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Introduction

On 15 February 1978, a young woman carefully poured a pitcher of ice water onto
the head of Edward O. Wilson while he sat waiting to address an audience at the
annual meeting of the American Association for the Advancement of Science. A
band of accomplices joined their pitcher-pouring confederate on stage to wave plac-
ards and chant, "Wilson, you're all wet." After repeating this modest witticism for
a few minutes, Wilson's assailants left the field to their victim, who dried himself
as best he could with a paper towel and then delivered his talk without further
interruption [345].

In a world characterized by much more exciting and dramatic violence, this brief
aquatic and acoustical assault was nevertheless moderately newsworthy because of
its setting—a scientific get-together—and its target—a Harvard professor. Academ-
ics are a contentious group and academic arguments can get loud and nasty on
occasion, but physical confrontations are rare. Even if fights were fairly common in
scientific meetings, Wilson would hardly interest anyone fond of hand-to-hand com-
bat. He is a world authority on ants and the other social insects, a tall, thin person
with a passion for entomology, not fisticuffs. By his own account, he was utterly
surprised to have achieved the kind of notoriety that evidently inspired his band
of youthful opponents [345].

But Wilson is also known as the "inventor" of sociobiology, having published a
book of coffee table dimensions in 1975 entitled Sociobiology: The New Synthesis [343].
In the interval between the book's appearance and the AAAS meeting, a group of
Wilson's colleagues at Harvard University did some publishing of their own. Rich-
ard Lewontin, a leading geneticist, and Stephen Jay Gould, just beginning his own
rise to fame and fortune as a writer on matters evolutionary, were among the au-
thors of a manifesto printed in the New York Review of Books [16]. They did not send
their critique to Wilson prior to its publication but instead let him, a member of
their own department, learn about it indirectly—not the most collegial of actions.
In their broadsheet, Lewontin, Gould, and fellow co-signers declared that Wilson
had produced a theory that could be used to justify the political status quo and
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existing social inequalities. Worse, according to them, sociobiology was founded on
the same kind of pseudoscience that was used as a foundation "for the eugenics
policies which led to the establishment of gas chambers in Nazi Germany." Clearly,
academics have the capacity to play rough.

Although Wilson soon responded in print to these unnerving charges [344], the
vehemence of the opposition to sociobiology and the personal nature of the initial
attack and follow-ups colored the general view of Wilson and his apparent creation.
The average person is cautious toward a subject that is associated with intense
controversy, and in this case Wilson's accusers included individuals with impec-
cable scientific credentials. As a result, to this day many persons, academics and
nonacademics alike, have the sense that sociobiology may be slightly or substan-
tially tainted, all the more so because Gould has continued over the years to cast
aspersions on the discipline and its practitioners [146,151-152]. In this he has found
allies in various academic camps [76, 269], with some feminists and social scientists
especially eager to dismiss sociobiology as misguided at best and socially pernicious
at worst [304].

A history of the sociobiology controversy from the perspective of a sociologist
has been written by Ullica Segerstrale [278]. Here I employ the perspective of a
sociobiologist to argue that Wilson and his fellow researchers have essentially won
the debate with Gould and his loose confederation of academic allies. The more or
less neutral readers to whom I address this book may have a vague feeling that
sociobiology is still controversial, a discipline born in dispute and raised in uncer-
tainty. I wish to counter this impression, but not by claiming that the field deserves
complete immunity from criticism. Research papers and books produced by socio-
biologists, like the published work of other scientists, are rarely perfect and, indeed,
can be seriously flawed. Sociobiologists themselves often disagree with elements of
each other's approaches and conclusions (see, e.g., [170, 302, 323]). Progress in sci-
ence sometimes occurs as a result of these kinds of disputes. However, many of the
most prominent and frequently employed criticisms of the field broadcast by non-
sociobiologists are based on avoidable misconceptions and assorted confusions. By
dealing with the key misunderstandings, I hope to demonstrate that the discipline
employs a basic research approach that deserves our interest, respect, and even
admiration as a potential source of improved understanding about ourselves and
all other social species, from ants to antelopes.

I am far from the first person to make this claim. Indeed, sociobiology was ably
defended at the outset by Wilson and then by many others, including an important
early effort in 1979 by the Canadian philosopher of science Michael Ruse [271].
Richard Dawkins has beautifully explained the principles of sociobiology to a wide
audience, albeit only occasionally labeling the research he describes as sociobiol-
ogical [93, 96]. Many more recent books have also attempted to put some of the
criticisms of sociobiology to rest (e.g., [57, 254]). For a particularly evenhanded and
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complete examination of the misunderstandings surrounding sociobiology, I rec-
ommend a paper by the legal scholar Owen Jones [178]. But the criticisms and
misconceptions continue, requiring an up-to-date review and response, which I
have attempted to supply. It is simply incorrect to assert that

(1) sociobiology is a novel and idiosyncratic theory of E. O. Wilson (chap. 1),

(2) sociobiology is primarily concerned with human behavior (chaps. 1, 6),

(3) sociobiology deals with the evolution of traits that benefit the species (chap.
2),

(4) sociobiology is a reductionist discipline based on the proposition that some
behavioral traits are genetically determined (chap. 3),

(5) sociobiology makes use of capricious and selective comparisons between hu-
man behavior and that of other animals (chap. 4),

(6) sociobiology is a purely speculative endeavor, specializing in the production
of untested, and untestable, just-so stories (chaps. 4-5),

(7) sociobiology cannot account for learned behavior or human cultural
traditions, only rigid instincts (chaps. 7-8), and

(8) sociobiology is a discipline that, by labeling certain actions "natural" or
"evolved," makes it possible to justify all manner of unpleasant human be-
havior (chap. 9).

The list of misunderstandings and erroneous claims is long because many peo-
ple realize, perhaps intuitively, that the sociobiological approach, if valid, would
require them to modify some of their own strongly held opinions about human
behavior. Almost everyone considers himself or herself an expert on human behav-
ior. Because we care so deeply about the subject and spend much of our lives
analyzing the immediate motives or intentions of others, we are better able to plan
our own actions. Sociobiology brings another dimension to this analysis, the evo-
lutionary dimension, one that is unfamiliar and even threatening to many, judging
from the vehemence with which the discipline has been attacked. These attacks,
past and present, have deterred some from appreciating the beauty and productiv-
ity of the approach championed by Wilson. This is unfortunate because sociobiol-
ogical research conducted by hundreds of behavioral biologists since 1975 has ex-
plained much that is puzzling and wonderful about the social lives of all animals,
ourselves included. The research record assembled by these scientists constitutes a
great success. My book is an effort to put this record forward, freed from the mis-
conceptions attached to it by others, so that my readers can understand the triumph
of sociobiology.
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1
What Is Sociobiology?

Defining the Discipline

This spring morning I climbed to the top of Usery Mountain, which, happily for
me, is only a twenty-minute walk up a steep hill in the Sonoran Desert of central
Arizona. Once I reached the undulating ridgeline and regained my breath, I walked
along the hilltop checking the palo verde trees, creosote bushes, and jojobas to see
which plants were occupied by males of a locally common tarantula hawk wasp,
Hemipepsis ustulata (fig. 1.1). Males of this large, black-bodied, red-winged species
dedicate themselves to a life of ritualistic combat over control of entire trees or
shrubs, which the males use as lookouts to scan for approaching virgin females of
their species.

This morning many familiar males that I had daubed with Liquid Paper or dots
of acrylic paint launched themselves from their territorial stations in pursuit of
intruding males, and one even had the special pleasure of responding to a receptive
female that flew toward his territorial shrub. This male, marked with yellow dots
on his thorax and right wing as a result of an earlier encounter with rne and my
paints, dashed out after the flying female to grasp her in midair. They fell heavily
to the ground and mated without preliminaries. As the female walked a short dis-
tance forward, the coupled male toppled over, lying on his back with his wings
spread on the gravelly soil. A second male, which had reached the female a few
seconds after "yellow dots," attempted without success to mate with the already
fully engaged female. After a minute passed, the mating pair separated and yellow
dots returned to his perch while his rival continued to probe the female to no good
effect until he too flew back to his territorial perch nearby. The female then left to
cruise downslope. As I write, she is doubtless out tracking down tarantulas and
other large spiders, which she will sting into paralysis before depositing her victims
in underground burrows where they will be slowly consumed by the wasp's larval
offspring.



Figure 1.1. A male of the tarantula hunting wasp Hemipepsis ustulata scanning for rival males and
receptive females from his perch territory on top of a peak in central Arizona.
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Although the hunting behavior of female tarantula hawks is fascinating, the
main goal of my project has been to understand the evolution of the species' un-
usual system for getting females together with males [6]. Why should this be the
only tarantula hawk wasp of several local species in which males defend hilltop
trees and shrubs in order to have a chance to mate? Why do receptive females of
this species choose to visit hilltops and why do they accept the first male that grasps
them in midair? Why do males employ a distinctive method of competing for pos-
session of certain palo verdes and other plants, flying up with a rival high into the
sky and then diving back down to the site that they both desire, only to repeat the
upward flight again and again until one of the two gives up? The tarantula hawk
wasp, like many other animal species, experiences episodes of sex and aggression,
activities that require at least two participants and thus can be considered social.
Studying the possible evolutionary causes of these social acts makes me a socio-
biologist, according to Edward O. Wilson, who was first to define sociobiology "as
the systematic study of the biological basis of all social behavior" [343].

This is not a narrow definition. Social species come in all sizes and shapes. The
members of these species do all sorts of things to one another, inspiring an equally
great range of questions about sociality. And here we come to the first of the mis-
conceptions that surround the discipline of sociobiology: the belief that sociobiology
concerns itself exclusively or even primarily with human social behavior. The chap-
ter on humans in Wilson's Sociobiology constitutes a mere 5 percent of his book, and
the very large majority of today's sociobiologists conduct their research on species
other than humans.

Let me emphasize this point with reference to an issue of the technical journal
Behavioral Ecology and Sociobiology, which just happens to be on my desk as I write
this chapter. "Behavioral ecology" is the study of the evolutionary relationship be-
tween an animal's behavior and its environment; sociobiology can be viewed as
that component of behavioral ecology that explores the effects of the social environ-
ment on behavioral evolution. My copy of Behavioral Ecology and Sociobiology has
articles on the social behavior of a damselfish, a katydid, whirligig beetles, assorted
primates, a planarian flatworm, and the honey bee. Humans as sociobiological sub-
jects are nowhere to be seen in this issue, although the journal sometimes accepts
papers on Homo sapiens. The somewhat intimidating titles on the cover of this issue
include "Sperm Exchange in a Simultaneous Hermaphrodite" and "Decentralized
Control of Drone Comb Construction in Honey Bee Colonies." The various reports
contain information on such topics as how female flies may (unconsciously) select
which sperm get to fertilize their eggs by somehow choosing among the ejaculates
of several different partners, and why whirligig beetles assemble in groups on the
surface of the streams and lakes they inhabit. Sociobiology is a remarkably wide-
ranging discipline in which the complete spectrum of social activities across the
animal kingdom is fair game for analysis.



10 What Is Sociobiology?

Refining the Definition

Although sociobiology ranges widely across topics and species, it is tightly con-
strained in terms of its theoretical orientation. Wilson's one-sentence definition of
the discipline may suggest that any scientist working on any biological aspect of
social behavior qualifies as a sociobiologist. But in reality persons who call them-
selves sociobiologists, or at least those who tolerate this label, invariably use evo-
lutionary theory as the primary analytical tool for their work. These individuals
usually ask and try to answer one basic question: What role did natural selection
play in shaping the evolution of this society or that social behavior? Put another
way, sociobiologists want to know the evolved function or purpose of whatever
aspect of social behavior they are studying.

For example, returning to Behavioral Ecology and Sociobiology, I see that Penelope
Watt and Rosalind Chapman wished to understand why whirligig beetles form
aggregations of up to thousands of beetles, all zipping back and forth on the water's
surface [330]. For the purpose of their study, Watt and Chapman assumed that the
beetles' sociality (fig. 1.2) is the product of an evolutionary process dominated by
natural selection. They proposed that natural selection in the past favored individ-
ual beetles that happened to gather in large groups because these beetles were safer
from predators than those with a tendency to live alone or in smaller groups.

The two sociobiologists then tested this proposition experimentally by measur-
ing the rate at which assaults on whirligigs occurred in beetle groups of different
sizes held in aquaria with predatory fish. They found that, at least under these
experimental conditions, the risk to any individual beetle of coming under attack
by a fish in a given period decreased with increases in the size of the aggregation
to which the beetle belonged. This finding provides support for the hypothesis that
whirligig societies form because social individuals gain survival advantages. If this
relationship held in the past, as it apparently does in the present, and if individuals
differed in their hereditary tendency to seek out the company of others, relatively
social whirligigs in the past would have tended to live longer and leave more
descendants to carry on their special social attributes than relatively solitary indi-
viduals. If so, a process based on differences in reproductive success in the past
would then have shaped the social behavior of today's whirligigs, which are subject
to yet another round of selection with the potential to change or maintain the cur-
rent social nature of these animals. Although Watt and Chapman's evolutionary
hypothesis can be tested in many other ways, the point for the moment is that they
approached the problem of whirligig sociality from a particular perspective, a his-
torical one, in an attempt to identify the reproductive advantage that social ten-
dencies conferred on individual beetles.

But the evolutionary angle is not the only possible biological approach to social
behavior. Another kind of biological question about social behavior exists, one that



Figure 1.2. An aggregation of whirligig beetles on the surface of a pond. Why do these animals
form their simple societies? Drawing by Barbara Terkanian.
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does not revolve directly around evolutionary events: How does the internal ma-
chinery of life work to produce particular results? Whirligig social behavior is po-
tentially subject to a sort of mechanical explanation. The beetles clearly possess
internal mechanisms that enable them to react to their fellow beetles in a particular
way and to stay together in groups once they have formed. The mechanisms un-
derlying whirligig social responses include the neurophysiological systems, the wir-
ing, of the insects in question. But Watt and Chapman did not attempt to learn how
the nervous system of the beetles worked to provide sensory inputs from the en-
vironment, which could be used to make neural "decisions" about which batteries
of muscles to control in ways that lead whirligigs to gather together. Nor did Watt
and Chapman consider how the neural networks of the beetle were assembled as
the beetle metamorphosed from a fertilized egg to a functional adult. Solving this
problem involves examination of the genetic-developmental mechanisms that result
in the growth of the beetle into a complex multicellular organism of a particular
design.

Studies focusing exclusively on how an animal's internal machinery works are
not the province of sociobiologists, a point that Wilson made in the first chapter of
Sociobiology [343]. There he presents a diagram of the relationships between the
various biological disciplines that address social behavior (fig. 1.3). Note that ac-
cording to this diagram the disciplines of sociobiology and behavioral ecology are
closely allied; in turn, they are linked with population biology, whose central con-
cern is the description of the genetics of entire populations and the response of gene
pools to evolutionary processes, including but not limited to natural selection. These
then are the evolutionary disciplines important for an understanding of social be-
havior. Were Wilson to write an update of Sociobiology today, he would also place
the newly named field of human evolutionary psychology on the right-hand side
of the diagram as a subdiscipline of sociobiology, which in turn would be shown
as part of an overarching behavioral ecology. Evolutionary theory is at the heart of
all three entities [85].

Evolutionary psychology provides a bridge of sorts to the study of the internal
devices that make social behavior possible. On the left-hand side of Wilson's dia-
gram, he placed those disciplines that delve into the operating rules of the machin-
ery of behavior. Integrative neurophysiology examines the interaction between sen-
sory systems and those other internal mechanisms that drive the muscles, which
need to be controlled if an animal is to behave. Integrative neurophysiology in turn
rests on a foundation of cell biology with its attempt to identify how chemical
events within cells regulate the development of the organism, the operation of nerve
cells, and the transmission of genes to sperm or eggs, among many other things.
In the jargon of biologists, studies of how cellular mechanisms and system-
operating rules influence behavior are classified as proximate research, which ex-
amines the immediate causes of the traits of interest. In contrast, questions about
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Figure 1.3. The relationship between various biological disciplines and sociobiology, as envisioned
by E. O. Wilson in 1975, with his accurate prediction about the development of the different fields
between 1975 and 2000. From [343].

the adaptive (reproductive) value of behaviors are labeled ultimate questions, not
because they are more important than proximate ones but because they are differ-
ent, dealing with the long-term historical causes of the special abilities of species.

So, for example, I was engaged in proximate, not ultimate, research when I
studied what motivated territorial tarantula hawks to fight with intruders, investing
time and energy in spiral flights with certain opponents [10]. My colleague Winston
Bailey and I knew that territory-holding males of many other species appear to
become increasingly motivated to fight with intruders the longer the resident males
have held their territories, something that has been labeled the "residency effect"
by other researchers studying the same phenomenon in other species. To test
whether the residency effect applied to tarantula hawks, we removed territory own-
ers and held them in a cooler until a rival male had established himself on the
experimentally vacated territory. We found that, as expected, the longer we let the
new male hold his site before releasing the old resident, the more willing the new-
comer was to engage the original territory holder in a long series of spiral flights
when he returned to reclaim his perch (fig. 1.4). In other words, one of the imme-
diate causes of aggression among male tarantula hawks has to do with the psycho-
logical effects of being in control of a territory. The wasps evidently possess internal
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Figure 1.4. The effect of prior residency on the readiness of male tarantula hawk wasps to defend
their territory. The longer a replacement male has occupied a territorial perch site (while the
previous resident remains in captivity), the more times he is willing to engage in ascending contest
flights (see the drawing that precedes the graph) with the returning resident (after that male has
been released from captivity). From [10].

mechanisms that record how long they have held a site, and this information some-
how influences the neural networks controlling territorial defense. This kind of
study falls outside the domain of sociobiology if its only goal is to identify the
proximate operating rules of physiological systems that generate a behavioral effect.

Proximate research on the residency effect can, however, take on an ultimate
character and thus becomes part of sociobiology, when the question changes from
how does the internal machinery work to why does the machinery work that way?
Do males experience a reproductive advantage as a result of having proximate
mechanisms that enable them to measure how long they have held a territory and
that motivate them to defend a desert shrub or tree accordingly? If so, why? Various
hypotheses exist on this point, and some have been tested for species other than
tarantula hawks but not yet for Hemipepsis ustulata. My point here is not to answer
the ultimate question about the residency effect but to make the case that one can
ask purely proximate and purely ultimate questions, each category dealing with
different but complementary aspects of a biological phenomenon.

Let me repeat that: ultimate causes are not somehow superior to proximate ones,
or vice versa. In the biological arena, "ultimate" does not mean "the last word" or
"truly important" but merely "evolutionary." The existence of the two terms, prox-
imate and ultimate, helps us acknowledge the fundamental difference between the
immediate causes for something and the evolutionary causes of that something [11,
286].

Biologists also realize, however, that knowing about the connections between
proximate and ultimate causes is as important as understanding the differences
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between them. The cellular and physiological mechanisms in today's whirligig bee-
tles and tarantula hawks have persisted to the present because these mechanisms
happened to promote reproductive success in the past. Some traits have regularly
advanced an individual's chances of getting its genes into the next generation while
others have not. The historical differences in the genetic success of individuals with
different attributes determined which genes managed to survive to the present.
These genes promote the development of particular kinds of neural networks in
today's organisms, which provide them with the machinery of behavior. Thus, prox-
imate and ultimate causes of social behavior (and all other biological traits) inter-
twine across history. The machinery of reproductive success promotes its long-term
persistence; in contrast, internal mechanisms that predispose individuals to fail at
reproduction wind up in the junk heap of history.

Therefore, to say that proximate and ultimate issues in biology are different does
not mean that sociobiological approaches cannot be applied to genetic-
developmental or physiological-psychological matters. For example, as noted
above, the new field of evolutionary psychology analyzes proximate mechanisms
of human behavior from an explicitly evolutionary perspective, asking questions
about why we possess particular psychological attributes and seeking ultimate an-
swers in terms of the contribution these mechanisms might make or have made to
the reproductive success of individuals. No internal proximate mechanism of social
behavior exists that cannot be explored in terms of its adaptive value, just as no
adaptive behavior occurs whose underlying proximate causes cannot be investi-
gated to good effect.

Sociobiology before Wilson

Despite Wilson's explanation of sociobiology as a branch of evolutionary biology,
the hoopla and controversy surrounding the publication of Sociobiology apparently
induced many to accept another misconception about sociobiology, namely, that
Wilson produced a idiosyncratically novel, and therefore potentially suspect, theory
of social behavior, just one more ivory tower concoction to be added to the pot of
competing arguments. However, anyone who sits down with the book will soon
realize that it is a massive summary review of the research of other scientists who
have employed Darwinian evolutionary theory to make sense of social behavior.
Wilson's role was one of synthesis, no mean task since it required (1) an ability to
read and digest the vast evolutionary literature on social behavior, (2) a clear and
useful organizational scheme, and (3) the readiness to review the major themes in
sociality and explain how these made sense in the light of evolutionary theory.
Wilson achieved all these things in Sociobiology, and so he was fully entitled to give
a new, compact, and memorable label to what others at the time were calling "ethol-
ogy" or "the study of behavioral evolution."

But the theoretical foundation of the book and its approach to explaining social
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behavior were far from new. The evolutionary analysis of behavior began in 1859
with the publication of On the Origin of Species by Charles Darwin [88]. It is common
in evolutionary circles to trace the lineage of one's position to the first and greatest
evolutionist of them all, thereby investing one's view with the imprimatur of au-
thority, sometimes with justification, other times less so. But in this case, we need
not entertain doubt that Darwin was a sociobiologist because he explicitly consid-
ered how social insect colonies might have evolved, and he did so long, long before
E. O. Wilson was born. The sterile workers in these colonies offer a major challenge
for the evolutionist, as Darwin recognized full well, since the worker lifestyle has
persisted within certain species for eons despite the inability of workers to repro-
duce, which would seem to prevent them from passing on the hereditary basis for
their sterility.

Darwin offered a logical solution to the puzzle: If sterile workers promoted the
survival and reproductive success of other family members, then any distinctive
hereditary attributes that they, the sterile workers, possessed would be donated to
subsequent generations by others in their family lineage (which we now know have
some of the same genes as the sterile individuals). In this way, the capacity for
sacrifice in the service of relatives could persist over evolutionary time, much in
the same way that the desirable features of domesticated beef cattle destined exclu-
sively for the dining room table could be maintained by selective breeding of cows
and bulls that were related to those headed for the slaughterhouse [88].

Darwin's solution to this challenging problem was brilliant, all the more so
because he did not have access to modern genetics. Substantial improvements
to his explanation for sterile insect castes did not arrive until 1964, more than a
century after the publication of On the Origin. But for now, we need only note that
Darwin's work on this matter qualifies him as a sociobiologist because he was
interested in social behavior and, more importantly, because he brought modern
evolutionary thinking to the table. Without Darwinian theory, there could be no
sociobiology.

Evolutionary theory is not controversial among scientists. True, some disputes
still exist about such moderately arcane issues as whether evolutionary change is
gradual or abrupt, with allied arguments about what "gradual" and "abrupt" mean
in evolutionary time scales. But the fundamental propositions of evolutionary the-
ory are universally accepted by biologists just as certain fundamental laws of phys-
ics or chemistry are understood to be true by physicists and chemists. No biologist
lies awake at night worrying about whether evolutionary change has indeed oc-
curred. Essentially all professional biologists agree that living species are descended
from extinct ancestors in a tree of life that traces back to a single-celled ancestor
that lived roughly 4 billion years ago. Almost all biologists accept the idea that
natural selection is the ultimate "force" behind the evolution of the many adapta-
tions that characterize all living things [96].

Why is there so much agreement among biologists about the basics of evolu-
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tionary theory? First, because Darwin himself did such a good job of testing his
ideas before writing On the Origin of Species [88]. He knew perfectly well that his
theory would be intensely controversial among nonscientists because of the threat
it posed to conventional religious belief founded on biblical dogma. He realized
that evolution by natural selection would be a hard sell for those scientists whose
studies of speciation and adaptation were based upon religious premises. Therefore,
Darwin took extraordinary pains to test the central predictions of selectionist theory
before he exposed his ideas to the scientific community and the general public.

So, for example, he devoted an entire chapter to the evidence that variation
within living species was commonplace. He did so to demonstrate to a potentially
skeptical audience that variation probably also occurred in past populations, a nec-
essary requirement for his theory of evolution by natural selection, which applies
only when variants occur within species.

And he exhaustively explored the effects of domestication on pigeons, demon-
strating that if a species did vary, and if some hereditary variants left more descen-
dants than others (through the intervention of animal breeders in the case of pigeon
fanciers), then stunning changes in the appearance and other attributes of the pop-
ulation could be achieved in remarkably short order. Darwin saw that the ability
of pigeon enthusiasts to produce tumblers, pouters, and many other breeds from
domesticated populations of the ordinary rock dove constituted a powerful test of
natural selection theory. If the theory is correct, it should be possible to generate
evolutionary change by permitting some variants to reproduce more successfully
than others. The reality of rapid change in domesticated species convinced Darwin,
and later many of his readers, that uncontrolled natural selection could also shape
the evolution of organisms in the wild.

In the words of Darwin himself, On the Origin of Species is "one long argument"
designed to convince readers that evolutionary changes had occurred on a massive
scale and that natural selection was a formidable agent of those changes. Most
biologists were quickly convinced, especially with respect to the argument that
modern species are modified descendants of extinct ancestral species [103].

Moreover, the tests of evolutionary theory did not end in 1859. Instantly rec-
ognized as one of the most important scientific ideas of all time, the theory has
been subjected to at least as much scrutiny as any other major idea in science or
the humanities. Had anyone been capable of overthrowing the theory of evolution
by natural selection, he or she would have become as famous as Darwin. Although
Darwin's theory has not been dismantled, a considerable number of persons have
refined the theory in important ways, especially by taking advantage of our im-
proved knowledge of heredity and what this means for evolutionary processes, a
subject that was essentially a mystery in the mid-nineteenth century.

However, the fundamental outline of evolution by natural selection developed
by Darwin has remained largely intact over the years, despite its examination by
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many scientists and the repeated efforts of various religiously motivated individuals
to destroy the theory outright. Interestingly, the current fundamentalist opponents
with their small coterie of "creation scientists" largely concede that "microevolu-
tion" is supported both by logic and empirical evidence [52] in the form of well-
documented evolutionary changes within species in historical times. Thus, for ex-
ample, abundant data document the spread of resistance to antibiotics in various
bacteria over the last half century following the introduction of therapeutic anti-
biotics in medicine. The possibility that natural selection can cause adaptive evo-
lutionary change is so well established and so thoroughly supported that even
religious ideologues rarely waste their time disputing its occurrence. Instead, crea-
tionists expend most of their effort on the issue of speciation, trying to cast doubt
on the idea that current species evolved from extinct ancestral ones.

Given that natural selection theory has long been accepted by biologists and
nonbiologists alike, and given that many practicing biologists have been interested
in the evolution of social behavior, it follows that sociobiology existed well before
Wilson provided the discipline with its name. The great many findings accumulated
by evolutionary biologists on the sexual and other social interactions of vast num-
bers of animal species prior to 1975 enabled Wilson to write a much longer book
than would have been possible otherwise.

In reality, Sociobiology was not revolutionary science, despite claims that Wilson
invented a "new discipline" [235] and despite the controversy that the book ignited.
Instead, the book rested directly upon a well-established foundation laid by Darwin
and refined by the builders of the "modern synthesis" of evolutionary thinking,
including Ernst Mayr, Theodosius Dobzhansky, and George Gaylord Simpson, who
united modern population genetics with the theory of evolution by natural, selection
[229]. Wilson was not even the first modern biologist to use selectionist thinking to
examine the big issues in social evolution. For example, George C. Williams [339],
David Lack [196], Robert L. Trivers [317], Richard D. Alexander [12,13], and Jerram
Brown [51] all explored major evolutionary questions about social behavior in the
years between 1966 and 1974, producing analyses whose importance was imme-
diately recognized by evolutionary biologists generally. The significance of the work
of William D. Hamilton on insect sociality was not so quickly understood, but by
1975 most researchers had also become aware of his exceptionally important socio-
biological studies [162], which we will explore later.

So What's All the Fuss About?

If it is true that Wilson's use of natural selection theory to study social behavior
was far from unique, why were Alexander, Hamilton, Trivers, and Williams spared
the verbal and physical abuse that Wilson had to endure? I repeat, people had been
using selectionist thinking for years as a tool to analyze the ultimate bases of social
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behavior and they had done so without triggering major controversy. Yet an erup-
tion of criticism occurred when Sodobiology appeared.

Wilson's postmortem of the affair is straightforward and plausible [345]. I sum-
marize it here. The mid-1970s were years of intense political activity on campuses,
much of it initiated by left-wing professors and their students who opposed the
war in Vietnam. At Harvard University, the war and various other injustices came
under fire from a number of scholars of the Marxist or semi-Marxist persuasion,
including Wilson's colleagues Lewontin and Gould. Lewontin and another col-
league wrote at about this time, "As working scientists in the field of evolutionary
genetics and ecology, we have been attempting with some success to guide our own
research by a conscious application of Marxist philosophy.... There is nothing in
Marx, Lenin or Mao that is or that can be in contradiction with the particular phys-
ical facts and processes of a particular set of phenomena in the objective world"
(pp. 34, 59 in [203]).

Marxist philosophy is founded on the premise of the perfectability of human
institutions through ideological prescription. Therefore, persons with Marxist views
were particularly unreceptive to the notion that an evolved "human nature" exists,
fearing that such a claim would be interpreted to mean that human behavior cannot
change. If our actions really were immune to intervention, then the many ills of
modern societies could not be corrected. Such a conclusion is needless to say a
repugnant one, and not just for Marxists.

I shall in due course argue that sociobiology does not in any way provide an
ideological foundation for accepting racism, sexism, genocide, rape, social domi-
nance of the poor by the rich, or any other of the many unpleasant features of
human behavior. Nowhere in Sodobiology does Wilson make a case that these fea-
tures of human life are either desirable or unchangeable. But the book's final chapter
does discuss human behavior from an evolutionary perspective and it does offer
ultimate hypotheses about certain of our actions. Lewontin and company seized
upon this discussion, much of it moderately speculative. Had Wilson omitted this
last chapter, he would never have been chosen as a subject for dousing and vitu-
peration. As it was, Lewontin and his fellow members of the Sociobiology Study
Group managed to convince themselves and some activist students that the socio-
biological approach would offer ideological support to the enemy, namely, the rich
and powerful who resist social changes that would benefit the poor, the disadvan-
taged, and the female members of society. By making an example of Wilson, a fellow
biologist, they presumably hoped to make a dramatic statement that would high-
light their own political positions and advance their goals.

To some degree, the strategy worked. Not, of course, in the sense of shifting
American politics to the left, leading to what Lewontin or Gould would consider a
more congenial government with more congenial policies. But the Sociobiology
Study Group and their allies in another organization called Science for the People
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did generate great publicity by publicly tarring Wilson with a connection to Nazis
and eugenicists. As a result, they did indeed reach a large audience, albeit at the
expense of "sacrificing" a fellow biologist, something that Lewontin and company
do not seem to regret.

Thus, Jon Beckwith, a member of the Sociobiology Study Group, writing in 1995
about the blow-up, expresses little sympathy for Wilson's predicament in the 1970s.
He does comment about his own discomfort occasioned by an unflattering photo-
graph of himself that appeared in an article on the controversy in the Smithsonian
magazine. After discussing at length the unfairness of this photo, he goes on: "The
critique [of Sociobiology] did not include a call for an end to research; nevertheless,
this unaccustomed attack by one group of scientists on the validity of the work of
another group, couched partly in ideological terms, elicited a fearful response from
many within the scientific community" (p. 511 in [35]). As well it should. The au-
thors of the critique encouraged their readers to view Wilson and anyone else en-
gaged in evolutionary studies of human behavior as pariahs who were, at the very
least, dupes of the ruling classes, and at worst... Anyone who reads that a sup-
posedly new kind of evolutionary study is linked to the some of the most horrific
events in human history does not have to be told explicitly that this kind of research
is dangerous and should be stopped.

It is true that Lewontin and company's main goal was not to do the squashing.
Instead, they found it useful to make Wilson a public whipping boy to raise the
political consciousness of society at large. This political end presumably justified
pouring cold water on Wilson and his ideas, while making some other sociobiolo-
gists mildly nervous. But the uncompromising nature of the initial attack and the
continuing criticism from Gould's desk make it legitimate for those of today's social
scientists and feminists who are so inclined to dismiss Sociobiology out of hand.
And numerous persons are indeed still objecting to Sociobiology, criticizing the
discipline for many of the same reasons presented in the original manifesto. In the
chapters ahead, I will try to identify the misconceptions that contribute to unnec-
essary hostility toward Sociobiology, so that they can be removed and the real na-
ture of sociobiological research can be seen more clearly.
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What Sociobiologists Study

What Is the Purpose of Behavior?

When a male tarantula hawk spends hours every day of its short adult life perching
alertly on a palo verde tree, ever ready to dash out to meet intruders and challenge
them to an elaborate aerial contest, the obvious question is, Why? What's the point?
As noted earlier, sociobiologists find this kind of question intriguing. They wish to
understand why organisms like the tarantula hawk come equipped with special
attributes that seem designed to achieve particular social goals. What makes the
tarantula hawk male especially interesting is the obvious costliness of its actions,
the clear survival disadvantages associated with its particular brand of social behav-
ior. Males spend hours and hours on their territories, and yet they almost never
encounter females. By the end of a couple of weeks, the males' wings are faded
and worn from the wear and tear of their repeated flights out and back to their
perches. In two more weeks, if they survive even that long, the wasps are barely
able to fly. Why do it this way? What reproductive benefits come from territorial
possession that might counterbalance the costs to survival that come with (defend-
ing) the territory?

Or take the readiness of female red-winged blackbirds (fig. 2.1) to slip away
from their primary partner in order to mate with another male, often one on a
neighboring territory [159], It is not as if the female's main mate has failed to
provide her with a suitable nesting site and sufficient sperm, yet off she goes, spend-
ing time and energy to secure surreptitious "extra-pair" copulations. In fact, al-
though birds were once believed to be paragons of monogamy, it turns out that
paired males and females in many "monogamous" species regularly mate with
several individuals in the course of a single breeding season. The central question
for the sociobiologist is, Why do pair-bonded females (and males) make time for
these extra matings, when they could be doing other useful things, like nest build-
ing or foraging for food, thereby avoiding the downside of their extracurricular
sexual activities [252]?
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Figure 2.1. A female red-winged blackbird soliciting a copulation from a displaying male. This
species is merely one of many songbirds now known to engage in extra-pair copulations with
individuals other than their social partner with whom they share a territory and a long-term
relationship. Based on a drawing by Gene Christman.

A biologist with an interest in the proximate causes of behavior might try to
explain the female blackbird's readiness to engage in extra-pair copulations in terms
of her hormonal condition or her physiological response to the songs of various
males around her. But sociobiologists try to explain what's going on in terms of
how females actually improve their chances of leaving surviving descendants by
"cheating" on their partner, even though the behavior has its negative aspects, its
fitness costs. (In the jargon of sociobiology, fitness does not mean muscular strength
or stamina but instead refers to an individual's reproductive success as measured
by the number of surviving offspring that it produces in a lifetime, or its genetic
success as measured by the number of copies of its genes that the individual man-
ages to contribute to the next generation.)

The demonstration that the fitness benefits of extra-pair copulations generally
outweigh their fitness costs for today's female red-winged blackbirds would help
explain the behavior in ultimate, evolutionary terms. If it could be shown, for ex-
ample, that the several sexual partners of a nonmonogamous female blackbird tend
to provide her offspring with extra food or extra protection from predators, then it
could be more plausibly argued that females in the past with the same roving sexual
tendencies may have left more descendants, and more of their genes, than others
of their species. If so, past differences in sexual fidelity would have shaped the
course of evolution in the species.

In addition, if it could be demonstrated that female red-winged blackbirds freely
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chose to mate with males potentially able to provide them with useful resources
while resisting copulation with other males unable or unlikely to be helpful, there
would be another line of evidence that female mating decisions had evolved by
natural selection.

On Anthropomorphism

Incidentally, some critics of sociobiology wax indignant if birds are spoken of as
being unfaithful or male scorpionflies as raping female scorpionflies (which they
sometimes do, by the way). These critics speak sternly of the uniqueness of human
behavior and the errors of anthropomorphism, among which is the attribution of
human desires to organisms other than ourselves. For example, Derek Bickerton
complains, "When a bird practices what zoologists call 'extra-pair copulation' can
we really call this adultery? ... The intent of the two activities is completely differ-
ent. Those [birds] who engage in extra-pair copulation usually aim to make babies;
adulterers usually try to avoid them" [255].

According to Bickerton, unless blackbirds can be demonstrated to have the same
intentions or desires as humans, the behavior of the two species should not be given
the same label. Embedded in Bickerton's complaint are two major misconceptions:
(1) that behavioral biologists regularly commit the sin of anthropomorphism and
(2) that to behave adaptively, an individual must have a conscious wish to increase
its production of offspring [255].

James Lloyd years ago had something pertinent to say about the charge of sinful
anthropomorphism, when he wrote,

Teleology and anthropomorphism appear rife [in sociobiology]. Bees
not only have sisters, cousins and nieces, but crickets and digger wasps
have strategies, a bug demands, like some errant macho Californian,
proof of his fatherhood before paying out paternity benefits, and rapists
and transvestites are described from the Mecoptera [However] this
is but time- and space-saving shorthand, and fun. In the recent past,
avoidance of such mild (but technically extravagant) expression has
been a fetish in biology.... [But] misunderstanding resulting from the
present laxity is among the least of [our] worries. What harm is done
if I speak of a firefly thinking, or blowing his little mind? If a reader
can't translate, and tell from the text what the long story is, then the
problem is not one of diction, and it runs too deeply to be bridged in
an extra sentence or word substitution, (p. 3 in [206])

Lloyd is saying that the sociobiologist is focused on "the long story," the evo-
lutionary basis of the trait of interest, not the proximate cause per se. Truly egre-
gious anthropomorphism occurs when a person attributes human motivation to
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another animal species without realizing that the underlying mechanisms of be-
havior may well be different for this other species. But as noted previously, when
a sociobiologist speaks of a mecopteran rapist or a territorial wasp or a cheating
blackbird, it is not to explore the proximate basis for the behavior but to examine
its functional (ultimate) consequences. Thus, the territoriality of a tarantula hawk
wasp, a white-crowned sparrow, and a human homeowner may have very different
proximate bases but in these and other territorial species, individuals may gain
genetic success by investing in defense of a useful resource. The word "territorial-
ity" conveys this point nicely without requiring the introduction of new technical
jargon for each species.

Of course, one can make finer-grained distinctions between the territorial re-
sponses of man and beast, if it is helpful to do so. But references to territoriality in
any of a wide range of organisms, are readily understandable, if not to someone
who chooses to be perversely pedantic. Likewise, the word "infidelity" is widely
understood to include copulations that one member of a pair engages in outside
the pair-bond to the possible reproductive detriment of his or her partner. Let's
agree not to invent thousands of new labels to be applied one by one to the be-
havioral traits of each and every species, surely a waste of time. Instead, let's agree
that terms such as territoriality, infidelity, rape, and the like are used sociobiologi-
cally to refer to functionally similar kinds of behavior in different species without
any inferences about the nature of the physiological or psychological mechanisms
that control these actions. Readers of sociobiology can also, if they wish, mentally
substitute less emotionally charged words for any they find upsetting, as in "forced
copulation" for "rape" or "multiple mating" for "infidelity." No loss of meaning
would result.

The second misunderstanding encapsulated in Bickerton's complaint—that
adaptive behavior requires a proximate drive to behave adaptively—appears often
in criticisms of sociobiological research. Here is Michael Rose to illustrate what I
mean: "Finally, there is the fundamental problem that, if most people calculate
Darwinian plans of action, they certainly aren't aware of it introspectively. Net
Darwinian fitness doesn't figure in the great lyric poems, or even in the treatises of
political philosophers... In total, it would be astonishing if a theory of human
nature based on universal, self-conscious, Darwinian motivation should turn out to
be correct" [268].

Indeed it would. However, contrary to Rose, neither sociobiology nor evolu-
tionary psychology requires that humans be any more self-consciously desirous of
achieving personal genetic success than are red-winged blackbirds. Rose assumes
that our proximate mechanisms must provide us with an awareness of the ultimate
consequences of our actions if we are to act in ways that will advance the success
of our genes. However, animals, ourselves included, need not be alert to the ulti-
mate evolutionary consequences of one's desires in order to behave in ways that
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tend to increase the production of offspring. When a blackbird pursues a dragonfly
with evident enthusiasm or when a human smacks his lips at the sight of a large
hamburger on the barbecue grill, we can be certain that neither individual is mo-
tivated to consume these calorie-rich items by a proximate desire to advance his
reproductive success. However, variation among blackbirds or humans in the past
in their desire to consume high-calorie foods almost certainly had reproductive
consequences, thereby affecting the evolution of the proximate food preferences
currently present today in these species.

