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One important goal of neuroscientists is to eventually understand com-
plex behavioral adaptations of humans and other animals as explained
by the structure and function of their brain tissues and principles of
evolutionary biology. To this end, the dominant model in evolutionary
psychology assumes that complex adaptations involving brain or any
other tissue are precisely crafted for a specific function and are pro-
duced by genes whose alleles all have equal fitness (genetic
monomorphism) because sexual recombination would disrupt adapta-
tions produced by genes whose alleles have unequal fitness {(genetic
polymorphism). This genetically monomorphic model maintains that
humans and other animals have evolved universal neuronal circuits
and behavioral adaptations, which in their sum constitute a species-
typical nature (a universal human nature for Homo sapiens), and that
almost all variation in adaptive behavior among same-sex individuals
is due to environmental effects. Alternatively, we assert that a review
of currently available data in neuroscience, biclogy, and psychology
strongly suggests that compiex adaptations involving brain and other
tissues have many imperfections, different functions in different envi-
ronments, and much polymorphic genetic variation. Our genetically
polymorphic mode! accounts for all these data and predicts that
humans and other animal species have evolved many nonuniversal
complex behaviors (multiple species-typical behaviors or “human
natures”) that differ genetically between males and females, as well as
within males and within females. Variabifity in same-sex behavior is
therefore due to both environmental and genetic variation. Our geneti-
cally polymorphic model reconciles fundamental assumptions of evolu-
tionary psychology with basic principles of evolutionary biology, behav-
joral genetics, and neuroscience. NEUROSCIENTIST 6(4):241~251,
2000
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This article reviews data and current
concepts on the evolution of brain
structure and behavior in the fields
of neuroscience, evolutionary biol-
ogy, and evolutionary psychology.
We propose that such data can best
be explained by assuming that ge-
netic polymorphisms are responsible

VIEWPOINT B

for much of the past and present
phenotypic variation in brain struc-

. tures (brain circuits) and functions

(behaviors) of humans and other ani-
mals. That is, biologists and psy-
chologists commonly observe that
members of neninbred populations
of a species (including Homo sapi-
ens) exhibit muck phenotypic diver-
sity (Box 1). Phenotypic diversity
can arise from variations in the envi-
ronment and/or from variations in
the genetic composition of different
members of a species. When differ-
ent members of a noninbred species
possess different alleles at many
gene loci, such genetic diversity can
be responsible for much of the
phenotypic diversity.

However, genetic diversity does
not necessarily produce adaptive

- phenotypic diversity. If the diversity -

for each gene is monomorphic (all
alleles produce a phenotype having
exactly the same adaptive function
and fitness in all environments), then
this “nonadaptive” (i.e., nonfunc-
tional, neufral fitness, genetic noise)

form of genetic diversity (see Box 1)

will not produce adaptive phenotypic
diversity. Any phenotypic variation
in complex adaptations (e.g., behav-
iors) observed under monomorphic
genetic conditions is necessarily due
to environmental variation (see
Boxes 2 and 3). Specifically of inter-
est to neuroscientists, monomorphic
genetic variation in one given envi-
ronment would produce the same
brain structures yielding the same
behavior in all humans (or in all
members of another animal species)
that all had the same environmental
experiences. Different behaviors in
different humans would be produced
only through plastic changes in brain
structures elicited by different envi-
ronments (Fig. 1). :

In contrast, if much of the main-
tained genetic diversity for many
genes in Homo sapiens (or any other
animal species) is polymorphic (such
that some alleles for many genes
each produce a different phenotype
having a different adaptive function
with different fitness), then much of
the phenotypic variation in complex
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Fig. 1. Schematic diagram showing that brain circuits and behaviors are determined by
the enviranment, and not by alielic differences, in a genetically monomorphic model.

_adaptations for different humans
would have a genetic basis that has
been shaped by natural selection.
Specifically of interest to
neuroscientists, adaptlve polymor—-
phic genetic variation in one envi-
ronment would produce different
brain structures yielding different
adaptive behaviors in different mem-
bers of the same species who had the
same environmental history. Differ-
ent adaptive behaviors in different
environments would result from a
complex mosaic of genetic and envi-
ronmental effects on the structure
and function of brain tissue in
humians and other animals (Fig. 2).

In this assessment of current data
and models that might explain the

evolution of behavior in humans and
other animals, we first reéview the
rationale for concluding that all
Homo sapiens (or any other species)
of the same sex have the same set of
complex brain circuits and behav-
ioral adaptations (a species-typical
or universal “human nature™) based
on a genetically monomorphic
model of complex adaptations origi-
nally developed by the evolutionary
psychologists John Tooby and Leda
Cosmides (7-9). This influential
model is accepted explicitly or
implicitly by others in the field (e.g.,
10-13). We then explain why it is
not necessary Oor appropriate to
assume that genetic monomorphism
is the basis for complex adaptations

(neuronal or nonneuronal in struc-
ture or function). Finally, we present
a rationale for concluding that Homo

~ sapiens (and other animal species)

do not have the same set of complex
brain circuits or behavioral adapta—
tions (i.e., they have different c1r-
cuits and multlple human natures' or
multiple species-typical natures)
based on a genetically polymorphic
model of complex adaptations. We
believe that this alternate model of
genetically polymorphic adaptations
is in agreement with some recent
publications relevant to evolutionary
psychology (14-18). Our mode] of
genetlcally polymorphic adaptations
also integrates much available ‘data
in evolutionary psychiology, individ-
wal differences psychology, behav-
ioral genetics, ethology, evolutionary
biolegy, cognitive neuroscience, and
neurobiology.

