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What Genetics Can Tell Us about
the Origins of the Modern Human Brain

JODY HEY

*' fnbay penetic methods are so powerful, and genetic databases so in-

fornuitive, that it is now possible to identify genes, and regions of the
iihinni penome, that have experienced positive Darwinian selection (i.e.,
ada)iation) during the evolution of modern humans. What is more difficule
it Wdentifying the genes that experienced adaptation, is figuring out the
bl lunetions of these genes. And more difficule still is figuring our just
whiat the Tunctional differences were between the ancestral form of 2 gene
drul the more adaptive form that replaced it. For adaptive traits that can be
atinlted o the physiological or ceflular Jevel, it is sometimes possible to con-
I | penelic changes to adaprive phenotypic changes. However for cogni-
fhey o hehavioral adaptations, like many of these thought to be associated
with thu evolution of the modern human brain, it is acutely difficult o
#lrntlly the penetic changes underlying the adaptations.

Hevause humans differ from other species in having high intelligence,
famysnpe, and an array of behaviors that facilitate complex, culturally based
#u lelles, iU scems reasonable to suppose that our species has experienced a
b 131 whaptive evolution that uniquely shaped our cognition, behavior, and
#h Inhiiv. 11 this is true then some of our genes are different from those of

i thstant ancestors in the way that they now encode such traits.

Fetdenor of a genetic basis underlying hurnan cognitive and behav-
il trntts comes from several different sources. Certainly the observarion
i all linnuans {even infants) have capacities for reason and language that
apyar 1o differ sharply from those of other animals is strong prima facie
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evidence of an evolved genetic basis for such abilides. A different kind ©
insight comes from cases when genes are disrupted. Many of our cogni:
tive and social abilities can be strongly affected or eradicated by genetk
mutations {McKusik 1998), suggesting (though not proving} that genel
are tesponsible for some of our unique abilidies. Another kind of eviden
for a genctic basis of many behavioral and social traits comes from ﬁnd
ings of behaviors that are not known in other animals but that seem
be common to all himan societies, even those long separated from an:
another {Brown 1991).

Notwithstanding the uncertainty and complex debate that surround
questions about the adaptive nature of particular cognitive traits (see, eg
Hauser, Chomsky, and Fitch 2002, Fitch, Hauser, and Chomsky 2005, Jack
endoff and Pinker 2005, Pinker and Jackendoff 2005), this review suppose
that many of our unique abilities ¢o have 2 basis in genetic adaptatiofy
We can survey the issues that arise when trying to identify and study gen?_é
that carry adaptations for human cognitive and social traits, even if there 4§
debate about the degree to which evolution by natural selection has shap
or caused these traits. :

ymrespondence between adaptations at the DNA level and at the pheno-
iype level.

One phenotypic adaptation could be caused by onie or more DNA adap-
tatlons. This will certainly be true of large phenotypic changes that ate the
Jpailt of many DNA changes over a period of time, but it can also happen
through the simultaneous fixatdon of multiple DNA adaptations that con-
tribute to the same phenotypic trait.

Similarly, one single DNA adaptation may affect a great many aspects of
the phenotype (2 process called pleiotropy). When a DNA mutation becornes
fixed by nanural selection it is because of the overall nex effect of that change
i the fitness of the organism throughour the life cycle, and not just because
ol Iis contribution to a salient trait that an investigator might identify. This
lamt point concerning pleiotropy is especially relevant when considering
tralty of the mind or brain, for it is the brain tissue that expresses more genes
thun any other tissue. Adult human brain tissue expresses approximately
#3% of all known genes at least to some degree (Franz et al. 2005). This
ff. means that for most genes a DNA adaptation is expected to lead to either an
k2 §llered protein that is expressed in the brain (and typically other tissues) or
wltered expression pattern in the brain {and typically other tissues). The
| int is somewhat rheterical since many genes are expressed in contexts
B Where they are not required, but it nevertheless serves to highlight the dis-
iitlnulty berween DNA adaptations and phenotypic adapratdons. Those
enctypic adaptations for which a basis in DNA has been found are likely
¥ tnore complex at the phenotypic level than may appear, simply because
DEL genes are expressed in marny tissues and many stages of the life cycle.