Likewise, a female red-winged blackbird that copulates with a male on a neigh-
boring territory does not have to want to advance her fitness in order to behave in
ways that have exactly that effect. The proximate mechanisms controlling her be-
havior doubtless include a host of things, including assorted hormones and neu-
ronal circuits involved in the analysis of the visual or acoustic attributes of male
blackbirds. This internal machinery evidently motivates some females under some
circumstances to seek out partners other than the males with whom they have pair-
bonded. The consequences, intended or otherwise, of these extra-pair copulations
are the occasional fertilization of a female's eggs by a male other than her primary
partner. The ultimate effects of these fertilizations will determine the success of the
female in leaving copies of her genes to subsequent generations relative to other
females of her species.

Human adulterers, past and present, have also almost certainly been motivated
by a variety of proximate desires, none of which need be at all similar to the "adul-
tery" mechanisms in blackbirds. Nor is there any requirement or likelihood that
adulterous humans in the past have been motivated by a desire to make copies of
their genes. This point is not grasped by William Kimler when he criticizes the
sociobiological claim that adulterous women have sometimes raised their genetic
success by cuckolding a social partner on the grounds that the "female cuckold
[might] be seeking emotional satisfaction denied by a resource-providing mate,
rather than a simple genetic benefit" [185].

The real point is that as an outcome of their proximate desires, which have not
been consciously focused on genetic matters, some women who duped a social
partner into caring for another man's offspring may have had more surviving chil-
dren or grandchildren than they would have had otherwise. If women have differed
in the past in their hereditary tendency to seek out extra-pair copulations, for what-
ever proximate reason, and if these differences affected the genetic success of in-
dividuals, then evolution by natural selection occurred in the past. The process may
well have shaped such things as the desire of married women for "emotional sat-
isfaction" provided by a husband. Even though the proximate mechanisms under-
lying the sexual behavior of birds and humans are most assuredly not the same, if
we define adultery in evolutionary terms as behavior that potentially raises the ge-
netic success of the extra-pair copulator at the expense of another individual, then
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we can usefully apply the same term to bird and man. Understanding the difference
between proximate and ultimate hypotheses, which are different but complemen-
tary to one another, can help us avoid the kind of confusion evident in Kimler's
complaint about sociobiology.

Not All Evolutionary Biologists Are the Same

Returning to the main issue at hand, let me now point out that some evolutionary
biologists explore questions that do not concern the evolved purpose of a trait. Thus,
one school of evolutionary researchers attempts to trace the historical steps that
converted an ancestral trait in a long extinct species into a modern characteristic of
interest in a living species. So, for example, work proceeds on the evolutionary
steps that occurred between an ancestral, now extinct species of insect absolutely
incapable of flight and those modern species descended from it that possess ex-
traordinarily complex neuronal and muscular flight machinery, which enable these
species to fly in a most beautiful manner. Uncovering these steps is not an impos-
sible challenge, and this kind of evolutionary research is full of interest and im-
portance [220]. But it is not directed at the issues that motivate the typical
sociobiologist.

The difference between the evolutionary biologists interested in historical recon-
struction and those interested in adaptation is, to use an automotive analogy, similar
to the difference between someone who wants to know when each innovation in
engine design occurred as the Model-T engine was converted by degrees into the
one present in today's Ford Escort and someone who wants to know whether the
component parts of the modern Escort engine are functionally better than those in
their predecessors and if so, precisely why.

Evolved Traits Need Not Help Preserve Species

If the exploration of adaptation in living things is the central goal of the orthodox
sociobiologist, then it behooves us to make certain that we understand just what a
naturally selected adaptation is and how it is produced. This task can be achieved
in part by explaining what Darwinian adaptations are not designed to do, partic-
ularly because so many people believe incorrectly that traits evolve in order to help
prevent the extinction of the species. Although evolutionary biologists have worked
diligently for more than thirty years to explain why evolutionary processes have
little or nothing to do with the promotion of the welfare and survival of the species
as a whole, the idea has tremendous staying power with the general public, social
scientists, journalists, and the producers of nature programs made for television.

For example, I read in the New York Times that timid and bold individuals can
coexist within animal species because the existence of two alternative types "may
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allow adaptation to changing environments, favoring species survival" [144]. A
different article, also appearing in the Times in 1998, explained that "natural selec-
tion favors whatever chance mutations will allow the species to change and sur-
vive" [259], And had you read about sociobiology in the 1998 edition of the Encarta
Concise Encyclopedia, you would have found the following: "In attempting to rec-
oncile altruism with natural selection, Darwin foreshadowed the thesis later devel-
oped by sociobiologists: that the performer of the altruistic act, if forfeiting its own
reproductive opportunity, nevertheless contributes to the survival of the species."
Actually Darwin did nothing of the sort in his explanation of altruism and neither
do today's sociobiologists, one of whom has since revised the Encarta entry on
sociobiology; almost no behavioral biologist active today would give any of the
hypotheses presented in this paragraph the time of day for reasons that will become
apparent shortly.

In fact, overcoming the misconception that evolution's "goal" is to help species
avoid extinction was the key development on the road to modern sociobiology. The
journey down this road began in 1962 with the appearance of Animal Dispersion in
Relation to Social Behaviour [354], which interprets almost every aspect of social be-
havior to be altruistic self-sacrifice that advances the welfare of the species. Thus,
for example, the flights of starlings assembling at winter roosts are, according to
Wynne-Edwards, displays that permit flock members to judge the size of the local
population so that individuals can adjust their production of offspring accordingly,
when the breeding season arrives. By reproducing less at times of high population
density, the starlings supposedly act together to prevent destruction of the food
base needed for their species' survival over the long haul. According to Wynne-
Edwards, species that failed to develop population-regulating mechanisms of this
sort went extinct relatively quickly while those that acquired these social devices
tended to survive, which explained why they were around to be studied by
twentieth-century scientists.

As a biology undergraduate in the mid-1960s, I read Wynne-Edwards with great
enthusiasm as much for the sweeping panorama of natural history that he assem-
bled in the service of his theory as for the theory itself, although I had no doubt
that the theory was correct. His opening chapter presented an utterly compelling
(as far as I was concerned) account of the human whaling industry to illustrate by
analogy what happened to populations that failed to regulate their numbers prop-
erly. Wynne-Edwards noted that in the nineteenth century, the whaling fleet grew
rapidly and the take of whales increased correspondingly. But as the pressure on
whales steadily increased, the population of whalers failed to realize that by driving
their prey toward extinction, they were pushing their own profession toward the
same end. Instead of exhibiting restraint in exploiting the resource that supported
them all, whalers tried to beat the competition to the remaining remnant popula-
tions of prey. Because whalers failed to limit their take, their prey did indeed be-
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come scarcer and scarcer, until the whaling industry itself went belly up. By anal-
ogy, species that lacked an evolved mechanism for suppressing runaway population
growth and overexploitation of vital food resources would march off the world
stage, leaving the globe in possession of species whose members managed to act
with foresight and reproductive restraint.

Wynne-Edwards was by no means the only biologist who had come to believe
that evolution would produce adaptations beneficial to the species as a whole. But
he did everyone a favor by systematically interpreting a great many behavioral
traits as group benefitting and species preserving and thus forcing some other bi-
ologists to scrutinize the logic of his argument. Among these skeptics was George
C. Williams, who wrote Adaptation and Natural Selection [339] in response to Wynne-
Edwards and the many others who had accepted the thesis that characteristics help-
ful to the species would spread over time.

Williams forcefully presented the counterthesis that evolved adaptations, in-
cluding behavioral ones, were extremely unlikely to promote the long-term survival
of entire populations or species at the expense of individual reproduction [339]. To make
his main point, Williams asked his readers to imagine what would happen in a
population composed of reproductive altruists along with a few others that did not
reduce their personal reproductive output to benefit their species in the long term.
Imagine, for example, a population of starlings, some of whose members cut back
the number of nestlings reared solely to keep the population below a species-
threatening size. If, however, those individuals that held back on reproduction,
conserving key resources for future generations, had fewer surviving offspring than
those that did not exercise restraint, then the tendency to act altruistically would
become rarer in the next generation. The trend toward the replacement of the group-
benefitting altruists would be under way, leading eventually to their complete elim-
ination as long as "reproductive maximizers" tended to leave more surviving off-
spring than the genetically distinctive "species preservers."

Or take the timid and bold personality types that appear in some animal species
and that attracted the attention of the science writer for the New "York Times. If the
differences between the two personality types were hereditary, and if their behav-
ioral differences caused one type to leave more surviving offspring on average than
the other, then either timidity or boldness would eventually become the standard
for the species—whether or not it would be good for the species as a whole to
retain both variants in order to adapt to changing environments at some unspecified
point in the future.

The logic of this kind of argument as presented by Williams convinced almost
every evolutionary biologist active after 1966 that Darwinian natural selection based
on unconscious but ruthless reproductive competition among individuals, not groups
or species, would be more powerful than any other process in shaping the attributes
of a species. Thus if Darwinian selection favored reproductive "selfishness" and
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species benefit selection favored reproductive altruism, species benefit selection
would be relatively impotent and reproductive altruism would disappear. Wil-
liams's commentary made it impossible to continue to think sloppily about these
matters. Thereafter almost no professional biologist casually proposed explanations
for traits in terms of their survival advantages to entire groups or species.

However, some other academics interested in human behavior continue to do
so. Thus, "neofunctionalist" sociological theory presumes that "society" imposes its
institutions on people in order to overcome the antisocial impulses of humanity,
the better to promote cooperation and stability within the greater community [67].
Such a theory assumes that individuals will sacrifice their reproductive chances on
behalf of the group to which they belong, provided they receive appropriate guid-
ance. Just how the hereditary basis for truly self-sacrificing traits could be main-
tained in a species subject to natural selection is rarely addressed by these theorists,
most of whom believe that they need say only that human behavior is learned in
order to dismiss the need for an evolutionary explanation. But remember that prox-
imate explanations do not substitute for ultimate ones. The capacity for encultur-
ation in response to "societal pressures" surely requires a nervous system of a par-
ticular sort, and since nervous systems evolve by natural selection, we can be
skeptical of any theory that simply assumes people can be easily induced to reduce
their fitness for the general good.

For evolutionary biologists, any ultimate hypothesis has to pass a plausibility
test. If you are going to argue that species benefit led to the evolution of a trait for
reproductive self-sacrifice, you better be able to account for its persistence in a
world in which reproductively selfish variants will inevitably appear in the species
via mutation. This accounting is always a challenge and is only rarely achieved and
then only under special conditions. Thanks to Williams, Sociobiologists are well
aware that natural selection theory predicts that individuals will rarely help other
members of their species at genetic cost to themselves, even though the help might
increase the smooth functioning of an entire society or the survival chances of the
species as a whole. Darwin himself was fully aware of this point, writing that "if
it could be proved that any part of the structure of any one species had been formed
for the exclusive good of another species, it would annihilate my theory, for such
could not have been produced through natural selection" (p. 189 in [88]).

Some evolutionists have continued to explore "group selection" of a more so-
phisticated sort than the species-benefiting selection proposed by Wynne-Edwards.
David Sloan Wilson and Eliot Sober have been especially active in promoting the
value of one modern form of group selection, which goes by the label of trait-group
or multilevel selection [296, 342], Indeed, Wilson and Sober are willing to claim
that, because of multilevel selection, "at the behavioral level, it is likely that much
of what people have evolved to do is for the benefit of the group" (their emphasis)
(p. 194 in [296]), although they rarely specify precisely what behavioral trait(s) re-
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quire multilevel selection if they are to evolve [321]. In addition, some other biol-
ogists firmly believe that the origin of modern bacteria and protists also required
processes other than classical natural selection [221]. Readers are welcome to ex-
plore these matters with their proponents but I will not deal with "multilevel se-
lection" or the evolution of symbiotic microorganisms for the following reason.

This is a book about what might be called orthodox sociobiology, not any of the
several other subdisciplines within evolutionary biology. From 1975 to the present,
the overwhelming majority of researchers exploring the adaptive value of social
traits have employed the adaptationist or sociobiological perspective, which is
founded on the premise that behavioral attributes (and their underlying mecha-
nisms) evolve under the primary influence of natural selection acting on individual
differences in genetic success. In contrast, relatively few researchers have employed
multilevel selection theory in studies of social behavior under natural conditions
[145]. Some of those who have done so have also noted that multilevel selection
approaches are fundamentally the same as the standard methods based on assessing
the relative genetic success of individuals [264]. As Reeve and Keller point out,
"Multilevel selection approaches simply partition selection into different compo-
nents (often into more components) than do classical individual selection models,
and which approach is more useful depends on the theoretical aim" (p. S43 in [265]).
None of the multiselectionists is attempting to revive the for-the-good-of-the-group
selection of Wynne-Edwards. Given that multilevel selection theory is not widely
employed and given its essential similarity to the so-called classical or standard
approach, I will remain focused on the objections to orthodox sociobiology. After
all, the controversy about sociobiology has been directed at adaptationists, not mul-
tilevel selectionists.

How to Identify Darwinian Puzzles Worth Solving

Once my undergraduate adviser, Lincoln Brower, managed to convince me that
Williams had it right, I too became an adaptationist interested in how individuals
might gain genetic success from their behavioral attributes. I accepted Williams's
conclusion that natural selection is incapable of taking a long-term view because
"it" is not a prescient being but a blind process in which the genetic effects of
individual differences in reproductive success add up in the here and now. And
then the process repeats itself again, and again, one generation at a time. In place
of the notion that what was good for the species would evolve, I and almost all
other biologists of my time recognized that what helped individuals leave more
surviving offspring or more copies of their genes should become more and more
prevalent in all species. This is a theoretical perspective, and like all useful theories,
it shapes the expectations of observers in productive ways, so that they can first
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identify the surprising features of nature and then develop testable hypotheses to
account for these surprises. Someone who understands Darwinian theory is prepared
to be puzzled by certain things, not others. Someone who, in contrast, believes that
group benefit selection may have shaped the evolution of living things will be taken
aback by different things and will develop different explanations for these
phenomena.

In the era before Adaptation and Natural Selection, many biologists operating un-
der a loose kind of species-benefit selection theory did not consider reproductive
restraint and self-sacrifice all that surprising. Instead, they believed that these at-
tributes were the expected products of selection among species in the past, leaving
in place those species whose members worked for the collective good. Wynne-
Edwards gave this approach its formal expression. Williams demolished it.

For the Darwinian biologist, for the sociobiologist, traits that appear to reduce
the reproductive chances or genetic success of individuals are inherently surprising,
not the kind of thing that "should" have evolved, and very much deserving of
investigation. It is the gift of theory that helps us realize what needs explanation.
Both Darwin, and later W. D. Hamilton, recognized the importance of explaining
the extreme reproductive self-sacrifice of the sterile workers in an ant colony or
social wasp nest (fig. 2.2). Indeed, anything that appears to reduce an individual's
chances of reproducing successfully, even by a very small degree, becomes by def-
inition a Darwinian puzzle. The social aggregations of those whirligig beetles that
we mentioned earlier provide an ultimate problem worth investigating only when
one realizes that beetles probably pay a reproductive price of some sort when they
cluster in groups (see fig. 1.2, p. 11). For example, males in these groups may in-
terfere with each other's attempts to secure mates. Or beetles, male and female, in
large groups may compete more intensely for food, perhaps consuming less than
beetles in smaller groups that do not have to outrace so many others to the edible
items floating downstream. Beetles that get less to eat may reproduce less well as
a result. Finally, large groups may also be more conspicuous to predators than are
small aggregations or solitary beetles; group members that are killed by predators
attracted to large bands obviously cannot reproduce.

As it turns out, the attack rate on groups of different sizes held in laboratory
setting does increase for larger bands of whirligig beetles (fig. 2.3), demonstrating
that getting together in nature probably carries a cost for these insects. On the other
hand, in the lab experiment, the increased number of attacks on the large groups
did not rise as rapidly as group numbers increased, and therefore the risk of attack
per individual was lower for beetles surrounded by relatively many companions. If
this result applies to beetles whirling about on real streams, then highly social
individuals are generally safer than solitary beetles or those that prefer to associate
in small aggregations. Thus, the disadvantages of living together are actually less



Figure 2.2. The sterile workers of some ant colonies come in a spectacular array of different sizes,
with each worker type specializing in a different form of service to the colony, which they perform
without ever reproducing personally. From [243].
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Figure 2.3. A genetic cost of sociality. Large groups of whirligigs were more frequently attacked
than smaller aggregations when the beetles were experimentally held in laboratory aquaria stocked
with fish predators. From [330].

than one might have guessed in this case, which helps explain why whirligig beetles
prefer each other's company. But an awareness of the penalty potential for individ-
uals made it worthwhile to test evolutionary hypotheses on whirligig sociality [330].

Let's consider a rather different case—the widespread occurrence of profound
emotional attachments between humans and their pets, especially such creatures as
the family Fido (fig. 2.4). I vividly remember the wonderful day about fifty years
ago when I went to a neighbor's house to claim a puppy as my own. And I re-
member just as vividly the awful day somewhat over forty years ago when my dog
Fellow, who had taken up chasing cars, was struck by a passing truck and had to
be shot by our neighbor Mr. Jones, who was himself crying as he did what he had
to do. People of many cultures come to feel almost as strongly about their dogs as
they do about their fellow family members. They talk to them, care deeply for them,
attempt to cure them if they fall ill, and are convinced that they share mental states
similar to their own. In the United States alone, 50 million pet dogs generate some
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Figure 2.4. The pet dog is a beloved family member in many societies. Why do we invest so much
emotional capital in these creatures?

$7 billion in veterinary fees as a by-product of their existence and their caretakers'
willingness to attend to their needs [279].

Is it possible to analyze the enthusiasm for dogs from an evolutionary perspec-
tive? You may believe that spending time with the family pooch and paying for
dog food or an occasional trip to the vet's office cannot possibly have any effect on
the reproductive success of the pet owner, as measured by his or her production of
surviving offspring, and you are probably correct, if you think only in terms of
people living today in modern Western societies. However, even today, dogs maul
and maim young children, who compose the bulk of the dozen or so deaths caused
by dogs each year [253]. Moreover, nonlethal bites can easily become infected, since
the mouths of dogs are far from hygienic. In one recent study, the average infected
wound resulting from a dog or cat bite contained five species of harmful bacteria
[303]. Since nearly 5 million Americans are bitten by dogs each year and since about
10 percent of all dog bites become infected, the health risks of dog ownership are
not trivial.

Moreover, a bite is not the only health hazard that Fido poses for its devoted
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human companions. Even good middle-class American dogs sometimes deposit
feces in the backyard that contain parasites transmissible to humans, such as the
protozoans Cryptosporidium and Giardia [289]. In traditional societies, where hygiene
is less fastidious and contact with dog fecal material more frequent, dog-transmitted
diseases can be prevalent. In one African tribal society, 220 persons out of every
100,000 were infected with a potentially fatal tapeworm that passed from dog to
man, and this is merely one of about fifty diseases that people can get with a little
assistance from the family canine [21, 34]. All of which suggests that some penalty,
albeit very small on average, accrues to persons living today with a dog.

The downside of dog ownership must have been much more pronounced in
prehistoric times, when food was presumably sometimes very scarce for hunter-
gatherers, so much so that sharing even a small amount with an ancestral Rover
may have harmed the pet owner or his offspring. And in an environment without
antibiotics or other forms of modern medical treatment, an infected dog bite or an
intestinal parasite acquired from contact with dog feces surely had far more serious
consequences for the pet owner than is the case today.

If we accept that there are or were reproductive costs associated with pet own-
ership, then we have in effect identified an evolutionary problem worthy of at least
some attention. The pet problem caught the eye of John Archer, a British psychol-
ogist who employs the sociobiological approach in his research. In his paper "Why
Do People Love Their Pets?" Archer writes, "From a Darwinian perspective, it is a
puzzling form of behavior, as it entails provisioning a member of another species,
in return for which there are no apparent [reproductive] benefits" (p. 237 in [23]).
In fact, this case resembles the one that Darwin felt would be fatal to his theory
because it is almost as if our "pet-loving mechanism" exists solely for the benefit
of a member of another species.

So what are the possible solutions to the puzzle? One basic sociobiological
means of producing ultimate hypotheses for Darwinian puzzles is to propose that
the mean reproductive costs associated with a trait, such as pet love, are outweighed
on average by certain specified advantages. Thus, when the dog was first domes-
ticated from wolves, early dog owners may have gained a net reproductive advan-
tage from certain benefits that their pets provided, such as assisting in the hunt,
warning of intruders, and almost certainly by sometimes becoming a main course
in the evening barbecue [218]. Even in historical times right down to the present,
dogs have been eaten with gusto by many peoples, especially in Africa, the Amer-
icas, and the Pacific Islands [288], The utilitarian exploitation of pets could, how-
ever, have provided these benefits without requiring a deep emotional attachment
between wolf-dogs and their owners. Indeed, pet love could create difficulties for
persons who might otherwise gain by converting a favored mongrel into a high-
protein meal.

The real puzzle is provided by those psychological mechanisms that result in
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our love of pets. How can we explain the evolution of these mechanisms in a
manner consistent with natural selection? Well, on the one hand, a great fondness
for a pet might stimulate the formation of a strong companionable bond between
owner and dog, with beneficial health effects for the owner. Interactions with
friendly dogs have been shown to have a variety of positive effects especially in
terms of stress reduction [23]. In other words, gradual evolution by natural selection
might have produced a specific psychological mechanism that generates "pet love"
today because in the past such a mechanism promoted healthful feelings of com-
panionship with pets.

On the other hand, however, the psychological mechanisms that foster love of
pets may have evolved in a totally different context, namely the promotion of af-
filiative relationships between human relatives or between unrelated humans who
might cooperate on fitness-enhancing endeavors. According to the second hypoth-
esis, dogs happen to have attributes that enable them to take advantage of friend-
ship mechanisms that evolved because they promoted good relationships among
humans, not because they enabled humans to love dogs per se. Even if the love of
dogs had some modest negative effect on human fitness, humans might still become
fond of them simply because dogs by coincidence activate certain psychological
mechanisms of their owners, mechanisms that evolved in the context of human
sociality because of their adaptive effects on interactions among ourselves [23].

In other words, pet love could be a maladaptive side effect of proximate mech-
anisms that evolved because of some other beneficial consequence. Evolutionary
biologists regularly entertain the possibility that evolved psychological systems can
sometimes reduce, rather than increase, an individual's chances of passing on genes
to the next generation. For example, thanks to the intense drive that people have
to be parents and care for babies, many humans have adopted genetic strangers
into their families and have treated them with great affection, even though they
received no genetic payoff for their actions. For example, thanks to their powerful
sex drive, many men have engaged in risky extramarital affairs, and some have
paid with their lives at the hands of enraged husbands. For example, although it
may once have been advantageous for our ancestors to find small quantities of
ethanol stimulating to the appetite, because such a psychological mechanism would
encourage the consumption of ripe fruit, which contain some ethanol and much
sugar, modern humans with this mechanism may run the risk of becoming alco-
holics because they live in a novel environment in which highly alcoholic beverages
are now abundantly available [110].

These and other maladaptive actions presumably occur because we possess
proximate mechanisms that are good, but not perfect, at manipulating our behavior
to serve the interests of the genes involved in the development of those mecha-
nisms. Genes do what they do without supplying us or any other organism with a
conscious desire to advance their welfare. Nor do our genes have a clue about what
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is happening and why. DNA is an insentient chemical; the sequences of bases that
make up our DNA simply happened to be better than other variant sequences in
getting themselves copied and passed on as a result of their developmental influ-
ences. Genes do not have direct control over our behavior or that of any other
organism, but have to work indirectly by affecting the developmental process (chap.
3). The proximate mechanisms whose development they happen to promote rarely,
if ever, work perfectly from the genes' perspective. Instead, we and every other
organism possess jury-rigged apparati that generally have substantial positive ef-
fects on genetic success but can also have some negative side-effects as well, es-
pecially when our proximate mechanisms of behavior have to operate in novel
environments quite different from those of the past.

Now some persons have argued that it is not legitimate to consider as alternative
hypotheses the notion that a trait is (1) the beneficial product of an evolved adap-
tation or (2) an incidental, or even maladaptive, by-product of an evolved adapta-
tion that has some other beneficial consequences. Jerry Coyne, for example, claims
that these propositions when taken together are so encompassing as to be all-
explanatory and therefore untestable [76]. But if the two alternatives are treated as
separate explanations, as they always are by evolutionary researchers, and if pre-
dictions taken from each are examined in turn, then evidence can force the rejection
of one or both of the hypotheses. In other words, nothing prevents us from testing
whether affection for dogs directly advances the genetic success of dog lovers or
whether the trait is merely the byproduct of a psychological mechanism that spread
through the human population for other reasons.

For example, one way to evaluate each pet-love hypothesis in turn is to consider
how much time has been available for the evolution of psychological traits relevant
to this emotion. The longer the time that dogs and humans have been living to-
gether, the more likely selection could act directly on the attribute of pet love. By
some accounts, the first domesticated dogs appeared only 12,000 years ago, al-
though one molecular genetics study suggests that domestication began as much
as 135,000 years ago [325]. If the 12,000-year figure is correct, it would afford only
a relatively modest opportunity for selection to operate directly on human-dog
bonding capabilities.

The "pets-exploit-humans" hypothesis also produces the prediction that the de-
gree to which humans generally develop loving attachments to pets will be a func-
tion of the ease with which it is possible to treat these animals as human surrogates.
In other words, favored pets are expected to be those that respond to nurturing and
affection in much the way that our children and friends do, when they are in a
good mood. Dogs fill the bill beautifully because they do respond readily to com-
mands, they appear to enjoy bodily contact with their owners, they possess fur that
can be stroked with pleasure, and they do not talk back to their masters (although
admittedly they can bark at the wrong times). Reptilian pets, say large lizards or
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pythons with the same body mass as an average dog, should rarely inspire the
same degree of attachment as the typical family dog.

This prediction and others could be tested rigorously, but the main issue here
is not whether Archer's "pets-exploit-humans" hypothesis can be accepted with
complete confidence, but rather to illustrate how one's theoretical orientation can
help raise evolutionary questions worth answering. An awareness that pet love has
at least some costs and no obvious benefits, as measured in the currency of repro-
ductive or genetic success, helped Archer realize that this phenomenon deserved
analysis. Darwinian theory also guided his initial speculations, shaping the hy-
potheses that he eventually presented, by pointing him toward hypotheses on the
factors that might overcome the mild reproductive costs of caring so much for a
member of another species. The pet love issue shows why selectionist theory is
considered central to all of modern biology, not just sociobiology. Here is a theory
of vast scope and immense utility for working biologists, an idea that gives struc-
ture to one's research [301], whether it concerns the social tendencies of whirligig
beetles, the sterile castes of ants, or the ability of the family dog to inspire great
love and affection in its owners.
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Sociobiology and Genes

The Myth of the Genetic Determinist

For the sociobiologist, explaining the behavior of the whirligig beetle, the worker
ant, and the pet-loving human being involves figuring out how these creatures'
behavior, or the proximate mechanisms underlying their behavioral abilities, gen-
erate higher net gains in genetic success than other possible behaviors or different
underlying physiological systems. The fact that genes get mentioned rather often
by sociobiologists has led some critics to focus on the sociobiology-genetics con-
nection. A considerable number of these critics think, or would like you to think,
that sociobiologists have their genetics all wrong—because if sociobiology were
founded on a fundamentally flawed version of genetics, dismissing the entire dis-
cipline would be relatively easy. To this end, some opponents of sociobiology have
claimed that the discipline is founded on "genetic determinism," which also goes
by the label "biological determinism."

Both terms refer to the same thing, namely, the view that an individual's genes
can guarantee the development of a particular trait without reference to the envi-
ronment in which the individual develops. Because genes do not single-handedly
control the development of organisms, it would be a devastating criticism if socio-
biology were indeed "another biological determinism," the original charge laid by
Science for the People following publication of Sociobiology [17] and repeated by
Gould at intervals since then (see [9]). Other critics have continued to portray so-
ciobiology in the same light. For example, the feminist biologist Zuleyma Tang-
Martinez writes that "traditional feminists contend that human sociobiology is bi-
ologically deterministic and serves only to justify and promote the oppression of
women by perpetuating the notion that male dominance and female oppression are
natural outcomes of human evolutionary history" (p. 117 in [304]). Likewise, from
the neuroscientist Steven Rose, "The prevailing fashion for giving genetic expla-
nations to account for many if not all aspects of the human social condition... is
the ideology of biological determinism, typified by the extrapolations of evolutionary
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theory that comprise much of what has become known as sociobiology" (p. 7 in
[269]).

Most people are aware that biological or genetic determinism has been accepted
by some extremely unpleasant people during the course of human history to justify
immoral racist ideologies, Nazi domination, eugenicist schemes designed to impose
reproductive controls on others, and the like. No doubt some critics of sociobiology
have been genuinely concerned that the "new" discipline of sociobiology might in
some way contribute to another union of deterministic genetics and ideology to be
used again for evil purposes. The critics claimed to see evidence of determinism in
evolutionary hypotheses about human social behavior, which if true would indeed
be cause for alarm as well as justification for attempting to stop sociobiology in its
tracks.

A moment's reflection, however, ought to raise questions about the characteri-
zation of sociobiology as a discipline in search of genetic explanations for social
behavior. As already noted, sociobiology is a branch of evolutionary biology that
focuses on ultimate causes, not proximate ones (chap. 1). Sociobiologists are not
engaged in a search for the genes that control social behavior but are interested in
whether certain social characteristics promote the genetic success of individuals (not
entire species) today; if so, and if selective pressures in the past were the same, we
could explain the evolutionary spread of these traits and their occurrence in modern
populations (chap. 2). Yes, sociobiologists have something to say about genes, as
do evolutionary biologists in general. But as Martin Daly and Margo Wilson point
out, "The reason that genes appear in sociobiological writings is not because of
their role in the proximate causation of biological phenomena, but because their
replication provides a currency of fitness and hence of adaptation" (pp. 305-306 in
[82]).

This point is critical. The genetic studies immediately relevant to sociobiology
are not developmental genetics but population genetics (see fig. 1.3, p. 13). Socio-
biologists deal directly with the consequences of populational changes in the fre-
quencies of the different variants (alleles) of given genes, not with the physiological
means by which particular alleles shape or influence the biochemical pathways of
developing individuals. The failure to distinguish between ultimate and proximate
research in biology is at the heart of the unfair charge that sociobiologists are trying
to establish that Genes-R-Us.

To give this accusation a certain plausibility, critics typically employ the follow-
ing argument:

(1) Sociobiologists believe that social behavior is the product of evolution by
natural selection.

(2) Selection cannot occur unless individuals differ genetically in ways that con-
tribute to differences in their attributes, with consequent differences in their
reproductive success.
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(3) The effect of natural selection acting on genetic variation in the past will be
modern populations whose members possess genes "for" adaptive social
behavior.

(4) Thus, sociobiologists are genetic determinists because they supposedly accept
the existence of "evolved" traits, namely traits that are hereditary, fixed, in-
evitable, and unchangeable except by future selection for hereditary alter-
natives, in other words, "genetically determined."

In reality, however, the proposition that "the alleles present in human popula-
tions have been winnowed by natural selection" (a point that sociobiologists do
accept) differs fundamentally from the idea that "these alleles 'determine' our be-
havior in some sort of preordained manner" (a point that no biologist of any sort
accepts). This distinction must, however, be difficult to understand as demonstrated
by the definition of sociobiology as "the study of genetically determined behavior"
by a reviewer of E. O. Wilson's Consilience [285]. To the contrary, Wilson de-
votes an entire chapter in his book to explain that although genes are essential
for the development of behavior, they cannot "determine" it single-handedly
[346].

In fact, genes do not do anything by themselves because the information they
contain cannot be expressed in the absence of many other chemicals, all of which
are environmentally supplied. A host of factors external to a cell's nuclear DNA
shape the chemical environment in which a cell's genes operate, producing the
gene-environment interactions that regulate the development of all organisms, a
point that was accepted by all biologists, including sociobiologists, by the 1970s.
Thus, the evolutionist Richard Alexander wrote in 1979 that "genetic determinism
implies that the genes received by an organism can absolutely determine some
aspect of its behavior, no matter what subsequently happens to the organism. The
effect of this argument is to exclude environment, whenever environment is used,
as I believe it is generally used in biology, to mean all contingencies other than
genes; so it is a ridiculous argument" (p. 99 in [14]). Alexander is making the point
that once sperm meets egg, the development of the resulting zygote is as dependent
on the chemical environment surrounding the organism's DNA as it is on the DNA
itself.

Likewise, in Animal Social Behavior, which appeared in 1981, James Wittenberger
dealt directly with the complaint that sociobiology was a form of biological deter-
minism: "Sociobiology is not built on the premise that behavior is genetically de-
termined or inflexible. It depends only on the premise that genetics influences [his
emphasis] behavior to some degree" (p. 10 in [347]). Similarly, Richard Dawkins
dedicates a chapter of The Extended Phenotype, published in 1982 [95], to a rebuttal
of the notion that evolutionary analyses of behavior are based on simple-minded
genetic determinism. It is fair to say (as John Maynard Smith, one of the deans of
modern evolutionary biology, has said) that the idea of genetic determinism "is
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largely irrelevant, because it is not held by anyone, or at least not by any competent
evolutionary biologist" (p. 524 in [228]).

Yet the myth of the deterministic sociobiologist has been carried forward by
some opponents who avoid acknowledging even in passing the long history of
rebuttals to this caricature. Why? Because the genetic determinist is too convenient
a strawman to be discarded. Everyone knows, for example, that human social be-
havior is profoundly influenced by the cultural environment in which a person is
reared. If sociobiologists had not figured this out, they really would deserve the
scorn they have sometimes received.

In reality, however, all biologists know that every visible attribute of every or-
ganism is the product of a marvelously complex and all-pervasive interaction be-
tween genes and environment. The evidence for the interactive theory of devel-
opment is overwhelming, but a nice illustration of the point comes from work
showing that persons with different genes can develop similar traits given the ap-
propriate environments. A famous example of this sort comes from studies of a
human gene we will label PAH [214]. The gene occurs in various forms, with each
distinctive allele coding for the production of a particular form of an enzyme called
phenylalanine hydroxylase. Several forms of this enzyme have the ability to pro-
mote a common chemical reaction that occurs within many of our cells, including
certain brain cells. When the reaction takes place, the amino acid phenylalanine is
converted into a different amino acid, tyrosine, which then becomes part of the
chemical environment and is available to participate in certain other biochemical
reactions.

However, individuals with certain alleles of the PAH gene make forms of phen-
ylalanine hydroxylase that may fail to do their job properly. Persons carrying these
variant genes are generally unable to convert phenylalanine to tyrosine and
therefore phenylalanine typically builds up in their cells. The extra phenylalanine
gets shunted into other biochemical pathways, including one in which phenylala-
nine becomes transformed into phenylpyruvic acid, resulting in the formation of
considerable amounts of this material, which happens to be developmentally dam-
aging in large quantities. Brain cells awash in phenylpyruvic acid generally fail to
follow the typical path of development, and the sad result is the production of a
child who suffers from severe mental retardation. This hereditary disease, phenyl-
ketonuria, occurs in about 1 of every 10,000 infants born in the United States.

Once geneticists and developmental biologists realized the proximate causes of
the phenylketonuria, they were able to develop a simple test for newborns, which
identified those with two copies of an allele associated with the disease. Today any
newborn testing positive for phenylketonuria is immediately placed on a highly
restrictive diet very low in phenylalanine. This intervention does not change the
genes of the babies, but it does change the chemical environment of their brain
cells, and thereby helps prevent the buildup of phenylalanine and its devastating
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by-product, phenylpyruvic acid. As a result, brain cell development usually pro-
ceeds more or less normally, as does intellectual development. Thus, having certain
alleles of the PAH gene does not condemn one to be mentally retarded. The disease
is not genetically determined, in the sense of being the inevitable product of pos-
sessing a particular gene. No trait is genetically determined in this sense. As I say,
one reason why antisociobiologists try to wrap sociobiology in the mantle of de-
terminism is to suffocate the discipline by claiming that sociobiologists believe
something that is demonstrably false.

Another reason why the charge of genetic or biological determinism is so pow-
erful may have something to do with our evolved psychology. Most of us want to
believe in our ability to change our own behavior, if absolutely necessary, and to
an even greater degree we would like to think we can change other people's be-
havior. So many human characteristics are in obvious need of improvement. For
example, wouldn't it be nice if we could rid others of their eagerness to attribute
falsehoods to opponents in an effort to win debates? To hear that sociobiologists
are supposedly proponents of the view that our behavior is evolved, and therefore
genetic, and therefore impossible to change is guaranteed to arouse incredulity and
distaste. The philosopher John Dupre" wishes to tap into these emotions when he
charges that if sociobiologists argue that rape in our species has something to do
with our evolution, "their claims will undoubtedly be taken to show that since rape
is a 'natural' phenomenon, its reduction or elimination is an unrealistic goal. If such
claims were really established, then we would just have to accept these possibly
harmful consequences" (p. 383 in [112]).

No doubt Dupri? is aware that most people do not think highly of rapists and
that therefore few of us wish to be told that our evolutionary history makes rape
prevention impossible. By insisting that sociobiological analyses will give support
to those who believe in the developmental inevitability of evolved characteristics,
Dupre" hopes to make these analyses unattractive, to say the least. The tactic works
especially well with audiences for whom the obvious flexibility of human behavior
is mistakenly taken as evidence that cultural factors are the only real determinants
of our actions.

Not only does the supposed inevitability of genetically determined behavior
conflict with common sense but the concept is also psychologically repellent given
that most of us believe or wish to believe that our own "free will" controls our
behavior. No one wants to be under the thumb of any entity, even our own genes,
perhaps because most of us are mildly paranoid about being under someone else's
control, a circumstance often associated with exploitation by the persons in charge.
To battle those who would control and "determine" our behavior is to maintain as
much freedom as possible to establish our own course and achieve our own goals,
which are likely to have been correlated with reproductive success in the past. Thus,
when critics tag sociobiologists as genetic determinists, they may, ironically enough,
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be tapping into an evolved enthusiasm for free will and freedom of action, attributes
that make many receptive to the depreciation of sociobiology.

The Gene-Behavior Connection

Our fear and loathing of being at the mercy of others may also help explain why
so many people disliked Richard Dawkins's metaphor "the selfish gene." In his
book with the same name, Dawkins described human beings as lumbering robots
"blindly programmed to preserve the selfish molecules known as genes" [93]. Be-
cause this description conjured up the image of humans brainwashed by con-
sciously self-concerned genes, it aroused much knee-jerk objection. But for persons
able to grasp the point of a metaphor, the concept of a "selfish gene" makes a key
point vividly: alleles whose developmental effects generally increased their chances
of making it from one generation to the next are the alleles that are present in
organisms today. Alternative alleles (i.e., less self-benefiting ones) whose develop-
mental effects were even slightly less effective in getting the associated alleles cop-
ied and passed on have gone the way of the dodo.

The interactive theory of development tells us that genes, as well as the envi-
ronment, have something to do with the development of all the observable char-
acteristics of organisms, including their behavioral traits, if these beings behave.
Thus, it is entirely plausible that differences among individuals in their genes could
generate differences in development in some environments, which could eventually
lead to differences in the attributes of individuals, including their behavior (fig. 3.1).
The connection between genetic information and behavior is, however, far from
direct. Gene action takes place at the molecular level whereas behavior is (in a
typical multicellular animal) the result of entire nervous systems and muscles and
hormone-producing glands and so on, with each part of the foundation of behavior
itself a complex product of hundreds or thousands of genes interacting with many
different elements of the "environment." Figuring out what is going on at the prox-
imate level is a mind-bogglingly difficult task, which is in the hands of geneticists
and developmental biologists who are still far, far from wrapping things up for
even one of the millions of species on the planet Earth. True, researchers have
succeeded in "reading" the genome of a few species, identifying the complete se-
quence of bases that appear in the DNA of a nematode worm and the fruit fly
Drosophila melanogaster [3, 248]. Soon our species will be added to this short list and
the base sequence of each of our genes, of which there may be as many as 140,000,
will be on record. But even this monumental achievement will be grossly insuffi-
cient in and of itself to tell us everything we need to know about the developmental
process of humans. Knowledge of the base sequence of a gene is not the same as
knowing how that gene will function in any of a potentially vast array of environ-
ments. Environments count. Therefore, even the most accomplished of geneticists
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Figure 3.1. A small genetic difference between individuals can potentially have a significant be-
havioral effect by altering the gene-environment interactions that occur in the development of the
physiological systems required for behavioral responses.

could not tell you with certainty what a person looked like, how he behaved, or
how long he lived just by examining that person's complete DNA base sequence.