A Genetically Monomorphic
Model of Complex
Adaptations (e.g., brain
structures and behaviors)
and lts Consequence:
Species-Typical Behaviors
and Universal Human Natures

In the current monomorphic medel
of complex adaptations (Fig. 1,
Boxes 2-4), quantitative {e.g., stom-
ach size, threshold for aggression,
and differences in jealousy thresh-
olds) and other genetic differences in
morphological structures or behav-
iors (e.g., bone color) are all
assumed to be irrelevant with respect
to fitness (7-9). The alleles that give
rise to these variations in adaptations
(structures or functions, including
brain circuits and behaviors) are
assumed to be monemotphic (that is,
to produce no differences in fitness)
and to exist primarily as a defense
against pathogens (19). In this
model, heritable variation in a trait is
generally taken a priori to mean that
such a trait is not an adaptation. A
small amount of genetic diversity
that js not monomorphic is assumed
to produce functionally different
phenotypes and is exposed to natural
selection, but almost all of this
diversity is assumed to be in
noncomplex adaptations (adaptations

242 THE NEUROSGIENTIST

Role of Polymorphic Genetic Variations

Ty




BRI

Box 1: Some Terminology and Concepts in Evolutionary Biology

Phenotype refers to the observable characteristics ‘Historically, adaptation and fitness are terms that
of an organism and results from the interaction of its . . have been used interchangeably. However, an adapta-
genes (genotype) with the environment, where the tion is almost always subjectively described, whereas ,
environment includes events that occur within, and fitness is often used as a quantifiable measure (3). ]
exterior to, the organism. The genetic code produces Qualitative descriptions of adaptations might benefit
neuronal and nonneuronal structures that have multi- from the more rigorous analyses that have been made
ple functions (many neuronal functions are termed for fitness. For example:
behaviors). These structures and their functions are o
termed adaptations if they increase the ability of the . 1. Fitness is relative and context specific and is defined
organism or the relatives of that organism to leave =~ for a given phenotype (complex adaptation) refative i

. to other phenotypes (4). Killing all your same-sex :
contemporaries is a behavior that reaches the pinna- ;
cle of quantifiable fitness (3) but is not subjectively
regarded in most human societies a$ 2 highly adap-
tive behavior.

more offspring, relative to other members of the
same species. Hence, an adaptation may be defined
as a phenotypic characteristic having a genetic basis.
that positively affects the reproduction of individuals .

or their relatives (1,_2). Natural selection_psually acts 2. ‘The fitness of a phenotype can be defined and mea-

on the whole organism and not on specific complex sured only for a particular ontogenetic stage in a

adaptations. Finally, evolutionary forces and princi- - specific environment. Dark adult moths are more fit .

ples are the same for neuronal and nonneuronal in industrialized areas and peppersd adult moths .

structures or functions (behaviors). © more fit in other areas (5). :
In this paper, the following sets of terms, which 3. Fitness shows much covariance among complex 3

adaptations, for example, body size, bill width, and
behavior in ground finches (6). The recognition of
such covariation helps make the point that natural

“ ; . . _— selection acts on the whole organism and not on
adaptive function, selective advantage, adaptive sig- specific complex adaptations.

nificance, adaptation, fitness” ’
“genetic noise, nentral fitness, nonadaptive structure
or function”

are used by different disciplines to express essentially
the same concept, will be taken as synonymous:

A lrerie e by

g

Box 2: Some Fundamental Tenets of Monomorphic and Polymorphic Models of Complex
Adaptations :

Common Assumptions over time. (NB: There are no special rules that apply
' : only to brains or only to humans.)

1. All organisms have evolved by natural selection

(including sexual selection). Differing Assumptions
2. The structure and function of brain tissue at any ‘
point in time in the life of an organism (its 1. Complex adaptations have a single function and are
ontogenetic history) is due to the genetic makeup of analogous to finely machined devices (e.g., car :
its brain cells (determined by natural selection, engines) in which much variation in their compo-
genetic drift, and, perhaps, somatic mutations), nents would yield a nonfunctioning device. :
which interact with the internal and external '
environment. versus
3. [Interactions within brain tissue and among brain tis- ' i
sue, other body tissues, and the external environ- Complex adaptations do not have a single function t
ment have evolved by natural selection according to and are very imperfect devices that function despite

- the same rules as have the structures, functions, and
_ interactions of all other tissues in humans and all
-other animals.

many imperfections. Organisms with imperfect adap-
tations survive, reproduce, and successfully compete

e e

4, The structures and functions of the brains of humans in evolutionary history because they are In compet- :
and all other animals result from environmental tion with other organisms that also have imperfect
interactions with the genetic substrate (genomic adaptations. In fact, there is no such thing as a per-
DNA), the Iatter having been evolutionarily deter- fect adaptation, because it could be “perfect” only
mined by natural selection and -genetic drift acting for one life stage in a particular environment. .
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2. Complex adaptations are almost always
monomorphic. Although many loci that contribute to
an adaptation may be polyallelic, the aileles all have

are miot exposed to the forces of natiral selection.
versus

Complex adaptations are almost always
polyallelic, Many (most?) alleles have different fit-
ness values. in different environments or life stages
and are exposed to natural selection.

