
Can Evolution Explain How the
Mind Works? A Review of the
Evolutionary Psychology Debates
An illumination of the issues and a review of the controversies

“N othing in biology makes sense except in the light of evolution.” It would be
hard to find a biologist today who disagrees with geneticist Theodosius
Dobzhansky’s famous claim. Darwin’s theory of evolution via natural selec-

tion has done more than any other principle to explain the biological world and to
illuminate the relationships among all current life forms and among those found in
the fossil record.

If nothing in biology makes sense without evolution, the same should be said for
the behavior and thinking patterns—the psychology—of biological creatures such as
ourselves. The human mind often has been described as the pinnacle of evolution:
the most complex organ ever “designed” by natural selection. Darwin himself
believed that his principles would one day explain not only the biological world but
the psychological; that due to his theory, “psychology will be placed on a new
foundation.”

After a long period in which the two fields were largely separate, evolutionary
theory has recently begun to play a significant role in psychological research, most
prominently in an area called “evolutionary psychology.” Just as evolutionary bi-
ologists attempt to explain the morphology and other explicit physical features of
organisms by using evolutionary arguments, evolutionary psychologists want to
explain people’s thoughts, emotions, and behaviors by asking questions about their
adaptive significance over evolutionary time. “Evolutionary psychology is simply
psychology that is informed by the additional knowledge that evolutionary biology
has to offer, in the expectation that understanding the process that designed the
human mind will advance the discovery of its architecture” [1].

Such a quest sounds eminently reasonable, no? One might expect that (biblical
creationists and other anti-evolutionists aside) most people would find the evolu-
tionary psychology research program noncontroversial and admirable.

However, it turns out that evolutionary psychology has engendered deep, emo-
tional, and rancorous debates within the scientific community, not only in dry
scientific seminars and journals but also in the more free-wheeling (and mud-
slinging) pages of the New York Review of Books and other popular periodicals. Why?

MELANIE MITCHELL

Melanie Mitchell received a Ph.D. in
Computer Science from the University
of Michigan in 1990. In 1990 she was
awarded a Junior Fellowship in the
University of Michigan Society of
Fellows, with a two-year joint
appointment as an assistant professor
in the Electrical Engineering and
Computer Science Department at the
University of Michigan. Since 1992 she
has been a research professor at the
Santa Fe Institute and directs the
Institute’s program in Adaptive
Computation.

© 1999 John Wiley & Sons, Inc., Vol. 4, No. 3 C O M P L E X I T Y 17
CCC 1076-2787/99/03017-08



In this essay, inspired by Steven
Pinker’s fascinating book How the Mind
Works [2] and other expositions of evo-
lutionary psychology and by attacks on
such works, I will explore, from an in-
formed outsider’s perspective, what
evolutionary psychology is all about,
where it came from, and what its pros-
pects are in light of recent debates sur-
rounding its controversial methodology
and claims.

WHAT IS EVOLUTIONARY PSYCHOLOGY?
What is currently called “evolution-
ary psychology”—that is, the recent
attempts at melding cur-
rent evolutionary and psy-
chological theories—has
been most strongly advo-
cated in a long essay by
the anthropologist John
Tooby and the psycholo-
gist Leda Cosmides [3].
T o o b y a n d C o s m i d e s
claim that evolutionary
theory has, until now,
been largely absent from
psychology and other behavioral disci-
plines due to the dominance in those
sciences of what they call the “standard
social science model” (SSSM). Accord-
ing to Tooby and Cosmides, the SSSM
asserts that, as far as humans are con-
cerned, what evolution produced was a
“general-purpose” mind with very little
in the way of innate knowledge or pre-
dispositions. In other words, the mind
is a tabula rasa, there is no such thing
as “innate human nature,” and human
psychology is almost completely
shaped by the culture and society in
which the human grows up rather than
by anything “biologically determined.”

Given the charged nature of terms
such as “biological determinism” or “in-
nate human nature,” it is perhaps not
surprising that the dominance of the
SSSM came in part from the “political
correctness” that it enforces:

. . . to support the SSSM was to
oppose racism and sexism and to
challenge the SSSM was, inten-
tionally or not, to lend support to
racism, sexism, and, more gener-
ally . . . “biological determin-

ism” . . . . [The SSSM emphasizes]
human malleability and the hope
it, therefore, gave for social me-
lioration or social revolution [3].

Evolutionary psychology, as champi-
oned by Tooby and Cosmides, chal-
lenges the SSSM by viewing human psy-
chology as shaped primarily not by cur-
rent societies and culture, but instead
by selective forces occurring over evo-
lutionary time to produce mental
mechanisms for solving problems ulti-
mately affecting reproductive success.
Tooby and Cosmides point out that

modern psychology has cast strong
doubt on the notion of a tabula rasa
mind and that both modern psychology
and biology have shown that the tradi-
tional opposition (supported by the
SSSM) between notions such as “innate,
biological, and genetically determined”
and “learned, cultural, and socially con-
structed” makes no sense in the light of
what we now recognize as the insepa-
rable interactions among genes, devel-
opment, environment, and culture.
Tooby and Cosmides rightly suggest
that such oppositions “should be con-
signed to the dustbin of history, along
with the search for a biology-free social
science” [3]. The desire to break away
from the outdated assumptions of the
SSSM has been a primary motivator for
evolutionary psychology.

Evolutionary psychology is often
compared with sociobiology, a move-
ment of a few decades ago, made most
famous by a book of the same name
by the naturalist E. O. Wilson [4]. Wil-
son’s book discussed his own work
and that of other ethologists (e.g., Kon-
rad Lorenz) on possible evolutionary
explanations for animal and human

social behavior—sexual and otherwise.
It was highly controversial (to say
the least), and some critics viewed it
as condoning or at least excusing be-
haviors such as rape, spousal abuse,
and other forms of aggression. Tooby
and Cosmides, along with Pinker and
other writers, try to distinguish evolu-
tionary biology from its older, much
disliked cousin; they make it clear that
evolutionary psychology is not, like
sociobiology, about evolutionary ex-
planations of social behavior, but
rather about evolutionary explanations
of mentality. While some readers

may find this distinction
rather weak, evolutionary
psychologists argue that
there is a big difference
between using evolution
to explain the mental—
the mind and brain struc-
tures that evolved in hu-
mans—and using it to
explain the behavioral,
which is linked to the
mental in often indirect

ways. As Cosmides, Tooby, and Barkow
(carefully) put it:

Culture is not causeless and dis-
embodied. It is generated in rich
and intricate ways by informa-
tion-processing mechanisms
situation in human minds. These
mechanisms are, in turn, the
elaborately sculpted product of
the evolutionary process. There-
fore, to understand the relation-
ship between biology and culture
one must first understand the ar-
chitecture of our evolved psy-
chology . . . . Past attempts to
leapfrog the psychological—to
apply biology directly to human
social life—have for this reason
not always been successful. Evo-
lutionary psychology constitutes
the missing causal link needed to
reconcile these often warring
perspectives [1].

SPECIFIC ACCUMPTIONS OF
EVOLUTIONARY PSYCHOLOGY
The term “evolutionary psychology” has
been used quite generally to refer to the

Modern psychology has cast strong doubt on the notion of
a tabula rasa mind, and both modern psychology and

biology have shown that the traditional opposition between
notions such as “innate, biological, and genetically

determined” and “learned, cultural, and socially
constructed” makes no sense in the light of what we now

recognize as the inseparable interactions among genes,
development, environment,

and culture.