Luckily, the evolutionist need not have all the developmental details in hand
before testing evolutionary hypotheses. Behavioral evolution by natural selection
requires that individuals behave differently because of a hereditary difference be-
tween them and that the consequent behavioral differences affect the probability of
successful reproduction. In other words, if individuals carrying allele Al often de-
velop proximate mechanisms that enable them to have more surviving offspring
than individuals carrying allele A2, then given enough generations of selection,
everyone will be running around with Al allele in their bodies and will tend to
possess the proximate mechanisms that make a particular kind of behavior more
likely than if these individuals had the A2 allele in their cells.

Evolution can be viewed as history written in genetic changes of this sort. By
looking at the frequencies of alternative alleles of various genes in populations
subjected to different selection pressures, one could in theory produce a genetic
accounting of the effects of natural selection in the past. Humans, for example, live
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in different parts of the globe where the risks of contracting malaria range from nil
to very high. The variation in the intensity of selection associated with this disease
is matched with variation in the allele frequencies of several genes that code for
portions of the hemoglobin found in red blood cells. Thus in the malarial regions
of Africa the allele that codes for hemoglobin S often composes about 10 percent
of the total while the alternative allele that codes for hemoglobin A makes up the
remainder or roughly 90 percent of the gene pool [63]. As a result, about 10 percent
of all people in these areas carry the allele S, usually in conjunction with a copy of
the other form of the gene, allele A. These heterozygous individuals enjoy greater
immunity against the blood parasite that causes malaria than those persons who
are homozygous for (have two copies of) allele A [128]. The advantage of the het-
erozygotes in combating malaria maintains the S allele in malarial regions but not
elsewhere because, in the absence of the malarial parasite, possession of the S allele
lowers the genetic success of its carriers for the following reason. When heterozy-
gotes marry, some of their offspring are likely to be homozygous for the S allele,
which means that they develop sickle-cell anemia, a lethal disease. When young
carriers of the SS genotype die, they take the S allele with them to their graves,
lowering its frequency in the next generation. Only in places where the heterozy-
gotes (AS) outreproduce those with the AA genotype can the S allele overcome its
handicap and persist at a modest frequency [127].

Likewise, in malarial parts of southeast Asia and Papua New Guinea, the greater
genetic success of individuals heterozygous for a different gene, which also affects
one of the proteins that make up hemoglobin, maintains a special allele of that gene
which is largely or completely absent in neighboring regions. In double dose, this
allele also causes a lethal blood disease, alpha-thalassaemia, so that it tends to be
removed from populations that are not at risk of malaria. Indeed, the frequency of
the allele declines as one moves away from the coast and up into the mountains in
Papua New Guinea, since mosquitoes transporting the malarial parasite become
scarcer at higher altitudes [127].

Natural selection surely affects the frequencies of alleles that influence the de-
velopment of behavioral traits in exactly the same way that selection affects the
proliferation or disappearance of alleles involved in the development of blood pro-
teins. Therefore, if someone says that the trait X has spread in species Q because it
is more adaptive than alternative trait Y, he has produced an ultimate hypothesis
with proximate implications. The logic of this adaptationist hypothesis requires that
whatever allele made trait X more likely to develop in our ancestors has spread at
the expense of alternative forms of the gene. Unfortunately, the exact history of
changes in allele frequencies for various genes is almost never known in any detail.
Thus, when sociobiologists study the possible fitness-enhancing design of behavior
and when they attempt to establish whether the trait currently promotes reproduc-
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tive success, they simply assume that the behavior is the product of previous epi-
sodes of natural selection, no matter how many or how few genes are involved in
its development, no matter how complex and involved the connection between the
behavior and past selection. Again, the focus of sociobiology is on the evolved
purpose of the behavior, not on the proximate forces that influence the development
of the behavior.

Nevertheless, other biologists have helpfully tested the assumption that differ-
ences in behavior can be hereditary and thus exposed to natural selection. One of
the most powerful ways to document this point is to select experimentally for be-
havioral variants of interest to the researcher. In a way, this work builds upon the
informal studies of domestication that Darwin found so instructive in the devel-
opment of his theory. Many such artificial selection studies have been done with
laboratory populations of fruit flies, mice, and assorted other animals with the ex-
perimenter acting as the agent of selection, permitting some types to reproduce
while preventing others from doing so. For example, selective breeding over just a
few generations can produce populations of crickets most of whose males sing for
many hours each night (if persistent singers are chosen as breeding stock) or pop-
ulations whose males generally remain silent the whole night long (if only weak
singers are permitted to reproduce) [60]. Likewise, you can select for active or in-
active fruit flies, or one can create fly populations whose members move toward or
away from light [116]. If it is your wish, you can select for the kind of nest-building
drive that results in the construction of large (or small) nests in lab mice [210], All
that is required is an initial population in which there is some variation in the
amount of nest material, such as cotton, that the mice are willing to collect and
incorporate in a nest (fig. 3.2).

These studies are legion and they tell us that at least some of the behavioral
differences that one finds in animal populations are caused in part by differences
in the alleles possessed by different individuals. Because artificial selection almost
always works, we can conclude that hereditary variation in behavioral attributes is
the rule, not the exception. If we humans can artificially induce behavioral changes
in modern populations today, unadulterated natural selection almost certainly did
the same thing in the past.

Artificial selection experiments are obviously out of the question for human
beings, but it has long been known that certain abnormalities in human behavior
appear to be linked to possession of specific alleles. More importantly still, various
studies of human relatives indicate that the conditions needed for behavioral evo-
lution currently exist in humans, making it plausible that these conditions were also
present in the past. These studies have been done to test the hypothesis that genetic
differences cause behavioral differences in people, a goal that is reached by testing
the allied prediction that the more distantly related two individuals are, the more
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Figure 3.2. The results of an artificial selection experiment in which the researcher selected for
mice that built nests with different amounts of cotton. Only those lab mice that made larger-than-
average nests were permitted to breed generation after generation in the "high" lines. Only those
that collected relatively little cotton were permitted to create the "low" lines. The controls were
mated randomly. The response to selection demonstrates that genetic variation contributed to the
behavioral variation seen in the original population of lab mice. From [210].

likely they are to differ in their behavior. For example, fraternal twins, who share
50 percent of their genes in common, should be behaviorally less alike than identical
twins, which are 100 percent alike, genetically speaking.

This prediction has been amply supported, most dramatically through the com-
parison of fraternal twins reared apart versus identical twins reared apart, a natural
experiment that happens from time to time in some societies. These "experiments"
reduce the possibility that a shared environment is responsible for any similarities
between twins. Lumping together five substantial studies of twins reared apart, the
sample-size weighted average for the correlation between IQ scores of genetically
identical twins is 0.75 (if the two twins in each pair had exactly the same IQ scores,
the correlation would be 1.0). Remember that these individuals had been separated
earlier in life and reared in different households. The correlation for fraternal twins
reared apart was 0.38, almost exactly half that of the identical twins, in keeping
with the fact that fraternal twins share only half, not all, of their genes in common
[46]. In other words, the genetically different fraternal twins exhibited a greater
difference in their IQ scores than identical twins, as predicted by the hypothesis
that genetic differences can affect development in ways that result in IQ differences
among people.

Other twin studies of this sort have been used to establish that the greater the
genetic differences among people, the more likely they are to exhibit different per-
sonalities as measured by their scores on questionnaires designed to quantify such
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traits as "agreeableness" and "extroversion." In fact, about 40 percent of the vari-
ation in the scores of some test groups could be assigned to variation in genetic
factors with the remaining 60 percent due to environmental differences that affected
the course of personality development. Note that some of the environmental effects
may arise because individuals possess inherited preferences for different stimuli,
and these preferences lead individuals to seek out different social and physical
environments, which then have the opportunity to influence the subsequent devel-
opment of human personalities [45].

All twin studies have been skeptically scrutinized by persons highly critical of
the notion that genetic differences could play such a substantial role in human
behavioral development (e.g., [180, 269]). These skeptics appear confident that our
home environments provide an overriding developmental influence on our behav-
ior. They have often argued therefore that even when twins have been separated
shortly after birth, nevertheless they may have been placed by adoption agencies
in similar households, those of equivalent socioeconomic level, for example. The
skeptics argue that if twins were indeed reared in similar households, the resulting
environmental similarities could generate similar cognitive and personality devel-
opment in the separated youngsters.

If environmental differences cause major differences in the development of cer-
tain attributes underlying to IQ scores, personality measures, and the like, then we
expect to see that nonrelatives who are reared together (in a similar environment)
will not be very different with regard to these traits. We can test this proposition
thanks to the fact that the children in some families are unrelated adoptees or a
mix of adoptive and genetic offspring. If we examine those studies that have mea-
sured IQ correlations among unrelated children who grew up together, we find that
the average result is a correlation of 0.28, which is suggestive of a modest role for
shared environmental circumstances in shaping the development of whatever at-
tributes underlie IQ test performance. But this correlation only holds when the
individuals are tested as children. By the time they have become adults, the mean
correlation falls to 0.04, indicating only a transitory effect of shared upbringing [46].

We can also check the relative importance of environmental and genetic differ-
ences in producing developmental differences in human cognitive abilities by com-
paring adopted children with their adoptive and genetic parents [257]. To the extent
that cognitive differences arise from environmental differences, adopted children
should be more different from their birth parents than from their adoptive parents.
Although I suspect that most people in the United States would expect this predic-
tion to succeed, in fact children differ far more from their adoptive parents than
from their birth parents when it comes to verbal and spatial abilities (fig. 3.3).
Furthermore, the degree of similarity between adoptees and adopters does not in-
crease as the children grow older, despite the increased number of years in which
adoptive parents have the chance to influence the behavior of their adopted chil-
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Figure 3.3. The correlation between the scores of children matched with their adoptive parents
and their biological or genetic parents for (a) verbal ability tests and (b) spatial ability tests. As
the years pass, adopted children come to resemble their biological parents more closely (solid
lines) than their adoptive parents (dashed lines). Parent-offspring correlations for children living
with their biological parents (the control group) are shown in dash-dot lines. The results support
a prediction drawn from the genetic differences hypothesis for variation in cognitive abilities,
namely, that the greater the genetic differences between humans, the less likely they are to resemble
one another. From [258].

dren. These findings made by geneticists, not by sociobiologists, can mean only one
thing: genetic differences help explain why people develop differences in at least
some aspects of their behavior.

"No Genes Have Been Found 'for' Social Behaviors"

Thus, ample evidence supports the conclusion that many behavioral differences
within animal species currently have an hereditary basis, and therefore the genetic
variation needed for behavioral evolution has almost certainly also been present in
the past. This outcome is not comforting to some who oppose sociobiology and
thus has been challenged on various grounds. For example, some persons have
attempted to deprecate sociobiology by focusing narrowly on humans with respect
to the possible causal connection between particular genes and our social behavior.
For these individuals, studies of twins and other relatives do not count because the
specific genes responsible for behavioral differences are not identified in this work.
Thus, in the words of the Sociobiology Study Group: "We can dispense with the
direct evidence for a genetic basis of various human social forms in a single word
'None' " (p. 185 in [17]). Similarly, from Richard Lewontin, Steven Rose, and Leon
Kamin: "No one has ever been able to relate any aspect of human social behavior
to any particular gene or set of genes" (p. 251 in [204]).

Some readers of the "no data" criticism may have concluded that an absence of
evidence on the genetic foundation of human social behavior constitutes evidence for
the noninvolvement of genes in the development of our sociality. If genes were
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indeed out of the loop with respect to the development of social behavior, one could
more easily ignore a discipline based on the premise that heredity can influence the
social attributes of animal species. In fact, however, the shortage of detailed infor-
mation on gene-behavior relationships arises from the complexity of these relation-
ships and the resulting difficulty in establishing which genes are doing what, and
not because genes are irrelevant when it comes to the development of behavior.

Lewontin could have pointed to almost any species, not just Homo sapiens, when
declaring that no genes "for" social behavior had been identified by 1984. At this
time, no one knew which particular genes did exactly what during the development
of the social behavior of any mammal. And we still do not know, for example,
exactly which genes contribute what information important for the development
of, say, our hypothalamus or the same structure in any other mammal, but you can
be sure that without certain genes, the mammalian brain would be missing a normal
hypothalamus, with great and devastating behavioral consequences. The impor-
tance of heredity to the development of behavioral mechanisms strikes home when
you realize that somewhere between twenty to thirty thousand genes are expressed
primarily in human brain cells [2], These thousands upon thousands of genes surely
have something to do with the brain's design and the way it works when control-
ling our behavior.

And despite the logistical problems in studying the proximate links between
genes, brains, and behavior, we are gradually learning more about the connections.
By some accounts, the first demonstration of a gene "for" a mammalian social be-
havior was published in 1997. This research dealt with lab mice subjected to the
experimental removal of a gene with the odd label "Dishevelled." Mice lacking this
gene altogether appeared normal in every respect except for their reduced interest
in social contact with their fellows. Interestingly, one manifestation of their rela-
tively asocial behavior was their reluctance to trim the whiskers of their compan-
ions, a highly specific social behavior indeed [205]. Note that this work does not
demonstrate that whisker-trimming behavior is coded on the segment of DNA that
constitutes the "Dishevelled" gene. Instead, the work shows that, in some environ-
ments at least, the presence or absence of the gene leads to differences in the bio-
chemical pathways underlying the development or operation of a nervous system
in the genetically different individuals. These neurological differences translate into
a. behavioral difference, which reveals that the gene's information can have specific
developmental effects on behavioral abilities in at least some environments.

Likewise, we are on the verge of learning much more about the link between
genetic information and the development of human behavior. In 1998, for example,
a team of geneticists claimed that individuals with two copies of a particular form
of an identified gene, called ACE, are much less able to improve their physical
condition through exercise than people with a different allele of the ACE gene.
These genetic and physiological differences apparently have behavioral effects, one
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of which is that individuals unable to boost their stamina greatly through exercise
are very much underrepresented in groups of mountain climbers who climb to 7,000
meters without oxygen [234].

Although some follow-up studies have not confirmed this finding, even if the
connection between a particular genetic constitution and some behavioral abilities
proves to be true, remember that researchers will not have found a "gene for moun-
tain climbing." The ACE gene, like all other genes, does not make anything at all
but instead consists only of a molecular code. To the extent that this gene is "for"
something, it is "for" the production of a particular kind of protein. But the pro-
duction of this chemical only occurs if the ACE code is properly "read," which
cannot happen in the absence of a cellular environment filled with various mate-
rials. Only when the right machinery and right substances are available will the
information in the ACE gene express itself, resulting in the production of a protein
called angiotensin-converting enzyme. That chemical may in turn have a small but
critically important role to play in, for example, the development of a circulatory
system and muscular networks with certain properties. All enzymes, cells, and or-
gan systems of individuals arise from highly complex gene-environment interac-
tions. Because this is true, no trait can be said to be genetically determined, none,
not one, if by "genetically determined" one means that the characteristic emerges
in the course of development without environmental input.

This enzyme coded by the ACE gene promotes one biochemical reaction that
regulates blood pressure by influencing blood vessel constriction. In addition, the
same biochemical reaction may have something to do with muscle growth in re-
sponse to exercise as shown by studies of army recruits who were tested to see
how much their stamina had improved after a vigorous weight-lifting regimen.
Recruits with two copies of the I allelic form of the ACE gene had improved greatly
in their ability to keep lifting a 15-kilogram barbell; the corresponding stamina gains
for recruits endowed with a pair of D alleles of the ACE gene were minimal by
comparison. Without the genetically influenced capacity to become highly physi-
cally fit, few people are ever likely to take up the challenge of hauling themselves
up vertical mountainsides.

A second lesson we can take from ACE is that one gene's enzyme product also
does nothing of really great significance by itself. The ACE enzyme is merely one
of dozens or hundreds or thousands that promote dozens or hundreds or thousands
of different biochemical reactions that are all required to regulate blood pressure or
produce muscles capable of responding to exercise in certain carefully defined ways.
The development and expression of any one attribute requires vast amounts of
genetic information, since each enzyme requires its own distinctive strip of coded
DNA.

A third message from ACE is that once you understand the basic rules of de-
velopment, you can understand how a single genetic difference between individuals
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could potentially produce a behavioral difference between them. Two persons reared
in the same environment with exactly the same genotype except for a single allelic
difference with respect to the ACE gene (namely, a II genotype versus a DD gen-
otype) might well differ in the kind of ACE enzyme they could produce. This dif-
ference could create a difference in the rate or occurrence of a specific biochemical
reaction in certain of their cells; this chemical difference could then translate by
stages into differences in blood pressure regulation and muscle cell growth in re-
sponse to exercise, which might then affect the stamina of the two persons, yielding
differences in their ability to climb mountains and survive, even enjoy, the
experience.

Thus it is entirely possible for differences between individuals to be genetically
determined, in the sense of stemming from a difference in the genetic code that
they happened to receive from their parents. This statement does not imply or
require that the trait of interest, let's say high altitude mountain climbing, develops
free from environmental influence in any given individual. Instead, what we are
saying is that a difference in even one gene can alter the nature of the gene-
environment interactions taking place within two individuals, leading to different
developmental outcomes and correlated differences in behavior. Therefore, when
someone speaks of a gene "for" blue eyes, this is shorthand for "individuals with
different forms of a given gene differ with respect to an enzyme active in one or
more biochemical pathways, a difference that affects the deposition of pigments in
the eye, leading to differences in the eye color of the genetically different persons."
Likewise, a hypothetical gene "for" rape or cooperativeness or homosexuality can-
not possibly mean that somewhere in the human genome is literally inscribed a
directive to rape or to be cooperative or to adopt a homosexual orientation. How-
ever, in the past certain genetic differences among humans could potentially have
affected gene-environment interactions in such a way as to yield differences in the
development of nervous systems of people with and without the alleles in question.
If these differences in neural (or hormonal or muscular) operating systems gener-
ated behavioral differences that in turn had reproductive consequences for the in-
dividuals in question, so that there were on average differences between them, some
alleles could increase in frequency while others became rarer in the population.

The competition that takes place between alleles of a given gene can occur with-
out the slightest implication that genes are consciously aware of an ultimate goal,
and without implying that an allele's developmental or fitness effects be simple or
inevitable. As G. C. Williams notes, "No matter how functionally dependent a gene
may be, and no matter how complicated its interactions with other genes and en-
vironmental factors, it must always be true that a given [allele] will have an arith-
metic mean effect on [individual] fitness in any population" (p. 57 in [339]). De-
velopment is magnificently complex, but genes have something to do with it. Those
alleles with higher mean positive effect on fitness in this generation will, by defi-
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nition, be copied more often and so increase in frequency in the next no matter
how large or small their contribution to the developmental differences among in-
dividual members of a species. As a result, behavior evolves and sociobiologists
can legitimately explore how an animal's social behavior may have been shaped
by natural selection.



4

Sociobiology and Science

What Scientists Do

Having devoted a chapter to demonstrate that sociobiologists are not unreasoning
genetic determinists, I'd like to explain what sociobiologists really are. Here's the
bottom line: sociobiologists are scientists who employ standard scientific logic in
trying to reach publishable conclusions about the evolutionary or ultimate purpose
of a behavior of interest. To illustrate this point, we shall return to the question,
Why do some female red-winged blackbirds mate with more than one male?

As already noted, female songbirds mating with more than one male create a
Darwinian puzzle because a female's primary partner typically provides her with
a resource-rich nesting area, all the sperm she is likely to need, and assistance in
rearing her young. Therefore, it is hard to imagine why in ultimate terms a female
would take the time to leave her home territory on occasion to visit other males
who may not provide her with anything other than sperm. To heighten the puzzle,
male songbirds that have been cuckolded may withhold assistance from their un-
faithful mates [252].

The red-winged blackbird is a case in point. Some males of this species do notice
when their partners go visiting males on neighboring territories, and some of the
cuckolded males subsequently respond by interfering with their unfaithful mates'
efforts to forage for food on their territory [159]. Moreover, cuckolded males do not
defend the nests of females that have mated with a neighbor as intensely as males
whose primary mates have stayed at home [332]. In other words, male red-winged
blackbirds adjust their investment in helping a partner in accordance with the prob-
ability that she has mated with other males.

Incidentally, here we have an illuminating example of an important phenome-
non that we will discuss in more detail later (chap. 8)—the adaptive, specialized
nature of behavioral flexibility in the animal kingdom. Contrary to the claim made
by some critics of sociobiology (e.g., [19]) to the effect that the discipline deals only
with rigid instincts characteristic of an entire species, in reality sociobiologists have
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been pioneers in documenting and analyzing the ability of individuals to adjust
behaviorally to their special circumstances [160]. Male red-winged blackbirds ex-
hibit a sophisticated behavioral flexibility, varying the extent of their parental care
in relation to the fidelity of their mates. And they make adaptive adjustments, those
likely to increase their genetic success, by altering their investment in offspring so
as to give maximum care to young birds most likely to carry their own genes, and
not someone else's.

Given the ability of parental males to punish mates that engage in extra-pair
copulations, we would expect wandering females to gain some counterbalancing
reproductive benefits—if the capacity to mate with several males is indeed an adap-
tive product of natural selection. If seeking out extra-pair copulations usually re-
duced fitness for female red-wings, we would expect selection to have long ago
eliminated any alleles "for" psychological mechanisms that motivate adultery. So
the first task for the sociobiologist is to produce working hypotheses on why extra-
pair copulation could generate a net fitness gain for female red-winged blackbirds.

For starters, let's consider Elizabeth Gray's suggestion that unfaithful females
might gain compensatory assistance from the neighboring males with whom they
mated, either in terms of help in attacking nest predators or freedom to forage in
the other male's territory [159]. Or perhaps females that acquire sperm from two
males reduce the risk of laying an unfertilized egg [158]. Or perhaps females on
extra-pair mating missions may pick males that lack damaging mutations, which
might harm the survival or mating success of their offspring [332]. Nor have we
exhausted the list of possibilities here [337].

The abundance of alternative explanations leads us right to the meaning of sci-
ence, which is to test the various possibilities so that incorrect explanations can be
reliably rejected while correct answers are retained. Testing explanations is the goal
of all scientists, whether biologist, physicist, chemist or what have you. Scientific
testing requires use of the logic "if hypothesis X is true, then it follows that Y must
also be true." With a prediction in hand, one can then check to see whether reality
matches expectation. If it does not, the hypothesis is in trouble; if it does, the hy-
pothesis can be said to be supported by the evidence.

For example, if extra-pair matings really are adaptive from a female's perspec-
tive because they reduce the likelihood of laying an infertile, wasted egg, then we
expect to see a lower frequency of infertile eggs in the nests of multiply mating
females than in the nests of those that have not strayed from their primary partner.
Gray checked this expected result by examining samples of eggs laid by females of
the two types. She found that, indeed, only 1 percent of eggs from clutches that
had been sired by two or more males failed to hatch whereas 6 percent of the eggs
of genetically monogamous females were infertile. Since the predicted results were
matched by the actual evidence, Gray felt justified in saying that the fertility-
promotion hypothesis for extra-pair matings was probably right.
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Of course, the fertility-promotion hypothesis needs more than just one test from
just one population of red-winged blackbirds. Moreover, positive results for one
hypothesis do not mean that we can give up on the other alternatives without
testing them as well. Hypothesis testing always involves deriving testable predic-
tions and then gathering the relevant evidence. Thus, the alternative idea that fe-
male red-wings engage in extra-pair matings to secure "good genes" from geneti-
cally distinctive males yields the obvious prediction that males visited by females
for extra-pair copulation will have unusual attributes relative to males that are not
favored for extra-pair copulations.

In fact, Patrick Weatherhead's crew learned that female redwings appear to
choose older male red-winged blackbirds over the younger males in the neighbor-
hood [332]. In some other songbirds as well, females also choose extra-pair mates
in a highly nonrandom fashion, accepting sperm preferentially from those males
that have secured mates early in the breeding season. Since these males were quick
to be joined by a pair-bonded partner, they evidently have special attributes that
make them more attractive than run-of-the-mill males [183, 284].

Thus, it is entirely possible that female red-winged blackbirds (and other song-
birds) mate with several males for various reasons, but the book is not closed on
this matter. No one hypothesis has been subjected to a full battery of tests to date.
Moreover, one important prediction about the adaptive value of extra-pair mating
in red-winged blackbirds has produced conflicting results, with one study finding
that the reproductive success of females that mated with several males was higher
than that of monogamous females, whereas another study found exactly the op-
posite result. Thus, this Darwinian puzzle has not yet been completely solved, but
the procedures that scientists use offer a logical way to clear up the matter
eventually.

Opposing the Adaptationist Program

The process that I have just outlined has been called the "adaptationist programme"
by Gould and his colleague Richard Lewontin, who have little use for it. These
influential critics of sociobiology believe that they have identified grave flaws in
the approach, stemming from the kind of hypotheses that appeal to sociobiologists
(who, by definition, are adaptationists because of their interest in the adaptive value
of complex traits). One major "error," according to Gould and Lewontin, has to do
with what they characterize as the too heavy reliance of adaptationists on the role
of natural selection in the development of their hypotheses [154]. As Gould has
written, "Darwinian theory is fundamentally about natural selection. I do not chal-
lenge this emphasis, but believe that we have become overzealous about the power
and range of selection by trying to attribute every significant form and behavior to
its direct action" (p. 18 in [149]).
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Of course, Gould does challenge the emphasis placed on natural selection as the
primary cause of evolutionary change [9], After all, his main point is that socio-
biologists ignore the fact that evolution is affected by processes in addition to nat-
ural selection. Gould claims that because he recognizes the importance of nonse-
lectionist evolutionary phenomena, he and others of like mind deserve the
congenial label "Darwinian pluralists" whereas those who insist on examining only
the nonrandom effects of selection are narrow-minded "Darwinian fundamental-
ists" whose hypotheses are fatally weakened by their failure to consider other fac-
tors [152].

What are these alternative evolutionary processes? First, assorted accidents and
other random events can indeed potentially affect the evolution of a species. For
example, rare alleles and their allied developmental effects can be lost entirely from
a population if the few individuals carrying those genes and those traits happen to
be killed by accident, or if through the luck of the meiosis, a rare allele is not
represented in the gametes that happen to unite with another to form offspring.
The effects of these random events, which are called genetic drift, can be especially
pronounced in very small populations where the accidental removal of a few ge-
netically distinctive individuals can have relatively large consequences for the ge-
netic makeup of the population, and thus the attributes that the surviving members
of this population exhibit.

If an animal species has passed through an evolutionary "bottleneck" when its
numbers were greatly reduced, the result of subsequent genetic drift may be a
drastic and random reduction in genetic diversity with long-lasting effects on the
descendants of the genetically depleted population. The cheetah is thought to have
gone through such a bottleneck, perhaps around 10,000 years ago [232]. As a result,
today's cheetahs are genetically very uniform [240], a restriction that may make
them immunologically less competent than if there were more variation in those
genes underlying the capacity for an immune response [241], In other words, chee-
tahs living some thousands of years ago may have had better immune systems than
their less fortunate descendants.

The bad luck of genetic drift may result in loss of superior abilities in some
species while other processes can produce still other kinds of nonadaptive traits.
For example, some attributes of living things arise strictly as the incidental side
effect of genes and developmental programs that evolved because they produce
something else of adaptive significance. We considered this possibility earlier when
we examined the hypothesis that pet love occurs as an incidental effect of genes
"for" psychological mechanisms that generate adaptive social bonds among people.
Incidental effects of this sort can occur because genes code for enzymes, not traits
per se. The biochemical reaction catalyzed by one gene's enzyme can potentially be
involved in the development of many different characteristics, a phenomenon called
pleiotropy. For example, it could be plausibly argued that pleiotropy accounts for
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the small hairs on the back of my knuckles and the fact that my tongue can be
tightly curled into a cylinder. These minor, presumably nonadaptive traits may be
the incidental pleiotropic effects of genes that have the capacity to make some other
more substantial contribution to reproductive success.

A small variant on this theme is to argue that adaptive alterations in the
hereditary developmental program of a species can result in automatic side effects
with no adaptive value. Thus, according to Gould and Lewontin, selection for large
head size and large hindlegs in Tyrannosaurus rex may have had the inevitable
developmental consequence of producing small forelimbs, simply because of the
way in which the dinosaur's developmental mechanisms allocated resources for
growth of the different parts of the body [154]. Likewise, the fact that the human
embryo sports a small tail bud (fig. 4.1) could have something to do with an adap-
tive developmental program whose major features were established long ago in a
tailed mammalian ancestor of humans. Changes in the genes underlying this basic
program that would eliminate the embryonic tail in modern humans would perhaps
eliminate other features as well, thanks to pleiotropy, perhaps with damaging effects
for the developing embryo. As a result, we retain this evolutionary anachronism,
keeping the genes that produce the tail bud but that also promote the development
of other more important attributes.

The fundamental point is that not every trait in every species qualifies as an
adaptation, something sociobiologists are keenly aware of, which is why they must
(and do) test their hypotheses. But is it harmful to test adaptationist hypotheses
about traits that are actually degenerative products of genetic drift or incidental
effects of pleiotropy? Imagine that an adaptationist were to propose that the ap-
parently deficient immune system of the cheetah is actually an adaptation of some
sort, let's say an adaptation to a decrease in the parasite pressure on cheetahs that
occurred not so long ago. The attempt to show that the cheetah's less-than-
competent immune system was actually adaptively designed to deal with this en-
vironmental change would presumably fail, if the cheetah's immune system really
has been shaped by accidental genetic drift and if the test of the adaptationist
hypothesis was fair and rigorous. Such a result could force the researcher to con-
sider nonadaptive alternative hypotheses, in which case no harm and some good
would have come from the original test of an adaptationist hypothesis with its
subsequent rejection.

To the best of my knowledge, however, no one has been tempted to explain the
immunologic difficulties of cheetahs as the adaptive product of natural selection. If
the cheetah's immune system really is demonstrably deficient compared with that
of other comparable mammals, then there is reason right from the outset to consider
nonadaptive explanations. In fact, nonadaptationist alternatives regularly are pre-
sented and tested by sociobiologists when there is good reason to do so (e.g., [122]).

Typically, however, sociobiologists deal with complex, multicomponent traits
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Figure 4.1. A rudimentary structure, the tail in an embryonic human (above), provides evidence
of our evolutionary relationship with an extinct, tailed mammalian ancestor of some sort, one that
also gave rise to many modern species with tails, including the dog (below). From [89].

that seem so well designed to do something that odds are that they really are useful.
Although one could in theory study the potential adaptive value of minor behav-
ioral traits, the behavioral equivalents of knuckle hairs or vestigial embryonic tails,
almost all sociobiologists focus on attributes of great complexity and remarkable
organization. Complex characteristics require the coordinated interaction of dozens,
hundreds or thousands of genes if they are to develop properly. To explain the
extra-pair copulatory behavior of female red-winged blackbirds as the outcome of
genetic drift or pleiotropy seems unlikely, given the likelihood that an entire com-
plex of genes is involved in the development of a functional nervous system that
encourages females to engage in extra-pair copulatory behavior with certain kinds
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of males under certain kinds of conditions. No one is going to block a dedicated
nonadaptationist from exploring a genetic drift hypothesis for extra-pair copula-
tions by redwings, if he wishes, but to insist that all adaptationists spend time and
research effort on this kind of "alternative" hypothesis makes little sense when the
trait under examination could not develop without the involvement of a great many
genes.

Moreover, in order to explain a trait of any sort, a scientist has to test his ten-
tative explanations, whether they be adaptationist or nonadaptationist in nature.
As noted above, if we hypothesize that the sexually unfaithful behavior of female
redwings really is an evolved adaptation with ultimate benefits for the females'
offspring, then we can make some specific, testable predictions about female mating
behavior. Unfaithful females attempting to acquire better genes from extrapair
mates should (are predicted to) pick special individuals, such as males that are
healthier than their current mates.

Likewise, if you intend to test an alternative hypothesis to the effect that the
female's behavior is the nonadaptive by-product of genes (pleiotropy), then you
would have to assume this nonadaptationist hypothesis to be correct in order to
derive definitive predictions from it. To assume that a trait is nonadaptive (or adap-
tive, as the case may be) for the purposes of hypothesis testing does not require
blind allegiance to the belief that all traits are nonadaptive (or adaptive, as the case
may be). Indeed, an evolutionary biologist who proposes that a given trait is the
product of natural selection wishes to test an evolutionary hypothesis, not to make
a statement of faith in the power of selection.

Imagine what would happen if the sexual behavior of female redwings was said
to be the adaptive product of natural selection unless it was caused by genetic drift
or pleiotropy or indeed anything other than natural selection. This kind of "plu-
ralistic" hypothesis makes no definitive predictions of any sort, and so "would be
utterly impervious to test," as Lewontin himself pointed out when discussing the
meaning of adaptation [202]. If you wish to test a hypothesis about the possible
cause of something, the hypothesis ought to be unambiguous enough so as to gen-
erate clearcut predictions. Only then can you secure the appropriate evidence
needed to test the hypothesis, leading to its eventual acceptance or rejection.

The adaptationist approach works well as a means of increasing our understand-
ing of the evolved function of complex traits. As I have indicated, other evolution-
ary issues besides adaptation exist, such as reconstructing the historical precursors
of a current characteristic, or explaining how new species form over time from
ancestral ones, or examining the reasons why some species have gone extinct and
others have persisted. As we speak, battalions of evolutionary biologists are at work
on these big and significant problems. Battalions of adaptationists are also at work
on what intrigues them, namely the possibility that selection is responsible for the
apparent purposefulness of one or another characteristic of a living thing. Within
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the adaptationist ranks are many sociobiologists who examine the potentially adap-
tive elements of social behavior.

The Art of Name-Calling

As we have seen, one of the reasons why sociobiology has had a rough reception
is the multiplicity of misconceptions surrounding the field, misconceptions that
have been fueled in part by the large number of challenges thrown up by a diverse
array of critics. And one critic, Stephen J. Gould, has not been content merely to
argue that adaptationists in general and sociobiologists in particular have proposed
deficient hypotheses that have failed to take into account the full array of evolu-
tionary processes. In addition, Gould charges that sociobiologists fail to test their
hypotheses, accepting speculations, even wildly unlikely ones, at face value.

Gould first raised this issue in his article "Sociobiology: The Art of Storytelling,"
in which he claimed that when it comes to explaining the possible adaptive signif-
icance of behavioral characteristics, sociobiologists often fall prey to the temptation
to tell "just-so stories/' which have all the validity of Rudyard Kipling's creative
fairy tales on how the leopard got its spots [148]. Gould argued that for this class
of just-so biologists, "virtuosity in invention replaces testability as the criterion for
acceptance," and he called on Ludwig von Bertalanffy for the following quote: "If
selection is taken as an axiomatic and a priori principle, it is always possible to
imagine auxiliary hypotheses—unproved and by nature unprovable—to make it
work in any special case" (p. 530 in [148]). Von Bertalanffy and Gould want us to
believe that sociobiologists are so utterly convinced that all traits evolved by natural
selection that they are satisfied to develop inventive explanations for phenomena
of interest to them, "using mere consistency with natural selection as a criterion of
acceptance" and skipping the testing phase of science.

The "just-so story" epithet is one of the most successful derogatory labels ever
invented, having entered common parlance as a name for any explanation about
behavior, especially human behavior, that someone wishes to dispute. The popular
literature is full of references to the supposed just-so stories of evolutionary biolo-
gists. For example, the psychologist Henry Schlinger entitled an article in Skeptic
magazine, "How the Human Got Its Spots: A Critical Analysis of the Just So Stories
of Evolutionary Psychology" [275]. There Schlinger argues that sociobiology is often
not testable, or is only weakly so, taking his cue from Gould. Likewise, my local
newspaper, the Arizona Republic, has reported that "some prominent scholars have
questioned the premise of evolutionary psychology [a branch of sociobiology], dis-
missing much of the work as hypotheses without proof." I suspect that these schol-
ars, evidently drawn from the fields of psychotherapy and sociology, think they
have learned a thing or two from Gould. And when we read a book review in the
New York Times that ends, "The onus for objectivity thus weighs especially heavily
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on feminist shoulders. Just so stories are not redeemed simply by being told by
women" (p. 23 in [213]), we know that the reviewer wishes us to dismiss the evo-
lutionary message of the book, which in this case was written by a woman, the
sociobiologist Sarah Hrdy.

The negative power of the just-so label lies in its attribution of "untested and
untestable" to the affected hypotheses. As noted already, the whole point of science
is to test explanations rather than accept them without "proof." Not to test one's
speculations is fundamentally antiscientific. If a potential explanation is truly un-
testable, it is truly worthless from a scientific perspective, since the scientific crite-
rion for acceptance of a hypothesis absolutely requires that it be tested in a con-
vincing manner. Real "just-so stories" should be ignored, and of course they almost
always are, except in children's fiction.

When Gould said that most sociobiologists were content to waste their time
developing hypotheses, which they then accepted without evidence, he kept his
examples to a minimum [148]. Indeed he rarely identifies sociobiologists in sup-
posed error by name, except for E. O. Wilson—and one David P. Barash, who was
unfortunate enough to attract Gould's attention in the late 1970s [148, 154]. At the
time Gould singled out Barash for corrective discipline, Barash worked on the be-
havioral biology of mammals, with a special interest in the social arrangements of
marmots, a group that includes the familiar groundhog. Barash's major papers of
this era [29, 30] included a research article that appeared in Science, a prestigious
journal. But Gould did not take aim at this article, preferring instead to direct his
fire against a report barely four pages long that was published by the American
Naturalist. The soon-to-be-abused article was placed at the end of the journal in the
"scientific notes" section, which is reserved for short miscellany, including com-
ments on previously published papers as well as novel but preliminary results.
Barash's article clearly belongs to the latter category. In the text of the note, he
writes that he hopes in future work to "enlarge the sample and avoid possible
confounding" effects of his initial experimental design.

Barash's little paper describes the response of two male mountain bluebirds to
stuffed specimens of fellow males that Barash placed near the bluebirds' nest (fig.
4.2) at different times during the breeding season [31]. Both male bluebirds reacted
aggressively to the male model, and one even physically attacked his own mate.
The intensity of aggression toward the model and the mate was highest before the
first egg was laid, with the number of threatening displays given to both the stuffed
dummy and the partner falling after the eggs had been laid. Barash writes, "These
results are consistent with the expectations of evolutionary theory. Thus aggression
toward an intruding male (the model) would clearly be especially advantageous
early in the breeding season, when territories and nests are normally defended. The
initial, aggressive response to the mated female is also adaptive in that, given
a situation suggesting a high probability of adultery (i.e., the presence of
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Figure 4.2. A female mountain bluebird at her nest in an aspen. She is bringing food to her
offspring, which may or may not have been fathered by her social partner. © B. Randall/ Vireo.

the model near the female) and assuming that replacement females are available,
obtaining a new mate would enhance the fitness of the male" (pp. 1097 and 1099,
[31])-

Gould claims that Barash has produced a just-so story—an untested and un-
testable fable. To support his claim, Gould asks rhetorically whether consistency
with evolutionary theory is enough to convince us that Barash's "story" is correct.
He then answers no, on the grounds that alternative explanations exist for the ex-
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perimental results that Barash observed. But wait a second. It is one thing to say
that Barash did not test all possible alternative explanations and that his test of the
anticuckoldry hypothesis was severely weakened by its tiny sample size. Barash
acknowledged both of these things himself in print. Actually, scientific studies that
deal rigorously with all plausible alternative explanations of the topic at hand are
extremely rare in any scientific field, whether it be biology, chemistry, physics, or
what have you [350]. A preliminary project is almost guaranteed to be deficient in
this regard. But Barash did not simply advance a plausible evolutionary story and
be done with it. He tested his "story," albeit weakly, in standard scientific fashion.

Let's lay out the logic of Barash's research [31]. His paper begins by stating that
if natural selection has shaped parental behavior in species in which adults care for
offspring, then males "should [my emphasis] be strongly selected to avoid being
cuckolded." In other words, Barash expected bluebirds to exhibit anticuckoldry
attributes that had spread in the past because these traits happened to help indi-
viduals avoid investing in offspring that were not their own. "Predictably [my em-
phasis], this characteristic should be especially well developed among single-
brooded, monogamous species and those in which males make a substantial
investment in the success of their offspring," such as the mountain bluebird (p. 1097
in [31]).