3,  All members of the same sex in a species have a
“species-typical nature,” and there is a universal
brain circuitry responsible for a universal human
nature.

a neutral fifness with respect to each other and hence .

VOIsuUs

All members of the same sex in a species do not
have a species-typical brain circuitry or nature, and
there is no universal human nature. Rather, complex
adaptive behaviors in Homo sapiens or other

long-lived outbreeding species.are coded for by sets

of genes having various probabilities for alleles at
different loci. Differing sets of complex behaviors

. with differing genetic bases produce multiple human

natures that differ between males and females, as
well as among males and among females.

1. Complex adaptations are intricate machines that
require complex “blueprmts" at the genetic level.
This means that they require coordinated gene
expression involving hundreds or thousands of genes
to regulate their development,

2. Sexual reproduction automatically breaks apart
existing sets of genes and randomly generates in the
offspring new, never before existing combinations of
[4llcles of] genes at those loci that vary from indi-
vidual to individual.

3. If [alleles of] genes differed from individual to indi-
vidual in ways that significantly impacted the devel-
oped design of the component parts of complex
adaptations, then exlstmg genetic combinations
whose developed expressions had fit [precisely]
together into complex adaptations would be pulled
apart by sexual recombination. Equally, new combi-
pations [of alleles exposed to natural selectlon]
would be thrown randomly together, resulting in
phenotypes whose parts were functionally incompat-
ible. This is because parts in any complex machine
are functionally interdependent: If you tried to build
4 new car engine out of a mixture of parts from a
Honda and a Toyota, the parts would not fit together.
To build 2 new car engine whose component paris fit

| Box 3: Assumptions of a Genetically Monomorphic Model of _Corriplex Adaptations

together, you would have to salvage parts from two
“parents” that were of the samne make and maedel.

4, Because sexnal recombination is a random process,
it is improbable that all of the [alleles of] genes nec-
essary for a complex adaptation would be together
in the same individual if the [alleles of] genes cod-
.ing for the components of complex adaptations var-
ied substantially between individuals. .

5. Therefore, it follows that humans, and other com-
plex, long-lived, outbreeding organisms, must be.
very nearly uniform [monomoerphic] in [the alleles
of] those genes that underlie our complex
adaptations.

6, By the same token, sexually reprodicing popula-
tions of organisms freely tolerate genetic variation to
the extent that this variatiorn -does not impact the
complex adaptive organization shared across indi-
viduals. To return to our car engine example, the
color of the parts is funcuonally irrelevant to the
operation of the car and so can vary arbitrarily and
superficially 4mong cars of the same make and
model, but the shapes of the parts are critical to
functional performance and so cannot vary if the
"offspnng” design is to furiction successfully . pp
78-9)

that require the coordinated action of
a very small number of genes). Con-
sequently, almost all of the differ-
ences in the phenotypic expressions
of adaptations are assumed to result
from differing environmental influ-
ences experienced by different mem-
bers of the species. (In this and other
models, different brain tissues

[neuronal circuits] are interposed
between the genomic DNA and the
complex behavioral adaptations. See
Fig. 1.) However, males and females
are regarded as different morphs of
the same species, having a shared
genetic basis for many complex
behavioral and nonbehavioral adap-

tations, but a different genetic basis -

for other complex adaptations, which
are typically activated by genetic
switches such as those associated
with the Y chromosome. Hence, this
model assumes that all species mem-
bers of the sarne sex are (largely)
genetically monomorphic and share
universal male or universal female

brain circuits and natures (defined as
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Fig. 2. Schematic diagram showing that brain circuits and behaviors are determined by
the environment and by allelic differences in a genetically polymorphic model.

a set of innate psychological mecha-
nisms and developmental programs
that are exactly the same in all mem-
bers of the same sex of a given spe-
cies, including Homo sapiens). From
these suppositions, the current model
(8, p. 18) concludes the following:

A human nature composed of uni-
form psychological mechanisms
may produce individual differences
as aresult of different individual ex-
periences. It is the existence of ge-
netic differences between individu-
als that poses problems: It renders
the study of cansation of individual
differences difficult, and more im-
portant, it czlls into gquestion the
" very idea of a universal [genetically

male or genetically female] human
nature.