CONTRASTING ADAPTATION AT THE GENETIC LEVEL':
WITH ADAPTATION AT THE PHENOTYPIC LEVEL

At the DNA level a change in a species that is wrought by natural selectig
will be mantfested as an alteration in one portion of the DNA sequety
of the genome of each of the organisms of the species, At this level
aptation begins with a mutation that alters the DNA sequence of a gen
proceeds through a process of natural selection, whereby the altered o}
of the gene replaces other forms of the gene in the species; and is e0m§1§
when all copies of that gene in the species bear the DNA sequence that i
sulted from the original mutation. :
‘The contrast between this highly reduced view of adaptation and whis
is rypically meant by “adaptation” as applied to phenotypic traits is cons
erable. A phenotypic adaptation is usually considered to be an inherital
trait that is characteristic of a species and that came into existence thro
natural selection (Tooby and Cosmides 1992, Buss et al. 1998}, The requl
ment of inheritance demands that a phenotypic adaptarion has some ba
in the DNA, but otherwise there is litfle need for any kind of one-t0-0

I'HE DIFFERENCE BETWEEN HUMAN TRAITS AND
VARIATION FOR HUMAN TRATITS

ien considering questions about genes for human traits it is important to
ghlight the distinction between traits for which humans differ from other
tupes, and traits for which humans are themselves variable. To develop
| polnt we can use language as an example and suppose that some fun-
mentul aspect of language, which humans have and apes to do not, isan
khtution caused by natural selection since we last shared a common an-
peor with chimpanzees (including both chimpanzee species, the common
Inipugzee and the bonobo). But in addition to this human/ape difference,
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we can also note that some hurmans are more versatile with language than
others, and it is possible that some component of this variation has a genetic f.
basis (i.e., it is possible that there is genetic variation that explains some of -
the phenotypic variation among people in language versatility). Then for
the sake of the argument suppose for both of these cases (i.e., the human/
ape difference and the differences among humans) that the differences in
language ability are caused by genetic differences.
Both of these situations are interesting, and for various reasons we
might want to find the genes underlying both kinds of genetic differetices .
ti.e., the genes underlying the human/chimpanzee difference, and the
genes that affect language and that vary in humans). However the contrast
berween these two situations is an important one for several reasons. First,
the genes associated with the human/ape difference might rightly be said
to be the site of adaptations that make us who we are—they set us aside
from other animals. This is simply not the case for genes that are variable
and that contribute to variation among people in some part of language,
however interesting they may be. Second, there is no necessary association
between that subset of our genes which experienced adaptations for lan-
guage since our genetic separation from other apes and that hypothetical
subset of genes which is variable for language among humans.
A third contrast that becomes apparent when considering these two cat-
egories of variation isa great disparity in our capacity to identify genes asso-
clated with a trait of interest. In the case of human/chimpanzee differences
there are few tools available for discovering such genes. The geneticists’ fa-
vorite method for identifying genes that affect a trait is genedc mapping.
This method relies upon being able to compare large number of individuals
with varying degrees of genetic similarity and varying amounts of shar-
ing of the target phenotype. In the case of humans and chimpanzees, all
humans differ from all chimpanzees to some degree ac virtually alt of our
genes, and of course at all of the cognitive traits associated with hurnans’
unique cognitive and behavioral traits. The massive correlation of all genes
with all traits, when considering humans and chimpanzees, summarily halts
any genetic mapping project that one might suppose, particulatly given the £
ethical issues that immediately arise under some possible experimental de-
signs. In contrast it is often possible, and increasingly less difficult, to map
genes for traits that vary among humans, and today it is done routinely to X
identify genes that contribute to diseases.
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Recent research on the microcephalin gene (MCPH1) highlights some
al the issues that arise when considering human/chimpanzee differences
mw! when considering varjation among humans. Mutations at the MCPH1
yene are known to cause a harmful condition of reduced cranial capacity
vulled microcephaly. The simple fact of such mutations suggests a role in
braln development for the product of this gene, and it suggests the possibil-
ity that the gene might be among those at which humans have experienced
wluptations affecting cognition. Evans et al. {20042) and Wang and $u (2004)
tinpared the DNA sequence of the human form of the gene with that of
uther primates, and showed that several branches of the gene tree had expe-
tienced accelerated rates of amino acid change—a clear sign of adaptation.
[ lowever the branch of the tree that separates humans from chimpanzees
did not have an unusually high rate. So on the basis of this evidence, this
gene does not appear to be the site of a uniquely human brain ever though
It does appear to have undergone adaptation during primate evolution.

