present viewpoint has interesting theoretizgilications concerning language acquisition.
Children acquire the full complexity of natural tarage over a relatively short amount of time,
from exposure to noisy and partial samples of laggu The ability to develop complex
linguistic abilities from what appears to be sudompinput has led many to speak of the
“logical” problem of language acquisition (e.g.,K@a & McCarthy 1981; Hornstein & Lightfoot
1981). One solution to the problem is to assumeldaaners have some sort of biological “head
start” in language acquisition — that their leagha@pparatus is precisely meshed with the
structure of natural language. This viewpoint fssaurse, consistent with theories according to
which there is a genetically specified languagenrgnodule, or instinct (e.g., Chomsky 1986,
1993; Crain 1991, Piattelli-Palmarini 1989; 199#ker 1994; Pinker & Bloom 1990). But it is
also consistent with the present view that langadgee evolved to be learnable. According to
this view, the mesh between language learning amgulage structure has occurred not because
specialized biological machinery embodies the ppies that govern natural languages (UG),
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but rather that the structure of language has edole fit with pre-linguistic learning and
processing constraints.

If language has evolved to be learnable, then tbel@m of language acquisition may have been
misanalyzed. Language acquisition is frequentlyveig as a standard problem of induction (e.g.,
Gold 1967; Jain et al. 1999; Osherson et al. 128tker 1984; 1989), where there is a vast space
of possible grammars that are consistent withitigulstic data to which the child is exposed.
Accordingly, it is often readily concluded that ttf@ld must have innate knowledge of language
structure to constrain the space of possible graisitpaa manageable size. But, if language is
viewed as having been shaped by the brain, theyuége learning is by no means a standard
problem of induction. To give an analogy, accordimghe standard view of induction, the
problem of language acquisition is like being inusmeasonable quiz show, where you have
inadequate information but must somehow guessdbeect” answer. But according to the
present view, by contrast, there is no externallgmg correct answer. Instead, the task is simply
to give the same answer as everybody else — betais&ructure of language will have adapted
to conform to this most “popular” guess. This isiach easier problem:Whatever learning biases
people have, so long as these biaseslaaeedacross individuals, learning should proceed
successfully. Moreover, the viewpoint that childlearn language using general-purpose
cognitive mechanisms, rather than language-speuiichanisms, has also been advocated
independently from a variety of different perspeesi ranging from usage-based and functional
accounts of language acquisition (e.g., Bates &\WMhainney 1979; 1987; MacWhinney 1999;
Seidenberg 1997; Seidenberg & MacDonald 2001; Teftta2000a; 2000b; 2000c; 2003) to
cultural transmission views of language evolutierg(, Davidson 2003; Donald 1998; Ragir
2002; Schoenemann 1999), to neurobiological appesto language (e.g., Arbib 2005; Deacon
1997; Elman et al. 1996) and formal language th€Bhater & Vitanyi 2007).

From this perspective, the problem of language ia@topn is very different from learning, say,
some aspect of the physical world. In learning eghysics, the constraints to be learned (e.g.,
how rigid bodies move, how fluids flow, and so ang¢ defined by processes outside the
cognitive system. External processes define tighttianswers to which learners must converge.
But in language acquisition, the structure of #rgguage to be learned is itself determined by the
learning of generations of previous learners (sgdetna 2003). Because learners have similar
learning biases, this means that the first wildsges that the learner makes about how some
linguistic structure works are likely to be thehtiguesses. More generally, in language
acquisition, the learner’s biases, if shared bgotbarners, are likely to be helpful in acquiring
the language — because the language has been shapextesses of selection to conform with
those biases. This also means that the problehregidverty of the stimulus (e.g., Chomsky
1980; Crain 1991; Crain & Pietroski 2001) is redilideecause language has been shaped to be
learnable from the kind of noisy and partial inpugilable to young children. Thus, language
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acquisition is constrained by substantial biologemnstraints, but these constraints emerge from
cognitive machinery that is not language-specific.

8.2. Natural selection for functional aspects ofriguage?

It is important to emphasize what our argumentsiatentended to show. In particular, we are
not suggesting that biological adaptation is iwvald for language. Indeed, it seems likely that a
number of pre-adaptations for language might haeeiwed (see Hurford 2003, for a review),
such as the ability to represent discrete symiiaéacon 1997; Tomasello 2003), to reason about
other minds (Malle 2002), to understand and shaentions (Tomasello 2003; Tomasello et al.
2005), and to perform pragmatic reasoning (Levir2a®0). There may also be a connection
with the emergence of an exceptionally prolongdttlbbod (Locke & Bogin 2006). Similarly,
biological adaptations might have led to improvetaea the cognitive systems that support
language, including increased working memory cdapd@ruber 2002), domain-general
capacities for word learning (Bloom 2001), and ctargierarchical sequential learning abilities
(Calvin 1994; Conway & Christiansen 2001; Greenfie#®91; Hauser et al. 2002), though these
adaptations are likely to have been for improveghaove skills rather than for language.