Genetically Monomeorphic
Models of Complex Adapta-
tions Are Not Tenable

Complex Adaptations Are
Imperfect Solutions fo a
Set of Functions

In the current genetically monomorphic
model (Fig. 1, Box 2), complex ad-
aptations are generally assumed to
be exceptionally well-designed and
well-engineered (if not necessarily
optimal) solutions to a particular
function when considering broad as-

pects of their structures (including
brain tissues) and functions (includ-
ing behaviors). (Note that many of
the examples given in this review de-
scribe complex nonbehavioral adap-
tations, but no distinctions are made
in current evolutionary theory be-
tween evolutionary forces that act on
behavioral as opposed to nonbehavioral
adaptations, or on humans compared

“to other animals.) However, complex

adaptations are influenced by many
factors and compromises that lead to
suboptimal functioning in different

~environments (e.g., shell color in

Cepaea: 20; copper tolerance in
Agrostis tenuis: 21). A careful evalu-
ation of the detailed components of a
complex adaptation often reveals its
suboptimal and nonuniform nature
(1%) and that the phenotypic rela-
tionship between form and function
is a continuum of imperfection (22).
Furthermore, inferring past selective
pressures from phenotype alone is
exceedingly difficult, because many
components of a complex adaptation
have more than one funcHon, many
components have been subjected to
multiple selection pressures, selec-
tion may not have been responsible
for some components in the first
place, and selection may not have
acted directly on a particular compo-
nent but rather on structures corre-
lated with the component in
question. Recognizing all these fac-
tors and those outlined in Box 1,
most evolutionary biologists (e.g., 3,
23-25) now regard complex adapta-
tions as sufficient or adequate solu-
tions to a set of functions that are
difficult to quantify, and that structure-
function relationships and past selec-
tion pressures are not intuitively
inferable, as is ostensibly assumed
by the current monomorphic model
(Box 3).

Complex Adaptations Are Ge-
netically Polymorphic

Many data in evolutionary biology
do not support two key assumptions
of the current monomorphic model
(Box 3): 1) adaptive phenotypic vari-
ation in complex adaptations does
not have a genetic basis and 2) poly-
morphic (alleles having different fit-
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Box 4: A Paradox in Evolutionary Theory: Rapid Short-Term Change, yet Slow Long-Term Change

Evolutionary biologists acknowledge that selection
over microevolutionary time can be very powerful in
particular cases and many orders of magnitude larger
than that seen on average over macroevolutionary
time (3). A fundamental theory in population genet-
ics (29, 30) states that the change in the mean of a
quantitative trait or adaptation in one generation is
determined by the amount of phenofypic variation

exposed to selection (often about 10% [311), the.

amount of such variation that has a genetic basis
(typically ranging from 0.3 to 0.7 [32]), and the
intensity of directional selection (which can be as
great a§ 0.43 [33]). For this last factor, such selection
pressures mean that individual ground finches one

phenotypic standard deviation above the mean are
more than twice as fit as irdividuals one standard
deviation below the mean. Such data show that natu-
ral selection sustained in a particular direction can
produce evolutionary changes of greater than 1% in
each generation, that is, capable of taking an anirmal
the size of a mouse to that of an elephant in less than
1200 generations (3). Current data suggest that such
microevolutionary rates are not sustained.in
macroevolutionary time because the direction of
selection is not sustained, rather than because poly-
morphic genetic variation is used up (as assumed by

" Tooby and Cosmides [7-9]).

ness) genetic variation is eliminated
by natural selection. That is, poly-
morphic genetic variation for com-
plex adaptations is the norm, rather
than the rare exception, in part be-
cause even very favorable mutations
have a very low probability of be-
coming fixed (monomorphic) in a
population (26), and because selec-
tion at other loci usually impedes the
spread- of advantageous alieles (27,
28). Furthermore (as outlined in the
previous section), particular alleles
have different fitness in different en-
vironments, resulting in different al-
lele frequencies in different
environments. Polymorphic genetic
variations that produce spatial pat-
terns of phenotypes are maintained
by local selection, migration, genetic
drift, linkage between traits, fre-
quency- dependent selection, and
sexual selection. Natural selection
does indeed reduce polymorphic ge-
netic variation (a result emphasized
by genetically monomorphic mod-
els). However, polymorphic genetic
variation is constantly reintroduced
and maintained in the population by
mutation, migration, sexual recombi-
nation, genetic drift, and so on. (A
result generally not emphasized by
genetically monomorphic models.

See also Box 4.) This polymorphic

genetic variation is necessary for
evolutionary change and produces
scatter around fitness peaks in a par-
ticular environment (Box 1), that is,
produces imperfect adaptations. This

fitness load due to genetic variation

is nontrivial (34, 35), but organisms

with imperfect adaptations are com-
peting with other organisms that also
have imperfect adaptations. In other
words, it is relative fitness that is
acted on by natural selection and in-
dividual complex adaptations can be

. very suboptimal.