Another study of the MCPH1 gene looked within human populations,
giwd in this case did find indirect evidence of different funciional forms of the
grne in human populations (Evans et al. 2004b). This finding was controver-
slu, and it was argued by some to have been over-interpreted by the authors
winl possibly to be mistaken (Balter 2005). But suppose for the sake of the
drgument that it is true. Bven if present-day people do vary for functional
alleles at this gene, and even if there is evidence of cognitive differences as-
sciuted with those alleles (although newer evidence seems to refute this,
Mekel-Bobrov et al. 2007), the observation only concerns variation within
uur species. In other words, even if the finding were trae it would not bear
direcely on the evolution of cognitive traits that separate us from apes.

THE AGE OF UNIQUELY HUMAN ADAPTATIONS

ised on fossil and genetic evidence the date of the last comumon ancestral
#pecies to humans and chimpanzees is in the range of 4 to 7 million years ago
{Chen and 1 2001, Brunet et al. 2002, Hobolch et al. 2007). This age marks
the lower temoporal boundary of when adaptations could have occarred in
the history of humans, and yet not be shared with related species. OF course,
there were almost certainly a great many adaptations shaping cognition and
behavior that happened in the ancestry of humans before the time of the last
comninen ancestral species leading to humans and chimpanzees. But sinee
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TESTING EOR GENETIC ADAPTATIONS

The test for adaptation that was used for the MCPHI gene is based
on the genetic code and the fact that in gene regions that code for pro-
teins, some mutations will affect the protein by causing a change in the
sequence of amino acids in the protein, and other changes will have
no affect on the protein, because they are redundant within the genetic
code, The former changes, called non-synonymous changes, are poten-
tially mere common (more random mutatons will affect the aminoc acid
sequence than will not), but because most noN-syNONYIMOUS changes
are harmful (i.e., they cause reduced Darwinian fitness) these types of
changes are relatively rare. In contrast the redundant changes, called
synonymous changes, are likely to have lictle or no affect on gene funce-
tion and to he selectively neutral. The synonymous changes are usually
observed to be mote common than non-synonymous changes when the
DNA sequences of the same genes are compared in related species. For
any pair of gene copies it is possible to caleulate the ratio of the non-syn-
onymous changes o synonymous changes, called the K.7K, orthe Dy/
D, ratio. Both types of changes are calculated per posidor that could
potentially have a change of that type. Aratio of 1 suggests that the sites
that could have an amino acid chenge are evolving just as fast as the sites
that van have synonymous changes and that are supposedly selectively
seutes), 1 follows that a gene with a value of K, /K, that is statistically
sipniticantly greater than 1 can be inferred to have experienced a higher
rate of amino acid scquence evolution than is expected based o sites at
which tutations are neutral (Hughes and Nei 1988). In other words, 2
peste with  lindisg of £,/K, > 1 over some portion of s evoluticnary
Wistory Iy considered 1o have experienced adaptation during that time.
Cenes with valies of K /K = 1 may well have also experienced adap-
tive anlne wekd changes, but thar cannot be detected on the basis of this

stmiple kind of 1est.

such adaptations would have bern present in the ancesiors of humans and
chimpanzees, they woulkl slso have been passed on to chimpanzees.