Some language-specific adaptations may nonethleéagsoccurred as well, but given our
arguments above these would only be for functiéeetiures of language and not the arbitrary
features of UG. For example, changes to the huroeal¥ract may have resulted in more
intelligible speech (Lieberman 1984; 1991; 2008eugh see also Hauser & Fitch 2003);
selectional pressure for this functional adaptatroght apply relatively independently of the
particular language. Similarly, it remains possilat the Baldwin effect may be invoked to
explain cognitive adaptations to language, provithed these adaptations are to functional
aspects of language, rather than putatively aritnaguistic structures. For example, it has been
suggested that there might be a specialized péocegpparatus for speech (e.g., Vouloumanos
& Werker 2007) or enhancement of the motor corgystem for articulation (e.g., Studdert-
Kennedy & Goldstein 2003). But explaining innat@ightions even in these domains is likely to
be difficult — because, if adaptation to languageuss at all, it is likely to occur not merely to
functionally universal features (e.g., the fact fhaguages segment into words), but to specific
cues for those features (e.g., for segmenting thvasds in the current linguistic environment,
which differ dramatically across languages; Cutleal. 1986; Otake et al. 1993). Hence,
adaptationist explanations, even for functionakaspof language and language processing,
should be treated with considerable caution.
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8.3. Implications for the co-evolution of genes andlture

Our argument may, though, have applications beyamguage. Many theorists have suggested
that, just as there are specific genetic adaptatiotanguage, there may also be specific genetic
adaptations to other cultural domains. The argusethave outlined against biological
adaptationism in language evolution appear to apgually to rule out putative co-evolution of
the brain with any rapidly changing and highly earaspect of human culture — from marriage
practices and food sharing practices, to musicaaydo folk theories of religion, science, or
mathematics. We speculate that, in each casepftaent fit between culture and the brain
arises primarily because culture has been shapkdatibh our prior cognitive biases. Thus, by
analogy with language, we suggest that nativistraents across these domains might usefully
be reevaluated, from the perspective that cultuag have adapted to cognition much more
substantially than cognition has adapted to culture

In summary, we have argued that the notion of USuigect to a logical problem of language
evolution, whether it is suggested to be the refuiradual biological adaptation or other
nonadaptationist factors. Instead, we have proptusegplain the close fit between language and
learners as arising from the fact that languaghaped by the brain, rather than the reverse.
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1. For the purposes of exposition, we use the teamgllage genes” as shorthand for genes that
may be involved in encoding a potential UG. By gdinis term, we do not mean to suggest that
this relationship necessarily involves a one-to-omeespondence between individual genes and
a specific aspect of language (or cognition).

2. Intermediate positions, which accord some roledith non-adaptationist and adaptationist
mechanisms, are, of course, possible. Such inteateedewpoints inherit the logical problems
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that we discuss in the following sections for biyjes of approach, in proportion to the relative
contribution presumed to be associated with eadrebler, we note that our arguments have
equal force independent of whether one assumesatigaiage has a vocal- (e.g., Dunbar 2003)
or manual-gesture (e.g., Corballis 2003) basedrorig

3. Strictly, the appropriate measure is the morelsuttlusivefitness, which takes into account
the reproductive potential not just of an organibot,also a weighted sum of the reproductive
potentials of its kin, where the weighting is detered by the closeness of kinship (Hamilton
1964). Moreover, mere reproduction is only of vailu¢he degree that one’s offspring have a
propensity to reproduce, and so down the genemation

4. In addition, Pinker and Bloom (1990) point outtthas often the case that natural selection
has several (equally adaptive) alternatives to sbdimm to carry out a given function (e.g., both
the invertebrate and the vertebrate eye suppadrvdespite having significant architectural
differences).

5. One prominent view is that language emerged witiénlast 100,000 to 200,000 years (e.g.,
Bickerton 2003). Hominid populations over this pdtiand before, appear to have undergone
waves of spread; “modern languages derive mosttpopletely from a single language spoken
in East Africa around 100 kya . . . it was the dalyguage then existing that survived and
evolved with rapid differentiation and transfornoati (Cavalli-Sforza & Feldman 2003, p. 273).

6. Human genome-wide scans have revealed evidemee@ft positive selection for more than
250 genes (Voight et al. 2006), making it very INkinat genetic adaptations for language would
have continued in this scenario.

7. This setup closely resembles the one used by Hiaol Nowlan (1987) in their simulations
of the Baldwin effect, and to which Pinker and Bio¢1990) refer in support of their
adaptationist account of language evolution. Theuktions are also similar in format to other
models of language evolution (e.qg., Briscoe 2008)K& Hurford 1997; Nowak et al. 2001).
Note, however, the reported simulations have a séfgrent purpose from work on
understanding historical language change from goEGpective, for example, as involving
successive changes in linguistic parameters @ader 2001; Lightfoot 2000; Yang 2002).