Many findings in evolutionary
biology suggest that much
phenotypic variation in complex
adaptations results from polymor-
phic genetic variation (Fig. 2), rather
than solely from different environ-
mental experiences (Fig. 1), as
would be predicted by the current
genetically monomorphic model
{Box 3). For example, the physiolog-
ical functions of allozymes for alco-
hol dehydrogenase (ADH) in
Drosophila correlate with adaptive
explanations for their distribution
(36, 37), behavioral studies correlate
with alcohol tolerance, enzyme
kinetics, and habitat (38—40), and
allelic variations correlate with adap-
tive functions in lab conditions (37,
41), Furthermore, genetic variation
in ADH interacts with alleles at
other loci to determine fitness (42,
43), This adaptation is very complex
as evidenced by the variety of enzy-
matic, physiological, and behavioral
mechanisms that are used to cope
when the organism is challenged by
alcohol (44). Similar complexities in
genetic determinants are also seen in
Cepaea nemoralis, whose shell patterns

are influenced by predator
preferences, temperaturs, altitude,
frequency-dependent selection,
genetic drift, and linkage disequilibria
(20). A significant polymorphic
genetic basis for phenotypic varia-
tion at the biochemical level is-also
seen in leucine aminopeptidase vari-
ants in Mytilis edulis (45), lactose
dehydrogenase in Fundulus heritoclitis
(46), phosphoglucose isomerase in
Colias butterflies (47-49), and
hemoglobin variants in Peromyscus
(50-52). A significant polymorphic
genetic basis for complex anatomical
variation has been exiensively docu-
mented for body size and life history
in sailfin mollies and guppies (4) and
for the beaks of Galapagos finches
(6, 53). S -
Of particular relevance to the evo-
Iution of brain structure (circuitry)
and function, behavioral geneticists
have extensively described a genetic
basis for phenotypic variation in var-
ious complex behaviors, at least
some of which almost certainly are
complex adaptations. Most behav-
joral traits are reported to be moder-
ately heritable, with typical values
ranging from 0.25 to 0.75.
(Heritability is the proportion of
phenotypic variance attributable to
genetic differences between individ-
uals [14, 54].) Phenotypic varation
in such diverse traits as intelligence
(55), extraversion (56, 57), schizo-
phrenia (58), and alcoholism (39,
60) has consistently been found to
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be due (in part) to 'polymorpﬁic-
genetic differences between individ- -

uals. Indeed, “appreciable genetic

. variation underlying behavioral vari- -

ation is the rule, not the exception”
(14, p. 219).

Finally, a growing minority of
- evolutionary psychologists is begin-
ning to interpret individual differ-
ences in complex behaviors as
possibly resulting from complex
- adaptations. For example, Gangestad
and Simpson (61) propose that indi-
vidual differences in the mating
strategy of women have been pro-
duced and maintained by frequency-
dependent selection. The success of
women adopting a “restricted” mat-
ing strategy, marked by prolonged
courtship and the delaying of inter-
course, depends on the frequency of
other women pursuing an “unre-
stricted” strategy in which inter-
course occurs relatively sooner and
in the absence of a strong attachment
to the man. Gangestad and Simpson
(62) also propose that the ability to
feign emotion and expressive behav-
ior (i.e., the ability to hide one’s true

emotional states—a heritable trait)’

may result from frequency-depend-
ent selection. As the frequency of
individuals in the population able to
feign emotion increases, vigilance
should increase, resulting in selec-
tion for individuals who do not pos-
ses the ability to feign emotion.
Although evidence that the variation
in the mating strategy of women and
expressive control in either sex was
produced (and has been maintained)
by frequency-dependent selection is
still accumulating, the possibility
that polymorphic genetic variation is
responsible for other behavioral
traits is beginning to receive serious
consideration {14-18).

In summary, polymorphic genetic
diversity is maintained among differ-
ent members of noninbred species
(including Homo sapiens) and this
genetic variation affects the fitness
and function of complex adaptations.
Hence, many data external to the
dominant monomorphic model in
evolutionary psychology to explain
complex adaptations (7-9) suggest
that some key assumptions of that
model are not valid, for example,

that adaptations are well-designed
and well-engineered solutions to a
single functional problem and that
complex adaptations are genetically
monomorphic. Most important, if
polymorphic genetic diversity under-

lies the phenotypic expression of -

brain circuits and behaviors (com-
plex adaptations), then the conclu-
sion of species-typical brain circuits
and a universal human nature is
almost certainly not valid, as recog-
nized by Tooby and Cosmides in
their passage quoted above (8, p. 18).

A Genetically Polymorphic

- Model of Complex Adapta-
_tions {e.q., brain circuits and

behaviors) and lts Conse-
quence: Multiple Human
Natures.

We now propose a genetically poly-
morphic model of complex adapta-
tions that incorporates the
observations cited above and that re-
lates the evolution of brain structeres
and function to the evolution of
complex behaviors (Fig. 2, Boxes 2
and 5). In developing our genetically
polymorphic model, we explicitly
make a set of assumptions that are
also implicitly made by monomorphic

-models (7-9) (see Box 2). Our ge-

netically polymorphic model also
makes assumptions 1 and 2 made in
the genetically monomorphic model
of Tooby and Cosmides (7) (see Box
3): 1) complex adaptations require
the coordinated expression of many
hundreds or thousands of genes dur-
ing development, and 2) sexual re-
production breaks apart different sets
of genes and randomly generates
combinations of alleles that are dif-
ferent for each individual that does
not have an identical sibling. How-
ever, our genetically polymorphic
model differs in large or small part
from the current genetically
monomorphic model as follows
(summarized in Box 2).