In other words, Barash has used the theory of evolution by natural selection to
make a scientific prediction, which is a statement about what one should observe in
nature that one does not already know to be true. In the case of the mountain
bluebird, he expected to see that male bluebirds would have behavioral responses
of some sort with anticuckoldry consequences. Furthermore, he expected (predicted)
that these responses would occur most strongly when the male's mate could actu-
ally cuckold her partner by accepting and using sperm from another male. He
clearly had these expectations in mind before he did his little experiment, otherwise
why would he have done his manipulations with the sniffed models? The experi-
ment was designed to collect new information needed to test these predictions. He
compared the data he collected with the predicted results and found that, yes, one
male confronted with an apparent male rival next to his nest did indeed react
aggressively, both to the stuffed intruder and sometimes even to his female mate.
Furthermore, the intensity of male aggression was linked to the stage of the nesting
cycle; when females were fertile, males responded more aggressively to possible
threats to their paternity.

Males that behaved this way in nature would tend to drive away rival males
before they had any additional chances to provide sperm to their mates; the fewer
the sperm received from a "stranger," the less likely the female would be to fertilize
her eggs with those sperm, and the more likely the paternity-protecting male would
be to provide parental care only to his genetic offspring. And if the male also drove
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away an "unfaithful" partner and then quickly acquired a new and more devoted
mate, he would be still more likely to deliver parental care to his genetic offspring
rather than to those of a fellow male.

Therefore, to argue, as Gould does, that Barash did not test his "story" is more
than mildly misleading. If Barash's experiments had produced results that were not
consistent with his particular evolutionary hypothesis, a very real possibility, he
(and Gould) would have fairly concluded that the hypothesis (or story, if you insist)
was not supported by the evidence. One sociobiological hypothesis would have
been weakened, perhaps puzzling Barash while gratifying Gould, but in either
event, a verdict would have been reached based on the evidence.

Although Barash actually secured an exceedingly modest amount of data in
support of his particular hypothesis, he did not come close to having the last word
on the matter. Indeed, his test was indeed based on such a small sample (two males)
that it is surprising that the American Naturalist accepted his note for publication.
(The journal certainly would not do so today.) Moreover, his highly preliminary
results were compatible with other explanations. However, since Barash acknowl-
edged these shortcomings in his paper, Gould's finger-wagging lecture was super-
fluous and no doubt unwelcome as far as Barash was concerned. For the rest of us,
the real message is that Barash's bluebird work, preliminary though it was, dem-
onstrates that sociobiologists try to test their ideas by putting them at risk of rejec-
tion in the standard manner of scientists everywhere.

How to Test Sociobiological Hypotheses

Gould's general assertion that many sociobiological hypotheses are somehow un-
testable in principle is one that he has made several times, as in "developmental
explanations are more expansive and operational than the necessarily fruitless and
untestable adaptationist speculations that continue to permeate our literature" ( p.
6 in [150]). Contrary to Gould, however, the scientific literature is permeated with
demonstrations of the testability of adaptationist hypotheses. Several persons have
generated long lists of adaptationist hypotheses that have been tested in evolution-
ary journals [59, 341]. These reviewers have noted that some predictions from par-
ticular hypotheses were shown to be incorrect by adaptationist researchers, clear
evidence that the approach is fully scientific. But we can also illustrate the testability
of sociobiological explanations by considering how other biologists after Barash
explored extra-pair copulations and possible male anti-cuckoldry tactics in blue-
birds and other animals. These scientists, like Barash, generated predictions from
their tentative explanations and then gathered the evidence necessary to test their
ideas. For example, Harry Power and Christopher Doner looked again at mountain
bluebird aggressive behavior to test more rigorously the very hypothesis that Bar-
ash had only weakly tested, namely, that mountain bluebird males employ selective
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threats and attacks to reduce the chance that they will care for the offspring of
another male [260].

In their study of a much larger sample of individuals, Power and Doner found
that territorial males threatened or attacked stuffed specimens and living caged
bluebirds, particularly males, that were experimentally placed near their nest. They
noted that the tendency to assault males, rather than females, would tend to dis-
courage potential cuckolds. But they, unlike Barash, did not find declines in male
aggression after egg laying (the period of female fertility) was over. Thus, they
concluded that male aggression toward intruders could not be adaptive exclusively
in relation to the prevention of cuckoldry.

Moreover, Power and Doner observed very few attacks by males on their mates
after presentation of an experimental intruder; they also found that females were
as likely to attack their mates, as vice versa. Therefore, they flatly rejected the hy-
pothesis that male mountain bluebirds punished, even expelled, unfaithful partners
in an adaptive attempt to control the paternity of the offspring they would care for.

Note that Power and Doner had no difficulty retesting Barash's ideas. And they
felt free to reject one component of his sociobiological hypothesis while retaining
the other component, but only in modified form. Nor were they the only ones to
test the anti-cuckoldry hypothesis with bluebirds; within a few years of Barash's
paper, two other research reports appeared on similar phenomena in the eastern
bluebird [155, 236]. Incidentally, these papers presented contradictory evidence on
male attacks of their mates following exposure to the presence of apparent intrud-
ers, leaving the issue open, as is appropriate when researchers secure data both for
and against a particular hypothesis.

The short history of Barash's sociobiological research is instructive. His weak
tests of his ideas stimulated other skeptical workers to carry out additional tests in
which more evidence was gathered, leading some to question whether Barash had
it right. Barash's colleagues could not have done so if Barash really was engaged
in "fruitless and untestable speculation." Instead, Barash's hypotheses were fruitful
(interesting enough to examine again) and sufficiently testable so that they could
be rejected as (probably) incorrect, after more information had been gathered, and
in fact, some researchers did indeed reject certain of Barash's claims.

Moreover, the usefulness of the adaptationist approach is evident in the contin-
uing sociobiological research into the evolutionary effects of extra-pair copulations
on animal behavior, which did not end with Barash's miniexperiment. Power and
Doner themselves explored the topic further because they, like Barash, understood
that if mountain bluebirds had been subject to natural selection, male bluebirds
ought to have evolved one sort of anti-cuckoldry device or another [260]. Indeed,
these biologists considered it probable that the territorial behavior of male bluebirds
was adaptive in part because it lowered the probability that other males could
invade their home ground and entice the resident females into extra-pair copula-
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tions. Power and Doner, like Barash, were adaptationists. Thus, when they saw
some male bluebirds respond to the placement of a cage with a living male "in-
truder" near the nest by hurrying over to their uncaged mate and copulating with
her, they guessed that the behavior might be a tactic with adaptive value. They
supposed that female bluebirds seen near intruder males in nature may well have
mated with these other males. Resident males that responded by copulating with
their mates as soon as possible might well dilute any rival sperm their partners had
recently received, and so reduce the loss of paternity to rival males.

This hypothesis generates various predictions, among which is the expectation
that "sperm dilution matings" should occur primarily when female bluebirds are
fertile. Power and Doner discovered that indeed paired males responded to intrud-
ers by promptly mating with their females only in the days just before egg-laying
began, the period when female mountain bluebirds are fertile. The paired males'
response to intruders is then "consistent with evolutionary expectation," and spe-
cifically with a prediction from a particular evolutionary hypothesis that well-timed
copulations should reduce the resident male's loss of paternity to rivals and thereby
reduce the associated risk of caring for another male's offspring.

One could in principle test this hypothesis much more extensively. Consider the
following predictions that must be true if mountain bluebird males sometimes cop-
ulate in order to dilute the sperm of rival males contained within their partners.
First, we expect that female mountain bluebirds do sometimes accept sperm from
intruder males. This prediction could be examined simply by observing the re-
sponse of females to sexual attempts by males other than their nest partner. Some
females should accept these advances, as they do in so many other songbirds [41].

One could also test the sperm dilution hypothesis by doing a DNA fingerprint-
ing analysis of the offspring produced by "unfaithful" females, which should reveal
cases of mixed paternity of broods. Although work of this sort has not yet been
done with the mountain bluebird, many such studies exist for other birds, including
two relatives of the mountain bluebird, the eastern and western bluebirds [108,156].
In these two species, some females not only accept but also use sperm from males
other than their "social mate" in the fertilization of their eggs.

Still another prediction is which males who donate sperm to a mate soon after
she has been "unfaithful" should fertilize a higher proportion of her clutch than
males experimentally prevented from doing so (which could be accomplished by
holding paired males in captivity for varying periods, giving rival males access to
the female while preventing some captive males from engaging in quick sperm
dilution matings). By comparing the genetic constitution of the two males with that
of the offspring, one could determine the degree of paternity of paired males and
interlopers under the different conditions, collecting data that could result in the
acceptance or rejection of the hypothesis.

Contrary to Gould, therefore, sociobiological hypotheses are eminently testable
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in principle—and in reality. The analysis of extra-pair copulations has flourished in
the years since Barash's pioneering note, demonstrating the productivity of the
sociobiological approach. My search of the ISI Citation Database for papers written
between 1995 and 1999 that incorporate the term "extra-pair" generated a list of
498 articles in refereed journals, almost all of them about extra-pair copulations,
extra-pair matings, and extra-pair fertilizations in birds.

Note also that the bluebird case illustrates how one can test sociobiological hy-
potheses without reference to genes as causal agents of behavior. Learning about
the genetic and developmental mechanisms responsible for social behavior is won-
derfully interesting and useful work. It is just not the kind of research that keeps
most sociobiologists off the streets. Instead, they spend their time and effort testing
competing hypotheses on the possible adaptive value of a trait of interest.

It is true, however, that one way to test sociobiological hypotheses would be to
predict the existence of specific genes that had survived to the present because they
promoted the development of a putative adaptation in certain environments. Thus,
if we wished to test the hypothesis that mountain bluebird males possess an
evolved readiness to copulate after seeing rival males near their female partners,
one way to do so would be to examine the following prediction: these birds should
possess particular genes that encourage the development of a mechanism that
causes the male to copulate adaptively with his mate when she may have acquired
sperm from an intruder male. E. O. Wilson has proposed exactly this kind of test
for hypotheses on the adaptive value of various behavioral characteristics of hu-
mans [346],

In reality, however, almost no one has tested adaptationist hypotheses by iden-
tifying the genes that promote the development of a supposedly adaptive attribute.
The practical difficulties of such a test are overwhelming. As mentioned in chapter
3, almost nothing of what we now know about human behavioral genetics comes
from tracking down particular genes and determining just what they do during the
development of our bodies and brains. The study of human genetics is in its infancy
with researchers still trying just to catalog the molecular code of the 140,000 or so
genes we may possess. The job is not easy and not yet complete despite the fact
that hundreds of millions of dollars have already been spent in the pursuit of the
goal. Yet we know much more about human genetics than that of almost all other
animal species. To the best of my knowledge, the mountain bluebird genome has
never been examined in even the most preliminary fashion.

Once genetic technicians have succeeded in describing the distinctive chemical
components of every bluebird (or human) gene and once they have identified the
battery of proteins coded by these genes, the ball game will be far from over. It
will take much more research of a highly sophisticated nature before we understand
how the genetic information to make a particular form of protein G or H or M can
influence the development of a mechanism that makes behaving possible. Finding
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out whether or how a given gene affects the behavior of a mountain bluebird, or a
human being, will be devilishly difficult because so many steps intervene between
the activation of a gene and the development of a behavioral capacity, each one of
which depends on the integrated action of thousands, or tens of thousands, of genes
and the gene-environment interactions in which they are participants (chap. 3). Let
me repeat that. Thousands of genes doubtless contribute to the development of
each and every behavioral attribute in your typical multicelled organism, ourselves
included. Remember that even in those cases in which researchers are said to have
discovered a gene "for" a behavior, as in the case of the gene "for" whisker trim-
ming in mice discussed earlier, the geneticists have not identified every gene in-
volved in the development of the neuronal and muscular mechanisms underlying
whisker trimming. They have instead found one gene that codes for an enzyme
that happens to play an important role in the long chain of biochemical processes
required to produce some element of the proximate underpinnings of whisker
trimming.

Fortunately, as I have already noted, sociobiologists do not have to wait for
proximate biologists to get all their ducks in a row before testing their ultimate
hypotheses, which can be done by gathering observational data from animals in
the field or through experimental manipulations of one sort or another. Moreover,
evolutionary researchers have another powerful tool for testing ultimate hypotheses
that I have not yet discussed. I speak of the comparative method, a technique that
involves making disciplined comparisons across species. As it turns out, it is pos-
sible to test the hypothesis that male mountain bluebirds engage in adaptive rival-
stimulated matings by predicting that males of certain other species that face the same
selection pressures will have independently evolved the same effective solution to
the risk of cuckoldry.

The logic of this kind of comparative test is simple but potent. If one has cor-
rectly identified the selective factors responsible for the evolution of an adaptive
trait in the mountain bluebird, and if these same factors apply to other species, then
these animals should also exhibit the same adaptive attribute—even if these species
are unrelated to one another. Animals that are unrelated, that is, of separate and
distant ancestry, cannot have inherited some of the same genes and developmental
pathways from a common ancestor. Therefore, the adaptationist prediction that un-
related species will convergently evolve similar traits in response to similar selection
demands that they both reach the same adaptive endpoint from very different ge-
netic foundations. A comparative test of this sort sets the bar high.

We can apply such a test to the hypothesis that male mountain bluebirds engage
in adaptive sperm dilution matings when their mates may have received sperm
from rival males by predicting that males of other bird species in different families
from the mountain bluebird (which belongs to the Muscicapidae) will also tend to
mate with their social partners in similar situations. In their review of the ornitho-
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logical literature, Tim Birkhead and Anders Moller found that males of a couple of
finches, two shorebirds, two species of hawk, and a shrike have been reported to
copulate with their mates soon after a male intruder had been discovered in the
vicinity [41]. So, for example, in the case of the indigo bunting, a member of the
finch family, the Emberizidae, the probability that a male would mate with his
partner within a given five-minute period increased about threefold if an intruder
had just been present in the pair's territory [335].

Comparative tests that require convergent evolution can with complete legiti-
macy go even farther afield. If rival-stimulated copulation is adaptive for the moun-
tain bluebird, then it should also be adaptive for males of other classes of verte-
brates, provided that these animals have also evolved in the same kind of social
environment as the bluebird. Indeed, males of some mammals associate for some
time with females, mating with them at intervals, just as do male mountain blue-
birds. If "extra-pair" copulations occur in these mammalian species, then the logic
of the adaptationist approach leads us to expect that here too resident males should
respond to intruders by copulating promptly with female partners who have or are
likely to have received sperm from another male.

And in the case of bighorn sheep, they do what they are expected to do [166].
In this species, males violently compete with each other to determine who gets to
"control" harems of females. Winners of male-male combat accompany their group
of females, trying to keep other males away and usually succeeding (fig. 4.3). Some-
times, however, an intruder will dash into the herd, chase a female, and inseminate
her literally on the run, something that is well within the capacity of bighorn rams,
which can consummate a sexual relationship in a matter of a few seconds. When
an intruder has successfully circumvented the defenses of the harem master, the
resident male is about fifteen times as likely to copulate with the ewe within
the next ten minutes compared to another ten-minute period a half hour later in
the day.

Critics' Corner: The "Flawed Comparison" Argument

The comparisons among species that adaptationists use to test their hypotheses are
not random or arbitrary. When using the independent convergence test for evolu-
tionary hypotheses, sociobiologists can only use data from unrelated species known
to experience similar selection pressures caused by similar environments. Many
examples of convergent or analogous characteristics do indeed exist, including the
familiar case of streamlined bodies in fish, porpoises, otters, penguins, and other
fast-swirnming aquatic animals, demonstrating the power of selection to produce
similar solutions to similar problems from genetically different starting material.

Yet many persons equate sociobiology with another use of comparisons among
species, namely a pseudo-comparative approach based on the premise that we can
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Figure 4.3. Here a large guarding ram follows the ewe as she heads across the moutainside. Six
subordinate males trail after the lead pair. Each of the subordinates is waiting for an opportunity
to break through the defenses of the dominant rival in order to copulate with the ewe. Photograph
by Jack Hogg.

learn something about human behavior by finding attributes similar to our own in
any other species. As Anne Fausto-Sterling has said, "You name your species and
make your political point" (cited in [352]). Here we have another misconception to
confront, namely that sociobiologists scan the scientific literature for any example
of a species whose behavior will "confirm" a pet hypothesis on the instinctive,
evolved nature of some human attribute.

Now it is true that some persons have claimed, on the basis of highly selective
comparisons, that elements of human behavior are an evolutionary holdover of
some sort, but as it turns out, these individuals are rarely, if ever, sociobiologists.
Yes, the science writer Robert Ardrey did provide an example of how to misuse
comparisons among species in his popular book, The Territorial Imperative: A Personal
Inquiry into the Animal Origins of Property and Nations [24]. This book described the
widespread occurrence of territoriality in animals other than humans, which Ardrey
then interpreted to mean that territorial behavior was an instinctive attribute that
we had inherited from an extinct territorial animal whose behavior had been re-
tained in a host of species, ourselves included. Ardrey argued that this evolutionary
heritage accounted for the human interest in controlling property and the enthu-
siasm nations have for going to war over disputed territory.

Ardrey's thesis was highly vulnerable, even with the information available in
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1966, and few biologists took him seriously then for the following reasons. The fact
that territoriality is far from universal among nonhuman animals means that there
is nothing universally imperative about the trait and thus no guarantee that we
have acquired the "instinct" to be territorial from our mammalian ancestors. Even
more obviously, the practices of those groups of humans that could be considered
territorial vary greatly from culture to culture, making it clear that our "territori-
ality" differs considerably from the rigid, instinctive, aggressive territoriality that
Ardrey assigned to other species.

If it were true that sociobiologists in general followed Ardrey's example, claim-
ing that human behavior consists of fixed instincts that are the evolutionary relics
derived from an ancestral animal, then we could quickly dispense with sociobiol-
ogy But, as already discussed, explaining human behavior is the province of a small
minority of sociobiologists, and these persons do not make the obvious mistakes
evident in Ardrey's approach.

As also noted earlier, some evolutionary biologists (but not orthodox sociobiol-
ogists) do try to trace the history of behavior in the hope of describing the sequence
of changes that have occurred in the lineage of interest over time. So, for example,
work proceeds on the history behind our unusual method of bipedal locomotion,
one of several distinctive features that sets us apart from our closest relatives, the
other primates. Although humans currently are skillful bipedalists, all other living
primates are not, and indeed members of only a few species ever stand on their
hind legs, let alone run bipedally over uneven ground. Most primates, including
those considered most closely related to the original primates, employ quadrupedal
locomotion. Thus, everyone agrees that if one were to go back in time within the
lineage leading to humans one would eventually find a quadrupedal ancestor.
Somehow, bipedalism, with all its attendant changes in limb structure and function,
evolved from quadrupedalism. How did this occur, and what were the precise
changes in which of our putative ancestors, now extinct, that resulted in the evo-
lutionary conversion of quadrupedalism to bipedalism?

The ability to answer this historical question depends in part on properly dated
fossil limb, pelvic, and foot bones from the right species, and some of the appro-
priate fossils have been found [173]. Moreover, the history of bipedalism can also
be revealed by comparing humans with our close relatives, the great apes, especially
the two species of chimpanzees, whose current behavior may be able to help us
identify the properties of certain now extinct species ancestral to Homo sapiens. The
logic of this argument goes as follows.

If two species are very closely related, they have a very recent common ancestor,
that is, one that lived a few million years previously, from which they will have
inherited a large number of genes. Some of the ancestral genes that both lineages
have received are likely to remain unchanged over a relatively short time, geolog-
ically speaking, and therefore could be responsible for some of the shared attributes
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between the species. Detailed similarities between two very closely related species
could therefore be the product of shared ancestry and need not have evolved in-
dependently from different genetic backgrounds. If so, we can use the similarities
between these carefully selected species to infer what traits were present in their
shared ancestor, one step back in these species' history.

For example, no biologist doubts that we are very closely related to the common
chimpanzee whose DNA base sequence matches ours almost perfectly (a greater
than 98 percent concordance). The degree of genetic similarity between our two
species is much greater than that between ourselves and all other mammals, except
for gorillas, which are only slightly more distinct genetically. As a result, we can
be confident that chimps and humans had a common ancestor not so long ago in
evolutionary time—an estimated 6 million years ago as opposed to approximately
30-35 million years ago for the common ancestor that links us with, say, the rhesus
monkey [33].

Once close evolutionary relatedness has been established via molecular means,
if we find that two or more closely related species share similar behavioral traits,
it is likely that an extinct common ancestor of the related species had that trait as
well. As speciation occurred, the diverging lineages started off with shared attrib-
utes, thanks to the genes they inherited from their common ancestor. Some of these
attributes may have persisted to the present, especially if the environments, and
thus the selection pressures, acting on the descendant species have remained the
same as those that applied to the ancestral species [266]. Thus, we have a potential
means with which to reconstruct the past.

The ability of both chimps and humans to stand upright, something that chimps
also do regularly, suggests that our common ancestor probably had the kind of
locomotor apparatus, both skeletal and neurophysiological, that would permit it to
stand upright on occasion. With respect to social behavior, the fact that male com-
mon chimpanzees sometimes form small cooperative bands that venture into the
territories of other chimps to attack vulnerable individuals there, just as human
males have often done throughout human history, raises the likelihood that the
common ancestor of chimps and humans exhibited the same kind of aggressive
cooperation among males. Humans and chimps are, after all, the only species
among the 4,000 species of mammals in which male relatives form groups to raid
other groups while living in and defending the area of their birth. Therefore, the
origin of this rare social system in the two species can probably be traced to our
common ancestor instead of requiring that it evolved twice, once in the human
lineage and separately in the chimpanzee lineage, although this remains a possi-
bility [351]. In any event, one can in principle derive information about the history
of a species' traits by making a careful set of comparisons among closely related
species that live today.

Persons who use this method to get at the history of human behavior do not
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assume that modern chimpanzees are identical to an ancestral species in the direct
line leading to modern humans. Let me say it again: The species Pan troglodytes is
not ancestral to the species Homo sapiens. We are contemporaries, each with a history
every bit as long as that of the other species. As noted, the lines leading to modern
chimps and modern humans split some 6 million years or so ago. During this time,
different mutations have surely occurred in both lineages, some spreading through
past populations due to chance or natural selection, producing differences that have
accumulated over the generations. The modern chimpanzee is not a living fossil,
frozen in evolutionary time for millions of years. If we share some similarities in
traits that probably originated in a shared ancestral species, it is because selection
in the two species has maintained certain ancestral characteristics of continuing
reproductive utility to us both.

The existence of the chimpanzee and other more distant relatives of humans
enables us to employ comparisons among living species to produce tentative his-
torical scenarios for certain traits. But having demonstrated that historical recon-
struction is within the grasp of evolutionary biologists, let me stress again that
sociobiology involves a different kind of evolutionary biology. The overwhelming
majority of persons for whom the label "sociobiologist" applies are interested not
in building an accurate picture of the evolutionary steps between ancestral trait
T and modern trait Z but rather in identifying the functional significance of trait
Z. The average sociobiologist is keen to discover why trait Z spread through the
species in which it first occurred; in other words, he wishes to explain why trait Z
was or is an adaptation. If your interest is in the possible adaptive value of a hu-
man attribute, say, group raiding by bands of territorial males, most sociobiolo-
gists would not test the hypothesis by predicting that chimpanzees should also
exhibit this attribute. Humans and chimps share common ancestry, and therefore
any shared attributes may arise proximately from possession of nearly identical
genes, maintained over a relatively brief evolutionary period, rather than having
evolved independently from very different proximate foundations long separated
in time.

The more challenging comparative test of an adaptationist hypothesis, and the
one typically used by sociobiologists, involves making the prediction that unrelated
species will have independently evolved functionally similar solutions to the same
environmental obstacle to reproductive or genetic success. For example, some so-
ciobiologists have suggested that some men today engage in extramarital affairs
because of an evolutionary history that favored successful cuckolders in the past.
This ultimate hypothesis is founded on the realization that humans are most un-
usual mammals in that men often supply resources, protection, and other goods to
their putative offspring. Once this trait had evolved, men who successfully ex-
ploited the paternal care of their fellow males by fathering offspring with the cuck-
olds' wives could conceivably have had higher fitness than males who lacked the
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motivation for extra-pair copulations with pair-bonded females under some circum-
stances. Males that get away with cuckolding other men produce offspring with
zero parental investment of their own, as they permit the unknowing cuckolds to
provide child care.

Women who copulate with men other than their husbands or social partners
cannot secure the same fitness benefits as their extra-pair mates, who can potentially
increase the number of offspring that will carry their genes by increasing the num-
ber of females inseminated. In contrast, the fecundity of a woman does not change
when she commits adultery. So any gain in genetic success for the adulterous
woman must come about through an improvement in the quality, not quantity, of
her mates. Therefore, an evolutionary analysis of extra-pair copulations suggests
that the ultimate significance of the activity for men and women must be very
different; men can gain genetic success by "stealing" other men's parental care while
adulterous women have some chance of eventually acquiring a replacement for the
current husband, a replacement with superior genes or superior resources.

Various means exist to test sociobiological hypotheses for extramarital sexual
relationships in the human species. For example, the hypotheses just outlined yield
the prediction that some offspring of married women will indeed have been fa-
thered by someone other than their husbands, which is true, with the percentage
estimated anywhere from 1 percent to over 25 percent, depending on the population
studied [141]. Thus, in one Trinidadian village, 16.4 percent of the offspring born
in one decade almost certainly were not the children of the woman's husband or
social partner [125].

If extra-pair copulations do result in offspring that may be cared for unwittingly
by a male other than the father, the sociobiological perspective suggests that mar-
ried men everywhere will be extremely sensitive to the risk of cuckoldry [300]. Prior
to modern paternity tests, a man could never be 100 percent certain that his wife's
child was his, whereas maternity is certain for any woman who gave birth to a
child. This biological difference between the sexes led Martin Daly and his col-
leagues to make the following testable prediction about a sexual difference in the
nature of sexual jealousy: "It follows that while women may be expected to be
jealous of their mates' allocation of attention and resources, they should not be so
concerned with specifically sexual infidelity as men" (p. 12 in [87]). Daly and com-
pany have assembled a broad range of cross-cultural data consistent with this pre-
diction, including information on the high frequency with which spousal homicide
by men is associated with the infidelity (or even imagined infidelity) of their com-
panions [83].

Subsequent to the analysis of sexual jealousy by Daly's team, some social psy-
chologists have devised tests of the evolutionary hypothesis based upon reports of
men and women about their emotional response to the imagined infidelity of their
partners. In at least three different cultures, men (as predicted) experience greater
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emotional distress at the thought of their mates having sex with other men than do
women when imagining their partner having sex with other women [58, 142]. For
example, in a recent study of this sort, Swedish university students were presented
with two scenarios, one that asked them to imagine a partner having sex with
another person and one that asked them to imagine a partner falling in love with
another person. About 60 percent of the men selected the sexual infidelity scenario
as the more upsetting whereas about 60 percent of the women found the emotional
infidelity scenario more distressing [338]. This difference between the sexes occurred
despite the fact that Sweden is a sexually egalitarian society with relatively per-
missive attitudes toward nonmarital sex.

Returning to the question of whether extra-pair copulations are or were adaptive
in the evolutionary sense of the word, let us consider the issue from the female
perspective. If adultery by women evolved via natural selection in the past, then
we can predict that pair-bonded women today should be highly selective about
their extra-pair partners, generally picking richer or more powerful males than their
current husbands or companions. This prediction receives indirect support from the
finding that women in a broad range of cultures initiate divorce on the grounds
that their husbands have failed to provide sufficient economic support for them
and their children [38]. Women who divorce their husbands for economic reasons
are presumably attempting to improve their lot in life, which in traditional societies
would surely have required the acquisition of a new husband, someone with more
resources or a greater willingness to provide them than the prior husband. To di-
vorce without having a replacement in line would rarely advance a woman's ge-
netic success.

In this light, when "married" women in our society have affairs, the men they
choose tend to be highly symmetrical individuals [137]. Some evidence suggests
that male body symmetry is a heritable characteristic; moreover, male body sym-
metry correlates with body mass and social dominance [136], which in turn almost
certainly affect the resources a man can provide his partner, as well as the physical
protection he can supply, not an irrelevant factor given the proclivity of men to
engage in jealousy-driven violence [83]. In other words, women who seek extra-
pair partners make sexual choices that appear to improve their access to resources
while protecting them from enraged previous mates. If we had discovered that
adulterous women do not generally have affairs with men who are wealthier or of
higher social status than their current mates, we would have rejected this hypoth-
esis, demonstrating again that sociobiology hypotheses are falsifiable in principle.

And we can also test adaptationist hypotheses on adultery in humans via the
comparative route with the expectation of the independent evolution of similar
traits in species unrelated to us, provided they experience the same selection pres-
sures that have been proposed to generate adultery in our species. For example,
because the potential for adaptive cuckoldry by men depends on access to exploit-
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able paternal males, we can predict that in other animals unrelated to humans but
with male paternal care, some males will attempt to exploit their rivals by copu-
lating with their mates. As already noted, in many species of birds, males provide
large amounts of parental care to their offspring by helping mates build nests,
incubate eggs, provision nestlings with food, and shepherd fledglings about for
some time after they have left the nest. Although not so long ago, birds with this
mating system were thought to be strictly monogamous, in reality extra-pair mat-
ings and the production of broods with mixed paternity occur with high frequency.
Among songbirds, as many as 30 percent or even 50 percent of all offspring may
be fathered by males other than the females' social partner [41, 336]. The fact that
male birds, like male humans, also mate with females pair-bonded to other males
supports the adaptationist hypothesis for this activity in humans, namely, that the
behavior is an evolved response to selection for cuckoldry in the "appropriate"
social environment—one in which male paternal care can be exploited.

Likewise, a comparative test can be conducted of the hypothesis that women
mate outside the pairbond, not to increase the number of babies that bear their
genes, but to improve the chances that offspring will survive and be successful
reproducers themselves. "Monogamous" female songbirds that copulate with males
other than their social partner probably do not increase the number of eggs that
they can produce. However, as mentioned already, they do sometimes secure assis-
tance from their extra-pair mates in the form of defense against nest predators or
access to food on the male's territory, which can be collected to feed offspring.
Moreover, extra-pair copulations may be a stepping-stone toward dissolution of the
old partnership and the formation of a new one. When two French ornithologists
compared the rate of adultery with the rate of divorce across bird species, they
found a positive correlation [64]. And when female birds do abandon a mate for a
new partner, they pair off with a male of higher social rank, an attribute that in
songbirds (as in humans) is associated with superior resource control [245].

Thus, shared selection pressures can indeed lead to convergence in behavior in
totally unrelated organisms, a fact that makes it possible to use disciplined com-
parisons with other species to test particular adaptationist explanations for a given
trait. Moreover, the goal of the sociobiologist is no different from that of any other
scientist, namely, to persuade others that he has it right when he claims that such
and such a hypothesis is right or wrong—based on tests that require convincing
evidence. Sociobiologists have access to several powerful techniques for testing their
adaptationist hypotheses, and they use them all the time, discarding hypotheses
that do not pass their tests while retaining those that do.
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Science and Reality

Cultural Relativism and Airplanes

Sociobiologists believe that they possess the means to gain real understanding about
the adaptive significance of behavioral traits. The discipline's foundation, Darwin-
ian natural selection theory, has an internal logic that is unassailable. The theory
can be used to produce hypotheses that are subjected to the same process of eval-
uation used by all members of the scientific community. Scientists everywhere feel
confident that this process yields valid conclusions about what causes things to
happen in the natural world.

Not everyone, however, is so confident of the objective nature of the scientific
approach. Indeed, in recent years critics of science have arisen, largely within the
academic community, critics who go by the labels of cultural relativist, postmod-
ernist, or social constructivist and who advance a spectrum of counterviews and
counterconclusions. For our purposes I shall assign these observers of science in
general and sociobiology in particular to one of two camps: the hard cultural rel-
ativists and the soft cultural relativists.

For the hard cultural relativists, science is merely one of a myriad of ways of
looking at the natural world. Each method is a social construct, the product of
cultural rules and systems of thinking absorbed by members of a particular group
within society, and each social construct is supposedly of equal value. Anyone who
disputes this point is, according to the adherents of this philosophy, suffering from
delusions induced by the particular social construct that they have adopted from
the smorgasbord of world views available to them. There is, they insist, no way of
determining the superiority or inferiority of an idea.

This claim has attracted considerable skepticism [71, 274]. The skeptics have
wondered why cultural relativists bother to promote their viewpoint if they really
believe that there is no objective way to judge the merits of their argument. The
cultural relativist's way of looking at things is, according to the cultural relativist
himself, no better or worse than any other. It might be right, it might be wrong, it
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might be—but who cares? In the end, a claim based on the proposition that Truth
and Reality can never be approximated is a claim impossible to evaluate by the
claimants' own standards, and so we can ignore it. Which is what most scientists
have done [346]. However, I rather like the nonphilosophical criticism of this po-
sition offered by Richard Dawkins, who says "Show me a cultural relativist at 30,000
feet, and I will show you a hypocrite" (pp. 31-32 in [97]).

In a similar vein, John Maynard Smith writes, "I do not understand how people
who hold [constructivist] views manage to live in a world in which so many acts
of everyday life depend on the results of past scientific research. Why do they
expect the light to go on when they press the switch?" (p. 523 in [228]). That lights
go on and airplanes fly tells us that science really works. Every technological won-
der of the late twentieth century, our airplanes, computers, automobiles, commu-
nication networks, agricultural chemicals, antibiotics, medical procedures, rockets,
satellites, and space stations, all these things and many more, do what we want
them to do 99 percent of the time, although admittedly it is easy to forget this point
when your computer crashes or your expensive new sport utility vehicle won't
start. Still, the exceptions prove the rule. The general functionality of modern tech-
nology could be an accident or a social construct or a delusion, but it certainly
doesn't look like it.

Dedicated cultural relativists also would doubtless have a spirited conversation
about science with any one of the seventy or so ex-inmates released from prison
(as of 1999) on the basis of forensic DNA testing, often done many years after their
incarceration [22]. The ability to identify individuals on the basis of their unique
DNA fingerprints is a direct outgrowth of our understanding of the molecular basis
of heredity, which was gained through standard scientific procedures. DNA testing
in criminal cases is itself based on scientific logic: If a person convicted of rape by
a jury on the basis of eyewitness identification is truly guilty of the crime, then we
can predict that his DNA fingerprint will match that secured by analysis of the
rapist's semen or other bodily fluids removed from the victim. Failure to secure a
match constitutes a critical test of that prediction. Such a result also constitutes the
proper basis for freeing a person unjustly imprisoned for a crime carried out by
some other person. To be told that this kind of argument is a delusional social
construct or that the conclusion reached through the scientific process is no better
(or worse) than the belief of the jury founded on eyewitness recollections (or any
other basis) would, I imagine, arouse a strong response in someone freed after
having spent seven or eight years in a maximum security prison for a crime he did
not commit.

Or what about parents of autistic children who were told by psychoanalysts
back in the 1950s and 1960s that their children's behavior was the product of cold,
withdrawn parenting that forced their offspring into impenetrable shells designed
to protect them against their heartless caretakers [109]? You can imagine the intense
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feelings of guilt and inadequacy that this view, once very popular in certain psy-
choanalytic circles, had for the parents in question. It is hard not to feel indignant
at the damage done to families that were subject to this unscientific social construct
in mid-twentieth century America. Happily, almost no one takes this position se-
riously any longer, thanks to ample demonstrations that autism arises from devel-
opmental disturbances outside of parental control. For one thing, the siblings of an
autistic child typically have less than 1 chance in 10 of being autistic as well, a
finding quite at odds with the hypothesis that unfeeling, uncaring parents induce
the disorder in their offspring. Currently, considerable evidence supports the alter-
native hypothesis that the differences between autistic and normal children arise at
least in part from genetic differences between them, as suggested by the fact that
identical twins are far more likely to share the condition than are fraternal twins
[72]. To argue now that this new understanding of autism is no more valid that the
discredited semi-Freudian psychoanalytic view of the subject would, I think, be a
hard sell to parents of autistic children today, and rightly so.

Scientists are on to something. Scientific procedures, especially the insistence on
testing hypotheses, really do increase our chances of understanding what causes
something to happen. People of all stripes are profoundly interested in causes be-
cause to know why certain phenomena occur is to gain control over them, a hugely
valuable ability. This hypothesis yields the prediction that people everywhere will
possess an array of cognitive mechanisms that promote scientific thinking, broadly
defined.

One counterintuitive way to test this prediction is to analyze the basis for the
wildly irrational, nonscientific beliefs that so many people hold dear. James Alcock,
not a relative of mine, has made the argument that the human enthusiasm for
astrology, psychic powers, the occult, and a seemingly endless supply of supersti-
tions, occurs because the brain is a belief generator guided by certain rules of thumb
[8]. One of the most important of these is the belief rule that events occurring in
close association are linked causally as well as temporally; for example, if I do X
and Y follows shortly thereafter, my action X caused Y to happen, or if I observe a
dark band of clouds moving in my direction and soon it begins to rain, the first
phenomenon is in some way responsible for my getting wet. Of course, some co-
occurrences are purely coincidental, so that if I happen to wear a red tie on a day
when I win the lottery, I may conclude falsely that my sartorial decision had some-
thing to do with my subsequent good fortune, leading me to wear that red tie
whenever I head to the Circle K to purchase another lottery ticket.

Despite the risk that the causal association rule of thumb will lead to false in-
ferences, people generally reach useful, accurate beliefs by using the rule. Moreover,
our brains also provide us with the capacity to revise our initial conclusions based
on pertinent evidence. Were I to experience repeated gambling losses, despite wear-
ing my "lucky" tie, I might well decide that the tie did not cause my earlier good
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fortune. The ability to think through the logical consequences of our hypotheses
about what causes things to happen is not restricted to rocket scientists. Instead,
scientific procedures are used by peoples everywhere, albeit informally, to gain real
information about important causal relationships in the world around them.

So, for example, Andean farmers have long engaged in ceremonial practices that
determine when they will plant potatoes, their dietary staple. The farmers adjust
the planting time in relation to the apparent brightness of the stars in the Pleiades,
which the men observe around the time of the southern winter solstice, well before
potato-planting time. Although one might think that the whole business was simply
an exercise in superstition and mumbo-jumbo, in reality apparent star brightness
does vary relative to the presence or absence of high cirrus clouds in the night sky.
These clouds occur more often during El Nino years, which are associated with
periods of drought during the potato-growing season several months later [242].
By planting earlier during drought years, the farmers reduce the effects of the un-
favorable climatic changes linked with El Nino, and produce more potatoes than
they would otherwise in their drought-prone habitat. Here we have a fine example
of the ability of humans to detect causal relationships of the most subtle nature and
to use their scientifically derived information to make functional decisions about
matters of great economic importance.

Nor are Andean farmers at all unusual in this regard, as Robin Dunbar has
shown by reviewing examples of science in action from a variety of very different
cultures, including Australian aborigines and African Maasai, Fulani, Bambara, Po-
kot, and Turkana [111]. The Maasai, for example, have learned about the thermo-
regulatory consequences of the coat color of their cattle. Cows with dark hides are
less heat tolerant, require more water, and consequently have a reduced foraging
range. These factors cause them to be less productive at lower (hotter) altitudes,
something the Maasai know full well, which is why families that herd cattle at
lower elevations bias their herds toward light-colored cattle. As Dunbar points out,
it is irrelevant what theories, if any, the Maasai refer to when speaking of their
cattle-herding operations. What counts is the method they must have employed and
the method has to have been scientific. Herders must have noticed differences in
the productivity of cattle with different colored hides. They must have decided that
coat color caused these differences, and must have then predicted that the produc-
tivity of their herds would be improved to the extent that they could replace dark-
colored with light-colored cattle, if they happened to be herding in low, dry, hot
habitats. When they performed their informal tests, they liked the results, estab-
lishing the current preference for light-colored cattle in low elevation regions while
Maasai whose herds roam higher elevations in cooler habitats have learned to go
with dark-colored cattle, which as it turns out lose weight more slowly than their
paler companions in these regions.
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The logic of the scientific method surely pervaded the lives of our hunter-
gatherer ancestors, if the behavior of modern hunter-gatherers is any guide to the
past. The extraordinarily observant nature of these people is well known, as is their
ability to make accurate deductions based on scant evidence. Here is Elizabeth
Marshall Thomas writing about a small band of Bushmen in the Kalahari Desert of
southern Africa: "As they drank, Lazy Kwi found some Bushman footprints on the
little shore which were many days old, just dents in the hard sand, but after glanc-
ing at them once or twice he said they were the footprints of strangers, a man
barefoot, a woman in sandals, and a barefoot child, on their way to a place called
Naru Ni, somewhere in the west" (p. 181 in [306]).