18 C O M P L E X I T Y © 1999 John Wiley & Sons, Inc.



study of human mental activities in-
formed by evolution, but more often it
is used to refer to the more specific re-
search methodology outlined in Tooby
and Cosmides’ essay and shared by
many people working in that field. This
methodology makes a particular set of
assumptions about psychology and
about human evolution. These assump-
tions were summarized by Pinker as the
“key idea” of his book:

The mind is a system of organs of
computation, designed by natu-
ral selection to solve the kinds of
problems our ancestors faced in
their foraging way of life, in par-
ticular, understanding and out-
maneuvering objects, animals,
plants, and other people [2].

By “organs of computation” and by
“our ancestors,” he means the following

The mind is organized into mod-
ules or mental organs, each with
a specialized design that makes it
an expert in one arena of interac-
tion with the world. The modules’
basic logic is specified by our ge-
netic program. Their operation
was shaped by natural selection
to solve the problems of the hunt-
ing and gathering life led by our
ancestors in most of our evolu-
tionary history [2].

Here, the big assumption made about
psychology is that the mind is made up
of special purpose “mental organs.” The
big assumptions made about evolution
are that (1) each of these mental organs
is an “adaptation”—that is, a trait that
either directly or indirectly led to an im-
provement in the ability of the organ-
ism to produce fit offspring; (2) natural
selection was the driving force in shap-
ing these mental organs; and (3) it did
so during the period of evolution in
which our ancestors were hunter-
gatherers living on the African savanna.

The rationales for these assumptions
are laid out in great length by Tooby
and Cosmides, and are explained in
nontechnical terms in Pinker’s book.

The “specialized mental organ” as-
sumption contrasts with an alternative

view in psychology that the mecha-
nisms of mind are fairly general-
purpose. In this view, the mind re-
sembles a general-purpose computer or
“universal Turing machine,” with only a
few specialized “modules” (e.g., the
specialized brain area for language).
This is the view that Tooby and Cos-
mides attribute to the SSSM, and it was
a prominent position taken, for example,
by cognitive scientists Allen Newell and
Herbert Simon in the 1970s [5].

The “specialized mental organ” view
says instead that the mind (and, by im-
plication, the brain) consists of a large
number of relatively independent “spe-
cialists”—roughly, computer programs
that compute only one particular thing
about the world. For example, one hy-
pothesized module specialized for de-
tecting “cheating.” I will return to this
shortly.

The “natural selection” assumption
is that these mental organs were formed
via the (presumably slow) accumulation
of genetic variations, each of which
contributed to the reproductive success
of the individual. Unlikely as it may
seem, selection on random processes of
genetic variation appears to have pro-
duced very complex adaptations in or-
ganisms. Most evolutionists (including
evolutionary psychologists) assume that
there is no other explanation for the
creation of complex adaptations. “Evo-
lution by natural selection is the only
presently validated explanation for the
accumulation of functional design fea-
tures across generations” [1].

The third assumption is that the pro-
cesses that formed our specialized men-
tal organs occurred during the Pleisto-
cene epoch—the period one to two mil-
lion years ago in which our ancestors
were hunter-gatherers in the African sa-
vanna and during which significant
brain expansion took place. Thus hu-
man psychology may not make sense in
our current society and culture, and
may even be detrimental to us, but was
adaptive back in the Pleistocene. This,
as Pinker asserts, could explain some of
the paradoxes of modern psychology:

People hold many beliefs that are
at odds with their experience but

were true in the environment in
which we evolved, and they pur-
sue goals that subvert their own
well-being but were adaptive in
that environment [2].

METHODOLOGY OF EVOLUTIONARY
PSYCHOLOGY

T hese three assumptions led Tooby
and Cosmides to specify a meth-
odology for work in evolutionary

psychology. The goal is to understand
and explain the structure of particular
mental phenomena. To illustrate, let’s
take a famous example from evolution-
ary psychology research: the notion of
“cheater detector.” (At one point I heard
a British colleague speak about this is-
sue; knowing little of the field myself, I
initially misheard him as saying “chee-
tah detector,” which seemed like an
equally useful adaptation for the Afri-
can savanna.)

The notion that humans have a
special-purpose detector for cheating
comes in part from Cosmides’ interpre-
tation of a puzzling result in psychol-
ogy. (My description is adapted from
Pinker’s account.) The psychologist Pe-
ter Wason, in testing humans’ abilities
to falsify hypotheses, created four cards.
Each card had a letter on one side and a
number on the other. The human sub-
jects were shown one side of each card:

card 1: D
card 2: F
card 3: 3
card 4: 7

They were then asked which card or
cards they needed to turn over in order
to verify or falsify the hypothesis “If a
card has a D on one side, it has a 3 on
the other.”

The right answer is that you need to
turn over cards 1 and 4. If the “F” card
has a 3 on the other side, that tells you
nothing about the hypothesis, which
doesn’t say that only “D” cards have 3s
on the other side. Likewise, whether the
“3” card has a D on the other side is
immaterial, since the hypothesis
doesn’t say that cards with 3s on one
side have to have Ds on the other. But
clearly for the hypothesis to be true the

© 1999 John Wiley & Sons, Inc. C O M P L E X I T Y 19



“D” card has to have a 3 on the other
side, and the “7” card can’t have a D on
the other side.

However compelling this logic, when
this experiment was done on human
subjects, the subjects most often an-
swered that they would need to turn
over either only card 1, or card 1 and
card 3. This was puzzling to the psy-
chologists. As Pinker recounted, “Dire
implications were seen. John Q. Public
was irrational, unscientific, prone to
confirming his prejudices rather than
seeking evidence that could falsify
them” [2].

However, later experiments showed
that when certain real-world objects
and events were used instead of ab-
stract letters and numbers, people
would get the right answer. For ex-
ample, subjects were told “You are a
bartender, and you need to enforce the
rule ‘If a person is drinking beer, he
must be eighteen or older.’” They were
then given cards that listed a beverage
order on one side and an age on the
other:

card 1: beer
card 2: coke
card 3: age 25
card 4: age 16

The subjects were then asked, “Which
cards do you have to turn over to make
sure the drinking-age rule is being en-
forced?” Interestingly, while this task is
logically isomorphic to the letters and
numbers task described above, most
subjects performed perfectly on this
task, whereas most failed on the ab-
stract version.

Here, then, is a mental phenomenon
to be explained. Further experiments
showed that it wasn’t just a matter of
having real-world versus abstract enti-
ties on the cards. Cosmides suggested
that the crux of the phenomenon is that
people get it right whenever the task in-
volves spotting cheaters (e.g., underage
beer drinkers). Previous work in evolu-
tionary psychology had reasoned that a
species, like our own, in which recipro-
cal altruism occurs must have a way to
remember who received favors and who
returned them, for otherwise reciprocal

altruism would not have been able to
evolve—it would have been vulnerable
to cheaters. Therefore, the reasoning
goes, evolutionary arguments point to
the strong possibility of a mental organ
for detecting cheating in conspecifics.
Cosmides believed that the results of
the card experiments were evidence for
just such a mental organ [6].

T his reasoning is a classic example
of the methodology of evolution-
ary psychology: When faced with a

psychological phenomenon that is hy-
pothesized to be the result of some kind
of adaptation, figure out what good it
would have done our hunter-gatherer
ancestors (not necessarily what good it
does us today), and analyze it in terms
of selective pressure on those ancestors.
Tooby and Cosmides explain optimisti-
cally how this is done as a form of “re-
verse engineering”:

Evolutionary biology and hunter-
gatherer studies supply defini-
tions of the recurrent adaptive
problems humans faced during
their evolution, and cognitive
psychology describes the infor-
mation-processing mechanisms
that evolved to solve them. By
combining insights from these
two fields, the functional organi-
zation of the mind can be
brought into sharp relief [3].

Pinker seconds this approach and finds
it quite general: “There is no reason that
reverse engineering guided by evolu-
tionary theory should not bring insight
about the rest of the mind” [2].