Complex adaptations have more
than one function and have many imper-
fections. Neuronal and nonneuronal
adaptations are not like a single model
car engine in which parts are precisely
machined and cannot be interchanged.

Eukaryotic organisms such as humans
have survived with imperfect adapta-
tions, sexually reproduced, and have
successfully competed over evolu-
tionary history because they were in
competition with other organisms that
also had imperfect adaptations. In
fact, there is no such thing as an opti-

- mal adaptation, because it could be

“optimal” only for one life stage ina
particular environment. For example,
limb length is correlated with both cli-
mate (shorter limbs having advan-

tages in colder climes and longer

lirabs in warmer climes) and locomo-
tive ability (shorter limbs having ad-
vantages for rapid changes of
direction over irregular terrain and
longer limbs for long-distance travel
over level terrain). Both body plans
function with different amounts of fit-
ness in any combination of climes or
terrain (63).

Complex adaptations have a poly-
morphic genetic basis in which many
alleles have different fitness in differ-
ent environments. Complex adapta-
tions have different phenotypic
functions that are acted on by natural
selection. Many genes code for pro-
teins that are often expressed in a wide
variety of cell types (including neu-
rons), and within nervous tissue by
different subsets of neurons. A partic-
ular protein often does not affect a sin-
gle adaptation but rather many
adaptations (e.g., some potassium
channels have multiple alleles and are
in many cell types in many organs),
and a particular adaptation (e.g., the
heart, kidney, hand, jealousy, aggres-
sion, etc.) has many functions. Hence,
a particular allele will often affect
many different adaptations having differ-
entselective value in different environ-
ments. Therefore, new combinations
of alleles having different fitness are
thrown randomly together by sexual
recombination. Many, perhaps most,
of these combinations are deléterious.
However, many of these combinations
are not functionally incompatible
(much less lethal), in part because
polymorphic complex adaptations are
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Box 5: A Summary of Our Genetically Polymorphic Theory of Brain Structure, Brain

Function (Behavior) and Mind

The functional states of brain tissues as they inter-
act with the state of the other body tissues are
referred to as “mind states” or as “mind” in the com-
mon. vernacular; the externally observable results by
humans of all these interactions that are occurring in
a given organism are commonly termed “behaviors.”
Even the most complex mind states and behaviors
are an emergent property of biological organisms
dependent on currently known physical laws. We
now have some good insights (but nowhere near
complete knowledge) about which brain tissues are
important for various mind states or behaviors such
‘as sensory perceptions, memory, learning, emotions,

language, higher conscious thought, and so on. We

also have some insight into how the polymorphic
genome interacting over time with the internal envi-
ronment (including embryclogical development) and
the external environment dufing the life of an organ-

ism can alter brain-plus-rest-of-body states (mind

states and behaviors). If the functional state of brain
tissue (nembrane voltages due to action potentials,
synaptic potentials, pacemaker activity, receptor
potentials, biochemical properties, etc.) together with
the functional states of other tissues (blood glucose
levels, hormonal release, etc.) constitute a mind state,
then there is basically no greater problem in explain-
ing brain-brain function-body-external environmental
interactions (which constitutes what is often called
mind) than there is in explaining liver-liver function-
body-external environmental interactions (which con-
stitutes what is often called homeostasis, a very com-
plex set of interactions that, to our knowledge, no
one has yet invoked the paranormal to explain}.

There are no “special rules” for the actions/effects
of natural selection on brain tissue as opposed to any
{ other tissue or for human tissues. The structure and
function of brain tissues and other tissues are both
encoded by a polymorphic genome. In fact, the same
polymorphic gene can be expressed in both neuronal
and nonneuronal tissues. The structure and function
of nonneuronal tissues also affect mind states and
anima)l behaviors; brains evolve with hips, feet, liv-
ers, and so on, in an organism whose complex adap-
tations are all imperfect. Natural selection does not
act on brains independently of the rest of the organ-
ism. Successful sexual reproduction breaks up and
transmits part of the entire polymorphic DNA pack-
age of an organism. The DNA in the organism intes-
acting with the internal and external environment
during”ontogeny determines the phenotype of the
organism. Organismic phenotypes are acted on by
natural selection, producing changes in average fre-
quencies of alleles in a species.

From the fossil record, we have reasonable knowl-
edge about the evolution of hard tissues (bones, etc.).