To assess the upper, recent tme boundary of the interval in which
uniquely human adsptations may have occurred we need to figure out when
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was the last time it would have been possible for a beneficial mutation o
arise and spread throughout the entire human population. This could possi-
bily happen today because humans, in the past few hundred years, have been
migrating at increasing rates. But before that it is likely that many huwmnan
pepulations were isolated from one another for very long periods of time.
Orne way to assess the upper time boundary is to consider the age of fos-
sils and artifacts associated with the earliest known modern humans. The
oldest known skulls that look like those of present-day people, more than
they resemble archaic hominins, have been found in Ethiopia with an esti-
nrted range of dates between 150,000 and 200,000 vears (White et al. 2003,
McDougall, Brown, and Fleagle 2005). Archaeclogical evidence from one
«f these sites reveals a Middie Stone Age culture and apparent modifications
of some of the skulls point to mortuary rituals (Clark et al. 2003b). Given
the skull morpholegy and the snippets of insight into the culture of these
people there seems to be a fair chance that we would recognize in them
many, if not all, of the mental traits we associate uniguely with humans.

From living humans we can also get a time point that brackets the ags
when all modern humans possibly were not isolated from one znother (and
thus conld share in a common process of adaptation). It happens that Austra-
lta was populated by people perhaps fairly soon after some modern humans
lirs: niigrated out of Africa, 40 to 50 kya (Bowler et al. 2003, Hudjashov et
at. 2007). Genetic evidence from the mitochondrial genome and the Y chro-
osome suggests that Australians share alleles with New Guineans, and
thus that genetically they are related to other Asians. This means that they
are probably part of the same out-of Africa migration event that lead to the
propling of Asia (Hudjashov etal. 20071, However, the genetic evidence also
sugpesis a long-term isolation from other Asians. In other words, adapta-
tions that are shared by ali humans, including Aboriginal Australians, would
have arisen not farer than the tfime of the populating of Australia.

From these different reference points we can see that uniguely human
rduptations would have occurred berween abour 6 million years ago and
ot later than the populating of Australia 40 to 50 kya. A somewhat differ
ent time range is arrived at if we wish to focus on adaptations that were
s shared by the earliest known modern humans. In this case, uniquely
fininan acaptations would not have arisen more recently than the age of
the carly medern skulls from Ethiopiz, that is berween about 150,000 aid
ZU0,000 years ago.
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The draft sequence of the Neandertal genome suggests that we last
ared a common ancestor with Neandertals between 270 and 440 kya, al-
ough there is also a signal in the genomic data of limited gene flow from
eandertals into modern humans (Green €t al. 2010}, These genomic data
ovide an additional opportunity to estimate dates of genetic changes en
e lineage to modern humans. However, our knowledge of Neandertal
henotypes is limited to inferences from bones and archaeological evidence.
Thile these reveal Paleolithic cultures, many questions about Neandertal
alrure and language remain open to speculation.

When the MCPH1 gene was examived in the Neandertal genome it
a5 found to have the ancestral form of the gene (Green et al. 2010, Lazl
t al. 2010}, which is not surprising given the recent estimated age of the
ther form of the gene (Evans et al. 2005). Flowever the finding is not con-
istent with the possibility that had been suggested that the derived form of
he gene that is found in many modern humans entered the population via
rene exchange with Neandertals (Evans et al. 2006},