In How the Mind Works, Pinker gives
several examples of his own and other
people’s evolutionary hypotheses about
mental phenomena. For example,
he hypothesizes about the origin of
present-day phobias:

The other common fears are of
heights, storms, large carnivores,
darkness . . . . The common
thread is obvious. These are the
situations that put our evolution-
ary ancestors in danger. Spiders
and snakes are often venomous,

especially in Africa, and most of
the others are obvious hazards to
a forager’s health . . . . Fear is the
emotion that motivated our an-
cestors to cope with the dangers
they were likely to face . . . when
Chicago schoolchildren were
asked what they were most afraid
of, they cited lions, tigers, and
snakes, unlikely hazards in the
Windy City [2].

Pinker also has a very nice analogy to
explain some aspects of emotions, in
terms of the notion of “doomsday ma-
chine.” This image comes from the
movie Dr. Strangelove, in which Dr.
Strangelove, played by Peter Sellers, ex-
plained the point of having a doomsday
machine (a triggering network for a na-
tion’s nuclear arsenal) that would de-
stroy everyone, including the device’s
builders and, once set off, could not be
stopped. It’s clearly pointless once it
goes off, he explains, but if its existence
is advertised, it can act as a powerful
deterrent. Pinker hypothesizes that a
analogous notion might explain the
seeming separation between passion
and reason:

The intellect is designed to relin-
quish control to the passions so
that they may serve as guarantors
of its offers, promises, and threats
against suspicions that they are
lowballs, double-crosses, and
bluffs. The apparent firewall be-
tween passion and reason is not
an ineluctable part of the archi-
tecture of the brain; it has been
programmed in deliberately,
because only if the passions are
in control can they be credible
guarantors [2].

In another example, Pinker analyzes
“parent-offspring conflict”—not the fa-
miliar kind all parents consciously en-
dure but the unconscious kind that is
claimed to be a holdover from those
earlier days. Pinker points out that since
a parent shares 50 percent of his or her
genes with each offspring, in evolution-
ary terms the investment in each should
be equal (all other things being equal).
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But if I am one of those offspring, I
share only 50 percent of my genes with
each sibling, but 100 percent of my
genes with myself, so it is in my best
interest to suppress parental invest-
ment in my siblings and to promote pa-
rental investment in myself. Pinker hy-
pothesizes that this may lead to a
child’s behavior that, indirectly, helps
prevent or delay the parents having an-
other child:

In all cultures, young children are
sometimes possessive of their
mothers and cool to the mother’s
consort. Parent-offspring conflict
offers a straightforward explana-
tion. Daddy’s interest in Mommy
takes her attention away from
me—and, even worse, threatens
to create a baby brother or sister.
Children may well have evolved
tactics for delaying that sad day
by diminishing their mothers’ in-
terest in sex and keeping their fa-
thers away from her. It would be a
straightforward extension of
weaning conflict [2].

Of course, the claim here is not that
children do this consciously but rather
that evolution has created mental mod-
ules that produce unconscious behavior
with the desired effects.

A good part of Pinker’s book consists
of hypothesized evolutionary explana-
tions for many other human psycho-
logical phenomena, including differ-
ences between men and women in re-
sponse to pornography, in courtship
behavior, with regard to polygamy, and
in aggression and war. At this point,
critical comparisons with the claims of
1970s sociobiology are not surprising;
that field attempted to explain many of
the same phenomena. Evolutionary
psychologists assert, however, that their
new attempts are based on a more rig-
orous foundation and are, in some
cases, more testable.

CRITIQUES OF EVOLUTIONARY
PSYCHOLOGY
Evolutionary psychology, like sociobiol-
ogy before it, has engendered critiques
from many parts of the academic spec-

trum, some of them rather emotional
and angry. In some of the more extreme
critiques, evolutionary psychology has
been variously described as “simplistic
dogmatism” [7], “the authority of mod-
ern science pressed into the service of
speculative fictions” [8], and “biology as
ideology” [8] and criticized as having a
“penchant for narrow, and often barren,
speculation” [7]. Many of the strongest
barbs have come from articles by the
eminent evolutionist Stephen Jay Gould
in the New York Review of Books (a en-
tertaining periodical whose contents
can often be described as a kind of
Championship Wrestling for the intelli-
gensia). The attacks in the other direc-
tion have been severe as well; for ex-
ample, Gould is described by another
eminent evolutionist as “a man whose
ideas are so confused as to be hardly
worth bothering with” (John Maynard
Smith in The New York Review, Nov. 30,
1995, quoted in [7]).

What exactly are these people fight-
ing about? In my reading of the litera-
ture of this debate, each side has mis-
characterized the claims and beliefs of
the other, much to the detriment of the
public’s understanding of complex and
important scientific issues. Here I will
try to summarize what I feel are the
more valid critiques of evolutionary
psychology and show where they lead
for defining the open questions in both
evolution and psychology.

The major critiques of evolutionary
psychology center around its three
main assumptions: that the mind is a
collection of special-purpose modules;
that those mental modules are adapta-
tions, formed via natural selection; and
that the Pleistocene era was the period
in which these modules evolved.

The claim that the mind consists of
special-purpose independent modules
is supported by some evidence, both

psychological and neurological, but it is
far from being generally accepted in
cognitive science. I won’t describe this
debate here but will instead focus on
the evolutionary issues in the second
and third assumptions.

How Do We Identify a Complex
Adaptive Trait?

I t is far from straightforward to deter-
mine what complex traits (physical
or mental) are adaptations. Evolu-

tionists define “adaptive trait” as one
that directly or indirectly promotes re-
production (or at least did when it orig-
inated). Most believe that natural selec-
tion is the mechanism for “designing”
adaptive traits.

However, all evolutionists would
agree that not all traits are adaptive.
Some are presumably accidental—the
product of random mutations that give
no selective advantage—and some are
products of other forces that shape or-
ganisms, such as physical constraints
on developmental processes, side ef-
fects of adaptations, and so on.

While natural selection clearly does
occur (this has been demonstrated in
innumerable experiments with many
types of organisms), there is no general
detailed theory of what kinds of com-
plex adaptations it can produce and
how to distinguish them from nonadap-
tive traits, particularly if they appear in
only a small number of related species
(e.g., primates). The eye—the classic ex-
ample in evolution that worried Darwin
because it was too well designed—
seems clearly adaptive because we un-
derstand its structure and function so
well in so many different species
(though it is possible that some of its
structure and function may have arisen
via the nonselective processes men-
tioned above or via selective processes
in the service of adaptive traits other
than vision). However, it gets harder to
be so sure when we’re talking about the
less well-understood mental traits that
are the subject of evolutionary psychol-
ogy (e.g., human emotions). This diffi-
culty is at the crux of the common ac-
cusation that evolutionary psycholo-
gists spend their time telling “just-so
stories.”

Evolutionary psychology, like
sociobiology before it, has

engendered critiques from many
parts of the academic spectrum,
some of them rather emotional

and angry.

© 1999 John Wiley & Sons, Inc. C O M P L E X I T Y 21



Taken from Rudyard Kipling’s book
by that name (including stories about
“how the leopard got its spots” and so
on), the term “just-so story” here refers
to hypothesized explanations of sup-
posed adaptive function of a particular
trait that may or may not be true but
are impossible to test. Pinker’s hypoth-
eses about the adaptive function of pas-
sion, unconscious parent-offspring
conflict, and other psychological traits,
while plausible and even elegant, are
difficult to test since we don’t under-
stand what brain structures implement
these traits, and even if we did, we don’t
know the extent to which selection can
shape such brain structures, or pre-
cisely what brain structures shaped by
selection should look like. They may be
adaptations, but there are other plau-
sible explanations, and the less well-
understood the trait, the harder it is to
devise definitive tests to distinguish be-
tween rival hypotheses.