We have much less knowledge about the evolution of
any soft tissue, much less the function of any soft tis-
sue, much less the function of a soft tissue like brain
whose very function depends on the precise nature of
connections between its nonfossilized cells. Never-
theless, we do now have some insight into the évolu-’
tion of many brain structures and functions and how
developmental and environmental processes can
interact to alter brain and other body structures and
functions (mind states and behaviors) in evolutionary
history. .
Al mind states and behaviors (including complex |
conscious ones) in organisms are the end result of
natural selection of brain and other tissues in previ-’
ously existing organisms that reprodiced. The behav-"
jor of an organism at.a given point in time depends
on the exact states of the brain, other tissues in the
body, and the environment at that time. That is,
nature provides the knobs and nurture détermines the:
settings of those knobs of brain structures, and hence
of brain functions and behaviors. The brain, other tis-
sues in the body, and the environment constantly
interact and change each other with time. (Hence, in
the text that follows, for “brain” read “brain plus rest
of body”) Consequently, the structure and function
of the brain_of a particular organism at a given point
in timé are uniquely different from the brain_of that
same organism at other points in time and from the’
brain of any other organism at all points in time,
thereby in theory accounting for the differences in-
behavior of the same organism at differént points in
time and among different organisms at any point in-
time. Ini fact, if two organisms—say two genetically
jdentical members of an invertebrate species or
human monozygotic twins—had exactly the same
number and type of nerve cells but bodies that were
not exactly the same, then the function of their two
nervous systems and mind states and behaviors
would not be exactly the same. However, the func-
tional and stractural state (array of action potentials,
synaptic coniacts, transmitter release, etc.)-of the
brain of a given organism at a given point in time is
usually very similar to its state in nearby time,
thereby accounting for similarities in behavior at dif-
ferent points in time and for the continuity of con-
sciousness and other mind states. The brain of a '
particular organism is also closely related to the
brains of other organisms of the same species
because of similarities in their genetic histories
(DNA), developmental histories, and environmental
histories, thereby accounting for the similarities of
behavior among organisms of the same species. The
greater the differences in these four variables (poly-
morphic genetic composition, developmental history,
internal environmental history, external environmental
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history), the greater the differences in brain structure
and function among the brain states of a given organ-
ism at different points in time, different organisms of
the same species, and different organisms of different
species.

Given our current knowledge of evolution and nat-
ural selection, it is highly unlikely that a trait will
appear in a particular species (much less a particular
organism) fully developed de novo with no similar
“trait in related species. Hence, behaviors such as lan-
guage, nonverbal symbolic manipulations, higher
conscicus thought, emoticns, and s0 on, in humans
are found, or will surely be found, in some form in
primates (and perhaps in other mammals, vertebrates,
or even some invertebrates)—as are (or will be)
found the brain structures whose functioning is
largely responsible for those behaviors. The brain
structures whose function is largely responsible for
those behaviors will have many similarities in organ-
_isms that are closely related in phylogenetic history.

(Analogous functions having different structural
bases may independently evolve in unrelated spe-
cies/phyla.) As one specific example, humans have a
particularly well developed ability for spoken lan-
guage and nonverbal symbolic manipulations {music,
math, etc.) that probably provides much of the basis

. for what we commonly call “higher conscious
. thoughts,” including seif-awareness, logical reason-

ing, and so on. All of these behaviors (and hence
brain structures that produce those behaviors) are
present in many other animals, in many cases to a
lesser degree than in humans, but in a greater degree
than is currently part of the dogma of much of cogni-
tive neuroscience, in part because other animals with
high cognitive abilities (e.g., primates closely related
to humans) do not have a sufficiently complex vocal
apparatus to mimic human speech patterns and those
with a sufficient vocal apparatus {e.g., parrots,
mynah birds, etc.) do not have the cognitive abilities
of higher primates. :

imperfect devices that function in a
sufficient manner despite many im-
perfections. Furthermore, natural se-
lection works on the finest scale of
adaptations whose functional differ-
ences can be quantitative or qualita-
tive. The existence of even a small
functional difference in a complex ad-
aptation between different members
of a species (including Homo sapiens)
means that the adaptation has varia-
tion that will be operated on by natural
selection.

The more complex the adaptation,
the more polymorphic its genetic basis
is likely to be. Complex monomorphic
adaptations are rare, Polymorphic ge-
netic variation in a species is not nec-
essarily reduced in evolutionary time
by the action of natural section be-
cause polymorphic genetic variation
is reintroduced in each generation by
sexual recormbination and mutation.
Some varjants do become more com-
‘mon but are rarely monomorphically
fixed in the gene pool, in part because
different alleles have different selec-
tive value in different environments
(both ancestral and present). That is,
genetic variation introduced by muta-
tion and sexual recombination is

maintained by balanced poly-
morphisms, hybrid vigor, frequency-
dependent selection, geographical
isolation followed by nonisolation,

temporal pleiotropy (alleles with dif- -

ferent fitness values in a given envi-
ronment at different stages of an
organism’s development/ontogeny),
and environmental pleiotropy (alleles
with different fitness values in differ-
ent environments at a given stage of an
organism’s development/ontogeny),
as discussed in the previous section.
Defense against pathogens is only one
of many reasons for the common exis-
tence of polyallelic genes. In brief, hu-
mans—like other complex, long-
lived, outbreeding organisms—are
decidedly not monomorphic in the al-
leles of those genes that underlie com-
plex adaptations. Rather, complex
adaptations in Homo sapiens and
other species are the phenotypic ex-
pression of sets of genes with various
probabilities for alleles at different
loci, and many of these alleles have
different fitness. As presented in
greater detail in Box 3, the phenotypic
expression of these genes in brain tis-
sues whose circuits are determined by
both (polymorphic) genetic and envi-

. ronmental factors produces complex

adaptive behaviors that differ between
individuals in a given species.