8. Some recent theorists have proposed that a fustiessure for language divergence between
groups is the sociolinguistic tendency for group&dadge” their in-group by difficult-to-fake
linguistic idiosyncrasies (Baker 2003; Nettle & Man 1997). Such pressures would increase the
pace of language divergence and thus exacerbaprdhiem of divergence for adaptationist
theories of language evolution.
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9. This type of phenomenon, where the geneticallparfced behavior of an organism affects
the environment to which those genes are adapsilkagown as Baldwinian niche construction
(Odling-Smee et al. 2003; Weber & Depew 2003).

10. Indeed, a population genetic study by Dediu amttL@007) could, on the one hand, be
taken as pointing to biological adaptations foudeace feature of phonology: the adoption of a
single-tier phonological system relying only on pame-sequence information to differentiate
between words instead of a two-tier system incauog both phonemes and tones (i.e., pitch
contours). Specifically, two particular allelesAsPMandMicrocephalin both related to brain
development, were strongly associated with langsitiggt incorporate a single-tier phonological
system, even when controlling for geographicaldescand common linguistic history. On the
other hand, given that the relevant mutations wbalde had to occur independently several
times, the causal explanation plausibly goes irophosite direction, from genes to language.
The two alleles may have been selected for otleeores relating to brain development; but once
in place, they made it harder to acquire phonokdggstems involving tonal contrasts, which, in
turn, allowed languages without tonal contrastsviolve more readily. This perspective (also
advocated by Dediu & Ladd 2007) dovetails with suggestion that language is shaped by the
brain, as discussed below (Sec. 5-7). Howevereedhthese interpretations would argue
against an adaptationist account of UG.

11.We have presented the argument in informal teAmaore rigorous argument is as follows.
We can measure the amount of information embodiechiversal grammat), over and above
the information in preexisting cognitive processgshy the length of the shortest code that will
generatéJ from C. This is the conditional Kolmogorov complexkyU|C) (Li & Vitanyi 1997).
By the coding theorem of Kolmogorov complexity the@.i & Vitanyi 1997), the probability of
randomly generatint from C is approximately 2. Thus, if universal grammar has any
substantial complexity, then it has a vanishinghall probability of being encountered by a
random process, such as a non-adaptational meahanis

12.Darwin may have had several reasons for pointrigese similarities. Given that
comparative linguistics at the time was considéogloe a model science on a par with geology
and comparative anatomy, he may have used compairmiween linguistic change — which
was thought to be well understood at that timed-species change to corroborate his theory of
evolution (Alter 1998; Beer 1996). Darwin may alsve used these language-species
comparisons to support the notion that less “@edi” human societies spoke less civilized
languages because he believed that this was peddigthis theory of human evolution (Raddick
2000; 2002).
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13. Chomsky has sometimes speculated that the priro&eyf language may be as a vehicle for
thought, rather than communication (e.g., Chom#&80). This viewpoint has its puzzles.For
example, the existence of anything other than sémeepresentations is difficult to understand,
as it is these over which thought is defined; d&stemantic representations in Chomsky’s
recent theorizing are, indeed, too underspecibeslipport inference, throwing the utility of even
these representations into doubt.

14. Some studies purportedly indicate that the meahasinvolved in syntactic language are not
the same as those involved in most sequentialitegatasks (e.g., Friederici et al. 2006; Pefa et
al. 2002). However, the methods used in theseestutive subsequently been shown to be
fundamentally flawed (de Vries et al., in presg] @nnis et al. 2005, respectively), thereby
undermining their negative conclusions. Thus, tlegpnderance of the evidence suggests that
sequential learning tasks tap into the mechanisn@ved in language acquisition and
processing.

15. The current knowledge regarding tB®@XP2gene is consistent with the suggestion of a
human pre-adaptation for sequential learning (FigB86).FOXP2is highly conserved across
species; but two amino acid changes have occuftedthe split between humans and chimps,
and these became fixed in the human populationték§)J000 years ago (Enard et al. 2002). In
humans, mutations OXP2result in severe speech and orofacial motor impamts (Lai et al.
2001; MacDermot et al. 2005). StudieFF@XP2expression in mice and imaging studies of an
extended family pedigree withOXP2mutations have provided evidence that this gene is
important to neural development and function, idolg of the corticostriatal system (Lai et al.
2003). This system has been shown to be importarsigiquential (and other types of procedural)
learning (Packard & Knowlton 2002). Crucially, preinary findings from a mother and
daughter with a translocation involvik@®XP2indicate that they have problems with both
language and sequential learning (Tomblin et 20420
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