Pinker would argue with this, saying
that complex, “improbable” organs
must be adaptations. For example,
Pinker asserts that:

A sane person can believe that a
complex organ is an adaptation,
that is, a product of natural selec-
tion, while also believing that fea-
tures of an organism that are not
complex organs are a product of
drift or a by-product of some
other adaptation [2].

and

Selection is not invoked to ex-
plain mere usefulness; it’s in-
voked to explain improbable
usefulness [2].

O ne problem here is that “complex
organ” is not yet well-defined—
how do we know one once we see

it? Is “language” a complex organ and
thus an adaptation? Pinker would say
yes (and wrote a book arguing this
point) [9] but later, in How the Mind
Works, he allows that other mental
traits, such as our taste for music and
art (presumably the results of complex
mental organs), might well be by-
products of adaptations rather than ad-

aptations themselves: “some of the ac-
tivities we consider most profound are
nonadaptive by-products” [2].

Another problem is that we don’t yet
know enough about what selection can
do (and how it interacts with other
forces that shape organisms) to say
what constitutes improbable useful-
ness, especially when we’re talking
about mental traits that themselves are
not well understood.

How Do We Know When a Mental
Trait Evolved?
Related to the question of how to spot
an adaptation is the question of how
long a particular adaptation takes to
evolve via natural selection. A funda-
mental assumption of evolutionary psy-
chology is that the mental traits of in-

terest evolved during the Pleistocene,
the era one to two million years ago
during which the most significant ex-
pansion of the human brain occurred.

Our ancestors spent the last two
million years as Pleistocene
hunter-gatherers, and, of course,
several hundred million years be-
fore that as one kind of forager or
another. These relative spans are
important because they establish
which set of environments and
conditions defined the adaptive
problems the mind was shaped
to cope with: Pleistocene con-
ditions, rather than modern
conditions [1].

It is almost certainly correct that recent
history (e.g., the past several hundred
thousand years) was not enough time

for complex mental organs to evolve
and that many interesting changes hap-
pened in the brain as it expanded dur-
ing the Pleistocene epoch. However,
just as we don’t yet have a good theory
about how to tell, in general, if a given
trait is an adaptation, we don’t have a
good general theory about what traits
natural selection can produce, how
quickly it can produce them, and how
stable or unstable an environment has
to be for this to happen. This is espe-
cially true for more complex traits such
as the psychological ones discussed by
Tooby and Cosmides, Pinker, and oth-
ers. Pinker asserts that “most of our
evolution took place” on the African sa-
vanna [2]. By “our evolution” he means
that of our most human-like ances-
tors—those with brains similar to ours.
But, as Ahouse and Berwick point out, it
would be equally true to say that “over
99 percent of our evolutionary history
was spent in (and most of our genes
arose in) a warm, salty sea” [8]. Our sea
ancestors also had nervous systems, an-
cestral to our own. Would it not be
plausible to speculate that some of the
structures important to human psy-
chology arose, at least in part, during
that time and were originally adapted
for those conditions? And could this
have had as much of an effect on their
ultimate structure and function as the
time spent in the Pleistocene? It is hard
to say for sure.

The Pleistocene savanna hunter-
gatherer assumption is based on fossils
and archaeological relics, which indeed
help in making sense of the time scale
and stages of human evolution, includ-
ing at what times certain types of men-
tal traits most likely first appeared, at
least in their modern forms. However,
the fossil and archaeological records are
notoriously sketchy, none of the mental
traits evolutionary psychologists study
are captured directly in fossils, and the
archaeological evidence is often hard to
interpret, particularly in forming hy-
potheses about the origins of language,
emotions, and other mental traits.
Natural selection quite probably did
contribute strongly to these things, but
in order for these hypotheses to become
compelling theories rather than specu-

The major critiques of
evolutionary psychology center

around its three main
assumptions: that the mind is a

collection of special-purpose
modules; that those mental

modules are adaptations, formed
via natural selection; and that
the Pleistocene era was the

period in which these modules
evolved.
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lation, more must be known about the
details of both the mental structures
and the evolutionary process.

My view is not shared by all evolu-
tionists; for example, Tooby and Cos-
mides have a much more generous view
of what the field of evolutionary biology
can tell us in its current state:

Just as the fields of electrical and
mechanical engineering summa-
rize our knowledge of principles
that govern the design of human-
built machines, the field of evolu-
tionary biology summarizes our
knowledge of the engineering
principles that govern the design
of organisms, which can be
thought of as machines built by
the evolutionary process . . . .
Modern evolutionary biology
constitutes, in effect, an “organ-
ism design theory” [3].

I would characterize this view as overly
generous, given all that is not known
about how genes vary, how they map to
physical and mental traits, and the en-
tire process of development during
which bodies and minds are formed. In
short, today’s evolutionary biology is far
from a well-worked-out design theory
of organisms.

What Evolutionary Forces Are
Relevant in Explanations of Traits?
Every serious biologist believes that
natural selection has been a central
mechanism of evolutionary change:
Darwin and many after him have given
compelling and testable explanations
for many traits in terms of natural se-
lection (e.g., see [15]). However, it is not
the only mechanism; accounts focusing
on natural selection are only part of the
story. Darwin himself said “I am con-
vinced that natural selection has been
the main but not the exclusive means of
modification.” Most evolutionists today
agree with this statement. Steven Jay
Gould, Niles Eldredge, Richard Lewon-
tin, Stuart Kauffman, and Brian Good-
win are names often cited as the strong-
est proponents for taking into account
alternative causes of evolutionary
change in evolution. These people and
others (including Darwin himself) have

proposed candidates for important
mechanisms other than natural selec-
tion that result in modifications of or-
ganisms. Some such candidates are
neutral evolution (in which organisms
change in a neutral, nonadaptive way),
physical and historical constraints on
development, historical accidents, ge-
netic drift, genetic hitchhiking, and
“self-organization.”

In spite of misleading name-calling
on various sides of the evolutionary
psychology debates (evolutionary psy-
chologists have been called “ultra-
Darwinists” [7] and have been accused
of hawking “vulgar adaptationism” [8];
their opponents have been labeled
“anti-selectionist” [10] and “Darwin-
doubters” [11]), all the participants (and
almost all evolutionists) would agree
that all of these mechanisms come into
play and that for a full understanding of
where traits came from and how they
are structured, we need to take them all
into account. For example, human lan-
guage might have had a different struc-
ture if some of those mechanisms were
different, or if some historical accidents
had gone the other way. It’s hard to say,
since we only have one example of
evolved human language.

T he main disagreements are about
the relative importance of each of
these mechanisms on shaping

particular traits and how we identify
which mechanisms played which roles.
For example, while Pinker and Tooby
and Cosmides argue that the complex
mental modules of the mind could only
have been shaped by natural selection,
Gould speculates that

Natural selection made the hu-
man brain big, but most of our
mental properties and potentials
may be spandrels—that is, non-
adaptive side consequences of
building a device with such struc-
tural complexity [12].

Kauffman argues that as the entities un-
dergoing evolution become more com-
plex (and mental traits are certainly
among the most complex), then the
principles of self-organization play an
increasingly constraining role [13].

Pinker finds such arguments uncon-
vincing: “It is the bald claim that a fea-
ture is a lucky product of drift or of
some poorly understood dynamic that
is untestable and post hoc” [2].

In some sense he’s quite right to say
this. Gould and Lewontin convincingly
used the notion of “spandrel” (non-
adaptive by-product) to explain aspects
of the morphology of one species of
snail [14], but that’s a far cry from ex-
plaining anything about the human
brain in those terms and Gould has no
evidence for his conjectures on this
front. Likewise, Kauffman has shown
that particular kinds of interconnected
networks exhibit some form of self-
organization, but again that’s a far cry
from a theory explaining how self-
organization shapes particular mental
traits. In short, while these candidates
for alternative evolutionary mecha-
nisms have been proposed as important
sources of change, none of their propo-
nents have yet proposed explanations
of particular psychological phenomena
or other similarly complex traits based
on any of them.