When Thomas checked on whether the Bushmen she knew had it right when it
came to reading tracks accurately, she found that they did. Successful tracking de-
rives from the principles of science. The observer attempts to determine what
caused the spoor to have its distinctive properties, then produces a hypothesis,
whose predictions about where someone or something will be found can be tested
by success or failure in finding the person or prey in question, enabling the tracker
to assess the accuracy of the hypothesis and refine his ability to read tracks correctly.
The adaptive value of accurate tracking for hunters need not be spelled out.

Science and Politics

Dunbar argues that the logic of the scientific method characterizes all human so-
cieties, for the very good reason that persons using the approach learn some valu-
able things about the world that exists around them [111]. Real information can be
more than mildly useful in dealing with the real world. The evidence on this point
is not encouraging to relativist philosophy, which generates the unsupported pre-
diction that people in isolated cultures will invent their own distinctive social con-
structs without any underlying commonalities. You can be sure that postmodernist
alternatives to animal tracking would not be charitably received by the Bushmen.

Indeed, hard cultural relativists have come under fire from members of our own
society. Richard Dawkins clearly believes that these individuals are blatant intellec-
tual impostors "with nothing to say, but with strong ambitions to succeed in aca-
demic life" (p. 141 in [99]). The primary ticket to success in some cultural relativist
circles has been the ability to write academic papers filled with a special brand of
jargon. In 1996, Alan Sokal dished up his own version of same in a spoof entitled
"Transgressing the Boundaries: Towards a Transformative Hermeneutics of Quan-
tum Gravity," which he succeeded in getting accepted in Social Text, a leading jour-
nal in cultural relativist/social constructivist circles. Now you too can do the same
thing, if you wish, by accessing a "postmodernism generator" available on the web
at http://www.cs.monash.edu.au/cgi-bin/postmodern. The generator will spit out



86 Science and Reality

a unique 6,000-word article with the appropriate jargon and meaningless syntax
every time you visit the site. When I went surfing there, "my" article featured
subheadings like "Patriarchal Subcultural Theory and Postcapitalist Narrative."

But what about the apparently much more reasonable soft cultural relativist
position, which is rather more subtle and much more often applied in criticisms of
sociobiology? The idea is that since scientists are indisputably members of a par-
ticular society, their science is "embedded in cultural contexts" [148]. As the feminist
Anne Fausto-Sterling puts it, "Scientific knowledge is socially constructed and thus
will always be part of a power struggle which is fundamentally social, not biological
in nature" (p. 58 in [123]).

Soft cultural relativists often acknowledge that scientific findings are not based
solely on arbitrary cultural myths that scientists have invented out of whole cloth.
Thus, for Margaret Wertheim, "The claim is not that the laws of physics are mere
cultural constructs—that, for instance, the inverse square law of gravity could
change from one culture to the next. The thesis is rather that the entire world picture
described by contemporary physics—such as the view that time is linear or the
belief that reality is purely physical—is a culturally specific way of seeing" (p. 42
in [334]).

Few persons are likely to disagree with Gould, Fausto-Sterling, and Wertheim
that scientists live and work in particular cultures, but the real question for a sci-
entist at least is whether a "culturally specific way of seeing" is culturally skewed
and delusional or whether it is accurate. Accuracy matters. And when Gould
claimed that politics inevitably creeps into sociobiology because sociobiologists can-
not help behaving "like all good scientists—as human beings in a cultural context,"
he was at least willing to acknowledge that he meant that sociobiologists make
mistakes as a result. (His recent writings on the broad issue of science and social
construction are considerably more tortured and unclear on this point; see [153].)
But at least on occasion, Gould has been willing to argue that the cultural context
that applies to sociobiologists causes these researchers to unconsciously and unin-
tentionally adopt positions "historically taken by nativistic arguments about human
behaviour and capabilities—a defence of existing social arrangements as part of our
biology" (p. 532 in [148]). Interestingly, although Gould is a member of much the
same cultural environment as Wilson and other American evolutionary biologists,
he has happily avoided becoming an unconscious and unintentional promoter of
"existing social arrangements," which, Gould reminds us, are marked by sexism,
racism, social injustice, and the like. Perhaps Gould believes that people vary in
their susceptibility to cultural influences, with sociobiologists drawn primarily from
that segment of society especially prone to peer pressure from the defenders of the
status quo.

No sensible person argues that scientists are immune to the influences of their
culture. My colleagues at Arizona State, for example, usually wear basically the
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same kind of khakis and plaid or blue shirts. We speak the same jargon, we are
eager to publish in journals that our colleagues respect, and we complain, in similar
ways about certain disappointments of teaching and salary. Societal pressures have
a variety of effects on the research we do because most of us are very much aware
of what is considered cutting-edge science and what is considered old-fashioned,
what kind of work is likely to be funded and what is not, and so on. Science is a
profoundly social activity and the history of scientific development is full of interest
for us all. But are the hypotheses scientists develop, the data we collect, and the
conclusions we reach and present in print so consistently skewed by particular
cultural or societal influences as to lead us and our readers to accept falsehoods on
a regular basis?

Persons who believe the answer to this question is yes can indeed point to
examples in which social pressures and ideological influence have distorted the
work of some persons claiming to be scientists, sometimes spectacularly so. Let's
consider one rather obscure case of this sort [101] and one much better known
example [282]. The less familiar case involves the Swiss-born biochemist Emil Ab-
derhalden, who published more than 1,000 research papers and several books be-
fore his death in 1950. Abderhalden achieved considerable fame in German aca-
demic and medical circles around 1914 as a result of his claim to have discovered
specific defense enzymes that supposedly attacked and destroyed foreign proteins
such as those produced by infectious bacteria and by the placenta in pregnant
women.

Were there such enzymes, their presence would permit early detection of preg-
nancy as well as offering a quick diagnosis of various diseases. The obvious prac-
tical implications of Abderhalden's "discovery" resulted in intense interest in de-
fense enzymes and how to identify them. Many medical and biochemical
laboratories investigated the phenomenon and Abderhalden himself, as an increas-
ingly powerful university professor, acquired numerous collaborators who dedi-
cated themselves to refining and expanding the practical applications of defense
enzymes.

Some researchers, however, failed to replicate Abderhalden's findings and at
least one German biochemist early on concluded that the professor's findings were
dead wrong. The reaction against this claim was fierce, so much so that Abderhal-
den's critic found his career in jeopardy, leading to his eventual departure from
Germany. Other biochemists continued work on defense enzymes in Germany until
1950, when so much evidence against their existence had accumulated that the topic
was dropped.

The interpretation of this story according to Ute Deichmann and Benno Miiller-
Hill is that Abderhalden's "discovery" of defense enzymes was obviously fraudu-
lent, but by dint of his high position and reputation gained in other research en-
terprises, he was able to fool some biologists into accepting his findings while
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enlisting the aid of various other researchers in perpetuating the deception for more
than three decades [101]. The moral that Deichmann and Miiller-Hill derive from
this chapter in scientific history has to do with the ease with which scientists can
be seduced into making false findings in order to advance a career or to acquire
employment in the lab of a leading researcher.

Not everyone agrees that Abderhalden was an outright fraud, since self-
deception may have had a role to play in the affair. But even if we accept the
argument that he cooked up a phony discovery, we could derive a different moral
from the history of "defense enzymes." Right from the get go, some German sci-
entists were willing to disagree strenuously with Abderhalden, despite the profes-
sional risks involved. Moreover, outside Germany, the notion of defense enzymes
was discarded by the 1920s on the basis of assorted experimental tests. The fact
that many German biochemists accepted an incorrect, and possibly fraudulent, view
until 1950 may conceivably have had something to do with their relative isolation
during the period, which was book-ended by two world wars. But even in Ger-
many, scientists eventually came to reject Abderhalden's position. Therefore, we can
conclude that false findings, even those advanced by respected, influential scientific
leaders, will sooner or later be shown to be false and the verdict will be accepted
by most working scientists. This process will occur faster in active research disci-
plines that attract many investigators.

I believe we can derive the same moral from a much better known case of
unambiguously fraudulent research, this one involving the Russian "geneticist" Tro-
fim Denisovich Lysenko. Lysenko believed in a bizarre form of Lamarckian theory
in which the environment and even human willpower could generate adaptive
changes in the heredity of wheat, the better to boost crop production [282]. Lysenko
never tested his claims in a rigorous manner. Such numerical data as he did provide
were derived from those of his small sample of field trials that happened to produce
results congenial to his views. Negative outcomes were not reported. And yet in
large measure because of the congruence of his theoretical notions with ruling
Marxist dogma he rose to positions of power, including director of the Institute of
Genetics, where he was able to force skilled professional geneticists in Stalinist
Russia to become Lysenkoists or else be sacked, imprisoned, even shot.

Again, one possible conclusion to be drawn from this sad history is that scientific
findings are the arbitrary products of the culture to which scientists belong and the
social pressures they experience (or succumb to). But on the other hand, the "find-
ings" that Lysenko and his cronies imposed on others were soon universally re-
jected. Scientists evaluate hypotheses on the basis of concrete evidence and by this
standard Lysenkoism did not cut the mustard, in part because others became aware
of the agricultural shortfalls that resulted from Lysenko's ideologically based pseu-
doscience. As a result, Lysenkoism has unequivocally been consigned to the trash-
can. No Russian Lysenkoists still promote this brand of genetics today nor do we
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in the United States have a free-market version of genetics while researchers in
Argentina use their own Latin American variety.

The key point is that on most issues of importance scientists vary in their social
and political influences, and in their theoretical orientation, so that uniformity of
culturally skewed opinion rarely, if ever, occurs in science. Some Russian geneticists,
some of them members of the Communist Party at the time, were willing to put
their lives on the line in challenging Lysenkoism on evidentiary grounds [282].
When there are differences of opinion on the validity of competing explanations,
scientists eventually reach a consensus by relying primarily on repeated use of the
formula "hypothesis-prediction-test" in order to sort out which conclusion is likely
to be right and which others can be safely discarded. As a result of this collective
self-correcting process, Lysenkoism will not resurface.

Once again, the goal of science is an accurate understanding of the causes of
natural phenomena. Yes, the culture of a scientist provides him with all sorts of
information, traditions, attitudes, and ways of thinking. Yes, Darwin (for example)
was a member of the upper classes in Victorian England, a ruthlessly capitalistic
society at the time. Yes, the capitalist philosophy of the upper strata sanctioned the
heartless weeding out of the unsuccessful from the successful in manner analogous
to the process of natural selection. Yes, Darwin surely absorbed some aspects of
capitalist philosophy from his immersion in his society, and it is conceivable that a
knowledge of these things casts some historical light on why the theory of evolution
by natural selection came into being when it did and where it did.

But isn't the bottom line whether or not natural selection theory is correct? Let
us accept as possible the idea that Darwin's thinking about natural selection was
influenced by capitalist thought in the sense that capitalism provided some useful
analogies or metaphors that influenced Darwin when he was working out the mech-
anisms of evolutionary change [111]. To the extent that historians of science are able
to document this point, we can learn something of interest. But can't we also ask
whether Darwin's science was right or wrong? To be accepted by his fellow sci-
entists, his theory had to withstand repeated scientific challenges. If, for example,
biologists had shown that hereditary variation really was not a feature of almost
every species known to man, the parallels between natural selection theory and
capitalist dogma would not have done Darwin any good. His theory would have
been pushed aside on the basis of the evidence against it no matter how consistent
the theory was with any culturally sanctioned ideology.

Note also that Alfred Russel Wallace independently produced essentially the
same theory at the same time as Darwin, despite the fact that he was not a member
of the ruling classes in Great Britain but an impoverished naturalist scraping out a
living by collecting specimens in Borneo for shipment back to England. The ability
of two persons of such different backgrounds to generate fundamentally the same
explanatory theory ought to engender a certain amount of caution within the "cul-
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ture subverts science" camp. Moreover, Michael Ruse had no trouble demonstrating
that ever since Wallace and Darwin, evolutionary theory has been steadily im-
proved, that is made ever more accurate, thanks to the increased scientific objectiv-
ity that comes from the skeptical scrutiny provided by competing researchers [272].
Scientists do not typically treat the ideas of their colleagues with reverence but
employ the logic of scientific analysis to test and retest each other's hypotheses,
often taking considerable pleasure in demonstrating flaws in another person's work,
perhaps because to do so is to gain social status within the scientific community.
Indeed, the beauty of the scientific method lies in part in the rule that requires
scientists to specify in their research reports exactly what methods they employed
so that others can replicate their procedures independently, if they wish. This rule
acts as a constraint against conscious deception of others. Cases of self-deception
are dealt with when others fail to secure independent confirmation of results that
researchers falsely convinced themselves were correct.

As for sociobiology, Gould's argument that its practitioners operate in a "cultural
context" is only important in terms of science if it can be shown that this "cultural
context" causes sociobiologists to reach conclusions that are not defensible when
viewed from some other, more dispassionate perspective. But since all scientists,
according to Gould, operate within a cultural context with the supposed potential
to prevent rational objectivity, then no one, not even Gould, is really capable of an
unbiased "scientific perspective." If this were true, we would be right back where
we started from, namely the hard cultural relativist position that denies the possi-
bility of accurate assessment of anyone's claims. If you really believe in this position,
you should be walking instead of flying in 747s and you should be using a pencil
instead of a computer because you have no reason to trust the accuracy of the
thousands of scientific conclusions that underlie the construction of operational air-
planes and functional computers.

For those of us who prefer to fly to Detroit rather than walk, it makes infinitely
more sense to rely on the self-correcting nature of science to clean up scientific
inaccuracies. The inherent logic of the scientific test, and the technological results
based on past tests, enable us to reject the claim that the indisputable social nature
of science means that there are no objective ways to evaluate the accuracy of a
scientific hypothesis. Gould and others have provided ample motivation to fellow
scientists of like mind to reexamine and retest the hypotheses of sociobiologists that
strike them as flawed. Moreover, the fact is that sociobiologists are themselves no
monolithic brotherhood sworn to uphold the validity of each other's conclusions
but rather a moderately diverse collection of researchers, male and female, with
assorted viewpoints and backgrounds. Many sociobiologists would be delighted to
derive the advances in status that come in science to those capable of convincingly
overthrowing established wisdom or even nonestablished wisdom. The sociobiol-
ogical literature is full of healthy debates, letters to the editors, claims that so-and-so
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failed to consider this-and-that when engaged in such-and-such research. After all
it was Power and Doner, two sociobiologists, who first used science to evaluate
Barash's work on male aggression around the nest in the mountain bluebird.

Twenty years passed before Lysenkoism ran its course in Stalinist Russia [282];
surely if sociobiology were even remotely as misguided and ideologically driven,
scientific evidence for its general dismissal would have been gathered in the years
that have passed since Lewontin and Gould raised the red flag of alarm about the
discipline. This has not happened. Specific sociobiological hypotheses have been
advanced, tested, and rejected, as happens in any field of science, but the basic
approach continues to be employed by an ever greater number of researchers. Why?
Because using evolutionary theory to generate testable hypotheses about social be-
havior works, as is clear from the exponential increase in discoveries about social
behavior made by biologists since the 1970s. We will review a sampler of these
findings in the next chapter.
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What Have Sociobiologists
Discovered?

The Value of Counting Genes

For some time now, sociobiologists have been trying to figure out how natural
selection might have been responsible for the evolutionary spread or maintenance
of particular traits. As sociobiologists have examined social behavior from this per-
spective, they have uncovered no end of worthy puzzles—complex, apparently
well-designed attributes of individuals that seem nevertheless to have major repro-
ductive disadvantages. How could such traits spread or remain in species when the
genes associated with their development would seem to have been selected against?
These Darwinian questions provide challenges for evolutionary researchers, who
gain social rewards from their fellow scientists if they can answer the questions
convincingly. In this chapter I provide a few examples of the kinds of Darwinian
puzzles that have been solved by sociobiologists working on organisms other than
humans. In later chapters we will explore some sociobiological conclusions about
our own species.

I claimed earlier that George C. Williams deserves primary credit for the revo-
lution in evolutionary biology that led to the emergence of sociobiology as an active,
vibrant discipline. His contributions were partly corrective in the sense of removing
group-benefit selection theory as the basis for evolutionary hypotheses while re-
storing Darwinian individual-level selection to its rightful place of preeminence.
Williams used logic to convince others that the evolution of few, if any, traits was
likely to have been caused by selection for species preservation. Instead, most, if
not all, complex, well-designed attributes were much more likely to have the
evolved function of getting copies of the special genes of individuals with those
attributes into the next generation.

Once Williams had persuaded his academic colleagues of this position, his ar-
guments did more than prevent the casual acceptance of group-benefit hypotheses
for elements of animal social behavior. Williams's logic also stimulated many bi-
ologists to use natural selection theory rigorously in an attempt to explain animal
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behavior (and many other aspects of biology as well). As a result, behavioral re-
search changed dramatically in the 1970s and 1980s as first documented by Richard
Dawkins in his classic book, The Selfish Gene [93].

Before Williams, the field of animal behavior had been dominated by the Eu-
ropean ethologists, led by Niko Tinbergen, Konrad Lorenz, and Karl von Frisch.
These men, their colleagues, and others made many notable discoveries as a result
of studying the behavior of free-ranging insects, birds, fish, and mammals. In 1973,
Tinbergen, Lorenz, and von Frisch received the Nobel Prize in medicine, not in
evolutionary biology (a discipline not recognized by the Nobel Prize Committee).
Although many ethologists were interested in the evolved basis of behavior, most
of their important work, much of it done between 1935 and 1950, had to do with
the mechanisms controlling behavior, especially the mechanisms underlying instinc-
tive behavior patterns. In other words, much of ethology dealt with the proximate
side of behavior (chap. 1), and it was this component that the Nobel Prize Com-
mittee honored when they bestowed the prize on Tinbergen, Lorenz, and von
Frisch.

The ethological influence on the study of behavior can be seen in the over-
whelming focus on proximate concerns in behavioral research prior to the publi-
cation of Sociobiology. The primary journal of behavior researchers prior to 1975,
and still one of the best, is unimaginatively called Animal Behaviour. I recently pulled
the 1970 volume off my shelf and analyzed its content. Representative articles on
reproductive behavior included the "Role of a Volatile Female Sex Pheromone in
Stimulating Male Courtship Behavior in Drosophila melcmogaster" and "Ovarian Hor-
mones and Female Sexual Invitations in Captive Rhesus Monkeys." These studies
were purely proximate in their orientation because they were concerned solely with
the immediate physiological causes of male courtship and female sexuality, respec-
tively. And this was the goal of the very large majority of the papers on reproduc-
tion and sexual behavior that had been accepted by the journal that year (tab. 6.1).
In addition to the proximate papers, the journal contained several largely descrip-
tive articles on sexual behavior that did not delve into either the proximate or
ultimate basis of the actions the authors had observed. Only a single paper dealt
with the subject of mate choice from an ultimate perspective, and this one article
concerned itself with whether differences in courtship had evolved in separate pop-
ulations of a species of lizard in response to geographic differences in lifespan and
aggression levels.

In contrast, the thirty-seven articles on sexual behavior in the 1995 edition of
the journal dealt primarily with evolutionary questions, especially those dealing
with adaptive mate choice. Moreover, these papers focused not on the benefits to
females of recognizing members of their own species, but rather on the reproductive
gains that females secured from selecting particular males from within their own
species. Thus, a paper entitled "Female Choice, Parasite Load, and Male Ornamen-
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Table 6.1.
Articles on sexual behavior in the journal Animal Behaviour, 1970,1995

Year

1970
1995

Number of
articles

25
37

Purely proximate
articles (total)

18 (72%)
6 (16%)

Proximate articles on
sensory and hormonal

mechanisms

11 (44%)
0

Adaptive basis
of mate choice

1 (4%)
20 (54%)

tation in Wild Turkeys" examined whether males endowed with certain kinds of
larger-than-average bizarre fleshy protrusions about the beak might have relatively
few parasites. If so, the choosy females who preferred these well-ornamented males
might benefit in several ways, such as avoiding picking up parasites from a sexual
partner or, alternatively, receiving sperm with "good genes" that could provide
offspring with improved resistance to various parasitic organisms.

Remember that ultimate questions are not more important than proximate ones,
only different [11, 286]. My point in contrasting the research in the 1970 and 1995
issues of Animal Behaviour is not that behavioral researchers gradually figured out
that proximate questions could be discarded in favor of ultimate ones. Rather, the
pattern reflects the discovery of a host of questions that behavioral biologists had
simply overlooked before they adopted the adaptationist approach to evolutionary
issues. The change came about as more and more researchers were exposed to and
accepted the main message in Adaptation and Natural Selection. The ethologists op-
erating in the pre-Williams era did not have the benefit of the message. Thus, when
they dealt with evolutionary questions, they often employed the kind of species-
benefit analyses that were shown to be illogical by Williams. For example, Lorenz's
book, On Aggression, published in this country in 1966, is explicitly group selec-
tionist in its theoretical orientation. When discussing the adaptive value of fighting
within a species, Lorenz writes, "Darwin had already raised the question of the
survival value of fighting, and he has given us an enlightening answer: It is always
favorable to the future of a species if the stronger of two rivals takes possession
either of the territory or of the desired female" (p. 27 in [207]).

Lorenz does not tell us where in Darwin's writing he is supposed to have pro-
vided this "enlightening answer," and I suspect that what we have here is Lorenz's
interpretation of what he thought Darwin would have to say about the matter.
Certainly, today's Darwinian biologists do not propose that fighting has evolved
because of its future benefits to the species as a whole. Instead, the logic of natural
selection requires hypotheses about behavior to focus on the possible benefits to
individuals, not their species. In order to explain why males fight with one another,
a Darwinian imagines how reproductive rewards might be gained by individuals
willing to mix it up with opponents. But this kind of approach to aggression is
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never explored by Lorenz, who devotes his entire book to discussions of how the
survival of a species might be advanced by fighting among its members, whether
this be through improvements in the genetic stock of the species or through the
avoidance of overcrowding and consequent resource depletion [207].

Once Williams and others had disposed of the simplistic species-survival ap-
proach, researchers started to look for and find things they had never considered
previously, namely that individuals were competing for genetic success rather than
forming a grand alliance designed to further the interests of their species. That such
a "self-benefiting gene" approach turns the group benefit perspective on its head
can be seen very clearly in W. D. Hamilton's analysis of the extreme altruism ex-
hibited by sterile workers in colonies of highly social insects. Hamilton's work pre-
ceded the publication of Adaptation and Natural Selection, but it is safe to assume
that Williams's review made many others aware of the research and its great sig-
nificance sooner than they would have otherwise (since Hamilton's papers ap-
peared in a highly technical journal of limited distribution).

Hamilton's truly Darwinian perspective made the sterility of worker ants, bees,
and wasps much more puzzling to him than if he had been a species selectionist,
in which case he could have assumed that the workers were acting in the best
interests of their species by, for example, deferring reproduction in favor of more
suitable individuals. As we noted earlier, Darwin himself knew of the challenge to
his theory posed by the existence of sterile workers. His answer was that because
workers operated within colonies of family members, their sacrifices presumably
advanced the survival and reproductive chances of those relatives who were able
to reproduce, thus perpetuating the lineage to which they belonged in competition
with other lineages.

Hamilton improved on Darwin's tentative answer by thinking about the poten-
tial genetic consequences of extreme altruism, something Darwin could not do be-
cause he knew nothing of genes and their developmental effects. If sterile workers
labor on behalf of close relatives, who do have the capacity to reproduce, then the
efforts of the sterile altruists might result in the survival or improved reproductive
success of these close relatives. If this were to happen, the workers would be re-
producing by proxy through their surviving siblings or other relatives. The genes
they shared in common with the reproductively competent members of the colony
could become more heavily represented in their species, despite the fact that some
sterile carriers were unable to propagate these alleles by reproducing them
personally.

Hamilton pointed out that the unusual method of sex determination in the Hy-
menoptera, the ants, bees, and wasps, meant that sisters could potentially share 75
percent of their genes in common, unlike most species in which siblings share only
50 percent of their genes on average. The 75 percent figure comes into play because
male Hymenoptera are haploid. That is, they have just one set of genes because
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they are the developmental product of an unfertilized egg. In contrast, females are
diploid with two sets of genes, one set donated by the mother in her egg and the
other coming from the father's sperm. Imagine what happens when a queen ant
mates with just one male, storing just his sperm for later use in fertilizing those
eggs destined to become her daughters. These offspring will have two sets of genes,
but the paternal set will always be the same, making sisters 50 percent genetically
identical right from the get go. Because the maternal set of genes given to any
daughter is drawn from the mother's double set, daughters do not receive identical
genes from the maternal side. But they will by chance share on average half of the
maternal genes they receive. The result is an average genetic relatedriess among
sisters of 75 percent (25 percent of which is maternal in origin and 50 percent of
which derives from their father's genes).

Hamilton noted that if a sterile worker ant and her reproductive sisters shared
on average 75 percent of their genes, instead of the standard 50 percent, the genetic
benefit of an altruistic act was increased dramatically compared to sibling altruism
in most other organisms. In other words, if a worker ant does things that result in
the salvation of four reproductively capable sisters who would have otherwise died,
the self-sacrificing sterile worker has indirectly kept three copies of a rare family
allele "alive," giving the bearers of the allele a chance to perpetuate their special
genetic heritage. In contrast, in a typical organism in which both males and females
are diploid and therefore make sperm and eggs in the usual manner, a self-
sacrificing individual that saves four siblings would on average preserve only two
copies of a rare family allele (fig. 6.1).

Hamilton's theory of altruism was designed to explain why worker sterility has
repeatedly evolved within the Hymenoptera but is very rare outside this group.
More generally, the gene counting approach that he used leads to a fundamental
evolutionary prediction: self-sacrificing behavior will usually be directed toward
individuals of close genetic relatedness and most certainly will not be distributed
in a random or generalized fashion to all members of one's species. This prediction
has been robustly supported by observations throughout the animal kingdom; So-
ciobiology contained considerable evidence on this point since even by 1975 research-
ers had learned that altruism was not practiced indiscriminately.

More data have arrived every year since 1975, largely confirming the predicted
pattern, namely, that families are almost always the setting for the really extreme
cases of self-sacrifice, such as those involving effectively sterile individuals who
sometimes give their all in suicidal defense of their group. Spectacular examples
include the wonderfully bizarre naked mole rats of Kenya, Ethiopia, and Somalia,
the closest thing to an ant colony found to date among the vertebrates (fig. 6.2).
These small, nearly hairless, pink, vaguely obscene-looking creatures live in under-
ground bunkers linked to a complex network of tunnels constructed by nonbreed-
ing workers, which constitute the great majority of the colony. In a typical group
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Haplo-Diploid Species

Figure 6.1. Females in haplo-diploid species who share the same father have an unusually high
probability (three chances in four on average) of sharing a rare allele (a) with their sisters. Members
of diploid organisms have just two chances in four on average of sharing a rare allele with a
sibling, a fact that has implications for the evolution of altruism toward relatives in the two kinds
of species.

of seventy to eighty individuals, only one female reproduces in consort with up to
three males. All the others labor on behalf of this tiny minority, sometimes marching
off to their death in confrontations with predatory snakes that invade the colony
burrows. Should a "worker" mole rat die repelling a deadly snake, it will expire in
the service of very close relatives, inasmuch as genetic analyses have shown that
colonies are composed largely of siblings, the offspring of the ruling reproductives.
Furthermore, the degree of genetic relatedness within colonies is unusually high
apparently because inbreeding may occur among brothers and sisters or mothers
and sons, a practice that results in increases the likelihood that offspring will share
the rare alleles of their parents, which are themselves genetically similar [168, 287].

Likewise, when suicidal self-sacrifice occurs in insects outside the Hymenoptera,
the beneficiaries are generally closely related to the suicides, indeed they may be
genetically identical to them. For example, heroic soldiers have evolved in various
groups of aphids, typically those in which a foundress female parthenogenetically
produces a mass of daughters who live with her in a hollow plant gall produced
in some way by the foundress. Because the daughters are carbon copies of their
mother, the young females are genetically identical to their mother and to all their
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Figure 6.2. Naked mole-rats are an unusual vertebrate species in which underground colonies
consist of a queen, kings, and many essentially sterile helpers at the nest. Photograph by Jennifer
Jarvis.

siblings. Some of these genetic replicates develop in a highly distinctive manner,
growing more powerful grasping legs and shorter, thicker beaks than their colony-
mates (fig. 6.3). When a predatory insect shows up at the gall entrance, these mini-
Amazons move toward the enemy in order to grab and stab. Even if they survive
their first encounter with a predator, they will never resume the developmental
trajectory toward adulthood, but instead will die sooner or later without reproduc-
ing. But the martyrs' capacity to defend their more delicate gallmates against aphid
killers improves their sisters' chances of reaching adulthood, when they will have
a chance to perpetuate the same genes present in the bodies of their deceased soldier
relatives.

Gene Counting and Biased Altruism

The scientific beauty of the gene-counting approach extends far beyond the basic
prediction that altruists will tend to help their relatives. For example, a more subtle
expectation about the nature of interactions in family groups is that, all other things
being equal, social altruists should give more assistance to those relatives who share
the most genes with them. This prediction was first tested by Robert Trivers and
Hope Hare about a decade after the key publications of Hamilton and Williams
[322]. In their paper, which began with reference to Hamilton's pioneering work,



Figure 6.3. Sterile soldier aphids that are capable of sacrificing themselves in the defense of their
siblings, which are genetically identical to them. The soldiers with their more massive grasping
legs and piercing proboscis appear on the left; each is matched with a nonsoldier that has the
capacity to become a reproducing adult. From [298].
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Trivers and Hare pointed out that in a colony of social Hymenoptera, the genetic
interests of the workers and the queen(s) are not necessarily identical. When a queen
makes an egg, she donates half her genome to each of her offspring, whether a son
or a daughter. Thus, she gains equally from the production of reproducing sons
and daughters. In contrast, from the standpoint of a worker, sister queens-to-be
provide a greater genetic payoff, albeit an indirect one, than drone brothers because
a worker has up to 75 percent of her genes in common with a future queen but
only 25 percent of her genes are shared with a brother (because brothers do not
have the paternal genome present in every sister but instead receive genes only
from their mother and then only a randomized half of the maternal set).

The implications of these calculations are great for persons, such as Trivers and
Hare, who view evolution as a game among unconsciously competing genes, a
game that determines which alleles are "selected for" and which will disappear.
The relatedness figures tell us to expect workers to favor future queens over future
drones. In the social insects, especially those with large colonies, workers exercise
direct control over the rearing of the queen's brood. They therefore have the op-
portunity to kill some brothers outright or to feed their sisters but starve their
brothers and thereby skew the sex ratio of the brood toward their sisters—and their
genes.

Thus, by virtue of having taken a "self-benefiting gene" perspective, Trivers and
Hare uncovered a novel prediction, namely, that the colonies of social insects would
tend to invest more in future queens than in future kings (drones). To see if this
were so, they collected data on the total weights of queen and drone brood from
various ants, social bees, and social wasps. As predicted, these data indicated that
the colony-wide investment in reproductive individuals tended to be heavily
weighted toward sisters of the workers with brothers shortchanged by comparison
[322].

This study did not provide the last word on the subject. Debate arose on the
adequacy of the weight measurements gathered by Trivers and Hare, some of which
closely matched the predicted 3:1 ratio of investment expected if workers regulate
the production of reproductive brood, some of which did not. One of the possible
reasons why there may have been so much apparent noise in Trivers and Hare's
data set has to do with the occurrence of multiple-mating by females of some spe-
cies of social Hymenoptera. When a female accepts sperm from two males, instead
of one, some of her daughters will receive one paternal gene set while others will
have the other set of paternal genes. Those daughters that have different fathers
will have nothing in common genetically with respect to the paternal component
of their genome, a fact that has profound significance for the average genetic relat-
edness among workers in an ant or wasp colony. The percentage of shared genes
in half-sisters falls to 25 percent, so that two half-sisters are no more closely related
than they are to their brothers.
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What sociobiological prediction follows from this round of gene calculations? In
a colony founded by a female that mated with more than one male, workers are
predicted to invest equally in their brothers and sisters (on the assumption that
they cannot distinguish between full sisters and half sisters). Liselotte Sundstrom
and her coworkers took advantage of the fact that in the European wood ant Formica
exsecta some females mate with a single partner while others copulate with several
before settling down to form a colony [299]. In this kind of ant species, we can
predict that once-mated females should produce workers that favor their sisters, if
workers can tell how many times their mother has mated, whereas multiply mated
queens will preside over colonies whose workers should not skew the sex ratio
toward future queens. In fact, the actual outcome matches the predicted one (fig.
6.4). Workers can selectively eliminate offspring destined to become their brothers
through neglect or outright destruction, but they do so only in colonies headed by
a monogamous female. In some way, worker ants can determine the mating status
of their mother, and they can adjust their behavior accordingly, thereby increasing
the chance of propagating their particular genes. No one would have ever looked
for such a thing if they had not been educated by Hamilton and Williams.

The extent to which the gene-counting or genetic selectionist approach alerts
scientists to otherwise completely unexpected phenomena is illustrated by the re-
cent discovery of a genetic reason why only certain kinds of queens are permitted
to reproduce in the large, multi-queen colonies of the red fire ant Soknopsis invicta
[182]. This species is one in which groups of queens coexist within a single colony,
with newcomers sometimes permitted to join established groups of egg-laying
queens—but only certain kinds of newcomers. In fact, all the surviving additions
to the egg-laying community within red fire ant colonies have exactly the same
genotype with respect to a gene called Gp-9.

The gene comes in two forms, alleles B and b. Only queens with a copy of each
of the two types of allele, the Bb genotype, are present in the colony's breeding
pool. So what happened to queens with the bb and BB genotypes? As it turns out,
females that happen to have the bb genotype do not live long enough to reproduce.
One would think that the steady removal of these individuals would quickly elim-
inate the b allele. However, adult queens with the BB genotype also fail to repro-
duce, but not because of an intrinsic physiological defect. Instead, when these in-
dividuals enter a colony in search of a breeding position, they are set upon by mobs
of workers, who pull them limb from limb. The executioners have the genetic con-
stitution Bb; those workers with the BB genotype do not join in the lethal assault.
In other words, workers with the b allele can tell whether a queen is a fellow carrier
or not, almost certainly because carriers of the allele have a distinctive odor, and
they use this information to destroy those queens who are not part of the b allele
sisterhood, an action that is very much in the best interests of the b allele, which
is transmitted to the next generation in some of the eggs of surviving queens [182].
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Figure 6.4. The proportion of the reproductive brood that is female in colonies of the ant Formica
exsecta whose queens had mated just once (white bars) versus that for colonies whose queens had
mated with two or more males (black bars). The results support the hypothesis that Avorkers bias
the sex ratio of their mother's offspring in a way beneficial to the workers' genes. From [299].

In other words, if we want to understand why, in evolutionary terms, social
organisms behave the way they do, we have to consider the competition that occurs
within these complex societies, a competition that is fundamentally between differ-
ent forms of genes. The consequences of this competition can potentially be mea-
sured in changes in allele frequencies within the species. Note again that the socio-
biologists' interest in genes arises because changes in allele frequencies drive
evolution and not because Sociobiologists must determine precisely how a genetic
difference between individuals produces physiological differences that cascade into
differences in social behavior. As mentioned previously, this fascinating and worthy
problem belongs to those geneticists and developmental biologists who tackle the
proximate causes of behavior.

Gene Counting and Sexual Behavior

Once a gene-counting or self-benefiting gene perspective was adopted, researchers
began to look for and find things that no one had considered before modern evo-
lutionary theory informed their research. And the utility of the approach extends
to a host of situations that do not involve extraordinarily social species such as ants
with their integrated colonies of hundreds, thousands, or even millions of members.
For example, the Williamsesque view of things has greatly enriched the analysis of
sexual behavior, much of it relatively simple social behavior in that it usually in-
volves only a few players. Thanks to Williams, Sociobiologists started to look for
genetic competition among the players in the sexual arena and they began to find
it in, for example, the enthusiasm for extra-pair sexual activity in supposedly mo-
nogamous songbirds (chap. 4). Within a decade of the publication of Adaptation and
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Natural Selection, this approach was on the way to completely replacing the once
dominant perspective that sex was a fundamentally benign, cooperative venture
designed to perpetuate the species.

Thus, in 1970 G. A. Parker made his fellow biologists aware that a male that
had mated with a female might not gain fitness benefits from the sexual encounter.
His article "Sperm Competition and Its Evolutionary Consequences in the Insects"
considered what would happen if a female chose to copulate with two males within
a short period [247]. Thanks to his gene-counting perspective, Parker realized that
the sperm of the two (or more) males mating with the same female would come
under intense selection to be the sperm that actually fertilized any mature eggs the
female had in her possession. Any attribute that enabled a male's sperm to win the
competition to fertilize eggs in the environment created by females who mated with
several males was an attribute that should increase in frequency.

One powerful way to help one's sperm win the competition to fertilize a female's
eggs would be to keep the female from receiving another ejaculate, in other words
to guard her against sexually active rival males. Parker realized that this might be
the reason why males of various insects remained in close association with their
mates after they had inseminated them. On the face of it, staying with an already
mated female provides a classic Darwinian puzzle, because the solicitous males
seem to be getting nothing for something. In many species of insects, the male does
not pass any more sperm to his partner but instead just hangs around during which
time he loses opportunities to find additional mates. The dragonflies and damsel-
flies of ponds, streams, and lakes offer numerous examples of this phenomenon,
with males of many species staying with their mates for an hour or more after all
sperm transfer has been completed, apparently sacrificing their genetic success
while being companionable. One would think that the faithful companion type of
male would be quickly replaced by an hereditarily distinct alternative, namely,
males that remained with their partners just long enough to transfer the optimal
quantity of sperm before they were off to contact additional receptive females.

Consider the damselfly Hetaerina vulnerata, an attractive species with bright red
wing patches that has entertained me for many summer hours in the Chiricahua
Mountains of southeastern Arizona [7]. Along Cave Creek, males defend territories
several meters in length, chasing rivals away while waiting for a female to fly down
to the water from nearby vegetation. When a female visitor passes overhead, the
resident male darts up to catch her on the fly, eventually grasping her with special
claspers at the tip of his abdomen. The pair then sail forward in tandem to an
exposed rock or fallen branch in the shallow stream. There they perch while the
female twists her abdomen about to make contact with a special structure on the
underside of the male's abdomen near the thorax. The male has already moved a
droplet of sperm from his testes in the tip of his abdomen to this odd intromittent
organ, which enters the female when she couples with her mate. After copulation
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is complete, which takes a few minutes, the female disengages from the male's
abdominal "penis," but the male does not release her (fig. 6.5). Instead, he flies off
in tandem with his now inseminated companion, leading her along the stream while
still holding on to her thorax with his adept claspers.

From time to time, the pair lands near the water and sooner or later the perched
female begins to pull her mate backward as she tries to enter the stream. As she
submerges, the male finally releases her but he does not return immediately to his
territorial perch, which he may have left far behind in the course of the pair's
tandem wanderings. Instead, he remains glued to the spot where his partner sep-
arated from him while she pulls herself along underwater in search of places in
which to lay her eggs (fig. 6.6). Sometimes the male is still present twenty, thirty,
or forty minutes later, when the female crawls back to the surface and pops free
from the water. If so, her faithful companion will usually fly up and clasp the female
once again, before resuming their tandem journey along the stream to yet another
site that the female may find suitable for egg laying.

Parker had a possible solution for the evolutionary dilemma posed by insects
like my Arizonan damselfly, whose males seem, at first glance, to be making a

Figure 6.5. The damselfly Haeterina vulnerata is one of many species in which males sacrifice
opportunities to find more copulatory partners in order to accompany a previous mate. A pair in
tandem after copulation has been completed; they will search together for a suitable egg-laying
site.



Figure 6.6. While the female H. vulnerata lays her eggs underwater, the male damselfly remains
nearby, waiting in case she should emerge before having exhausted her clutch of mature eggs.
Drawing by Marilyn Hoff Stewart, from [307].
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genetic mistake. What if mated females that lacked a consort were to mate again?
What if the females were to use the sperm of the last sexual partner to fertilize their
eggs? Under these circumstances, a male that was quick to depart after copulating
might well leave few or no descendants since his partners might find or be found
by new males whose sperm would take precedence in the egg fertilization sweep-
stakes. Given these rules of the genetic game, males that remained with their mates
for a time could guard them against competitors, and in so doing, could increase
the odds that their sperm would be used to fertilize eggs, a precondition for leaving
descendants.

Parker proposed therefore that reproductive competition among males did not
focus exclusively on gaining access to females but could often continue in the form
of a contest among the sperm of rival ejaculates for access to the same eggs. Under
some conditions, males skilled at sperm competition would leave more descendants
endowed with their special genes than Casanova types who were better at copu-
lating with many females, but not as good at fertilizing many eggs.