T IS EASIER TO FIND ADAPTING GENES THANITISTO
KNOW WHAT TRAITS WERE UNDER SELECTION

Paradoxically, it is easier to identify genes that have undergone adaptation
than it is to ligure out what those adaptations are, or which phenotypic
traits are involved. Consider again the MCPHI1 gene and Figure 3.1 which
indicates the branches on the primate evolutionary tree that show evidence
of adaptation at this gene. This evidence comes from an analysis of the
coding sequence ol the gene and a finding of high raties of changes that
affected the MCPI Tt protein, to DNA sequence changes that did not (see
box). However, IINA sequences by themsetves do not reveal the role thata
gene plays in development. Bven if a detailed role for a gene is known, DNA
sequence evidence of adaptation is uniikely to reveal the nature of the trait
differences between the okl {before the adaptation) and the new {after the
adaptive change) forms of the gene.
Now that both the human and the chimpanzee genomes have been se-
quenced it is relatively straighiforward to align their genes and 10 assess
the amounts of dillerent types of changes at every gene. Roughly 10%
of human protein coding genes are estimated to have undergone adap-
tive evolution at the aminc-ackl level since the time of common ancestry
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with chimpanzee (Clark et al. 2003z, Bustamante et al. 2005, Nielsen et al
M5}, Given that the luman genome contains about 25,000 protein coding-
_;.?*zaes (International Human Genome Sequencing Consortium 2004), these
findings implicate a couple of thousand genes as having been sha]_:;ed by
cunsiderable adaptive evolution in the time since common ancestry Wit;
the chimpanzee. Also given thar these studies report only those gen;es that
:fh.(;w a clear statistical signal, it is likely that there are many thousands more
vl beneficial mutations that have occurred at individual genes but that went
wndetected given the statistical power of the tests being used. _

But simply having found the genes that have experienced adaptations
tells us nothing about the phenotypic traiis that changed as those genes
evolved. Humans can be expected 1o have experienced adaptations in the
putire panoply of phenotypic traits, not just the minority of phenotypes
associated with intellipence or language or behavior. The point is brought
fiome particularly by the recent observation that chimpanzees have expe-
rlenced more adaptation in protein coding genes than have humans, over
precisely the same time period (Le., since our common ancesi{;r}; Shi
Hikewell, and Zhang 2006, Bakewell, Shi, and Zhang 2007). o

Another approach to identifying genes that have experienced recent ad-
apration relies upon patterns of variation within a species to reveal the im-
print of a mutation that has recently become fixed within a species. Figure
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3.2, An illustration of sefective sweep and genetic hitchhi?ing. On the left is 2 set
of aligned gene copies. Base positions that are variable are indicated by Ef caret
“at Ay ope base pasition, indicated by an asterisk, “*", one of Fhe seguences has &
base value that confers z selective advantage on individuals wsth. that ?‘orm of the
gene. After the seiected mutation becomes fixed in the population {right panel),
all forms of the gene carry the selected form of the base and all ofxth.e sequence
that was finked to that selected base. The eifect is the removal of varzatlor;‘at other
sites within the gene, In effect the sequences finked to the favored mu?ailon have
hitchhiked fo fixation in the population by being physically linked to the selected
base, and the gene has been swept ciean of variation.

3.2 shows how a beneficial mutation findicated on the left with a circle)
can lead to a removal of variation in a population in the region of the
chromosome that is near a gene, When the beneficial mutation replaces
other forms of the gene in the population, ail of the DMNA sequence that
was originally physically linked to that mutation also becomes fixed in tl"xe
population. The next effect is a removal of variation that was present zn
the population before the selective event. This kind of removal of varia-
tion is called a “"selective sweep” and the fixation of sequences Linked to
the beneficial mutation is called “genetic hitchhiking” {Maynard Smith and
Haigh 1974).

The potential for selective [ixaticns 10 remove variation from popula-
fions immediately reveals an approach to identify recent selective events
by loaking, for regions of the genome that have unusually low levels of
variation, To date, millions of variable positions in the human genome have
been identified and this large database of single nucleotide polymorphisms
{or SNPs} can be used to search for regions of unusually low variation (Wil-
“iamson et al. 2007). This approach is particularly interesting because it is
directly targeted at recent adaptations—regions of the genome that expe-
rienced adaptations and selective sweeps long ago are expected to have re-
bounded in the amount of diversity. In fact, it is possible to catch selective
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sweeps “in the act” by identifying genomic regions that are significantly
depauperare of variation in just one or some human populations. Recently,
Williamson and colleagues (2007} used this approach and identified over
100 regions of the genome that appeared to have experienced a recent selec-
tive sweep. However the large majority of these aiffected only one or two of
the three human populations cansidered. Only 21 genomic regions showed
evidence of a sweep that affected 3ll three populations (one each represent-
ing Buropea, Asia, and Africa} in the study (Wiiliamson et al. 2007).