However, the other side could
equally well argue that it is just as much
a “bald claim” to simply assert that a
complex mental organ, such as lan-
guage, or a little-understood psycho-
logical or cultural phenomena, such as
the inclination to go to war, are the
products of natural selection when we
have so little understanding of the un-
derpinnings of such traits in terms of
brain structures or genes, and so little
understanding of how natural selection
might work on such complex traits. In
other words, as yet neither side has
well–worked out theories of evolution-
ary forces that can explain psychologi-
cal phenomena in a satisfying way.

Evolutionary psychology is a field
that will continue to draw

interest, both because
evolutionary explanations in

psychology are so compelling and
because, eventually, they will be

so necessary.
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It might be said that the grandest
open problem in evolutionary theory is
to develop a unified theory of evolu-
tionary forces that could help settle
these disputes.

FINAL WORDS
In this short article, I have attempted to
illuminate the main issues of evolution-
ary psychology and to review some of
the controversies surrounding them.
Evolutionary psychology is a field that
will continue to draw interest, both be-
cause evolutionary explanations in psy-
chology are so compelling and because,
eventually, they will be so necessary.
The evolutionary psychologists have
done much to wake up the wider world
of psychologists to the fact that evolu-
tion is relevant to their field; to criticize
particular claims and methodologies,
as I have done here, is certainly not
to diminish the importance of this
wake-up call.

One problem with current efforts
in evolutionary psychology is that the
field melds together two sciences—
psychology and evolutionary biology—
in which scientific understanding is still
quite limited. Any attempts to do this
are bound to be questioned. However,
Tooby and Cosmides give a hopeful ver-
sion of a scientific future when things
are better understood and agreed upon,
presumably built on the earlier accom-
plishments of today and tomorrow’s
evolutionary psychology:

Just as one can now flip open
Gray’s Anatomy to any page and
find an intricately detailed depic-
tion of some part of our evolved
species-typical morphology, we
anticipate that in 50 or 100 years
one will be able to pick up an
equivalent reference work for
psychology and find in it detailed
information-processing descrip-
tions of the multitude of evolved
species-typical adaptations of the
human mind, including how they
are mapped onto the correspond-
ing neuroanatomy and how they

are constructed by developmen-
tal programs [3].

Just when such an atlas might appear is
debatable, but all sides of the evolution-
ary psychology debates must agree that
this would indeed be a marvelous ac-
complishment and a worthy goal of any
science.

ACKNOWLEDGMENTS
This work has been supported by the
Santa Fe Institute. I am grateful to
Daniel McShea, Andreas Wagner, Daniel
Dennett, and Marcus Feldman for their
helpful comments on this essay.

REFERENCES
1. Cosmides, L.; Tooby, J.; and Barkow, J.H. Introduction: Evolutionary Psychology and Con-

ceptual Integration. In Barkow, J. H.; Cosmides, L.; and Tooby, J. (Eds.) The Adapted Mind,
New York: Oxford University Press, 1992.

2. Pinker, S. How the Mind Works; New York: W.W. Norton, 1997.
3. Tooby, J.; Cosmides, L. The Psychological Foundations of Culture. In Barkow, J. H.; Cosmides,

L.; and Tooby, J. (Eds.) The Adapted Mind, New York: Oxford University Press, 1992.
4. Wilson, E.O. Sociobiology: The New Synthesis. Cambridge, MA: Harvard University Press,

1975.
5. Newell, A.; Simon, H. Computer Science as Empirical Enquiry: Symbols and Search. Commu-

nications of the Association for Computing Machinery 1976, 19(3), 113–126.
6. Cosmides, L. The Logic of Social Exchange: Has Natural Selection Shaped How Humans

Reason? Studies with the Wason Selection Task. Cognition 1989, 31, 187–278.
7. Gould, S.J. Darwinian Fundamentalism. New York Review of Books, June 12, 1997.
8. Ahouse, J.C.; Berwick, R.C. Darwin on the Mind. Boston Review, April/May 1998.
9. Pinker, S. The Language Instinct. New York: William Morrow, 1994.
10. Hurst, L. The Darling of the Masses. New Scientist, June 6, 1998.
11. Dennett, D.C. Darwin’s Dangerous Idea; New York: Simon & Schuster, 1995.
12. Gould, S.J. Evolution: The Pleasures of Pluralism. New York Review of Books, June 26, 1997.
13. Kauffman, S.A. The Origins of Order; New York: Oxford, U.K., 1993.
14. Gould, S.J.; Lewontin, R. The Spandrels of San Marco and the Panglossian Paradigm: A

Critique of the Adaptationist Programme. Proceedings of the Royal Society, London B 1979,
205, 581–598.

15. Weiner, J. The Beak of the Finch. New York: Alfred A. Knopf, 1994.

@@@@@@@@@@@@@@
@?h@?e
@?@@@@@@@?@?@@
@?@?f@?@?@?
@?@?@@@?@?@?@?
@?@?@?@?@?@?@?
@?@?@@@?@?@?@?
@?@?f@?@?@?
@?@@@@@@@?@@@?
@?h@?e
@@@@@@@@@@@@@@

@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@

@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@
@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@? @?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?

@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?
@?e@?@?@?e@?@?@?e@?@?@?e@?@?@?e@?@?@?e@?@?@?e@?@?@?e@?@?@?e@?@?@?e@?@?@?e@?@?@?e@?@?@?e@?@?@?e@?@?@?e@?@?@?e@?@?@?e@?@?@?e@?@?@?e@?@?@?e@?@?@?e@?@?@?e@?@?@?e@?@?@?e@?@?@?e@?@?@?e@?@?@?e@?@?@?e@?@?@?e@?@?@?e@?@?@?e@?@?@?e@?@?@?e@?@?@?e@?@?@?e@?@?@?e@?@?@?e@?@?@?e@?@?@?e@?@?@?e@?@?@?e@?@?@?e@?@?@?e@?@?@?e@?@?@?e@?@?@?e@?@?@?e@?@?@?e@?@?@?e@?@?@?e@?@?@?e@?@?@?e@?@?@?e@?@?@?e@?@?@?e@?@?@?e@?@?@?e@?@?@?e@?@?@?e@?@?@?e@?@?@?e@?@?@?e@?@?@?e@?@?@?e@?@?@?e@?@?@?e@?@?@?e@?@?@?e@?@?@?e@?@?@?e@?@?@?e@?@?@?e@?@?@?e@?@?@?e@?@?@?e@?@?@?e@?@?@?e@?@?@?e@?@?@?e@?@?@?e@?@?@?e@?@?@?e@?@?@?e@?@?@?e@?@?@?e@?@?@?e@?@?@?e@?@?@?e@?@?@?e@?@?@?e@?@?@?e@?@?@?e@?@?@?e@?@?@?e@?@?@?e@?@?@?e@?@?@?e@?@?@?e@?@?@?e@?@?@?e@?@?@?e@?@?@?e@?@?@?e@?@?@?e@?@?@?e@?@?@?e@?@?@?e@?@?@?e@?@?@?e@?@?@?e@?@?@?e@?@?@?e@?@?@?e@?@?@?e@?@?@?e@?@?@?e@?@?@?e@?@?@?e@?@?@?e@?@?@?e@?@?@?e@?@?@?e@?@?
@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?
@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@? @?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?@?f@?
@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?