Parker tested his sperm competition hypothesis with the evidence available at
that time by showing that "mate guarding" was indeed consistently practiced by
males in species whose females retained their sexual receptivity after mating, just
as one would predict. For example, in many (but not all) damselflies and dragon-
flies, females that have copulated with one male are entirely able and willing to
mate again, even a short time later. Thus, females of the damselfly H. vulnerata that
emerge from the water but are not recaptured by their waiting males (because these
have been forced to leave the area when discovered and attacked by other males)
will readily copulate with new partners, if they still have some unlaid eggs to
deposit elsewhere.

The allied prediction that multiply mated female insects will fertilize their about-
to-be-laid eggs primarily or exclusively with the sperm of their most recent partner
requires information on the effects of mating order on fertilization success. When
Parker wrote his paper, limited data available from five orders of insects indicated
a substantial fertilization advantage for the last males in the mating queue. In the
years since, many other researchers have generated a wealth of relevant data on
the subject. The general rule is that, yes, in species whose males appear to guard
their mates against rivals, the last sperm in tend to be the only or the predominant
sperm when it comes to fertilizing eggs. The means by which this outcome is se-
cured vary from group to group, not surprisingly since sperm competition has
proven to be widespread within the insects and many other animals [42], including
those birds and mammals that engage in sperm dilution matings (chap. 4).

A dramatic example of the way in which sperm competition operates in some
insects was discovered by a student of damselflies, Jonathan Waage, nine years after
Parker's paper appeared [328], Waage studied a very handsome species called Cal-
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opteryx maculata, a member of the same family of damselflies as H. vulnerata. Males
of C. maculata also defend small stretches of streams and brooks where females lay
their eggs. As in H. vulnerata, males intercept egg-laden females but do not grasp
them in tandem until they have flown up from the stream to nearby vegetation.
Moreover, after copulation (fig. 6.7), males release their mates at once and return
to their territories followed shortly thereafter by their mates.

Released females proceed directly to barely submerged plant rootlets or fallen
weeds in their mate's territory, where they insert eggs into the material. The males
descend from their primary perches to station themselves within a very short dis-
tance of their partners, whom they will aggressively defend should another male
intrude upon them. Although males of C. maculata do not totally forego additional
opportunities to mate while perched beside a previous partner, their investment in
guarding surely reduces to some extent the chance that they will spot potential
mates. Why give up even one such chance in order to prevent other males from
approaching an ovipositing female with whom the male has already mated?

The answer again is that egg-laying females remain sexually receptive. If a ter-
ritory owner is unable to keep other males from them, ovipositing females will take
flight when harassed by an intruder who may accompany them up into the vege-
tation where they will sometimes copulate again. Copulation in C. maculata is a play
in two acts. During the first minute or so, the male employs his spiny, horned,

Figure 6.7. Copulation in the black-winged damselfly with the male grasping the female; the
female has curled her body around to make contact with the sperm-transferring organ of the male
on the underside of his abdomen.
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penis-equivalent as a scrub brush inside the female's sperm-receiving organ, pulling
out any stored sperm that the female might have within this organ (fig. 6.8). Only
then does he permit his own sperm to travel down the penis and into trie female.
If she does not mate again, any eggs she lays will be fertilized almost exclusively
by her latest partner, so good are males at physically removing the sperm of their
opponents.

Given the males' extraordinary capacity for sperm removal, we need not be
surprised that they have evolved a willingness to compromise the acquisition of
new mates in favor of protecting their sperm from the ravages of rival males. Males
could mate to exhaustion and still leave no copies of their genes to the next gen-
eration, if their partners promptly mated with other males. In a species in which
females copulate with several males in reasonably quick succession, one male's
genetic success is dependent on how his sperm fare against those of opponents that
may have remarkable devices to deal with previous ejaculates.

Let me stress that sperm competition, although first recognized in insects, is not
restricted to them. Females of a great many vertebrate species, including humans
[294], also set the stage for sperm competition by sometimes mating with two or
more partners within a few hours or days. Thus, in the week or so before the start
of egg laying, female birds are sometimes set upon by several males from whom
they receive competing ejaculates [36]; alternatively, in some species fertile females
actively search out mates other than their social partner, as described in chapter 4.
When females receive ejaculates from several males, whether involuntarily or vol-
untarily, the sperm from these males are thrown into competition with one another.

Genetic Conflicts between the Sexes

Sperm competition offers a clear illustration of the lengths to which individuals will
go to assist in the propagation of their genes, even if it means engaging in Machi-
avellian intrigue against members of one's own species. Thus, males regularly dam-
age the fitness of rival males by taking actions to reduce the chances that some
other male's sperm will fertilize a female's eggs, even after she has received them.
But note also that when a female mates with two or more males in quick succession,
her actions almost always will harm one or more males' chances of leaving descen-
dants. It is the female's willingness to mate with several males that makes sperm
competition possible among males, some of whom will win while others lose. Ge-
netic conflict occurs not just among males but between the sexes.

Here's another example taken from the insects, a marvelously diverse group
with respect to the kinds of genetic competition. Look closely the next time you
have a chance to inspect the tiny fruit flies hovering by your compost heap or over
some aged bananas in your kitchen. You are looking at masters of sexual conflict.
The males of the ubiquitous fruit fly Drosophila melanogaster battle their fellow males



Figure 6.8. The penis (above) of the black-winged damselfly has spines and horns designed to
remove sperm already present inside the female before the male releases his own sperm. The
bottom photograph shows one of the spiny horns close up with masses of sperm still attached to
the device. Photographs by Jonathan Waage, from [328].
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in the sperm competition arena by injecting their mates with a chemical spermicide,
the better to disable any sperm the females may have received and stored from
previous partners. The spermicidal proteins are manufactured in the accessory
glands and added to the ejaculate before it is transferred to the female along with
the sperm. But these special chemical donations are not only toxic to rival sperm,
they are also harmful to female recipients. This discovery came when researchers
compared the average life span of two classes of females: (1) one group that mated
with normal males able to manufacture and transfer accessory gland chemicals and
(2) another group that mated with abnormal males unable to produce these sub-
stances (but able to make and transfer sperm). Females in the first category did not
survive as long as females in the second group [66].

The harm done to female fruit flies by their sexual partners offers a spectacular
demonstration that what is in the interests of one's genes need not even advance
the welfare of one's very own mate. In the case of the fruit fly, selection on males
for the capacity to destroy stored sperm from rival males has produced spermicides
with harmful side effects on females that receive these chemicals. Although the
damaging accessory gland proteins reduce female fitness to some extent, the male
still gains genetically because he fertilizes more of the female's eggs than he would
otherwise. It is of no genetic consequence to him if his ejaculate reduces the life of
his partner by a day or two, thereby reducing her chances to lay a clutch in the
future (which in any case almost certainly would have been fertilized by some other
male). What counts from the genetic perspective is the number of currently mature
eggs that a male's sperm will fertilize. If a male's spermicide boosts this number
from, say, ten to twenty, by knocking out some rival sperm, then it would not even
matter (again, from his genes' viewpoint) if the female's immediate egg production
fell from thirty to twenty-five.

If the competition to fertilize the eggs of "promiscuous" female fruit flies created
selection on males favoring those that happened to add a dash of spermicide to
their ejaculates, it should be possible to let selection erase these effects gradually
by keeping flies in an environment in which spermicides cannot raise the fitness of
males. Brett Holland and William Rice did the critical experiment by forcing males
and females to live monogamously in a laboratory setting for about fifty genera-
tions. Evolution occurred during this period as a result of selection pressures as-
sociated with an environment in which monogamy was the only option. The fe-
males present in the monogamous populations at the end of the experiment lived
longer and produced eggs at a higher rate if they mated with a male also from the
monogamous population than if they mated with a male descendant from another
(control) population in which three males had been housed with each female for
the same number of generations [167].

Thus, when male fruit flies could not gain by passing ejaculates containing toxic
sperm-disabling chemicals, selection favored those hereditary variants who hap-
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pened to transfer less harmful materials to their mates. These females had higher
reproductive success, since their egg production and survival were not as compro-
mised by the ejaculate received from their single copulatory partner. As the gen-
erations passed and spermicidal males decreased in frequency, females that lacked
the biochemical equipment to combat the toxins suffered no fitness loss as a result.
Indeed, the genetic success of the females should be higher if they lack resistance
to the spermicide in a monogamy-only environment because these females do not
have to invest in the biochemical equipment required to counteract damaging sper-
micidal ejaculates. Holland and Rice checked this prediction by letting some females
from the monogamous lineage mate once with a male from the control population
in which sperm competition had continued to occur generation after generation.
The egg production of the monogamous females was much less than that of control
females with their evolved resistance to the damaging effects of living with non-
monogamous males (fig. 6.9).

Figure 6.9. Females of the fruit fly Drosophila melanogaster that have evolved in an environment in
which only monogamy was possible produce fewer eggs (dark bars) when mated once with a
male that comes from a population that has evolved in a sperm-competitive environment. These
males transfer damaging spermicidal chemicals. Females that have evolved with toxin-transferring
males exhibit more resistance to the effects of these substances as seen in their higher egg pro-
duction (light bars) when mated once to such males. Two replicates of the experiment are shown.
From [167].
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This ingenious experiment illustrates just how strongly males and females can
exert selection on one another in a reproductive environment in which females may
mate with more than one male. The more general point still is that alleles can spread
if they promote the reproductive success of one sex even if they reduce the fitness
of the other to some smaller degree. This possibility was largely invisible to re-
searchers until 1966, when Williams raised the issue in his book. There he discussed
the consequences of mate choice, noting that he expected females to examine court-
ing males with discrimination in order to secure genetic benefits as a result. Wil-
liams pointed out that by rejecting males that did not live up to some standard,
females would "inevitably [engender] a kind of evolutionary battle of the sexes"
since it would almost always be in the interests of males to copulate even if this
was not desirable from the female perspective. In species of this sort, "genie selec-
tion will foster a skilled salesmanship among the males and an equally well-
developed sales resistance and discrimination among the females" (p. 184 in [339]).

Exactly ten years after the appearance of Adaptation and Natural Selection, Randy
Thornhill published a pioneering paper on mate choice by females, a paper that
owes a great deal to Williams, whose influence is acknowledged by the author.
Thornhill examined the sexual behavior of hangingflies, a rather small and obscure
group of insects but one characterized by a most intriguing pattern of courtship.
Males of Hylobittacus apicalis, one of Thornhill's favorite subjects, induce females to
mate by offering them a food present, or nuptial gift as it is known in entomological
circles. The male first captures a fly or moth, kills it, and then dangles from a twig
advertizing its presence with a sex pheromone while holding the prey with its hind
legs (fig. 6.10). When a sexually motivated female approaches the male, she takes
the present of food from the male while he quickly begins to copulate with her.

Because Thornhill was persuaded on theoretical grounds that male arid female
interests were not necessarily congruent, he took the time to look for conflicts aris-
ing from "skilled salesmanship" on the part of males and "well-developed sales
resistance" on the part of females. He found that although males offer something
in return for sexual access to females, what they have to offer varies. Some males
present large, nutritious nuptial gifts while others try to get by with small insect
prey or the mere husk of a moth or fly, perhaps one that had been largely emptied
by another female earlier in the day. In the face of this variation, the genetic selec-
tionist Thornhill expected females to have the means to resist males that provide
inferior presents. But how can they, given that copulation begins as soon as the
male hands over his offering?

As it turns out, males may begin mating when the female takes the present, but
they do not begin transferring sperm to their partner until about five minutes have
passed, presumably because females refuse to accept their ejaculate initially. If a
food gift cannot keep a female occupied for five minutes, the female separates from
the male, leaving him with as many sperm as he had before their meeting. She goes



Figure 6.10. (Above) A male hangingfly, very similar in appearance and behavior to Hylobittacus
apicalis, holds a moth that he will offer to a female in exchange for mating. (Below) In Hylobittacus
apicalis, the duration of copulation increases up to a maximum of about twenty minutes as the
size of the nuptial present increases. Males that copulate for twenty minutes transfer a full com-
plement of sperm to their partners. From [308].
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on her way, searching for another male with a larger and more fitness-enhancing
present, a male whose sperm she will accept.

Whenever a partner has given a female hangingfly enough food to occupy her
for more than five minutes, he will get a chance to inseminate her, passing sperm
steadily for as long as the food lasts until the total duration of copulation reaches
about twenty minutes (fig. 6.10). At this time, males generally stop transferring
sperm, presumably because they have passed a sufficient amount to fertilize all the
mature eggs of their mate. Soon they uncouple, terminating the copulation, and the
male may try to retrieve what is left of the prey he so generously offered some
twenty minutes earlier. Females are often reluctant to part with what is left of a
perfectly good meal and intense squabbles can ensue as the recently mated hang-
ingflies struggle for control of what is left of the gift.

Thus, reproduction in hangingflies is marked with genetic conflict, as each in-
dividual jockeys for maximum personal reproductive gain and thus maximum ge-
netic success. Females regulate receipt of sperm in ways that more or less force
males to provide them with large, edible prey. If males did not have to supply
nuptial gifts in return for copulations, they surely could inseminate more females.
But failure to provide a significant nuptial present means that the donor will either,
fail to pass any sperm at all to his partner or, if he does achieve say ten minutes'
worth of insemination, his partner will leave him, secure another mate, and accept
his sperm if he can provide her with a more substantial meal. Males that do what
is in the best interests of a mate are rewarded when she moves from their sexual
tryst to places in the woodland where she will lay her eggs, using the sperm that
she has stored within her to fertilize those eggs instead of seeking out another male
whose sperm would take precedence over those of previous partners.

ThornhiU's papers on the topics of female choice and conflict between the sexes
marked the start of an era, still continuing, in which these issues have been actively
explored. A battalion of adaptationists who have adopted the gene-counting view
of evolution are asking questions such as the following: How do female mating
decisions promote the propagation of their genes? What exactly do females (and
their genes) gain when females reject some males in favor of others? How do males
manage to compete with rival males in a game whose rules were established by
females?

Thus, a coterie of evolutionary biologists, led by William Eberhard [114], are
currently dealing with G. A. Parker's observation made nearly three decades ago
that "females cannot be considered an inert environment in which males compete"
[247]. In keeping with Parker's suggestion, new studies indicate that females of
many species can actively manipulate the sperm in the ejaculates they have re-
ceived, perhaps biasing sperm competition in ways that benefit the manipulators
to the detriment of some sperm donors.

For example, when two males of fruit fly species A mate in sequence with a
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member of their own species, the second male consistently fertilizes most of the
eggs; but when the same two males mate with a member of closely related fruit fly
species B, no such advantage accrues to the second male. Since the males' ejacula-
tory donations are presumably no different in the two situations, the fact that sperm
precedence occurs only when males mate with their own species tells us that sperm
precedence results from something females do when receiving sperm from more
than one male of her species [261].

Likewise, in the dunnock, a small and cryptic European bird, females control
whose sperm have a chance to fertilize an egg, even though it is the male that
attempts to stimulate the female to make this decision in his favor. The male does
so by pecking at the cloaca of a partner that he has seen in the company of another
male. In response, the female's cloaca changes shape and color and, at least on
some occasions, these events are followed by active ejection of sperm droplets by
the female. The male then inspects the discarded droplets of sperm before copulat-
ing with his cooperative mate. As a result, the female will probably use the sperm
of her more recent companion to fertilize any mature egg that she might have on
hand, unless she chooses to consort with yet another cloaca-pecking male [90, 91].
Thus, although the female reacts to stimulation provided by the male, the response
is obviously under her control and therefore presumably occurs because females in
the past that ejected sperm under particular circumstances derived fitness advan-
tages from doing so.

What we are talking about has been called "cryptic female choice," that is, the
selective utilization of sperm by females armed with internal mechanisms largely
hidden from the view of human observers. That the female reproductive tract is
adaptively designed to promote sperm choice would not have occurred to biologists
before the sociobiological revolution. This discovery came about because of the
focus on what individuals gain in the way of genetic success from their actions—
and from the special physiological mechanisms that make these actions possible.

The power of this approach is evident throughout biology, as demonstrated in
the application of sociobiology to plant "behavior." Here too as soon as researchers
began to employ gene thinking, they started finding fascinating things about plant
reproduction that previous workers had overlooked. For example, just as the phys-
iological machinery in female animals can produce a kind of sperm selection within
the reproductive tract, so too the female component of flowers, the style, appears
to be capable of discriminating between the pollen they receive (pollen giving rise
to the plant equivalent of sperm). When pollen from different donors are deposited
on a style, only those that produce a pollen tube that worms its way down the style
to the egg cells have a chance to fertilize the egg and become part of the plant's
offspring (fig. 6.11). As expected from a sociobiological perspective, competition
among pollen occurs in at least some species. Pollen from different donors that



Figure 6.11. Fertilization in flowers involves the growth of a pollen tube down the style; if the
pollen tube reaches the ovary of the flower, a sperm cell in the pollen tube may have the oppor-
tunity to unite with an egg cell there.
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come in contact with each other on the surface of the style apparently inhibit each
other to prevent a rival from growing a pollen tube.

But the female tissue may also affect which pollen gets to grow a pollen tube
and, thus, which male donor gets to fertilize the plant's egg cells. It is possible to
experimentally place pollen from two or more male plants on a style in such a way
that they are not in contact and so cannot destroy one another chemically. Even so,
some pollen grow pollen tubes and others do not, almost certainly because of cryp-
tic female choice. Within the style, the female tissue lays down a chemical track of
some sort, leading the pollen tube to its desired target. Without appropriate female
involvement, the growth of the tube is blocked or slowed or misdirected. When the
flowers of many different plants are experimentally provided with pollen from sev-
eral different donors, some pollen are consistently successful in getting their sperm
cells down the style to reach the egg cells and others are not, even in the absence
of male-male pollen "combat." This outcome suggests that different females all
cryptically favor the same male, presumably because the proximate mechanism of
pollen preference enables females to secure "good genes" for their offspring [226].

Parents and Offspring

Just as it took the sociobiological revolution for botanists to begin to look for evi-
dence of competition among genetically distinctive pollen and for the occurrence
of subtle biasing of pollination through female choice in plants, so too an evolu-
tionary perspective was required before biologists began to consider whether off-
spring and parents engage in genetic conflict. Because offspring are not genetically
identical to their parents in sexually reproducing species, genes in a juvenile or-
ganism might well contribute to the development of adaptations designed to secure
more than that individual's "fair share" of resources from a parentally investing
caretaker.

In the case of plants, the seeds that result from the fertilization of egg cells in a
flower's ovary derive the nutrition they need for their full development from the
female tissues that surround them. A seed might be able to take more than would
be desirable from the parent's perspective because an investment of extra nutrition
in one seed means less that is available to produce additional batches of seeds or
to sustain the parent until the next round of seed production. A "greedy seed"
would gain a competitive edge in the race to germinate and grow during the early
phase of its life. Sociobotanists have just begun to find evidence that seeds possess
hormonal signals designed to extract resources from the female tissue, while the
adult plant has its own possible counter-hormones capable of regulating the re-
source demands of its developing progeny [280].

The current awareness that parents and their offspring need not have identical
genetic interests has shaped the interpretation of many phenomena [318, 319], in-
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eluding something called genomic imprinting. This label is applied to cases in
which the provenance of an offspring's gene, that is whether it came from the father
or the mother, determines just what effect the gene has on offspring development
[172]. Thus, for example, in certain mice the male-donated copy of a particular gene
stimulates embryonic growth of offspring in utero whereas the female-donated copy
does not—even though the coded information in the gene is the same in both
copies.

The differential effect of the father's gene versus the mother's copy has been
demonstrated via sophisticated experimental techniques that block the activity of
either the paternally-donated gene or the maternally-donated gene. For example,
mouse offspring that receive an inactivated paternal copy of the gene Igf2 (the
insulin-like growth factor 2 gene) weigh only 60 percent what a normal mouse pup
weighs at birth, since they lack the growth-stimulating effect of the paternally do-
nated copy of this gene. In contrast, those embryos that develop in the absence of
an expressed maternal copy of the gene become much larger, so much so that they
can only be delivered unnaturally by caesarean section. These findings tell us that
the development of offspring weight is the product of a genetic conflict, with the
paternal copy of the gene pushing for heavier body weight while the maternal copy
prevents that from happening, yielding a compromise weight in those cases in
which both copies of the gene are free to interact [161].

Somewhat similar results arise when another imprinted gene, Mest, is inacti-
vated in mouse embryos. Because only the paternal copy of this gene is active in
normal mice, inactivation of the gene yields Mesf-deficient embryos that grow less
well and are born at a lower weight (fig. 6.12). Furthermore, although Mesf-deficient
mice can survive and reproduce, the behavior of adult females is abnormal in that
they do not care for their progeny properly, often failing to consume the placenta
and umbilical cord attached to the babies upon birth [200]. Thus, the paternally
donated Mest gene seems to direct nutritional resources to the embryos as well as
promoting maternal care important for the survival of the offspring.

This is a most peculiar business and its interpretation at both the proximate and
ultimate levels remains somewhat uncertain [169], From the proximate perspective,
how can two genes composed of exactly the same DNA produce such different
developmental effects? From the ultimate perspective, why is it in the interest of
the parents to provide offspring with genes with such antagonistic effects on de-
velopment? One sociobiological hypothesis focuses on the possibility that males can
gain fitness at the expense of their mates by "forcing" them to invest more nutrients
in their mutual offspring than is in the long-term interests of their sexual partners,
whom the males are unlikely to ever mate with again. Under these circumstances,
males gain fitness by maximizing the survival and reproductive chances of their
mate's current brood, even if this reduces the female's chances of having additional
pups with other males. The male's genes benefit if they reside in larger, longer-



Figure 6.12. Mice that have the paternal copy of the Mest gene inactivated are stunted in size.
(Above) The X-ray photographs show a normal male mouse at twenty-eight days of gestation in
comparison with a littermate of the same age whose paternal Mest gene has been blocked. (Below)
The effects of stunting persist after birth of the mutant pups, such that they weigh only about 70
percent of normal at twenty-eight days. From [200].
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living offspring, but these gains come at a cost borne almost exclusively by the
female, not the male. Female mice carry the embryos and nurse them after they are
born; the more that they invest in one brood, the less likely they are to have the
energetic wherewithal to survive and produce a subsequent brood. But just as male
fruit flies can gain fitness by passing a life-shortening spermicide to their mates, so
too male mice could benefit genetically by passing a gene with life-shortening ef-
fects to their mates, provided the gene conferred short-term reproductive benefits
to the males.

Given these circumstances, selection has evidently acted on females favoring
those in the past that happened to have a physiological mechanism for counteract-
ing the deleterious effects of the imprinted gene they receive from their copulatory
companions. The fact that the maternal copy of the Igf2 gene restrains the male-
donated instructions that cause developing embryos to extract more nutrients from
their mother is consistent with the argument that males and females "disagree" on
the optimum level of female parental investment in a brood of babies [161].

The hypothesis that genomic imprinting arises when males and females derive
different benefits from investments in one batch of offspring generates the predic-
tion that the phenomenon will be associated with polygynous species, not monog-
amous ones. In polygynous species, males rarely remain with a female to rear a
series of broods. Therefore, male genes capable of boosting the female's investment
in that one brood can spread at the expense of alternative alleles more solicitous of
the female's long-term interests. In contrast, in truly monogamous species, the life-
time fitness of a female also determines the lifetime fitness of her single partner, so
that the optimal size of offspring at birth is the same for both members of the pair.
Under these circumstances, genes from males that reduced the lifetime success of
their mates would lower their own fitness, not a recipe for genetic success.

The first check of the prediction that genomic imprinting would occur in polyg-
ynous but not monogamous species yielded a negative result, with imprinting oc-
curring in an apparently monogamous mouse that was closely related to a polyg-
ynous one in which genomic imprinting had already been demonstrated [327], This
finding suggests that the hypothesis is wrong, although more work on the subject
is warranted (note again that adaptationist hypotheses can be wrong and that adap-
tationists can reach this conclusion, albeit grudgingly when the evidence requires
the dismissal of a favored idea).

My main point here is not to reject or accept an evolutionary explanation for
genomic imprinting but to demonstrate that the sociobiological perspective pro-
vides a source of novel, plausible, and testable hypotheses on all sorts of intriguing
phenomena, including genomic imprinting, which is why so many researchers find
the approach valuable. Adaptationist hypotheses are unique in their focus on gene
counting and fitness competition at the individual level. They offer a special ex-
planatory window into the workings of life. The method for producing them and
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testing them completely dominates the biological sciences' approach to evolutionary
questions about social and sexual behavior, and for good reason, as I intend to
illustrate once more, this time with reference to parent-offspring relationships in
an obscure little songbird.

The Sociobiology of the Seychelles Warbler

The Seychelles warbler's (fig. 6.13) chief claim to fame prior to the 1990s was its
flirtation with extinction. At one time, habitat destruction had reduced its popula-
tion to twenty-six individuals confined to a single island in the Seychelles, an ar-
chipelago in the Indian Ocean. Happily, a conservation plan was devised for the
bird and it actually worked with the population growing to about 300 in its single
island home. Then to guard against a disaster on that island, which could wipe out
the species in one go, some birds were captured and transported to two other
islands in the Seychelles where they quickly established new breeding populations
[188].

As conservationists developed and carried out their rescue plan, they realized
that they needed as much information as possible about the warbler's reproductive
behavior. Research on this subject was entrusted to a sociobiologist named Jan Kom-
deur who used gene thinking to guide his studies. As it turns out, the Seychelles

Figure 6.13. The Seychelles warbler, one of many species whose behavior has been productively
analyzed using the principles of sociobiology. Photograph by Jan Komdeur.
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warbler is a species with "helpers-at-the-nest," typically the offspring of a breeding
pair that remain in their natal territory to work with their parents, defending the
parental territory against unrelated intruders as well as assisting in nest building,
incubating eggs, and feeding nestlings, which are their younger siblings [190]. So
here is another example of the kind of altruism that has attracted so much attention
from evolutionary biologists because at first glance the helpers seem to be reducing
their genetic success by staying on their natal territories as nonbreeding assistants.

Komdeur attempted to solve this puzzle in the standard fashion by testing the
hypothesis that young Seychelles warblers engaged in adaptive altruism, increasing
their genetic success by helping their parents rear more siblings than they could
otherwise. In this species, breeding females lay just one egg per breeding attempt
but even so, having a helper find scarce food for the dependent nestling can im-
prove the chances that the youngster will survive. Komdeur demonstrated this
point experimentally; when he removed the helper from some territories, the nest-
ing success of breeding pairs fell relative to control pairs that retained their helper.
When a young bird promotes the survival of a junior sibling with whom it shares
relatively many genes in common, the helper adds to the total number of copies of
its genes that are present on the planet [187].

If the genetic benefits hypothesis we have just reviewed is correct, we would
expect that helpers would favor their close relatives. Komdeur tested this prediction
by examining the behavior of helpers that found themselves living with one or two
stepparents after the death and replacement of one or both of their genetic parents.
Under these circumstances, a young bird that became a helper would be delivering
costly assistance to a half sibling or, worse still, to a complete genetic stranger.
Komdeur showed that young, nonbreeding birds deliver less assistance on average
to half sibs than to full sibs, and they refrain from helping nonrelatives altogether.
Seychelles warblers behave as expected from sociobiological theory [189].

When helpers actually keep relatives alive, they may advantage their genes in
other ways besides perpetuating their relatives. For one thing, helpers gain expe-
rience in reproductive activities that could advance their own parental success when
they are able to reproduce personally. And they do. Komdeur showed that when
young birds that had been helpers were moved to a new island during the trans-
plantation phase of the conservation effort, these ex-helpers were more likely to
rear a chick to the fledging stage than other warblers that had not had previous
helping experience prior to their first breeding attempt. The positive effect of pre-
parental practice was especially great for females [191].

Moreover, the reproductive success of helpers could also be improved if they
sometimes inherit their natal territory from their parents. And they sometimes do.
These birds do not have to search through the countryside for a vacant patch of
suitable habitat; they simply set up housekeeping on their own familiar home
ground. Not surprisingly, they do better at producing surviving offspring when
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they get around to breeding than birds forced to find a new territory away from
their birthplace [187]. Thus, a variety of potential genetic benefits, indirect and di-
rect, await the young Seychelles warbler that postpones its initial breeding attempt
to assist its parents in the rearing of a sibling.

But even so, do these benefits collectively outweigh the costs of postponing
personal reproduction, which involve giving up one or more breeding seasons dur-
ing which the stay-at-home abandons all chance of having an offspring of its own?
To answer this question, Komdeur took advantage of the fact that not every young
warbler became a helper. Some left home at the earliest opportunity and tried to
find a place to attract a mate and breed. Some succeeded. Was this evidence, Kom-
deur wondered, that the warblers possessed the behavioral flexibility to either be
a helper or a breeder? If so, did individuals pick the option with the larger genetic
payoff for them given their particular circumstances, as sociobiological theory
would lead us to expect?

The circumstance that most affects the payoffs for staying or leaving is the qual-
ity of a warbler's natal territory. As it turns out, some territories contain excellent
habitat for the production of the insects that the warblers feed upon; other sites are
poorer, entomologically speaking. Komdeur carefully measured this variable, ena-
bling him to categorize warbler territories as good, bad, or indifferent. He found
that on good territories, young birds were more likely to stay on as helpers than
were youngsters living on natal territories of lesser quality [187, 192]. At a top
territory, a helper had abundant food to collect and share with a nestling sib, im-
proving that individual's chances of making it to adulthood and so providing the
helper with an indirect genetic payoff. In contrast, a helper on a poor territory could
do little to improve his sibling's chances of success because sufficient food was
unavailable to feed both the helper and its younger sibling. Furthermore, even if it
were to inherit its parents' territory, the youngster would gain little because on an
insect-deprived territory, the young bird would have the same hard row to hoe as
its parents.

Let us imagine that young Seychelles warblers really can somehow link dispersal
to habitat quality, which, as you know, need not require any conscious awareness
on their part of the correlation between habitat quality and successful reproduction.
Let us imagine that young birds can adopt one or another tactic, depending upon
the value of the territories in which they are born. Given these two conditions, we
would expect birds transferred to an unoccupied island to claim the best spots first
and to begin breeding immediately, which is what the warblers did when translo-
cated to new habitat.

Moreover, the young born to the transplanted warblers promptly dispersed,
skipping the helping option in order to occupy the good breeding habitat still avail-
able at that time on the new island. The complete absence of helping during these
early years offered strong support for hypothesis that the warblers chose between
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reproduction and helping in an adaptive manner. As one would predict, the first
helpers eventually appeared at a time when all the acceptable habitat for breeding
territories had been filled. And most beautifully of all, helpers occurred first on the
very best territories in the warblers' new island home (fig. 6.14). As time passed,
and the birds' breeding habitat became thoroughly saturated, all the top ranked
territories gained helpers at the nest while young birds from poorer breeding sites
continued to leave home. These unfortunates had little chance to find a breeding
opportunity elsewhere but they (or rather, their genes) were still better off trying
to get lucky, given that to remain on their food-poor natal territory would have
actually reduced their parents' reproductive success [192].

Thus, Komdeur's sociobiological analysis of the behavior of young Seychelles
warblers revealed that the youngsters possess remarkably sophisticated abilities,
which make sense only in the light of evolutionary theory and genetic competition.
But Komdeur was not finished. He turned his attention to the breeding population,
and asked, how might established adults maximize their genetic success in a social
environment in which their offspring may either stay or disperse, depending on
the resource richness of the natal territory?

Figure 6.14. The relation between territory quality and helpers-at-the-nest in the Seychelles war-
bler. After the Seychelles warbler had been introduced onto Aride Island, the birds initially colo-
nized only high-quality, food-rich territories (see top line of numbers) but eventually began to
breed in territories of lower quality (see the second line of numbers). Helpers first appeared in
late 1990. The tactic gradually became more widespread on high-quality territories (lighter bars).
As the available breeding habitat became increasingly saturated, helpers began appearing in
medium-quality territories as well (darker bars). From [192].
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As I noted above, the value of having a helper from a parent's perspective
depends on the insect supply in the breeding adult's territory. A helper on a poor
territory merely siphons off already limited food resources from the site; in contrast,
a helper on a good territory improves both its own genetic success and that of its
parents, because food shortages are not a problem in the finer territories of this
species. Thus, offspring "decide" whether to help, depending on the properties of
the natal territory. In addition, however, their decision is affected by the sex of the
youngster: all other things being equal, females are more likely to become helpers
than young males, presumably because they gain more from the chance to practice
rearing offspring. Thus, on good natal territories, daughters tend to stay with their
parents while sons often leave to acquire a breeding territory of their own.

Because Komdeur used the adaptationist approach, he wondered if parent birds
might not manipulate the sex of their offspring in ways that generated maximum
genetic gains for themselves. If a nesting female living on an insect-rich, high-
quality territory could lay an egg destined to become her daughter, the breeding
adult and her mate would be all but guaranteed to acquire a valuable helper at the
nest. On the other hand, if the breeding female found herself saddled with an
inferior territory where a helper would be a handicap rather than a help, her genes
would get a leg up on the competition if she could lay an egg that would become
a son, who would depart before he became a burden on the home territory.

Thus, Komdeur was prepared to entertain the possibility that females of the
humble Seychelles warbler possessed a most surprising ability, the capacity to reg-
ulate the sex ratio of their offspring in relation to breeding territory quality. Prior
to the sociobiological era, no one checked whether birds could "choose" which sex
to produce in their offspring. Biologists have long known that sex determination in
birds is based on a chromosomal mechanism, as is true for mammals as well. In
birds, individuals with two copies of the Z sex chromosome are male; those with
one Z and one W sex chromosome are females (in mammals, the situation is re-
versed since XX individuals are females and XYs are males). Since it was believed
that an egg had an equal chance of having a Z or a W chromosome, it followed
that the sex of an offspring in birds was the outcome of a pure lottery with a 50:
50 chance of getting a son (or a daughter). If it were true that any given egg had
a 50:50 chance of carrying the Z chromosome, then half the offspring of a female
Seychelles warbler would be (ZZ) sons, since all eggs are fertilized by Z-bearing
sperm. The other half of her offspring would be (WZ) females.

But it ain't necessarily so. Apparently the meiotic mechanisms of egg production
do not force birds to accept a 50:50 sex ratio in their offspring, as Komdeur dem-
onstrated by testing the following prediction: females on poor-quality territories
should bias the sex ratio of their offspring toward sons whereas females on high-
quality territories should bias the sex ratio of their progeny toward daughters. His
actual results must have stunned even him. Females on territories with scarce re-
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sources laid male eggs 77 percent of the time; in contrast, females on territories with
abundant resources laid male eggs just 13 percent of the time [193]. (Nor is the
Seychelles warbler the only bird to overcome the constraints imposed by chromo-
somal sex determination mechanisms in order to produce adaptively skewed sex
ratios in their broods. For a fascinating additional case, recently discovered, see
[283].) Moreover, when Komdeur experimentally moved breeding pairs of warblers
from good to poor territories, the sex ratio of their nestlings switched from female-
biased to male-biased, a clear demonstration that females can lay either male or
female eggs, depending on the nesting conditions they encounter on their
territories.

The life of a Seychelles warbler consists of a whole series of decisions, whether
to disperse or stay at home, whether to be a helper or a breeder, whether to lay
male or female eggs, and so on. The choices that warblers make vary from individ-
ual to individual, and from environment to environment, but one thing remains
constant—the birds do whatever best advances the survival chances of their genes.
In this, the Seychelles warbler is unlikely to differ from any other animal on the
planet. Komdeur would never have been able to make his discoveries about the
warbler without an understanding of evolutionary theory and the willingness to
test sociobiological hypotheses.
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The Problem with Cultural
Determinism

A Distaste for Biology

Many people have no particular objection to (nor, sadly, any great interest in) an
evolutionary analysis of helping at the nest in Seychelles warblers or sperm com-
petition in damselflies. But as soon as the conversation turns to evolution and hu-
man beings, voices are raised and strong opinions fly through the air with the
greatest of ease. As mentioned earlier, E. O. Wilson almost surely would have
avoided the brickbats that came his way had he simply omitted the last chapter of
Sociobiology. But since he had analyzed human social behavior from an evolutionary
perspective, he stimulated an opposition eager to argue with him and the discipline
he represented. Although Wilson was surprised at how uncivil his critics proved
to be, perhaps he should not have been because an evolutionary approach to human
behavior really does threaten a great many religious, political, and academic posi-
tions, a point made by Daniel Dennett in Darwin's Dangerous Idea [102].

The sociobiological study of humans does not appeal to those people, academics
and nonacademics alike, who believe that to understand human behavior, one can
ignore evolutionary biology, and focus only on the process of cultural indoctrina-
tion, which they believe is shaped by the accidents of human history and the power
of the human imagination. I am well aware that many different variants on this
theme exist, each with its own adherents. Among the feminist community, for ex-
ample, one finds advocates of liberal, essentialist, existentialist, Marxist-socialist,
radical, African-American, psychoanalytic, and postmodernist theories, to name just
some of the competing brands identified by the feminist Sue Rosser [270]. Although
adherents of the different subtheories often disagree with one another, sometimes
vehemently, the disagreements within a discipline tend to revolve around precisely
which environmental (proximate) influences are responsible for shaping the per-
sonality, attitudes, morals, and behavior of individuals. Thus, feminist theorists ar-
gue about the relative importance of race, class, gender, societal pressures, ideology,
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male oppression, and family dynamics in shaping an individual's sexual identity,
as well as the manner in which knowledge on these matters can be achieved.

But despite their many differences, the bottom line for most feminists is that a
person's lifetime experiences of one sort or another make the man or woman and
that reference to evolutionary history is not only unnecessary but is harmful for a
complete understanding of human behavior. With the notable exception of feminist
sociobiologists, of which there are many, I doubt that the typical academic feminist
would disagree strenuously with Ruth Bleier when she writes, "Instead, the cultures
we have created, rather than our biology, impose limitations on our minds and
development, construct definitions of woman and man, of male and female, and
produce a science that helps to explain and justify differences of ideological, social,
political and economic origins as natural and biological" (pp. 52-53 in [43]). Note
that Bleier erases the important distinction between explaining the differences be-
tween the sexes in evolutionary terms as opposed to justifying certain differences
as morally desirable and unavoidable, an issue to which we shall return in chapter
9.

The same emphasis on environmental determinants of human behavior is char-
acteristic of many (but not all) academic sociologists. Thus, for example, Henry L.
Tischler, author of a presumably representative introductory sociology text, now in
its sixth edition, writes approvingly of critics of sociobiology who "claim that
among humans, social and cultural factors overwhelmingly account for the variety
in the roles and attitudes of the two sexes" (p. 218 in [313]). And Steve Bruce, in
his Sociology: A Very Short Introduction insists on the separation of biology from
culture, as in his assertion that "Human biology does nothing to structure human
society" (p. 25 in [55]).

At the heart of these claims is a substantial misunderstanding, namely, the idea
that some behaviors are "biological," that is, the product of nature while others are
"cultural," that is, the product of nurture. The biology versus culture argument is
a classic example of what Owen Jones has called "the error of the false dichotomy"
[178]. This error arises because the proponents of "either culture or biology" do not
recognize or accept the distinction between proximate and ultimate causes (chap.
1), nor do they realize that every behavioral trait depends on evolved physiological
systems whose proximate development requires both genetic and environmental
inputs (chap. 3). Persons advocating the culture or biology dichotomy typically set
a proximate (i.e., cultural) hypothesis against an evolutionary one. But as noted
elsewhere, proximate explanations do not replace ultimate ones, and ultimate hy-
potheses cannot substitute for proximate ones.

Sociologists and cultural anthropologists have a long tradition of successfully
examining the proximate causes of human behavior and in so doing, they have
provided a valuable analysis different from and complementary to any that could
come from an ultimate or evolutionary approach. Sociobiology will never replace
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traditional sociology because the two disciplines focus on different levels of anal-
ysis. But even with a complete understanding of the proximate causes of human
sex roles, one could still ask evolutionary questions about such things as why peo-
ple everywhere are intensely interested in sex roles and why young humans so
easily learn the attitudes about sex roles characteristic of their group. Enculturation
is highly dependent upon the evolved psychological mechanisms present in human
brains, which means that evolutionary biology is far from irrelevant if we wish to
understand human behavior.