A key limitation of using genetic polymorphisms to identify recent se-
lective sweeps is that the analysis cannot offer information gbout the func-
tional role of the adaptation that caused the sweep. Indeed, the situation is
even worse when a gene is highlighted on the basis of high rates of amino
acid polymorphism. In that case, at least the investigator knows what gene
is involved, iIf not the functional differences that underlay the adaptation
events. However, screens for apparent selective sweeps reveal only the gen-
eral genornic regions that have low variation. If a region of low variation is
long, as it may be if the selective sweep happened quickly, then there may
be multiple genes contained within it, each of whick could have been the
one that experienced the beneficial mutation that caused the sweep.

HOW CAN WE IDENTIFY THE PHENOTYPES ASSOCIATED
WITH ADAPTATIONS IDENTIFIED IN THE GENES?

The classical way to do genetics is to start with a phenotype of interest and
to try and find the gene{s) responsible. As described above, this requires
some variation for the trait, in which case the situation lends itself to genetic
mapping methods. However, it is not possible to map genetic differences be-
tween humans and chimpanzees for two reasons: (1) all humans differ from
all chimpanzees at all genes and all traits that uniquely distinguish humans
from anirmais, so that there is no scope for identifying particular associa-
tions between genes and traits; and (2) there are strong ethical prohibitions
against developing methods that might overcome this,

The other modern {as opposed to classical) approach to connecting phe-
norypes to genotypes is to begin with the genes rather than the traits, and
1o try and figure out the function of genes and what phenotypes they alfect.
With the rise of molecular and cell biology, and with vast genetic and ge-
nomic rescurces for hurmans and many other organisms, it is today a simple

i
i
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matter to begin an investigation of a particular phenotypic trait by starting
with the genes that might be associated with that trait. The emphasis on
“might” is used here 1o highlight the uncertainty of this approach. Investi-
gators, knowledgeable of their phenotypes of interest, can come up with
lists of genes that could possibly be involved with that traic. The sources
of information used to make such conmections are many and diverse, and
vitimately dependent on the investigators’ level of knowledge of their phe-
notype of interest.

A relatively straightforward example of this “candidate gene approach”
is the FOXP2 gene, which encodes a transcription factor protein of 715
amine acids. Mutations in this gene have been shown 1o cause a speech
and language disorder (Lai et al. 2001}, suggesting that the gene might be
a site of functional changes associated with the evolution of language in
humans. Socn after the Lai et al. paper appeared, two groups of researchers
compared the human form of this gene with those of other mammals and
discovered that humans had two amino acid changes in this gene, whereas
only one amino acid change had occurred in this gene since the common
ancestry of apes and the mouse (see Fig. 3.3) (Enard et al. 2002, Zhang,
Webb, and Podlaha 2002). In other words, the FOXP2 gene seems 10 evolve
very slowly at the amino acid level and yet has had a relative burst of change
on the branch leading to modern humans.

20T
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3.3. The gene tree for the FOXP2 gene is shown, with branch lengths among
primaies corresponding to the number of synonymous changes (dark bars) and
non-synonvinous changes {light bars). (Reprinted with permission frorm Macmillan
Publishers Ltd: Nature 418 [2002], Enard et al,, pp. 869-72, Fig. 2.}
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From low levels of variation among humans at the FOXP2, it has been
estimated that our current form of the gene became fixed in human popu-
lations within the past 200,000 years (Bnard et al. 2002, Zhang, Webb, and
Podlzha 2002}. For insight into when the human form of the gene first
arose, researchers turned to the Neandertal genome and found that both
modern humans and Neandertals share the same form of the FOXP2 gene
{Krause et al. 2007a).