@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@

@@@@@@@@@@@
@?h@
@?@@@@@@@?@
@?@?f@?@
@?@?@@@?@?@
@?@?@?@?@?@
@?@?@@@?@?@
@?@?f@?@
@?@@@@@@@?@
@?h@
@@@@@@@@@@@
@?@?g@
@?@@@@@@@?@
@?g@?@
@?@@@@@?@?@
@?@?e@?@?@
@?@?@?@?@?@
@?@?@?e@?@
@?@?@@@@@?@
@?@?g@
@?@@@@@@@?@
@?g@?@
@?@@@@@?@?@
@?@?e@?@?@
@?@?@?@?@?@
@?@?@?e@?@
@?@?@@@@@?@
@?@?g@
@?@@@@@@@?@
@?g@?@
@?@@@@@?@?@
@?@?e@?@?@
@?@?@?@?@?@
@?@?@?e@?@
@?@?@@@@@?@
@?@?g@
@?@@@@@@@?@
@?g@?@
@?@@@@@?@?@
@?@?e@?@?@
@?@?@?@?@?@
@?@?@?e@?@
@?@?@@@@@?@
@?@?g@
@?@@@@@@@?@
@?g@?@
@?@@@@@?@?@
@?@?e@?@?@
@?@?@?@?@?@
@?@?@?e@?@
@?@?@@@@@?@
@?@?g@
@?@@@@@@@?@
@?g@?@
@?@@@@@?@?@
@?@?e@?@?@
@?@?@?@?@?@
@?@?@?e@?@
@?@?@@@@@?@
@?@?g@
@?@@@@@@@?@
@?g@?@
@?@@@@@?@?@
@?@?e@?@?@
@?@?@?@?@?@
@?@?@?e@?@
@?@?@@@@@?@
@?@?g@
@?@@@@@@@?@
@?g@?@
@?@@@@@?@?@
@?@?e@?@?@
@?@?@?@?@?@
@?@?@?e@?@
@?@?@@@@@?@
@?@?g@
@?@@@@@@@?@
@?g@?@
@?@@@@@?@?@
@?@?e@?@?@
@?@?@?@?@?@
@?@?@?e@?@
@?@?@@@@@?@
@?@?g@
@?@@@@@@@?@
@?g@?@
@?@@@@@?@?@
@?@?e@?@?@
@?@?@?@?@?@
@?@?@?e@?@
@?@?@@@@@?@
@?@?g@
@?@@@@@@@?@
@?g@?@
@?@@@@@?@?@
@?@?e@?@?@
@?@?@?@?@?@
@?@?@?e@?@
@?@?@@@@@?@
@?@?g@
@?@@@@@@@?@
@?g@?@
@?@@@@@?@?@
@?@?e@?@?@
@?@?@?@?@?@
@?@?@?e@?@
@?@?@@@@@?@
@?@?g@
@?@@@@@@@?@
@?g@?@
@?@@@@@?@?@
@?@?e@?@?@
@?@?@?@?@?@
@?@?@?e@?@
@?@?@@@@@?@
@?@?g@
@?@@@@@@@?@
@?g@?@
@?@@@@@?@?@
@?@?e@?@?@
@?@?@?@?@?@
@?@?@?e@?@
@?@?@@@@@?@
@?@?g@
@?@@@@@@@?@
@?g@?@
@?@@@@@?@?@
@?@?e@?@?@
@?@?@?@?@?@
@?@?@?e@?@
@?@?@@@@@?@
@?@?g@
@?@@@@@@@?@
@?g@?@
@?@@@@@?@?@
@?@?e@?@?@
@?@?@?@?@?@
@?@?@?e@?@
@?@?@@@@@?@
@?@?g@
@?@@@@@@@?@
@?g@?@
@?@@@@@?@?@
@?@?e@?@?@
@?@?@?@?@?@
@?@?@?e@?@
@?@?@@@@@?@
@?@?g@
@?@@@@@@@?@
@?g@?@
@?@@@@@?@?@
@?@?e@?@?@
@?@?@?@?@?@
@?@?@?e@?@
@?@?@@@@@?@
@?@?g@
@?@@@@@@@?@
@?g@?@
@?@@@@@?@?@
@?@?e@?@?@
@?@?@?@?@?@
@?@?@?e@?@
@?@?@@@@@?@
@?@?g@
@?@@@@@@@?@
@?g@?@
@?@@@@@?@?@
@?@?e@?@?@
@?@?@?@?@?@
@?@?@?e@?@
@?@?@@@@@?@
@?@?g@
@?@@@@@@@?@
@?g@?@
@?@@@@@?@?@
@?@?e@?@?@
@?@?@?@?@?@
@?@?@?e@?@
@?@?@@@@@?@
@?@?g@
@?@@@@@@@?@
@?g@?@
@?@@@@@?@?@
@?@?e@?@?@
@?@?@?@?@?@
@?@?@?e@?@
@?@?@@@@@?@
@?@?g@
@?@@@@@@@?@
@?g@?@
@?@@@@@?@?@
@?@?e@?@?@
@?@?@?@?@?@
@?@?@?e@?@
@?@?@@@@@?@
@?@?g@
@?@@@@@@@?@
@?g@?@
@?@@@@@?@?@
@?@?e@?@?@
@?@?@?@?@?@
@?@?@?e@?@
@?@?@@@@@?@
@?@?g@
@?@@@@@@@?@
@?g@?@
@?@@@@@?@?@
@?@?e@?@?@
@?@?@?@?@?@
@?@?@?e@?@
@?@?@@@@@?@
@?@?g@
@?@@@@@@@?@
@?g@?@
@?@@@@@?@?@
@?@?e@?@?@
@?@?@?@?@?@
@?@?@?e@?@
@?@?@@@@@?@
@?@?g@
@?@@@@@@@?@
@?g@?@
@?@@@@@?@?@
@?@?e@?@?@
@?@?@?@?@?@
@?@?@?e@?@
@?@?@@@@@?@
@?@?g@
@?@@@@@@@?@
@?g@?@
@?@@@@@?@?@
@?@?e@?@?@
@?@?@?@?@?@
@?@?@?e@?@
@?@?@@@@@?@
@?@?g@
@?@@@@@@@?@
@?g@?@
@?@@@@@?@?@
@?@?e@?@?@
@?@?@?@?@?@
@?@?@?e@?@
@?@?@@@@@?@
@?@?g@
@?@@@@@@@?@
@?g@?@
@?@@@@@?@?@
@?@?e@?@?@
@?@?@?@?@?@
@?@?@?e@?@
@?@?@@@@@?@
@?@?g@
@?@@@@@@@?@
@?g@?@
@?@@@@@?@?@
@?@?e@?@?@
@?@?@?@?@?@
@?@?@?e@?@
@?@?@@@@@?@
@?@?g@
@?@@@@@@@?@
@?g@?@
@?@@@@@?@?@
@?@?e@?@?@
@?@?@?@?@?@
@?@?@?e@?@
@?@?@@@@@?@
@?@?g@
@?@@@@@@@?@
@?g@?@
@?@@@@@?@?@
@?@?e@?@?@
@?@?@?@?@?@
@?@?@?e@?@
@?@?@@@@@?@
@?@?g@
@?@@@@@@@?@
@?g@?@
@?@@@@@?@?@
@?@?e@?@?@
@?@?@?@?@?@
@?@?@?e@?@
@?@?@@@@@?@
@?@?g@
@?@@@@@@@?@
@?g@?@
@?@@@@@?@?@
@?@?e@?@?@
@?@?@?@?@?@
@?@?@?e@?@
@?@?@@@@@?@
@?@?g@
@?@@@@@@@?@
@?g@?@
@?@@@@@?@?@
@?@?e@?@?@
@?@?@?@?@?@
@?@?@?e@?@
@?@?@@@@@?@
@?@?g@
@?@@@@@@@?@
@?g@?@
@?@@@@@?@?@
@?@?e@?@?@
@?@?@?@?@?@
@?@?@?e@?@
@?@?@@@@@?@
@?@?g@
@?@@@@@@@?@
@?g@?@
@?@@@@@?@?@
@?@?e@?@?@
@?@?@?@?@?@
@?@?@?e@?@
@?@?@@@@@?@
@?@?g@
@?@@@@@@@?@
@?g@?@
@?@@@@@?@?@
@?@?e@?@?@
@?@?@?@?@?@
@?@?@?e@?@
@?@?@@@@@?@
@?@?g@
@?@@@@@@@?@
@?g@?@
@?@@@@@?@?@
@?@?e@?@?@
@?@?@?@?@?@
@?@?@?e@?@
@?@?@@@@@?@
@?@?g@
@?@@@@@@@?@
@?g@?@
@?@@@@@?@?@
@?@?e@?@?@
@?@?@?@?@?@
@?@?@?e@?@
@?@?@@@@@?@
@?@?g@
@?@@@@@@@?@
@?g@?@
@?@@@@@?@?@
@?@?e@?@?@
@?@?@?@?@?@
@?@?@?e@?@
@?@?@@@@@?@
@?@?g@
@?@@@@@@@?@
@?g@?@
@?@@@@@?@?@
@?@?e@?@?@
@?@?@?@?@?@
@?@?@?e@?@
@?@?@@@@@?@
@?@?g@
@?@@@@@@@?@
@?g@?@
@?@@@@@?@?@
@?@?e@?@?@
@?@?@?@?@?@
@?@?@?e@?@
@?@?@@@@@?@
@?@?g@
@?@@@@@@@?@
@?g@?@
@?@@@@@?@?@
@?@?e@?@?@
@?@?@?@?@?@
@?@?@?e@?@
@?@?@@@@@?@
@?@?g@
@?@@@@@@@?@
@?g@?@
@?@@@@@?@?@
@?@?e@?@?@
@?@?@?@?@?@
@?@?@?e@?@
@?@?@@@@@?@
@?@?g@
@?@@@@@@@?@
@?g@?@