The academics who insist that sociobiology is out of its element when human
behavior is the topic for study believe that cultural (proximate) explanations su-
persede evolutionary ones. For advocates of this position, the great and indisputable
diversity among human societies is sufficient evidence for the uniqueness of the
human species and its freedom from the instinctive constraints that are so often
attributed to the "lower" animals. Thus, evolutionary biologist and critic of socio-
biology Douglas Futuyma writes, "Since there is almost no imaginable limit to the
variety of cultural and social environments in which humans do or could develop,
it is almost impossible to conclude that some conceivable form of human behavior
(e.g., pacifism) does not lie within our [developmental capacity]. In fact, of course,
human variation does embrace almost every imaginable behavior" (p. 529 in [135]).

Futuyma was probably influenced by information provided by cultural anthro-
pologists, whose discipline has long been dominated by the theory that cultural
practices are limitless and essentially arbitrary in nature. The first modern cultural
anthropologist of note, Franz Boas, wished to assert the essential autonomy of cul-
ture from biology, thereby freeing the study of human behavior from evolutionary
biology, which had become tainted by association with racism, social darwinism,
and eugenics [50]. Five of his students—Alfred Kroeber, Robert Lowie, Edward
Sapir, Ruth Benedict, and Margaret Mead—went on to become the leading cultural
anthropologists of the mid-twentieth century. All of them conducted research that
was interpreted as confirmation that human behavior developed strictly under en-
vironmental influence via cultural indoctrination.

Mead was an especially important member of this group. In 1925, she traveled
to Samoa to study the transition from adolescence to adulthood in a society that
she had reason to believe would have a very different approach to adolescent sex-
uality than her own Western society. Mead, who was just twenty-three herself, had
been told by another anthropologist that Samoans had a very relaxed attitude to-
ward teenage sex, which if true meant that here was a culture occupying the op-
posite side of the sexual attitudes spectrum from North American society. Docu-
menting such a dramatic difference between societies would be a powerful
statement about the power and arbitrary nature of cultural practices, completely in
keeping with Boasian philosophy.

After learning the rudiments of the language in a short period, Mead located a
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village with a group of twenty-five young women who were to be her informants.
She spent about twelve weeks with them, recording what they had to say about
the transition to adulthood in this culture. These reports were the basis for a popular
book, Coming of Age in Samoa, which made her academic conclusions available to a
general audience, which was large and enthusiastic. Mead asserted that young
women in Samoa could often engage in exploratory sex prior to marriage without
incurring adult disapproval, that violent rape was essentially absent in Samoan
society, that sexual attitudes were much more relaxed and enlightened than in her
own culture, and that as a result the adolescent Samoan was freed from the emo-
tional turbulence that characterizes adolescence in American society.

The significance of these findings was obvious to Mead, who believed that idi-
osyncratic cultural practices were the basis for what people did even in the fun-
damental realm of sexual behavior. Therefore, one ought to be able to combat neg-
ative or damaging practices by educating the members of a culture so that they
would revise and improve their culture. In her preface to a 1973 reprinting of Com-
ing of Age, Mead writes, "The idea that our every thought and movement was a
product not of race, not of instinct, but derived from the society within which an
individual was reared, was new and unfamiliar [when her book was published in
1928].... I wrote this book as a contribution to our knowledge of how much human
character and human capacity and human well-being of young people depend on
what they learn and on the social arrangements of the society within which they
are born and reared."

Because Margaret Mead's anthropological observations were important in con-
firming the principle that cultural influences shape "our every thought and move-
ment," it is worth taking a look at a highly critical reevaluation of Mead's pivotal
study. The critic, Derek Freeman, a fellow cultural anthropologist, spent years doing
field work in Samoa, unlike Mead, who arrived and left in short order. In a book
published in 1983 Freeman documented in great detail that premarital sex in Samoa
was not common or promiscuous, not accepted calmly by adults, and not part of
a laid-back society with relaxed rules about sexuality [131]. In fact, fourteen of
Mead's twenty-five informants had not reported any act of sexual intercourse ac-
cording to Mead's own records, indicating that many young Samoan women of the
time had failed to take advantage of the sexual freedom that they supposedly
enjoyed.

In reality, however, Samoan culture featured an entire category of ceremonial
young women whose virginity was very carefully guarded by the young women's
adult relatives, who were anything but indifferent to the sexual status of their
daughters, nieces, and sisters. Moreover, far from being a society so accepting of
sexual promiscuity that few men could be motivated to rape, some Samoan men
did indeed engage in the behavior. In fact, the Samoans had a special name for a
particular kind of rapist—someone who engaged in the manual defloration of vir-
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gins, often attacking them when they were sleeping at night or after they had been
knocked to the ground with a powerful blow to the solar plexus. Mead called this
activity "abnormal," but she treated it almost as if it were something of a lark for
all the participants. In this, she was totally mistaken, since an intact hymen was
absolutely essential if a woman was to secure an arranged marriage with a male of
high social status.

Freeman attributed Mead's errors to a combination of factors, including her in-
experience as a field worker, the very short time that she actually spent on her
project, her relative unfamiliarity with the language, her inability to see that her
female informants were kidding her when they spoke of their sexual adventures
[132], the misinformation she had received from her colleague about Samoan cul-
ture, and above all, the ideological blinders that she had acquired from Boas and
his other students. She had seen what she wanted to see, in this case that cultural
norms were the arbitrary products of human invention.

Freeman's dismantling of Mead's early research outraged many cultural anthro-
pologists [74, 281]. Freeman's critics claim that he dramatically overstated the in-
fluence of the putative liars among Mead's Samoan informants, that he did not
acknowledge Mead's comments about possible sexually repressive elements in Sa-
moan society, that he understated Mead's later suggestions that biological and ev-
olutionary factors must also be taken into account when explaining human behav-
ior, and that he was unnecessarily abrasive in dealing with Mead and unjustly
self-congratulatory in evaluating the importance of his criticism.

All of which may be true, but did Mead describe Samoan society accurately?
Adam Kuper, longtime editor of the journal Current Anthropology and no friend of
Derek Freeman's, concedes that "Freeman's ethnographic criticism is not disputed
on most points" (p. 193 in [195]). James Cote, another nonmember of Freeman's fan
club, admits that "Mead did provide misleading embellishments when it came to
writing the book [Coming of Age] for the general public" (p. 32 in [74]).

And Mead's "embellishments" had real consequences. She was for decades the
public's favorite anthropologist as well as a very considerable force within her dis-
cipline. Although not by any means the most extreme advocate of cultural deter-
minism, she provided conspicuous, honored, academic support for the idea that
the really important effects on human behavior arise strictly from cultural influ-
ences. Kuper is honest enough to acknowledge this point when he writes, "In
Mead's work, the power of culture was very great, the force of biological constraints
less evident" (p. 190 in [195]).

Some of Mead's defenders have noted that she made statements from time to
time acknowledging that biological and evolutionary factors have played some role
in shaping human behavior. Indeed, this kind of generalized "concession" to our
evolutionary history is not uncommon for cultural determinists. But these persons
rarely specify exactly how natural selection or any other evolutionary process may



134 The Problem with Cultural Determinism

have shaped our actions. The statement that our history as an evolved species has
something to do with our capacity for culture generally serves little more than to
provide the cultural determinist with the ability to say that he has accepted an
unspecified "biological component" to our behavior.

This tactic is not restricted to cultural anthropologists but has, for example, been
regularly employed by Stephen Jay Gould. In an early essay written shortly after
Sociobiology was published, he claims, "Thus, my criticism of [E. O.J Wilson does
not invoke a non-biological 'environmentalism'; it merely pits the concept of bio-
logical potentiality, with a brain capable of a full range of human behaviors and
predisposed toward none, against the idea of biological determinism, with specific
genes for specific behavioral traits" (p. 20 in [147]). But Gould did not then explain,
indeed he has never explained, how the concept of an amorphous "biological po-
tentiality" differs from a "nonbiological environmentalism," that is, the cultural
determinism of Boas and Mead. In essence, Gould is saying that, yes, people have
genes that survived past natural selection, but their only developmental function is
to help provide us with an all-purpose learning ability, which is used without any
predisposing biases as an enculturating device.

Many people want to believe that Mead and Gould are right when they and
others claim that our brains are free from evolved attributes that steer our behavior
in particular directions. For these persons, it is reassuring to hear that we are unique
among species in having the behavioral capacity for any and all choices thanks to
our status as the most highly evolved species, the end point of evolution, "God's
children," or more modestly, at least a much less animalistic creature than your
average run-of-the-mill animal. It is ironic that Gould, who has argued so energet-
ically (and correctly) that humans are just one more product of standard evolution-
ary processes, one more currently surviving twig on an astonishingly bushy tree of
evolution composed of millions of other species, should have also taken the position
that standard evolutionary processes ceased to apply to us when our ancestors came
up with the first cultural innovations.

Freeman's refutation of Mead's work is in essence an attack on the escape hatch,
the way around biology and evolution that so many have embraced when thinking
about human behavior. To demonstrate that Mead's conclusions about Samoan so-
ciety were more ideologically sound than scientifically valid, after her "findings"
had been so popular with social scientists for decades, is to threaten the entire house
of cards built on the foundation that our brains are "capable of a full range of
human behaviors and predisposed toward none."

The Shortcomings of Blank Slate Theory

The advocates of the blank slate, "culture is all" approach could not have retained
such confidence in their position if they had been willing to devise truly rigorous
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tests of their ideas. Consider Mead's test of Boasian theory. She believed that finding
even a single society with adolescent sexual promiscuity and a tranquil transition
from adolescence to adulthood would constitute critical support for the idea that
human behavior was utterly flexible. But would it? What if Western Samoa had
really been a sexually relaxed culture, and most other cultural groups in the world
were ones in which parents (or other family members) tried to control the sexual
activities of their adolescent daughters (or female relatives) to a considerable degree,
even at the risk of engendering conflict within the family? Or what if almost all the
cultures that make value judgements about female virginity place a higher value
on virgin brides than on nonvirgin brides? Finding an exception or two to a rule
does not invalidate the rule, any more than finding one or two professional football
players who weigh less than 200 pounds means that body weight has little do with
success on the football field.

Yet the readiness to banish all generalization on the grounds that an occasional
exception exists appeals to both academic and nonacademic opponents of socio-
biology. Thus, Natalie Angier felt that she could dismiss the evolutionary argument
that men have an evolved predisposition to provide parental care for their children
on the basis of reports that among the Hazda, a tribe of hunter-gatherers living in
northern Tanzania, men do not offer the game they kill preferentially to their wives
and children. Angier does not acknowledge that Hazda men do provide more child
care for their genetic offspring as opposed to stepchildren [225]. Nor does she ask
whether the hunters tend to supply food to other potential or actual sexual partners
and their children, or give game primarily to the families of other men with whom
they wish to forge mutually beneficial economic relationships. Instead, for her, "this
is a startling revelation, which upends many of our presumptions about the origins
of marriage and what women want from men and men from women" (p. 351 in
[20]). But what if we found that in, say, 85 percent of all cultures males provided
a substantial portion of their presumptive children's economic support? Would we
then be justified in saying that this common pattern was totally irrelevant to un-
derstanding the evolution of marriage, parental care, and male and female psyches?
Would we really give more weight to the exceptions than to the rule itself?

The arbitrary culture theory that Mead, Angier, and others have accepted gen-
erates a testable prediction, namely, that widespread patterns in human behavior
should be exceedingly rare. If we truly believe that cultural practice is limited only
by human imagination, then it follows that human behavior should differ greatly
and arbitrarily from society to society. The result? No predominant patterns, no
activities characteristic of large majorities of the world's peoples, only special cases,
a large catalogue of exceptions, and most certainly, no consistent tendency for hu-
man traits to advance the different genetic interests of individuals.

For the sociobiologist, however, our evolved psychological mechanisms, char-
acteristic of the entire species, should greatly influence the evolution of cultures
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with the result that some practices ought to be far more likely to emerge than others.
For example, because male fitness will almost always increase to the extent that the
male monopolizes fertilization of the eggs of his wife or wives, men are expected
to have evolved psychological mechanisms that make issues of paternity and female
reproductive potential matters of great importance to them (chap. 4). These mech-
anisms, if they exist, will surely bias the development of cultural traditions in favor
of those that place value on adolescent virginity and that make virginity a desired
feature of a marriage partner. Virgins are not heavy with the child of another male
at the time of marriage nor are they burdened with offspring from previous liaisons;
furthermore, adolescent virgins are young and therefore have many pregnancies in
front of them (or at least they did in human groups during our evolutionary past
when modern birth control did not exist).

If men consider virgins especially valuable marriage partners, it is not only
potential husbands who can be expected (predicted) to take great interest in the
sexual status of adolescent women. If the relatives of unmarried women can ensure
that these females become valued wives for members of other groups, they may
benefit from the bride price received or from the strengthening of political alliances
between the lineages involved. The interests of parents and daughters, uncles and
nieces, brothers and sisters can therefore diverge, producing the prediction that
conflict over the sexual activity of young women will generally be stronger within
extended families than conflict over the sexual proclivities of young men.

These several sociobiological predictions are in direct contrast to expectations
derived from the cultural determinist wing of the social sciences. These academics
should be willing to predict that females with offspring will be considered superior
potential wives in as many societies as those in which a premium is placed on
virgin brides. The blank slate theorist ought to put his money on a fifty-fifty split
in societies with respect to whether sons or daughters engender more family re-
straints on offspring in conflict over sexual matters. There should be as many so-
cieties in which rape is absent as present, as many societies in which women can
claim several husbands as those in which men are permitted to have several wives.
My point is that we can test social science explanations in a rigorous manner if we
so choose. And the proposition that there are no restrictions on cultural diversity,
no evolved biases in our behavior, is not supported when one finds a society or
two that does not follow the norm.

Blank Slates and Beauty

So let us test blank slate pronouncements about a number of human attributes. We
begin with the question, Why do men have standards of beauty that they apply to
women? The feminist Naomi Wolf has something to say about this matter, which
she does in the form of a blanket rejection of the possibility that our standards of
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beauty reflect the operation of evolved proximate mechanisms with adaptive value.
Indeed, in her popular book, The Beauty Myth, Wolf argues that the sociobiological
approach is highly pernicious because persons who adopt the evolutionary ap-
proach supposedly believe that such standards are desirable, natural, and morally
correct [348]. We shall ignore, for the moment, the great difference between claiming
that a trait has evolved and insisting that the trait is morally desirable (see chap.
9). Instead, let us consider Wolf's alternative explanation for male standards of
feminine beauty.

She writes, " 'Beauty' is a currency system like the gold standard. Like any
economy it is determined by politics, and in the modern age in the West it is the
last, best belief system that keeps male dominance intact. In assigning value to
women in a vertical hierarchy according to a culturally imposed physical standard,
it is an expression of power relations in which women must unnaturally compete
for resources that men have appropriated for themselves" (p. 3 in [348]).

Wolf thinks that because the perception of female beauty is a culturally imposed
phenomenon, it lies completely outside the realm of evolutionary analysts. She and
others who make this argument may wish to believe in the possibility of a purely
culturally imposed educational solution to the inequities that result from the un-
pleasant tendency of men to rank women according to a particular scale. Perhaps
such a solution would be more likely to succeed if the perception of beauty was
indeed "only" a cultural phenomenon. But the question remains, Is this trait a
purely arbitrary artifact of cultures? We can begin to answer the question by asking
a few others. Are there universal features of appearance that correlate well with
the fertility, health, and lifetime reproductive potential of women? The answer is
yes. For example, unwrinkled, unblemished skin is far more likely to be possessed
by young, healthy women than by older (less fertile) or less healthy (less fertile)
women. Are young, healthy women more likely to become pregnant and sustain a
pregnancy successfully than older or less healthy women? The answer is yes. Is
there any species of animal on earth in which males are more likely to mate with
infertile females than with fertile ones, if given the opportunity to choose between
the two? The answer is obvious. How likely is it that millions of years of natural
selection on humans and their immediate ancestral species would produce a male
psyche easily culturally conditioned to be indifferent to the cues associated with
fertile women? The likelihood is exceedingly low. Such an outcome would require
the improbable, namely, that men in the past who were culturally conditioned to
seek out women of relatively low fertility had as many descendants as those men
who found females of higher fertility more attractive.

But what about the actual data? Are the standards of beauty in Western culture
arbitrary or are they related to the potential reproductive value of women? Table
7.1 lists some feminine features that appear to be favored by men in our society
and the physiological correlates of women with these attributes. Even a glance at



138 The Problem with Cultural Determinism

the table indicates that male preferences have not been drawn out of a hat [310].
The physical features that men find attractive are properties of young adult women
in current good health who are primed for successful reproduction. Thus, the pre-
ferred body mass index of women is twenty to twenty-four kilograms per meter2

of height (fig. 7.1); women within the preferred range enjoy better health and lon-
gevity than those outside it [316].

Not every study has found that body or facial symmetry are preferred attributes
of potential mates in humans, but a considerable number have. The adaptive sig-
nificance of such preferences, if they exist, also remains uncertain, although body
symmetry in bilaterally symmetrical creatures such as ourselves may be an indi-
cation that the individual was able to develop under good conditions. In contrast,
individuals experiencing harsh environments or genetic defects may have difficulty
developing symmetrically with respect to their external features. Difficult devel-
opmental circumstances also may increase the odds of less than optimal maturation
of the physiological systems that support survival and reproduction. At least two
studies have shown that body symmetry correlates with offspring success in some
human populations [233, 331].

When confronted with research findings of the sort we have just reviewed, op-

Table 7.1.
Some attributes in women that men find attractive and their probable signal
value as indicators of high reproductive value

Attribute Probable Signal Value

Smooth, unblemished skin
Symmetrical faces and limbs

Facial averageness

Prominent cheekbones
Small chin, small nose, large

eyes, and full lips
Waist-to-hip ratio of 0.7

Large, firm, symmetrical breasts

Body-mass index1 of 20-24

Youthfulness and good health [32]
Developmental stability indicative of "good

genes" or good nutritional experience dur-
ing development [157]

Optimum normal development and (?) resis-
tance to parasites [197, 309]

Sexual maturity [79]
High estrogen levels during development

and you thfulness [175]
Current high estrogen levels, ample fat re-

serves, and good health [290]; a higher
probability of becoming pregnant [357]
and a lower probability of early mortality
[129]

Developmental stability, youthfulness, and
immune system competence [215, 224,
291]

High fertility and low mortality rates [316]

1 Body-mass index = body weight in kg/height in mz
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Figure 7.1. The relationship between the body mass index of women and their mean attractiveness
rating. Women who are neither exceptionally heavy nor exceptionally thin for their height were
judged more attractive by forty undergraduate males who viewed photographs of bodies only
(faces were not visible). From [316].

ponents of sociobiology sometimes argue that human mate choice is "very com-
plex," with a host of factors other than the perception of beauty coming into play
when men seek out women, especially to be their wives. In many societies, for
example, marriages are arranged with neither the prospective husband or wife con-
sulted in much detail about their preferences, especially those based on the physical
features of a mate.

True enough, but sociobiologists do not dispute the complexity of mate choice nor
the fact that even in our culture, some, even most, or perhaps all individuals will fail
to secure an ideal partner in every proximate or ultimate respect. Thus, when Mere-
dith Small announces, "I have ... chosen to spend the last decade with an artist, a
man with no money and few goods beyond a bunch of paint brushes," while her
husband, "has chosen me, a woman much older than himself, one with low fertility
who hasn't seen a decent hip-to-waist ratio in years" (p. 5 in [293]), she has not
provided particularly convincing evidence against sociobiology. As Owen Jones
points out, because sociobiological hypotheses "are not about 'always/ they cannot
be disproved by a 'sometimes.' This is not evasiveness, but rather a necessary by-
product of the fact that behavior is plastic and can be influenced by predispositions
(not predeterminations) that are environmentally sensitive" (p. 886 in [178]).

Indeed, sociobiologists dd not claim that every male will succeed in fathering
dozens of offspring with a harem of nubile twenty-year-olds nor that every female
will pair off happily with a devoted Ted Turner or his economic equivalent. Instead,
the sociobiological prediction is that on average the evolved psychological systems
of men and women should help them do a better job at mate selection than if their
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choices were the truly arbitrary products of cultural invention. And by "doing a
better job/' the sociobiologist does not mean a perfect job, only that mate prefer-
ences should enable men faced with real-world constraints on their sexual activity
to achieve greater genetic success than if their mate preferences were essentially
random with respect to female reproductive potential. Males with brains shaped
by selection should tend to desire sexual partners of the sort that in the past would
have been more likely to get pregnant, if inseminated. As a result, men are more
likely to mate with fertile partners than if their brains operated in some other
manner.

One psychological bias that should contribute something toward adaptive mate
choice by men would be an interest in the physical features of potential mates
coupled with a psychological capacity to attach value to cues correlated with high
fertility or fecundity. This prediction has been inspected to some extent; even
though many more data are desirable, the information assembled over the past
decade strongly suggest that men are extremely interested in a variety of features
of women's faces and bodies that are linked with high reproductive potential. How
many men are consciously aware of the connection between full lips and female
fertility? I doubt that many are, but they do not have to be, thanks to their evolved
proximate psychological systems that direct their attention to the relevant cues and
attach positive emotional valence to stimuli that are present in women likely to
generate offspring if inseminated.

In contrast, consider what the blank slate theorist is asking us to believe, namely
that in western society our cultural values and experiences, which supposedly are
the products of the unfettered imagination of culture shapers in the past, somehow
manage to form male judgments about female beauty so that with respect to every
favored attribute (e.g., full lips over thin ones, waist-to-hip ratio of 0.7 instead of
0.8 or 0.6, prominent as opposed to subdued cheekbones) men just happen to favor
the characteristic that is associated with high reproductive value in women. The
blank slate theorist is asking a great deal of accident and coincidence.

But we need not stop here. Sociobiological and blank slate theorists make dia-
metrically opposed predictions about the cross-cultural distribution of male percep-
tions about what makes a woman beautiful. The sociobiologist predicts that stan-
dards of beauty will be allied with female reproductive potential. The blank slate
theorist should predict that the standards of beauty will run the gamut from A to
Z as we move from culture A to culture Z. In reality, the general rule is that men
from different cultures rate the attractiveness of women of different cultures and
races very similarly [80]. Thus, the cross-cultural research conducted to date on this
point largely supports the sociobiological prediction that the standards of female
beauty adopted by males encourage men to pursue fertile women. For example,
male Russians, Americans, Japanese, Brazilians, Paraguayan Indians, and Venezue-
lan Indians all found hormone-based cues of youthfulness, including large eyes,
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small noses, and full lips, to be attractive in female faces [176,177, 249]. Moreover,
in every single one of the thirty-seven societies surveyed by David Buss, men stated
that they preferred younger women as wives. In all thirty of the cultures for which
actual marriage data were available, men acted on their preferences, so that wives
were younger than their husbands by an average of three years for the sample as
a whole [56].

Of course, a problem with any cross-cultural study these days is that much of
the world has been inundated with advertisements and other media messages from
America and Europe, thereby homogenizing human cultures considerably.
Therefore, critics of evolutionary work on beauty standards can and do argue that
similarities in male preferences around the world arise from cultural contamination.
One way to test this hypothesis is to find a culture that has not yet been exposed
to western culture, at least not to an overwhelming degree. Such cultures are ex-
ceedingly rare but Douglas Yu and Glenn Shepard found one—the Yomybato, who
live in a large isolated reserve in southeastern Amazonian Peru. A sample of Yom-
ybato men shown the same female outlines (fig. 7.2) used in other studies of waist-
to-hip ratios (WHR) exhibited a marked preference for drawings of women with a
high WHR. This finding contrasts with the results of previous cross-cultural studies,
which had found that men of different cultural backgrounds usually consider draw-
ings of women with low WHR, that is, with small waists and large hips, to be more
attractive than those with a higher WHR [134, 290, 292]. Yu and Shepard argue that
these previous studies in which low WHR females were judged more attractive
"may have only reflected the pervasiveness of western media" (p. 322 in [356]).

Maybe so. However, other interpretations are possible [216, 315]. For example,
according to Yu and Shepard, Yomybato women "of child-bearing age have high
WHRs even before first pregnancy, and post-childbearing women are thin and have
a low WHR." Furthermore, Yomybato men explained that the narrow-waisted fig-
ures looked like women who were ill with diarrhea. If so, a preference for high
WHR may lead Yomybato men to favor women with features that in their environ-
ment are associated with reproductive competence and good health.

Among the figures with the same high WHR, Yomybato men had a decided
preference for the most "overweight" image [356] in contrast to male subjects in
most other studies who consider most attractive drawings or photographs of
women of normal weight [316]. Given that women in the normal weight range in
Western society are more fertile and more healthy on average than either extremely
underweight or obese women [217, 267], the standard male preference once again
matches the evolutionary expectation that male sexual preferences are linked to
female fertility.

How then to account for the apparently maladaptive preference for overweight
women by Yomybato males? If, as I suspect, obesity was all but impossible for
precolonial Amerindian women living in tropical forest bands, since high-calorie



Figure 7.2. Drawings of women with different waist-to-hip ratios (WHR) of the sort that have
been used in studies of male preferences of this attribute. Yomybato men claimed that they pre-
ferred the O9 figure. (U = underweight, N = normal, O = overweight. Two waist-to-hip ratios
are shown, 0.9 and 0.7, and labeled 9 and 7.) From [290].
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foods are scarce in this environment and stone tools make it difficult to harvest
what is available, then a male preference for the largest available women would in
the past have encouraged males to have sexual liaisons with women with relatively
large fat reserves and relatively high fertility in the ancestral Yomybato environment.
This hypothesis is, needless to say, untested at the moment. But we cannot yet
dismiss the possibility that Yomybato men evaluate the physical features of women
in ways that motivated their ancestors to seek out mates with higher than average
reproductive potential. Moreover, even if the Yomybato and a few other groups
prove to be an exception, it will remain true that in the vast majority of cultures,
men generally find women of high fertility attractive, indicating that male standards
of beauty are anything but evolutionarily arbitrary.

Blank Slates and Genocide

The arbitrary culture/ blank slate argument has, of course, been applied to many
other elements of human behavior besides male analysis of female beauty, One such
topic is genocide, the mass murder of one group by another of different cultural
background, a matter discussed by Gould in one of his Natural History essays.
Gould dismisses the possibility of analyzing the genocidal actions of some people
from an evolutionary perspective. He writes, "An evolutionary speculation can only
help if it teaches us something we don't know already—if, for example, we learned
that genocide was biologically enjoined by certain genes.... but the observational
facts of human history speak against determination and only for potentiality" (p.
64 in [151]). Continuing in this vein, Gould states, "when we recognize that every-
thing distinctive about the cultural style enjoins flexibility rather than determina-
tion, we can understand why a cultural phenomenon like genocide (despite any
underlying biological capacity for such action) cannot be explained in evolutionary
terms" (pp. 66-67 in [151].

Here Gould invokes a deterministic sociobiology (see chap. 3) for the usual
reasons, that is, to be able to destroy a strawman that most people are happy to
see torn apart. We all know that no gene or genes in the human genome guarantees
the performance of mass murder. To learn that this position is the only possible
sociobiological argument makes it easy to ignore such arguments. As we shall see
shortly, however, Gould's version of an evolutionary approach to genocide bears
little or no relation to how evolutionary biologists would actually tackle this issue.

But before we look at what sociobiology has to say about genocide, let's test
Gould's preferred alternative, which is based on the notion of cultural flexibility
unfettered by our evolved psychological mechanisms. The open "biological poten-
tial" hypothesis generates a key prediction, as noted above. If our brains really
lacked any predispositions to learn this over that but were simply blank slates upon
which could be etched any imaginable cultural instructions, then we would not
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expect to find great similarities in the practices of groups whose cultures had de-
veloped independently of one another.

Gould is willing to spell out this expectation in his essay on genocide. He says,
"Each case of genocide can be matched with numerous incidents of social benev-
olence; each murderous band can be paired with a pacific clan" (p. 64 in [151]).
Although Gould does not actually present the data that would support this claim,
it can be treated as a prediction from arbitrary culture theory, namely, that surveys
of cultures should reveal that a more or less random distribution of the genocidal
practice, with it appearing in group A but not in group B only because of a quirk
of cultural history.

Actually testing this prediction poses difficulties. Among other things, we have
to define precisely what constitutes a case of genocide and control for the fact that
some cultures have had the opportunity to borrow heavily from other possibly
genocidal (or nongenocidal) groups while still other societies have been physically
forced to adopt the traditions of other genocidal (or nongenocidal) groups. Even
so, we can judge the plausibility of the prediction that genocide is the random result
of arbitrary cultural forces thanks to the work of Jared Diamond [105], a physiol-
ogist and ecologist who has written several superb books on human evolution and
behavior [106, 107], When Diamond discussed genocide, his goal was not to test
the hypothesis that the trait arises as the arbitrary result of cultural history but we
can nevertheless make use of the evidence he gathered. These data offer very little
support to adherents of blank slate theory. In the first place, many cases of genocide,
both small (involving dozens of deaths) and large (resulting in more than 100,000
deaths), have occurred on every continent except Antarctica within historical times
(fig. 7.3). The widespread distribution of the behavior and its occurrence in all sorts
of societies is not compatible with the idea that genocide arises simply because of
the accidents of cultural history. If it did, we would surely expect it to be very rare
or absent from at least one continent. Moreover, we can say with certainty that
genocide is not purely a modern cultural invention to be attributed to the novel
features of twentieth-century "civilization."

Even more importantly, patterns exist both with respect to the kinds of situations
in which genocide takes place as well as the apparent motivating factors. As Dia-
mond writes, "Perhaps the commonest motive for genocide arises when a militarily
stronger people attempts to occupy the land of a weaker people, who resist" (p.
259 in [105]). In other words, genocide is not practiced in an utterly arbitrary fash-
ion: more often than not, it has as its consequence the acquisition of valuable re-
sources from those who tried to defend what was once theirs. Even in those cases
that do not involve territorial conflict between opposing groups, some of which are
categorized by Diamond as scapegoat killings of minorities, such as pogroms
against Jews, you can be sure that the killers took whatever they could from those
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Figure 7.3. Examples of the worldwide occurrence of genocide in three periods of human history.
The number of persons killed exceeded 100,000 in 16 of the cases shown here. Genocides known
to have occurred prior to 1900 are shown as circles; squares show locations of genocides from 1900
to 1950; more recent examples are shown as triangles. Modified from [105].

whom they killed or displaced. Thus, the effect of many, perhaps most, "successful"
genocides during historical times has been the enrichment of those in charge of the
killing.

The other pattern that emerges from any examination of genocide is the role of
certain proximate psychological mechanisms in helping humans slaughter their fel-
low humans in good conscience. In addition to the motivating effects of greed and
envy, humans are, as Diamond notes, remarkably eager to divide their fellow man
into "us" versus "them," and to accept two utterly different ethical and moral stan-
dards for members of the two groups. Those who are with "us" are viewed in a
favorable light, treated as the potential cooperators that they are, and accorded the
protection that comes from moral codes, such as the Ten Commandments, which
are designed to apply to members of the us-group [164]. In contrast, those who are
said to be "them" are much more likely to arouse negative feelings and overt hos-
tility, so much so in some cases that their murder can become a morally justifiable
goal. Thus, for example, American presidents from George Washington to Teddy
Roosevelt have viewed the destruction of American Indians with equanimity, even
great satisfaction, as their pronouncements, which Diamond has assembled [105],
make chillingly clear. Likewise, John Hartung notes that the Old Testament argues



146 The Problem with Cultural Determinism

that it is a moral necessity for the Israelites to destroy their enemies utterly, so much
so that the "Bible is a blueprint of in-group morality, complete with instructions for
genocide, enslavement of out-groups, and world domination" (p. 97 in [164]).

The fruits of our "us versus them" psychology are evident in the nationalism,
regionalism, racism, and factionalism that informs human attitudes everywhere
about members of other nations, regions, suburbs, races, religions, political parties,
professional sports teams, academic disciplines, academic subdisciplines, and aca-
demic sub-subdisciplines. Does anyone seriously believe that somewhere on the
planet there live large numbers of people who feel more warmly on average toward
members of other organizations than the ones to which they themselves belong?
Although Woody Allen joked in one of his movies that he did not want to be a
member of any group willing to have him, most of us have a highly positive opinion
of the groups willing to accept us.

If Diamond is right, the potential to commit genocide under certain conditions
rests in part on evolved proximate mechanisms that make it satisfying to adopt
moral positions based on group affiliation. Neither the ultimate consequences nor
the proximate causes of genocide are the random or arbitrary effects of encultura-
tion. Of course we have to learn what groups we belong to and of course we have
to learn exactly why we should hate or tolerate or actively cooperate with members
of another group. But, as I shall argue in more detail in chapter 8, our interest in
learning about these matters is anything but neutral. Our brains have been shaped
by natural selection and they therefore come prepared to facilitate certain kinds of
learning, certain kinds of emotional responses, and certain strategies of decision-
making. As a result, the neural machinery inside our skulls guides us toward a
limited set of decisions from among the infinite array of potential options.

Donald Brown, a cultural anthropologist willing to test blank slate theory, has
done us all a favor by reviewing the critical evidence on the central prediction from
the theory that human behavior is arbitarily diverse and variable. Brown found
that, contrary to this prediction, humans everywhere share a host of attributes, so
many that even outlining the traits in question required ten pages of text. The use
of a learned, symbolic spoken language supplemented with communicative ges-
tures and facial expressions is of course at the very core of humanity. Everywhere
language is employed taxonomically to categorize (among other things) kin in re-
lation to genetic relatedness with separate terms for mother's and father's lineages.
People around the world are social beings, intensely interested in sex, sexual rela-
tionships, sexual access, and degrees of sexual attractiveness. The mating systems
they adopt are vastly more likely to encourage polygyny than polyandry. People
are capable of sexual jealousy and concerned about sexual modesty. They gossip.
Our social nature is also reflected in our concern about and capacity to deduce the
intentions of others, whom we recognize as individuals rather like ourselves in
psychological terms. People adopt rules of behavior and the means to deal with
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violations of the norm; they invent law and religion, dance and music, games and
competitions for status, and on and on [50].

Moreover, as another cultural anthropologist, Lee Cronk, points out, the cultural
diversity that actually exists is dwarfed by the total number of combinations of
cultural variables that could conceivably exist in what he calls ethnographic hyper-
space [77]. Think of how many different combinations could be created with respect
to just three of the many hundreds of traits found in human cultures: the interpre-
tation of facial signals, residence patterns for newlyweds, and concepts of time.
Although a vast array of combinations are possible, only a handful actually occur.
Nowhere do humans look at a frowning companion and imagine that the person
is happy; no societies exist in which newlyweds go to live with the wife's father's
sister's family whereas in quite a few, newly married couples move to be near the
husband's mother's brother; and in every society studied to date, people share the
notion of time as a continuum and they talk about events in the past, present, and
future. The traditional preoccupation of cultural anthropologists in cataloguing the
differences between cultures has kept some of them and many of us from seeing
the cultural similarities among different peoples, similarities that tell us something
about the nature of the brain and its effect on the evolution of culture.

If Brown and Cronk are correct, the blank slate theory of the human brain is
wrong. Such an approach requires that several million years of selection acting on
a social species organized into small, genetically distinct family groups had no
impact on the evolution of the brain other than to enlarge it, the better to acquire
whatever cultural information individuals happen to be exposed to. Everything that
we know about how selection works tells us that such a position is wildly implau-
sible. Yet this is precisely the unlikely philosophy that Gould, Mead, and many
social scientists and some feminists would have us accept largely on ideological
grounds. That this position has any residual credibility can be attributed largely to
the power of wishful thinking that some special meaning accrues to human exis-
tence. As Pierre van den Berghe, a sociologist with a genuine understanding of
evolutionary theory, has pointed out, "It is not easy to accept that evolution is a
meaningless tale told by an idiot" (p. 175 in [324]). Indeed, most people find it hard
to believe that blind evolutionary processes have created us, a creature whose un-
conscious ultimate goal is no different from that of the slime mold, the aardvark,
the pine tree, and the earthworm. Although this point is evidently unpalatable, it
is true nonetheless.
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8

Sociobiology and Human
Culture

Natural Selection and the Evolution of Behavioral Flexibility

Had I been born in central Papua New Guinea a century ago, odds are that I would
have considered myself humiliated had I been an adult seen in public without my
penis sheath, despite the fact that my penis sheath would have constituted essen-
tially my only "clothing." I was born in Charlottesville, Virginia, however, and if I
were to wander around my current neighborhood in Tempe, Arizona, outfitted in
traditional New Guinean fashion, I would be arrested in short order. You do not
need to be told that the difference in what constitutes appropriate attire varies
enormously, and that is true even within Papua New Guinea today, where a great
many men have traded in their penis sheaths for shorts and T-shirts.

The diversity of cultural traditions, the rapidity of cultural change, and the ca-
pacity of children transferred from one society to another to adopt the local customs
and local language all demonstrate that human behavior is highly flexible and de-
pendent upon the capacity to learn. As a result, many persons have accepted the
non sequitur that the genes which have survived past episodes of natural selection
have little or no role to play in the development of our behavior. However, as
discussed in chapter 3, all behavioral traits, whether instinctive or learned, are the
product of an interaction between genetic information and the "environment." Al-
though the different traditions learned by a Papua New Guinean or a Tutsi or an
Inuit or an Englishman obviously arise from differences in cultural environments,
the capacity to learn and to acquire the trappings of a culture depends upon chem-
ical events that take place in brain cells within the New Guinean, the Tutsi, the
Inuit, and the Englishman. The brain cells in question are the developmental prod-
ucts of complex gene-environment interactions. Without the appropriate genetic
information, there can be no development of the psychological mechanisms that
support behavioral adaptability, including the learned acquisition of cultural
traditions and mores.

Genetic differences in the past have surely affected vast numbers of gene-
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environment interactions that have occurred within ancestral hominids, generating
ample variation in the kind of psychological mechanisms these individuals pos-
sessed. Therefore, selection was inevitable, with some genes becoming more fre-
quent over time, namely, those whose information contributed to the development
of the more adaptive learning mechanisms, which resided in bodies that reproduced
more than other individuals with slightly different genes and slightly different psy-
chological attributes.

Humans have not always had all the cultural accouterments of Hutus or Eng-
lishmen. At one time not so many million years ago, our ancestors could make only
rudimentary tools while surely communicating in a far less sophisticated manner
than we do currently. The immense increase in brain size over the last million or
so years (fig. 8.1) must have had profound consequences for our capacity to learn
and acquire our culture. If you accept the less-than-revolutionary assumption that
brains are necessary for learned behavior, then past selection on hominids that
varied in their capacity for culture is a certainty.

Thus, the real question is not whether the human brain and our ability to adopt
cultural traditions have evolved. The real question is, What kind of brain and what
kind of learning abilities have been produced by natural selection? For blank slate
theorists, the answer to this question is that human brains have the capacity to
learn almost any conceivable option while being "predisposed toward none." Those
who wish to ignore evolution have adopted what John Tooby and Leda Cosmides
call the Standard Social Science Model of the brain [314], which posits an all-
purpose, content-free, hyper-impressionable organ that develops within infants and
then awaits instruction from available culture bearers, instruction that the young
brain faithfully absorbs. I join Tooby and Cosmides in acknowledging that different
social scientists employ many different versions of the blank slate model; like Tooby
and Cosmides, I will not expend space on "the qualifications and complexities by
which positions are softened, pluralisms espoused, critical distinctions lost, and, for
that matter, lip service paid" (p. 31 in [314]). It is fair to do so because no matter
what variant of the blank slate model is advanced, it does not concern itself with
selection's effects on brain design whereas the sociobiological alternative does.

For sociobiologists, the brain is essentially a reproductive organ, like every other
evolved internal mechanism of living things. If selection has shaped the evolution
of this device, as it must have, then the brain and the abilities this amazing structure
controls should tend to increase the genetic success of individuals, at least in en-
vironments similar to those occupied by humans in the past. How might the brain
achieve this goal? By having design features that help individuals overcome pre-
dictable obstacles to reproductive success, not completely blank, open-ended, and
neutral attributes, but rather those that can facilitate the kind of behavioral flexi-
bility that tends to result in successful reproduction. In contrast to the blank slate
brain, the prepared or anticipatory brain is content-rich, loaded with specialized



Figure 8.1. The extraordinary evolution of the human brain involved the expansion of an organ
in an ancestral hominid that was about the same size as a modern chimpanzee's brain into one
that is three times that size.
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circuitry that can much more easily acquire from the environment information that
is relevant to the reproductive competition that occurs in human populations. This
is the kind of brain that will help individuals do a better job at those particular
tasks relevant to genetic success.