Because humans and other ani-

mals have many complex behavioral
and nonbehavioral adaprations and
most complex adaptations are geneti-
cally polymorphic, it follows that indi-
vidual members of Homo sapiens or
other species probably have geneti-
cally different circuits and multiple
natures, rather than genetically uni-
versal circuits or species-typical na-
tures (including a universal human
nature). Specifically for humans, this
genetically polymorphic model is
consistent with much available evi-
dence that Homo sapiens are a

* polytypic species that occupies many

ecological niches with genetic spe-
cialization in those niches combined
with much gene flow between niches
(64). Complex adaptations are
phenotypically polymorphic in hu-
mans and are produced by differences
in the environment as well as by differ-
ences in the polymorphic genetic
composition of different individu-
als (Fig. 2), rather than produced al-
most exclusively by differences in the
environment, as would be predicted by
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genetically monomorphic models

(Fig. 1).

Advantages of a Genetically
Polymorphic Model

As discussed above, our genetically
polymorphic model for complex ad-
aptations (Boxes 2 and 5) can ac-
count for data from evolutionary
psychology, individual differences
psychology, behavioral genetics,
ethology, evolutionary biology, and
neurobiology showing that complex
adaptations 1) are nonoptimal in any
environment, 2) have different func-
tions and fitness in different environ-
ments and in different ontogenetic
stages, and 3) have a genetically
polymorphic basis in which many al-
leles are acted on by natural selec-
tion, In contrast, the current
genetically monomorphic model
(Boxes 2 and 3) is in conflict with
all of these observations. (Any other
genetically monomorphic model
~could not, in theory, account for the
last two observations.)

In addition to better accounting
for a mass of currently available data
from many subdisciplines of neuro-
science and/or biology for many spe-~
cies of animals, our. genetically
polymorphic model would also rec-
oncile data and theories that domi-
nate current research by behavioral
geneticists and evolutionary psychol-
ogists—and reconcile both with the
assumptions of many (most?)
neuroscientists. That is, most behav-
© joral geneticists have studied the
heritability of variablé behaviors in
humans, assuming a genetic basis
and multiple human natures, and
have not concerned themselves with
the evolutionary origins of those
behaviors, In contrast, most evolu-
tionary psychologists have studied
the possible evolutionary origins of
behavioral differences (and the psy-
chological mechanisms regulating
those behaviors) between males and
females—assuming such behavioral
differences have a genetic basis rep-
resenting a universal male or female
human nature—and have not much

concerned themselves with geneti-

cally specified individual differences
among males or among females.

Most humans, including scientists,
do not find what they do not look
for. If our model is accepted, behav-
joral geneticists would have a theo-
retical basis for considering
evolutionary origins for behavioral
differences and evolutionary psy-
chologists would have a theoretical
basis to investigate polymorphic

‘genetic bases for differences among

females or among males. Qur geneti-
cally polymorphic model of complex
adaptations would provide a heretofore
missing theoretical bridge to recon-
cile the disciplines—and bring both
into the mainstream of neuroscience.
At the very least, in such an
instance, behavioral geneticists and
evolutionary psychologists would no
longer have only their detractors in
common.

Furthermore; according to our
polymorphic model of complex
adaptations, the environment and
genes produce phenotypic diversity
in brain circuits and adaptive behav-
jors (Fig. 2), instead of the environ-
ment acting alone to produce
adaptive phenotypic diversity of
behavior (Fig. 1), as predicted by
genetically monomorphic models
(see Boxes 2 and 3). Indeed,
heritability would no longer be
prima faci¢ evidence that a trait is
not an adaptation, as predicted by
monomorphic models. Moreover,
universality would no longer be
réquired as evidence that 2 trait is an
adaptation, as is the case when
genetically monomorphic models are
accepted. As properly inferred by
Tooby and Cosmides (8, p. 18,
quoted above), the existence of poly-
morphic genetic differences between
individuals of the same sex “calls
into question the very idea of 2 uni-
versal human nature.” Indeed, our
model predicts that polymorphic
genetic variations underlying com-
plex adaptations in Homo sapiens
produce (in their terminology) multi-
ple human natures.

Finally, rigorous searches for
polymorphic genetic variation using
theoretical constructs that account
for the evolution of complex adapta-
tions should one day give us a better
understanding of the structure and
function of différent brain circuits
that produce different adaptive

behaviors exhibited by individuals of
each sex in humans and other ani-
tnals. Only with this level of evén-
tual knowledge can we begin to
understand how natural selection has
produced different brain circuits
responsible for multiple human
natures (beyond that of *“male” and
“female”) in evolutionary history.
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