@@@@@@@@@@@@@@
?@h?@
?@@@?@@@@@@@?@
?@?@?@f?@?@
?@?@?@?@@@?@?@
?@?@?@?@?@?@?@
?@?@?@?@@@?@?@
?@?@?@f?@?@
@@?@?@@@@@@@?@
?@h?@
@@@@@@@@@@@@@@

@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@

?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@
?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@ ?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@
?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@
?@?@e?@?@?@e?@?@?@e?@?@?@e?@?@?@e?@?@?@e?@?@?@e?@?@?@e?@?@?@e?@?@?@e?@?@?@e?@?@?@e?@?@?@e?@?@?@e?@?@?@e?@?@?@e?@?@?@e?@?@?@e?@?@?@e?@?@?@e?@?@?@e?@?@?@e?@?@?@e?@?@?@e?@?@?@e?@?@?@e?@?@?@e?@?@?@e?@?@?@e?@?@?@e?@?@?@e?@?@?@e?@?@?@e?@?@?@e?@?@?@e?@?@?@e?@?@?@e?@?@?@e?@?@?@e?@?@?@e?@?@?@e?@?@?@e?@?@?@e?@?@?@e?@?@?@e?@?@?@e?@?@?@e?@?@?@e?@?@?@e?@?@?@e?@?@?@e?@?@?@e?@?@?@e?@?@?@e?@?@?@e?@?@?@e?@?@?@e?@?@?@e?@?@?@e?@?@?@e?@?@?@e?@?@?@e?@?@?@e?@?@?@e?@?@?@e?@?@?@e?@?@?@e?@?@?@e?@?@?@e?@?@?@e?@?@?@e?@?@?@e?@?@?@e?@?@?@e?@?@?@e?@?@?@e?@?@?@e?@?@?@e?@?@?@e?@?@?@e?@?@?@e?@?@?@e?@?@?@e?@?@?@e?@?@?@e?@?@?@e?@?@?@e?@?@?@e?@?@?@e?@?@?@e?@?@?@e?@?@?@e?@?@?@e?@?@?@e?@?@?@e?@?@?@e?@?@?@e?@?@?@e?@?@?@e?@?@?@e?@?@?@e?@?@?@e?@?@?@e?@?@?@e?@?@?@e?@?@?@e?@?@?@e?@?@?@e?@?@?@e?@?@?@e?@?@?@e?@?@?@e?@?@?@e?@?@?@e?@?@?@e?@?@?@e?@?@?@e?@?@?@e?@?@?@e?@?@?@e?@?@?@e?@?@?@e?@
?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@?@?@?@@@
?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@ ?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f?@?@f
@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@@@?@@@@@

@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@

@?@?g@
@?@@@@@@@?@
@?g@?@
@@@@@@@@@@@
@?h@
@?@@@@@@@?@
@?@?f@?@
@?@?@@@?@?@
@?@?@?@?@?@
@?@?@@@?@?@
@?@?f@?@
@?@@@@@@@?@
@?h@
@@@@@@@@@@@