The FOXP2 discoveries have triggered an explosion of research trying
to discern just what it is that the gene does. Such studies include knocking
out function in nonhuman model systems {French et al. 2007}, more behav-
ioral studies on individuals with mutations in FOXP2 (Liegeois et al. 2003,
Hamdan et al. 2010), and studies of the location of FOXP2 proteins in cells
in culture (Mizutani et al. 2007), among others. Recent studies of the affect
of the human and the chimpanzee forms of FOXP2 on gene expression of
neuronal cells in culture reveal that the human form of the gene alters the
expression of over 100 other genes {Konopka et al. 2009}

CONNECTING MOLECULAR PHENOTYPES TO COGNITIVE
AND BEHAVIORAL PHENOTYPES

Molecular biologists are rapidly discovering the genes that have experienced
adaptation in the evolutionary history of modern humags. Yet they are lim-
ited in the tools they can use to identify what traits were affected by those
adaptations. In the case of the PFOXP2 gene we have a useful example of the
panoply of methods that creative investigators are likely to employ. How
long will it take to find the higher-level traits, above the level of gene expres-
sion, that are associated with the adaptations at these genes? What kind of
traits will these be?

A mirror set of questions arise with regard to language, and other cog-
nitive traits, for researchers who study cognition and langnage and other
human behaviors. In areas of psychology, cognitive philosophy, and anthro-
pology there are long-running debates about the nature of human cogni-
tion. For example, some scholars of language insist on a very limited role
lor Darwinian adaptation in the origins of human language (Hauser, Chom-
sky, and Fitch 2002, Fitch, Hauser, and Chomsky 2005), whereas others dis-
agree strongly (Jackendofl and Pinker 2005, Pinker and Jackendoff 2005).
Similarly, the focus in Evolutionary Psychology on identifying those com-
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ponents of present-day human behavior that have evolved and that distin-
guish us from apes is controversial and generally tacking in censen:?us jtan
just what components of human behavior can be singled out as ind}catwe
of adaptation (Buller 2005}. A more hopeful approach links ev?iutlonary
changes in hominin cognition and behavior to the archaeclogical record
and to such knowledge as is available abour climate change, hunting pat-
rerns, social groups, and toolmaking; the chapters by Donald, Girdenfors,
Mithen, Nowell, and Richerson in this volume provide examples. Similatly,
comparative studies of monkey, ape, and human behavior, as exem?liﬁe.d
in the chapters by Chaminade, Seyfarth and Cheney, and Warneken in this
volume, may help identify common adaptations shared by primate sub-
groups as well as species specific differences. .

It is tempting to wonder, Who will get there first? Will molecular biolo-
gists, having identified the genetic targets of selection, find a way ?:0 ge’t
back to the phenotypic traits that were acenally selected? Or will social sci-
entists find 2 way to figure out what are the key components of cognition,
language, and culture that are likely to have 2 basis in genetic adaptations?
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The Primate Mind before Tools,
Language, and Culture

ROBERT M. SEYFARTH AND DOROTHY L. CHENEY

Plato says in Phaedo that our “necessary ideas” arise from the preexistence of the soul,
are not derivable from experience—read monkeys for preexistence.

We can thus trace causation of thought.. it obeys the same laws as other parts of
structure.

— Charles Darwin, 1838 [19871%: Notebook M

INTRODUCTION

Beginzu‘ng with the arrival of the first stone tools, roughly 2.3 million
years ago (Semaw 2000), the archaeological record provides a rich
source of data from which to reconstruct the evolution of human mind
and behavior. Supplementing these historical data, some living monkeys
and apes, particularly chimpanzees, make tools (McGrew 1994, Matsuzawa
1994, Yamakoshi 2601) and exhibit a limited form of culture (Whiten et al.
1699}, allowing these species to be used as points of comparison when de-
veloping theories about human cognitive evolution.

But what about the period before tools and culture appeared? Regard-
iess of whether they were made by early hominids or modern chimpanzees,
tools and culture did not emerge de novo—they were, instead, the produet
of minds that had been evolving for miilions of years in response to a vari-