@?@?g@
@?@@@@@@@?@
@?g@?@
@?@@@@@?@?@
@?@?e@?@?@
@?@?@?@?@?@
@?@?@?e@?@
@?@?@@@@@?@
@?@?g@
@?@@@@@@@?@
@?g@?@
@?@@@@@?@?@
@?@?e@?@?@
@?@?@?@?@?@
@?@?@?e@?@
@?@?@@@@@?@
@?@?g@
@?@@@@@@@?@
@?g@?@
@?@@@@@?@?@
@?@?e@?@?@
@?@?@?@?@?@
@?@?@?e@?@
@?@?@@@@@?@
@?@?g@
@?@@@@@@@?@
@?g@?@
@?@@@@@?@?@
@?@?e@?@?@
@?@?@?@?@?@
@?@?@?e@?@
@?@?@@@@@?@
@?@?g@
@?@@@@@@@?@
@?g@?@
@?@@@@@?@?@
@?@?e@?@?@
@?@?@?@?@?@
@?@?@?e@?@
@?@?@@@@@?@
@?@?g@
@?@@@@@@@?@
@?g@?@
@?@@@@@?@?@
@?@?e@?@?@
@?@?@?@?@?@
@?@?@?e@?@
@?@?@@@@@?@
@?@?g@
@?@@@@@@@?@
@?g@?@
@?@@@@@?@?@
@?@?e@?@?@
@?@?@?@?@?@
@?@?@?e@?@
@?@?@@@@@?@
@?@?g@
@?@@@@@@@?@
@?g@?@
@?@@@@@?@?@
@?@?e@?@?@
@?@?@?@?@?@
@?@?@?e@?@
@?@?@@@@@?@
@?@?g@
@?@@@@@@@?@
@?g@?@
@?@@@@@?@?@
@?@?e@?@?@
@?@?@?@?@?@
@?@?@?e@?@
@?@?@@@@@?@
@?@?g@
@?@@@@@@@?@
@?g@?@
@?@@@@@?@?@
@?@?e@?@?@
@?@?@?@?@?@
@?@?@?e@?@
@?@?@@@@@?@
@?@?g@
@?@@@@@@@?@
@?g@?@
@?@@@@@?@?@
@?@?e@?@?@
@?@?@?@?@?@
@?@?@?e@?@
@?@?@@@@@?@
@?@?g@
@?@@@@@@@?@
@?g@?@
@?@@@@@?@?@
@?@?e@?@?@
@?@?@?@?@?@
@?@?@?e@?@
@?@?@@@@@?@
@?@?g@
@?@@@@@@@?@
@?g@?@
@?@@@@@?@?@
@?@?e@?@?@
@?@?@?@?@?@
@?@?@?e@?@
@?@?@@@@@?@
@?@?g@
@?@@@@@@@?@
@?g@?@
@?@@@@@?@?@
@?@?e@?@?@
@?@?@?@?@?@
@?@?@?e@?@
@?@?@@@@@?@
@?@?g@
@?@@@@@@@?@
@?g@?@
@?@@@@@?@?@
@?@?e@?@?@
@?@?@?@?@?@
@?@?@?e@?@
@?@?@@@@@?@
@?@?g@
@?@@@@@@@?@
@?g@?@
@?@@@@@?@?@
@?@?e@?@?@
@?@?@?@?@?@
@?@?@?e@?@
@?@?@@@@@?@
@?@?g@
@?@@@@@@@?@
@?g@?@
@?@@@@@?@?@
@?@?e@?@?@
@?@?@?@?@?@
@?@?@?e@?@
@?@?@@@@@?@
@?@?g@
@?@@@@@@@?@
@?g@?@
@?@@@@@?@?@
@?@?e@?@?@
@?@?@?@?@?@
@?@?@?e@?@
@?@?@@@@@?@
@?@?g@
@?@@@@@@@?@
@?g@?@
@?@@@@@?@?@
@?@?e@?@?@
@?@?@?@?@?@
@?@?@?e@?@
@?@?@@@@@?@
@?@?g@
@?@@@@@@@?@
@?g@?@
@?@@@@@?@?@
@?@?e@?@?@
@?@?@?@?@?@
@?@?@?e@?@
@?@?@@@@@?@
@?@?g@
@?@@@@@@@?@
@?g@?@
@?@@@@@?@?@
@?@?e@?@?@
@?@?@?@?@?@
@?@?@?e@?@
@?@?@@@@@?@
@?@?g@
@?@@@@@@@?@
@?g@?@
@?@@@@@?@?@
@?@?e@?@?@
@?@?@?@?@?@
@?@?@?e@?@
@?@?@@@@@?@
@?@?g@
@?@@@@@@@?@
@?g@?@
@?@@@@@?@?@
@?@?e@?@?@
@?@?@?@?@?@
@?@?@?e@?@
@?@?@@@@@?@
@?@?g@
@?@@@@@@@?@
@?g@?@
@?@@@@@?@?@
@?@?e@?@?@
@?@?@?@?@?@
@?@?@?e@?@
@?@?@@@@@?@
@?@?g@
@?@@@@@@@?@
@?g@?@
@?@@@@@?@?@
@?@?e@?@?@
@?@?@?@?@?@
@?@?@?e@?@
@?@?@@@@@?@
@?@?g@
@?@@@@@@@?@
@?g@?@
@?@@@@@?@?@
@?@?e@?@?@
@?@?@?@?@?@
@?@?@?e@?@
@?@?@@@@@?@
@?@?g@
@?@@@@@@@?@
@?g@?@
@?@@@@@?@?@
@?@?e@?@?@
@?@?@?@?@?@
@?@?@?e@?@
@?@?@@@@@?@
@?@?g@
@?@@@@@@@?@
@?g@?@
@?@@@@@?@?@
@?@?e@?@?@
@?@?@?@?@?@
@?@?@?e@?@
@?@?@@@@@?@
@?@?g@
@?@@@@@@@?@
@?g@?@
@?@@@@@?@?@
@?@?e@?@?@
@?@?@?@?@?@
@?@?@?e@?@
@?@?@@@@@?@
@?@?g@
@?@@@@@@@?@
@?g@?@
@?@@@@@?@?@
@?@?e@?@?@
@?@?@?@?@?@
@?@?@?e@?@
@?@?@@@@@?@
@?@?g@
@?@@@@@@@?@
@?g@?@
@?@@@@@?@?@
@?@?e@?@?@
@?@?@?@?@?@
@?@?@?e@?@
@?@?@@@@@?@
@?@?g@
@?@@@@@@@?@
@?g@?@
@?@@@@@?@?@
@?@?e@?@?@
@?@?@?@?@?@
@?@?@?e@?@
@?@?@@@@@?@
@?@?g@
@?@@@@@@@?@
@?g@?@
@?@@@@@?@?@
@?@?e@?@?@
@?@?@?@?@?@
@?@?@?e@?@
@?@?@@@@@?@
@?@?g@
@?@@@@@@@?@
@?g@?@
@?@@@@@?@?@
@?@?e@?@?@
@?@?@?@?@?@
@?@?@?e@?@
@?@?@@@@@?@
@?@?g@
@?@@@@@@@?@
@?g@?@
@?@@@@@?@?@
@?@?e@?@?@
@?@?@?@?@?@
@?@?@?e@?@
@?@?@@@@@?@
@?@?g@
@?@@@@@@@?@
@?g@?@
@?@@@@@?@?@
@?@?e@?@?@
@?@?@?@?@?@
@?@?@?e@?@
@?@?@@@@@?@
@?@?g@
@?@@@@@@@?@
@?g@?@
@?@@@@@?@?@
@?@?e@?@?@
@?@?@?@?@?@
@?@?@?e@?@
@?@?@@@@@?@
@?@?g@
@?@@@@@@@?@
@?g@?@
@?@@@@@?@?@
@?@?e@?@?@
@?@?@?@?@?@
@?@?@?e@?@
@?@?@@@@@?@
@?@?g@
@?@@@@@@@?@
@?g@?@
@?@@@@@?@?@
@?@?e@?@?@
@?@?@?@?@?@
@?@?@?e@?@
@?@?@@@@@?@
@?@?g@
@?@@@@@@@?@
@?g@?@
@?@@@@@?@?@
@?@?e@?@?@
@?@?@?@?@?@
@?@?@?e@?@
@?@?@@@@@?@
@?@?g@
@?@@@@@@@?@
@?g@?@
@?@@@@@?@?@
@?@?e@?@?@
@?@?@?@?@?@
@?@?@?e@?@
@?@?@@@@@?@
@?@?g@
@?@@@@@@@?@
@?g@?@
@?@@@@@?@?@
@?@?e@?@?@
@?@?@?@?@?@
@?@?@?e@?@
@?@?@@@@@?@
@?@?g@
@?@@@@@@@?@
@?g@?@
@?@@@@@?@?@
@?@?e@?@?@
@?@?@?@?@?@
@?@?@?e@?@
@?@?@@@@@?@
@?@?g@
@?@@@@@@@?@
@?g@?@
@?@@@@@?@?@
@?@?e@?@?@
@?@?@?@?@?@
@?@?@?e@?@
@?@?@@@@@?@
@?@?g@
@?@@@@@@@?@
@?g@?@
@?@@@@@?@?@
@?@?e@?@?@
@?@?@?@?@?@
@?@?@?e@?@
@?@?@@@@@?@
@?@?g@
@?@@@@@@@?@
@?g@?@
@?@@@@@?@?@
@?@?e@?@?@
@?@?@?@?@?@
@?@?@?e@?@
@?@?@@@@@?@

Evolutionary Anthropology
Issues, News, and Reviews
Evolutionary Anthropology is an authoritative review journal that focuses on issues of
current interest in biological anthropology, paleoanthropology, archaeology, functional
morphology, social biology, and bone biology--including dentition and osteology--as well
as human biology, genetics, and ecology. In addition to lively, well-illustrated articles
reviewing contemporary research efforts, this journal also publishes general news of rel-
evant developments in the scientific, social, or political arenas. Reviews of noteworthy
new books are also included, as are letters to the editor and listings of various confer-
ences.The journal provides a valuable source of current information for classroom teach-
ing and research activities in evolutionary anthropology.

For all the latest information, guidelines for submissions, the current contents,
the editorial board, or to subscribe, visit the journal at Wiley InterScience-

www.interscience.wiley.com
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