How can we evaluate the plausibility of the two theories—the content-free,
blank slate brain capable of learning all things equally well versus the information-
rich, task-specific, prepared brain predisposed to learn certain things far more read-
ily than others? We can judge the competing views in a host of ways, but first by
asking whether our ancestors confronted certain obstacles to genetic success over
and over again, generation after generation. If they did, selection surely favored
individuals who happened to have brains with particular design features, neural
modules if you will, that were well suited for overcoming these predictable obsta-
cles. The physical and social features of the ancestral hominid environment were
not random, arbitrary, or infinitely varied. For example, paleontological and an-
thropological evidence are usually interpreted to mean that our ancestors lived in
small bands composed of a few family units [50, 199]. Band members foraged for
a diverse set of foods, vegetable and animal, and these hunters and gatherers made
and used tools for this purpose. Bands regularly came into contact with others,
creating situations with the potential for competition or cooperation with respect
to the control of resources and the acquisition of mates. Females almost certainly
moved from their natal group to another cluster of people where they paired off
with males. Adult males could and many did share resources with their mates,
children, and others; women likewise shared foods they collected with other band
members. The opportunities were vast for complex and dynamic social interactions
on a whole range of fronts.

Given this kind of setting, those of our ancestors who were capable of learning
certain things surely left more descendants than those who were less competent at
the following tasks: acquiring information about who was related to whom by how
much, learning about the reputation and personalities of potential mates and rivals,
learning the identification, uses, and spatial location of resources, especially foods,
within the foraging range of the band, learning how to make effective tools and
how to utilize them efficiently, and so on. These are tasks that require very different
abilities. The idea that one all-purpose learning mechanism could provide the cog-
nitive basis for success in all these and many other different endeavors is about as
plausible as the idea that a single piece of software can permit a computer user to
engage in both word processing and the statistical analysis of data.

The inherent implausibility of the blank slate model also surfaces when one
considers how easy it would be to learn things that reduce, rather than increase,
one's genetic success. We will later examine some cases in which culturally sup-
plied information currently has exactly that effect. For the moment, consider the
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following thought experiment. Imagine a population of ancestral humans most of
whom possessed genes that promoted the development of blank slate brains. Be-
cause of their open minds, these individuals absorbed whatever information other
"culture bearers" in their groups provided them. Imagine that among these culture
providers some possessed a hereditary predisposition to dish out information that
made their companions amenable to exploitation in ways favorable to the exploit-
ers. As Noam Chomsky notes, the blank slate brain is a dictator's dream (quoted
in [300]).

In short order, the special genes of the manipulative "educators" would spread
at the expense of the alternative forms of those genes in educable suckers. In this
evolving population, other new alleles that in any way helped make persons resis-
tant to exploitative education could be expected to spread, eventually creating a
species whose members evaluate the "culture" to which they are exposed from a
special perspective. The resultant decisions might be based on logical analysis or
upon the individual's gut feelings, but the effect would be that persons would
sometimes reject attempts to get them to accept certain kinds of culturally supplied
advice, traditions, exhortations, or demands. Such persons sound very much like
people all around us today, and indeed very much like ourselves! Most of us tend
to be skeptical of a great deal of what we hear. Moreover, we are sometimes worried
about being taken to the cleaners by others, we are always interested in the moti-
vation and aims of our fellow man, and we feel mildly paranoid at times about our
social life in general. Certain things, such as the idea of being enslaved, elicit strong
negative reactions. Such attributes can prevent us from falling under the spell of
others and marching along like automatons to the cultural tune sung by those who
would take advantage of us.

My point is that blank slate mechanisms are inherently vulnerable to exploita-
tion and therefore unlikely to persist for long, even if it were possible (and it prob-
ably isn't) for evolutionary processes to generate a truly blank slate neural appa-
ratus of some sort. The kind of brain circuitry able to survive the genetic
competition that has taken place during evolution ought to generate adaptive tar-
geted flexibility of behavior, not undifferentiated equipotentiality of response. If
behavioral flexibility is an evolved means to an end, namely, improved chances of
genetic success, we can predict that in adaptable organisms, individuals will employ
their ability to do X instead of Y or Z in ways that generally advance their chances
of reproducing or those of their close relatives. We can check this prediction in
many ways, including the examination of how behaviorally flexible organisms other
than ourselves make use of their adaptability.

You might think it difficult to find nonhuman creatures that can do X, Y, or Z,
depending upon their circumstances, if you have read such things as "In the vast
majority of animal species, which are simple invertebrates, behavior is almost en-
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tirely genetically programmed" (p. 176 in [268]). Even if "rigidly determined" or
"developmentally inflexible" is substituted for the patently misleading "genetically
programmed," the claim does not stand up. Behavioral flexibility is definitely not
a uniquely human attribute nor is it restricted to a few of the "higher" mammals.
We have already mentioned, for example, the capacity of male red-winged black-
birds to calibrate their parental care in accordance with their mates' fidelity, and
the ability of female red-winged blackbirds to make adaptive tactical decisions
about which extra-pair males to accept as mates based on attributes correlated with
male age. Likewise, young Seychelles warblers have options which they exercise,
choosing between being a helper at the nest of their parents or leaving home to
find a breeding territory of their own. Even among the much maligned insects,
many species can skillfully adopt one or another tactic to deal with certain variable
environmental conditions, as shown by the worker ants that treat their brothers and
sisters differently, depending on how many males their queen mothers have mated
(chap. 6).

Targeted Flexibility of Behavior in an Insect

That behavioral flexibility is widespread among the animal kingdom can be illus-
trated with another example of an insect whose behavior belies the claim that in-
sects are rigidly programmed robots, incapable of behavioral flexibility. I learned
about this case when studying a species of rove beetle called Leistotrophus versicolor,
merely one of thousands of beetles in the family Staphylinidae. This insect is not
much to look at (fig. 8.2); indeed my wife slandered it upon first encounter as one
of the ugliest creatures she had ever seen. I grant that it is homely as befits a creature
that apparently is designed to look like a small deposit of bird dung, less than an
inch in length, lying on a green forest leaf, the typical perch of the beetle in its
tropical forest home in the mountains of Costa Rica. If you were wandering through
the beetle's habitat, odds are that you would ignore it completely, which is not
surprising since its appearance has surely evolved to camouflage it from visually
hunting predators. But should you happen to stumble across the beetle and rec-
ognize it as such, you would be struck by its low-slung mottled brown body and
drastically shortened wing covers, a key characteristic of the Staphylinidae. As a
result of its special wing covers, much of the beetle's sinuous abdomen protrudes
uncovered, giving the insect a half-naked look.

A fellow biologist, Adrian Forsyth, convinced me to join him in examining the
behavior of this beetle in the forest near the town of Monteverde, a popular desti-
nation for ecotourists these days. Although the dung-mimicking insect lacks the
appeal of the quetzals and howler monkeys that attract most visitors to Monteverde,
the beetle's life is moderately dramatic and full of interest for the sociobiologist. In
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Figure 8.2. The rove beetle, Leistotrophus versicolor, is just one of a multitude of species with con-
siderable behavioral flexibility thanks to a nervous system endowed with conditional strategies.

order to conduct our research, Forsyth and I placed small amounts of mammalian
dung in the subtropical mountain forest habitat occupied by the beetles. These none-
too-appealing materials appeal strongly to L. versicolor, which quickly detect and
fly upwind to the dung. There they join various species of blowflies, which also are
quick to respond to dung, which offers the flies much food and good egg-laying
substrate. The feeding flies sometimes fail to notice a beetle creeping up behind
them. The predator then explodes forward to grasp the prey with its formidable
jaws, which chop the captured victim to bits during its meal.

Good fly hunting attracts female beetles to the dung, which in part is why male
rove beetles claim territories that encircle fly-attracting feces. The resident male
approaches, chases, and expels all other males from "his" bit of dung. Winners get
to monopolize incoming females, most of which are sexually receptive, with the
result that a successful territory holder inseminates many partners, which zoom in
one after another to feed heartily on prey and mate before cruising off to lay their
eggs elsewhere [130],

The mating behavior of L. versicolor is rather more refined than you might imag-
ine. Males do not simply mount and copulate with female visitors to their territory
but instead engage in series of preliminaries that appear to promote female sexual
receptivity. The key element in courtship is an abdomen-tapping routine in which
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the male approaches a female from behind and gently taps the tip of her upraised
mobile abdomen with the underside of his head. An unreceptive female walks
forward away from the courting male; a receptive female eventually stops moving
and lowers her abdomen, a signal to the courting male to twist his abdomen about
so as to copulate with his partner.

By giving captured beetles distinctive paint marks after measuring them, we
created a population of individuals of known sex and size, which facilitated our
attempts to determine whether large males had a reproductive advantage over
smaller ones, as we expected they would. Forsyth and I noted that large males had
disproportionately large jaws, which they were not at all reluctant to use on smaller
rivals, snapping at them as they chased them away from their dung-centered ter-
ritories. Large males converted their aggressive advantage into a territorial advan-
tage, which gave them an edge in meeting and courting females.

But not long into our study, we observed large territorial males apparently court-
ing smaller marked beetles that our records indicated were males, since they had
been captured and given their distinctive paint marks after they had copulated with
females at other locations on previous days. Hmm. In these cases, the larger male
approached the smaller one, which presented the tip of its abdomen, just as a female
would. The larger male tapped the smaller male's abdomen, just as if this individual
were a female. The smaller male walked forward at intervals, just as if it were an
unreceptive female. But we knew that the object of the territorial male's courtship
was a male, not a female.

Forsyth and I were delighted at this turn of events because we had found a
Darwinian puzzle well worth resolving: Why should smaller males spend time and
energy in an apparent attempt to pass as females? The first thing we learned was
that female mimics fooled larger, territorial rivals into tolerating their presence,
instead of attacking them violently, which is the usual response of territory holders
confronted by male opponents. The nonaggressive mimics avoided disputes of this
sort and instead took advantage of the territory holders' strong sex drive, which
typically ensures that males do not miss chances to court and mate with females,
but which on rare occasions can be exploited by rival males that behave like fe-
males. While being courted instead of assaulted, these mimics wandered around in
another male's territory for some time before the duped male finally "figured out"
what was going on and attacked. During this grace period, the mimics sometimes
encountered and captured flies, and they even sometimes found true females, which
they courted while being courted themselves. On occasion, a female impersonator
copulated with the real McCoy while a large territorial male stood patiently behind
waiting for an opportunity to resume courting the smaller male [130]. Thus, mimics
can derive direct reproductive benefits from their deceptive behavior.

So two very different reproductive tactics coexist in the population of L. versicolor
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males. What are the possible developmental (proximate) explanations for this state
of affairs? I suspect that most persons hearing about this sort of thing for the first
time would guess that the two kinds of males differ genetically, with different gene-
environment interactions underlying the development of their different nervous
systems, which eventually causes the adults to behave differently. One could po-
tentially test this proximate hypothesis in many different ways but Forsyth and I
focused on one key prediction from the genetic differences hypothesis, which is that
the differences between the two types should be stable. In other words, if the mimics
were locked into their role by their heredity, we would expect to see them always
behaving like females and not like territorial males.

In fact, however, at least some males of L. versicolor can switch back and forth
between these roles with no difficulty, a point that was brought home to me force-
fully while watching a large male court a medium-sized one that had adopted the
female tactic. However, the medium-sized male abruptly abandoned his mimicry
of females when he came across a smaller male while leading the duped larger
beetle on a pseudo-courtship wander. The transformed mimic charged at the
smaller male, snapping at his opponent, forcing him to retreat hastily. But when
the larger male relocated him, the medium-sized beetle resumed his deceptive pat-
tern of female mimicry.

In other words, it is entirely possible, indeed likely, that all the males of this
species of staphylinid beetle differ very little in the key genes that affect the de-
velopment of their nervous systems, so that their gene-environment interactions
produce much the same neural mechanisms. But included in their armory of neural
mechanisms is at least one that makes it possible for individuals to employ different
reproductive tactics in different settings. Confronted with a substantially larger ter-
ritorial rival, smaller males are able to finesse the situation by turning around and
providing the signals that trigger courtship as opposed to eliciting a jaw-snapping
attack. This tactic may buy the mimic some time at a dung pile where food and
mates are relatively abundant, so that he has some chance of acquiring these
reproduction-enhancing resources. Were he instead to engage the larger male in
combat, odds are that he would immediately be forced to retreat because body size
is so important in determining winners and losers in this insect, as it is in most
other animals.

In the jargon of sociobiology, the beetle owes its behavioral flexibility to a con-
ditional strategy, an inherited neural mechanism that switches on different responses
in reaction to different conditions that males are likely to encounter. Up against a
big bruiser? Activate the seductive female mimicry response. Run across a little
guy? Damn the torpedoes. Full speed ahead. Attack the rival, if he dare stay around.
It goes without saying, although I am going to say it, that the rove beetle male
need not be consciously aware of its strategic condition-dependent responses. We
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do not know what, if anything, is going on in the beetle's "mind." It is sufficient
that the male beetle possess internal mechanisms that confer a certain amount of
flexibility in his responses to rivals.

Note that genes must underlie the behavioral flexibility of L. versicolor. Flexible
decision making in this beetle and all other adaptable species depends on well-
designed neural units, which could not have developed without the key enzymes
needed for the chemical assembly of those structures. The critical enzymes require
specific genetic information for their production. Of course, the environment is also
essential in providing the materials needed for enzyme building and for neuron
construction. In addition, certain experiences with rival rove beetles early in a
male's adult life could conceivably help refine the development of the neural sys-
tems that are the foundation for the male's ability to switch back and forth between
hyperaggressive territoriality and nonaggressive female mimicry. But all the raw
materials and experiences in the world could have no developmental effect without
the kind of genetic information capable of responding to particular chemicals and
experiential stimuli.

Having considered the proximate basis for the rove beetle's conditional strategy,
what about the ultimate reasons for the spread of the genes in the past that enable
today's beetles to develop the key strategic mechanisms? One possibility is that in
the past flexible males with their particular genes were up against more rigidly
programmed individuals with some different forms of those genes. One can readily
imagine that a strategically flexible male capable of female mimicry under some
carefully prescribed circumstances might well have done better at leaving descen-
dants than a male committed to a "damn the torpedoes" approach 100 percent of
the time. Males that happen to be relatively small (because they were unlucky in
finding food when they were larvae) will encounter larger males when they are
adults. Smaller individuals that could only attack when a large rival loomed on the
horizon might fare more poorly in the mating sweepstakes than genetically different
types capable of slipping seductively into the female mimicry mode when facing a
particular kind of opponent.

This scenario is testable. If the rove beetle's conditional strategy is an evolved
adaptation, then the decisions that individuals make about which tactic to select in
response to the conditions they confront should promote their genetic success. In
other words, male beetles should adopt the tactic that yields the higher reproductive
payoff for a particular set of conditions. If a male is capable of being a successful
territorial aggressor, then he should exploit that tactic, because successful territory
holders mate more often than males that behave in some other manner. Thus, if a
female-mimicking male happens to encounter opponents he can defeat (i.e., smaller
ones), he ought to switch over quickly to the aggressive role. As noted above,
mimics do make this switch, which makes reproductive and evolutionary sense.
Males rank their options in accordance with their reproductive payoffs, making the
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best of a bad situation via the female mimicry tactic, if they have to, but otherwise
controlling a mating territory [130].

Conditional strategies are extremely common in the animal kingdom, with the
typical pattern being one in which individuals that are competitively disadvan-
taged for some reason possess the ability to salvage some genetic success by
adopting an alternative tactic [94, 160]. Flexibility in decision making, especially
when dealing with social competition, is not even remotely the sole province of
human beings, despite widespread belief to this effect. Moreover, the beetle ex-
ample also teaches us that the neural mechanisms underlying behavioral flexibil-
ity will spread over evolutionary time only if they generate adaptive conse-
quences. Systems that yielded truly open-ended results in the past must have
been reproductively inferior to more tightly designed ones. Think about it. Indis-
criminate flexibility for flexibility's sake is not likely to generate genetic payoffs
for male rove beetles. Reproductive success for males of L. versicolor depends on
mechanisms that bias decision-making toward adaptive outcomes. Beetles not
predisposed to treat large rivals one way and small rivals another are beetles
whose unique genes have disappeared.

The concept of conditional strategies has every bit as much potential utility in
helping explain human behavior as it does for beetles, ants, red-winged blackbirds,
and Seychelles warblers. Just as is true for ants and warblers, human beings can
vary in their behavior even when they share exactly the same hereditary informa-
tion for brain development. If people have brains equipped with the same condi-
tional strategy, then individuals can make different decisions in response to the
special environmental conditions they experience. Remember that when sociobiol-
ogists study behavioral variation of this sort, it is to explore the adaptive properties
of the conditional strategies involved and not to investigate the operation of brain
circuitry or the means by which genes influence brain development.

Consider how sociobiologists deal with one much discussed aspect of our re-
productive behavior, namely the willingness of men and women to engage in extra-
pair matings (chap. 4). We can safely assume that our male and female ancestors
over the past million years or more formed long-term pair bonds in order to rear
offspring together. And we can also assume that some members of some pairs had
short-term sexual relationships with other individuals as well. Persons unfamiliar
with conditional strategy theory might be tempted to treat individuals who focused
heavily on long-term pairing and those who favored short-term sex as if they dif-
fered in their hereditary makeup. But it is far more likely that selection favored
ancestral hominids who happened to possess a conditional strategy with two tactics,
the "faithful mate" and the "adulterous mate" options.

Individuals with this conditional strategy could make decisions about whether
to pursue short-term matings in addition to a long-term relationship based on the
nature of their own attributes and the social environment in which they lived. Just



160 Sociobiology and Human Culture

as with the Costa Rican rove beetle, we can predict that the flexibility such a strategy
conferred on individuals had to have been targeted and judicious in order to have
been adaptive. Short-term matings expose the male to attack from the social part-
ners of the women he has inseminated as well as disrupting any mutually advan-
tageous social ties he has established with these men. Moreover, the probability of
success in mating with someone else's long-term partner surely varies, depending
on such things as the male's appearance and wealth, factors carefully evaluated by
modern women willing to engage in short-term sexual relationships [136, 250].

Given these elements, males should possess the kinds of emotional and rational
mechanisms that encourage them to attempt extra-pair matings only when the be-
havior would have increased their genetic success in the ancestral environment of
hominids and even today. Because the mix of costs and benefits from attempted
adultery will differ among different men, the result should be variation among
individuals in their fidelity to a single partner, a variation that need have nothing
to do with genetic variation among the men in question and everything to do with
the evolved operating rules of their psychological mechanisms (i.e., the male con-
ditional strategy) in relation to their social environment and relative attractiveness
[136].

Incidentally, an understanding of the conditional tactics underlying male repro-
ductive behavior would have prevented Natalie Angier from claiming that because
the probability of fertilizing an egg is low for any given copulation with any given
woman, selection could not favor male promiscuity over male fidelity [19]. Angier
notes that a male who copulates with his social partner every night for a month
has the same chances of generating an offspring as one who copulates with a dif-
ferent female every night for a month, given the very low probability of conception
per copulation. She therefore concludes that in the ancestral environment of hu-
mans, faithful males would have left as many descendants as promiscuous ones,
so that any distinctive genes promoting the development of promiscuous psychol-
ogies could not have spread through ancestral populations. Angier is clearly under
the impression than promiscuity and fidelity represent two different strategies, that
is, two hereditarily distinct psychological mechanisms such that faithful males in
the past were incapable of short-term matings at times when the genetic payoff was
likely to be high from such activity. Given that in the environment of our ancestors,
"wives" were likely to have been pregnant for much of their adulthood, inflexibly
faithful men almost certainly left fewer descendants than conditionally faithful men.
Men whose wives were pregnant almost certainly could have gained genetic success
if they possessed the conditional capacity to engage in highly discrete extra-pair
matings with nonpregnant women whose social partners then cared for any off-
spring arising from these liaisons.



Sociobiology and Human Culture 161

The Evolution of Learning

We can apply the conditional strategy concept to the phenomenon of learning to
make the point that learning mechanisms can and indeed must specify the various
options that can result from the acquisition of information from experience. In order
for an animal to learn something, its brain must be capable of changing as a result
of experience, leading to a change in the decisions made by the educated individual.
In effect what is required is a conditional strategy, a proximate mechanism, with
the capacity to generate decision X under certain conditions or decision Y under
different ones. To do so requires a prepared brain.

Thus, for example, the reproductive tactics adopted by men are surely affected
by learning in a host of ways: individuals could learn from observation of others
or from the traditions of their group about the consequences of ill-considered at-
tempts at adultery, they could learn from the interactions with women about the
degree to which they were considered attractive, they could learn from personal
experience about which women in their band would be likely to respond to their
advances, and so on. In order to assimilate this information and make adaptive use
of it, however, men must possess specialized circuitry with all sorts of complex
design specifications. Systems of this sort do not arise spontaneously out of the
blue; they are the developmental product of what happens when particular genes
operate within particular chemical environments. Alter the relevant genes and the
developmental patterns will change, affecting the design features of the developing
mechanisms. These design features determine how neuronal mechanisms respond
to sensory information and then change the way they work so as to generate an
adaptive modification of behavior.

We can perhaps better see just how tightly structured learning really is by leav-
ing humans behind for the moment and turning our attention to some of the many
creatures other than ourselves that learn from experience. For example, insect-eating
birds quickly learn what is tasty and what is not. In some cases, a single unhappy
experience, namely, vomiting after ingestion of a brightly colored toxic: prey, does
the trick with the bird thereafter giving the nauseating species X a wide berth. To
learn to avoid all members of species X can happen if and only if the educable bird
possesses neural mechanisms with special properties. These mechanisms include
those cells that provide the punishing sensations associated with nausea and vom-
iting, while other cells store information about the visual stimuli of food items
consumed shortly before the unpleasant experiences occurred. In addition, the
bird's brain must be capable of making the association between the digestive dis-
tress induced by the food and the control center that regulates feeding responses
to potential prey items. When these relationships are in place, the bird can modify
its behavior with the happy proximate result that it avoids an additional punishing
experience. At the ultimate level, the educated bird reduces its intake of toxic poi-
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sonous prey while retaining the useful calories and nutrients already contained in
its stomach.

Consider how easy it would be for learning mechanisms to reduce rather than
increase a learner's reproductive chances. For example, imagine a bird whose cir-
cuitry caused it to avoid members of every caterpillar species, including edible ones,
that it had eaten in the fifteen minutes or hour before a single punishing experience
with a particular toxic prey item. Or imagine a bird that responded to the experience
of vomiting by seeking out more of the toxic prey in question in order to vomit
again and again. The caterpillar itself provides nothing that guarantees an adaptive
change in the bird's behavior. Therefore, consistently adaptive learned dietary
choices must be the product of past selection for those physiological systems that
bias, guide, steer, and direct individuals toward learning what is right in terms of
individual genetic success. That most learned modifications of behavior are in fact
advantageous must reflect the highly engineered design of neurons and their con-
nections. As John Tooby and Leda Cosmides put it, neuronal "designs that produce
'plasticity' can be retained by selection only if they have features that guide behav-
ior into the infinitesimally small regions of relatively successful performance with
sufficient frequency" (p. 101 in [314]).

Evidence in support of this claim has been around for decades. For example, in
the 1960s and 1970s John Garcia and other psychologists of like mind realized that
the ruling behaviorist dogma at the time simply could not account for certain ob-
servations [138, 139]. The Skinnerian position, popular at that time, was that any
action would become more frequently performed if it were positively reinforced
(i.e., rewarded) and less frequently performed if coupled with aversive stimuli (i.e.,
punished). According to this view, all learning in all species occurred in accordance
with this simple and supposedly universal law. However, Garcia devised tests of
the "law" that showed its interesting limitations. For example, although white rats,
a favorite subject of laboratory psychologists, can be easily conditioned to avoid
fluids that are associated with internal distress such as nausea, they cannot learn
to avoid the same materials if they are experimentally linked to a shock applied to
the animal's skin. Provide a rat with a distinctively flavored liquid and then later,
even hours later, expose it to X rays that make the animal sick to its stomach, and
it will have nothing to do with the flavored liquid when it encounters it again. Run
the procedure with another animal that is shocked shortly after it sips the flavored
drink, and the rat simply does not get it. Instead the rat goes back for another drink
and is shocked again, only to make the same error again.

Although this odd feature of rat learning puzzled some and irritated others
within psychological circles, it delighted persons aware of selectionist theory. White
rats are the domesticated relatives of wild Norway rats and they carry the genes
of their ancestors in their bodies. In the past these genes helped in the development
of learning mechanisms relevant to the real world problems confronted by free-
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living Norway rats. In the real world, the consumption of liquids and foods does
not cause external skin pain but some ingested substances can have damaging in-
ternal effects. In the past, animals capable of detecting internal damage and linking
these cues with foods or fluids recently consumed would have been able to modify
their diet adaptively. No such benefit comes from circuitry that enables rats to as-
sociate specific foods or fluids with skin pain since ingested substances have no
way of acting on external sensors.

The critical idea here is that learning abilities evolve in response to selection
acting on individual differences in the ability to solve real world problems, not
every conceivable problem. If true, learning abilities should have peculiarities, spe-
cializations, and oddities that make adaptive sense once one figures out the evolved
purpose of the underlying learning mechanisms. Song learning by small passerine
birds offers a superb example of just this kind of system [62].

Adaptive Design in the Song Learning of Songbirds

Many songbirds must learn to sing their species's distinctive song, which is a
unique territorial and mate-attracting communication signal (fig. 8.3). Young male
white-crowned sparrows, for example, cannot sing the normal complex song of
white-crowned sparrows if they have been experimentally reared in acoustical iso-
lation from others of their species. These experimental subjects will eventually pro-
duce a song that has only a vague similarity to the typical territorial song of adult
male white-crowned sparrows. However, if a researcher plays taped songs of a

Figure 8.3. Song learning in the white-crowned sparrow. A young bird exposed to the songs of
two species between age ten to fifty days will later match the song of its own species, while
ignoring that of a different species, the song sparrow. During the matching phase, the young male
produces increasingly more complete copies of the tutor white-crown song until it eventually sings
a full song that closely resembles that of its tutor. Courtesy of Peter Marler.
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white-crowned male to youngsters reared in complete social isolation from other
birds, these sparrows will in due course produce a fully elaborated adult song, one
that carefully duplicates the song the isolates have heard. Moreover, a young ex-
perimental male that is tape-tutored when it is a mere stripling, just ten to fifty
days old, will copy and reproduce the song accurately when it is nine or ten months
old. Because white-crowned males do not even begin to sing until they are five
months old, they clearly can store memories of songs for months before beginning
the process of shaping their vocalizations. If the young male cannot hear what it is
singing, as a result of being deafened, song development stops in its tracks. The
bird has to be able to hear its own song in order to alter it to match the song
memories stored in its brain [222, 223].

Now here's another special feature of the song acquisition process, which de-
pends on a neural structure located within the forebrain of the white-crowned spar-
row [48]. If you give the ten- to fifty-day-old male white-crown a chance to listen
to two tapes, one that plays white-crowned songs and another with the songs of
another sparrow, the youngster will only learn the white-crowned sparrow song
(fig. 8.3) [222].

Other factors, especially social interactions with adult male companions, also
influence song learning in the white-crowned sparrow and other songbirds. If a
young white-crowned male is housed experimentally only with a male of another
species of sparrow, it may come to sing this species's song [28]. Thus, it is possible
to override the predisposition of the young male to learn white-crown song, but
only under restrictive experimental conditions that rarely, if ever, occur in nature.
Young white-crowns growing up under natural conditions almost always have a
chance to hear and interact with members of their own species, and therefore they
almost always acquire their own species' song, thanks to the special features of
their neuronal song system.

Needless to say, this creative constraint, this learning bias, makes all sorts of
adaptive sense because white-crowned sparrows that sang another sparrow's song
would often fail to defend their territories effectively against rival white-crowns
and they would also fail to attract females of their species. At best, a white-crown
that sang the wrong species song might acquire a mate of the other species, but
their hybrid offspring would almost certainly operate under a huge handicap,
developing many compromised hybrid abilities unlikely to be as good as the at-
tributes of either parent. To avoid this outcome, white-crowned sparrows have brain
components dedicated to the task of detecting and storing a very specific kind of
acoustic information, holding the information until the young male can match
his own song output with his memory of the sounds produced by his natural
tutors.

The high degree of specificity exhibited by the white-crown's song-learning
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mechanism is not unique to these birds. For example, the zebra finch, another small
songbird, possesses a special song memory system designed to provide the adult
bird, not the juvenile, with a special learning ability relevant for the adult phase of
life, namely, the ability to tell the difference between songs it has heard before and
those it has not [68]. This ability is valuable because in the real world, zebra finches
interact repeatedly with several neighboring zebra finches, male and female, each
one of which produces calls and songs that can be recognized as different, provided
one has the neural equipment to do so. A zebra finch able to distinguish between
familiar and unfamiliar individuals by their songs can presumably make a host
of adaptive decisions more efficiently than one unable to do so. Thus, a male
that recognizes a familiar territorial neighbor need not challenge him at their ter-
ritorial border, after having already reached an accommodation with him over the
nature of their respective properties. In contrast, a newly arrived intruder repre-
sents a different kind of challenge for which a more aggressive response is adap-
tive.

The learned ability to differentiate between old neighbor and newcomer involves
the caudomedial neostriatum in the finch brain. Cells in this well-defined structural
unit of the forebrain fire frequently the first time a novel zebra finch song is played,
but as the song is played again and again, the response amplitude of these cells
steadily falls (fig. 8.4). The learned habituation to familiar songs is highly persistent,
so that even after having been exposed to a long series of novel songs (eight in the
experiment shown in fig. 8.4), the key brain cells remain relatively unresponsive
when the first song type in the series is played back to them again. In contrast, any
novel song will activate cells in the memory banks, providing a physiological foun-
dation for the bird's ability to discriminate between new and familiar songs.

This reproductively relevant learning ability has additional design features that
illustrate its naturally selected history [68]. The system works best with zebra finch
song and calls. The bird can hear all sorts of sounds and the memory bank habit-
uates to repeated presentation of a spoken phrase or a recording of another bird
species' song. But habituation to these non-zebra finch sounds lasts for a shorter
period than habituation to familiar zebra finch song stimuli. Which is exactly what
one would predict if the caudomedial neostriatum has been shaped by natural
selection to do something reproductively useful for zebra finches. Zebra finches are
not in competition to see who can remember the largest number of previously heard
sounds; they are in competition to see who can interact most effectively with their
fellow zebra finches, the better to leave copies of their genes to subsequent gener-
ations. Learning that is biased toward zebra finch sounds will have a far greater
impact on the social and genetic success of zebra finches than an all-purpose mem-
ory system that gives equal weight to the sounds associated with human speech,
zebra finch songs, or any other bird song.
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Figure 8.4. Sophisticated learned habituation of zebra finches to familiar calls of particular indi-
viduals appears to be based on the response of neurons in one region of the bird's brain. Here are
the changes in responsiveness in one individual's brain cells to repeated playbacks of eight dif-
ferent calls presented in sequence (labeled FC1 through FC 8). After completing the sequence, the
first call type (FC1) was played again. The bird's neurons responded at a very low level, dem-
onstrating recognition of a stimulus to which the bird had been previously exposed. From [68].

The Adaptive Design of Human Learning Mechanisms

The same kind of specialized design must also be true for the neural systems that
make learning possible in the human species. Humans are merely one of many
animal species with exceedingly complex brains composed of many functional
units, rather like the song system of birds, which are designed to do some things
more easily and efficiently than others. Few people dispute this point when it comes
to the sensory capabilities of animals, ourselves included. We all know that the
family dog can detect a host of olfactory stimuli that are lost on us. Likewise, we
do not detect every possible acoustical stimulus in our environment because our
auditory system has been designed by natural selection to focus on stimuli of bi-
ological relevance for us. Sounds above 20,000 hertz convey little information of
significance to us and we cannot hear them. The same stimuli are hugely important
to the little brown bat, which employs ultrasonic calls to locate prey, and its audi-
tory system is correspondingly sensitive to ultrasound. In addition, ultraviolet ra-
diation and polarized light make no impression on our visual system, yet many
other animals, such as honey bees, have evolved visual mechanisms that enable
them to respond to these sensory cues because of their informational value to them
as navigational and foraging guides.

All the perceptual equipment with which we are endowed comes with sensible
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restrictions and special design features. For example, the taste receptors most sen-
sitive to potentially toxic substances are concentrated near the back of the tongue;
when these "bitter" receptors are sufficiently stimulated, a gag reflex is automati-
cally activated, the better to prevent us from swallowing even marginally toxic
foods. And neurons in the retina of the vertebrate eye actually anticipate the path
taken by moving objects in the visual field, with certain cells firing before stimulation
from the moving object reaches them [37]. In this way, the anticipatory retinal cells
eliminate the inevitable neuronal processing delays that occur as signals are sent
and processed throughout the visual system. If not eliminated, these delays would
cause individuals to perceive rapidly traveling objects in places where they weren't,
not an ideal arrangement for those who wished to sidestep an onrushing predator
or strike a fleeing rabbit with a stone.

There are no blank slate theorists when it comes to sensory perception because
it is so obvious that human sensory mechanisms, like those of all other animal
species, are specialized, biased, and focused for perfectly good adaptive reasons.
These mechanisms help us make informed decisions by providing us with the kinds
of information needed to do useful things. But when it comes to our learning mech-
anisms, the lesson of perception is forgotten by the critics of sociobiology who argue
that the batteries of nerve cells contributing to our learned responses are equally
susceptible to all potential learning experiences. In contrast, an evolutionary per-
spective suggests that the neural subsystems that control the way in which we learn
are no more likely to be truly open-ended than our visual or auditory abilities.
Instead, an evolved learning mechanism ought to make it more likely that we will
change our behavior in particular (adaptive) ways in response to specific (biologi-
cally relevant) experiences. These experiences provide the information needed if an
improvement in behavioral response is to occur, as opposed to a random change
or one that usually reduces the individual's behavioral effectiveness.

The channeled nature of learning is nowhere more apparent than in the ability
of speechless infants to acquire a language, an obviously plastic trait that never-
theless is utterly dependent on neuronal mechanisms with well-defined properties.
In fact, language learning by babies requires an entire battery of marvelously spe-
cialized devices. For example, units in the brain must filter the acoustical infor-
mation in the infant's environment, retaining information relevant to speech sounds
while discarding the rest (with respect to language formation). In addition, auditory
systems enable babies to recognize what sounds constitute words in the string of
sounds that make up each spoken phrase or sentence. Infants create memories of
the relevant word sounds, listen carefully to their own initial babblings, compare
their output with the memories of speech that they have acquired, try to produce
good matches, associate word sounds with objects and verbs, derive abstract gram-
matical rules from the speech of others, take pleasure from effective communication
with others, build up vast vocabularies (a task that begins even before they can
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speak or understand words [179]), generate entirely novel word sequences that
make sense to others, and so on and on.

All of this happens because the juvenile human brain is capable of processing
acoustical input in a very special manner. Some perceptual components of a "lan-
guage acquisition system" do occur in other primates that are incapable of speech,
as demonstrated by the tendency of cotton-top tamarin monkeys to turn toward
the speaker upon hearing sentences spoken in Japanese after the monkeys had
become used to hearing sentences spoken in Dutch [263]. Interestingly, the cotton-
tops do not turn toward the speaker when tapes of these same sentences are played
backward, just as preverbal human infants apparently can only tell there is a lan-
guage difference if the tapes are played forward. Thus, the origin of certain per-
ceptual systems now utilized in speech acquisition long antedates the evolution of
languages, but even so, only our species has the structured ability to integrate an
entire battery of perceptual and vocal mechanisms in the service of acquiring and
then producing a spoken language. This adaptive outcome arises only because of
the way in which the underlying brain mechanisms work together. As J. R. Saffran
and colleagues put it, "Linguistic structure cannot be learned through undirected
analyses of input sentences, no matter how complex or numerous these analyses
may be" (p. 1181 in [273]). The infant's brain analyzes what it hears in a highly
directed, as opposed to undirected, fashion and thereby derives basic rules of
speech organization from sounds generated by persons around it. Seven-month-old
infants habituated to sounds repeated in the pattern ABA (e.g., la ni la) show little
interest in this familiar pattern even when new "words" are substituted for the
training sequence (e.g., da ko da) but pay attention again if the pattern changes from
ABA to ABB (as in, ni la la, or ko da da) [219]. This directed attentional system surely
reflects the effects of past selection acting on the underlying genetic, developmen-
tal, and neuronal mechanisms needed to absorb the rhythm of speech. The special
products of selection are a tiny subset of all those that are conceivable, yet they
make it possible for three-year-olds everywhere to use and comprehend spoken
language.

The sophistication and careful design of our language-learning mechanisms can
be illustrated by a look at another of the many developmental features involved in
language acquisition. When human infants enter this world, they are born with the
auditory capacity to discriminate between the complete battery of phonetic units
of human speech, such as "da" versus "ba," including some word sounds that are
not utilized by every language. For example, very young infants can tell the differ-
ence between different vowel sounds that are produced only by English-speaking
and only by Swedish-speaking individuals, respectively. (Babies reveal that they
have detected a difference when they increase the rate at which they suck on a
pacifier upon exposure to acoustical stimuli that seem novel to them.)

But the infant's perception of the building blocks of language changes as a result
of exposure to one language or another [194]. A child reared in an English-speaking
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household will at six months of age lump together slight variants of the basic pho-
nemes that are characteristic of the English language (fig. 8.5). As a result, a sound
that is actually structurally more similar to a vowel sound found in the Swedish
language will be perceived by the now experienced infant as a familiar vowel in
his native language. Remember that this capacity to generalize, that is, to lump
together similar sounds into a shared distinctive category, takes place long before
the infant can understand speech, let alone produce it.

What is the significance of this finding? The ability to categorize the acoustical
stimuli provided by speakers into a complex set of word sounds must help the
infant understand the meaning of spoken words when the child begins this task at
about nine or ten months of age. The baby will be listening to a variety of speakers
who will inevitably differ somewhat in the acoustical structure of the words they
produce. But the listening child will be able to categorize the speech sounds in a
manner appropriate for the language of its culture instead of making fine-scale
discriminations between all possible speech sounds, which could actually hinder
the eventual comprehension and production of one language in particular.

Second, the adaptive outcome of the process rests upon a highly nonrandom
form of learning. The child's brain has the special ability to blur acoustical discrim-
inations in light of the experience provided by listening to a spoken language.
Alterations in the phonetic perception of infants could not occur without corre-
sponding changes in neural biochemistry and function; the ability to make the
"right" changes requires that the cells "anticipate" the relevant environmental cues,
namely those sounds that are the building blocks for words that vary somewhat
from speaker to speaker of a given language. Which is to say that learning to speak
requires an innate, well-designed capacity for specific kinds of neural changes.

The existence of specialized circuitry that steers language acquisition in a par-
ticular direction is revealed in many ways, including the similarities that exist
among all or most languages. For example, cross-linguistic analysis has shown that
the grammatical category of those words labeled "adverbs" has the same standard
relationship to other key elements of sentences in dozens of very different languages
[69]. Likewise, the fact that "creole" languages converge on a similar, complex gram-
matical structure supports the hypothesis that the brain is prepared to learn lan-
guage in a particular way, thanks to its evolved properties. Incidentally, Creole lan-
guages are novel derivations based on elementary pidgins, which are employed for
occasional and rudimentary communication between persons speaking two differ-
ent languages; when many individuals begin to use pidgin English, pidgin Spanish,
or pidgin Portuguese as their primary language for all social circumstances, they
elaborate and modify it in generally similar ways no matter what the ethnic or
linguistic origins of their parents [105], The fundamental point is that learning a
language is far too important for human social and genetic success to be left in the
hands of an all-purpose learning device.

The many neuronal units that make language learning all but unavoidable are



Figure 8.5. Sound classification in human infants changes as a result of listening to a particular
language in the first months of life. (Above) When exposed to four categories ("rings") of artificial
variant sounds increasingly unlike the American English vowel /i/, infants with several months'
experience listening to American English usually reacted just as they did upon hearing the pro-
totypical vowel. They were significantly more likely to respond differently to sound variants of
the unfamiliar Swedish vowel /y/ compared to their response to the prototype's sound. (Below)
The situation was exactly reversed for infants experienced in listening to Swedish, who tended to
respond the same to sounds roughly similar to the prototypical Swedish /y/ vowel sound as they
did to the prototype itself. These infants were more likely to react differently to sounds similar to
the American English vowel /I/ as compared to the prototype. From [194].
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merely part of much larger arsenal of learning mechanisms, each with its own
distinctive developmental history and its own distinctive functional significance.
Language is just one of the tools that humans possess to facilitate social interactions.
In addition, our social effectiveness depends on learning to anticipate what others
will do in certain situations, an ability that should also require special psychological
mechanisms that steer us toward the most adaptive manifestations of this form of
plasticity. If so, we can predict that we must possess a mechanism that directs our
attention to what others are doing, the better to guess their intentions so that we
can cooperate efficiently with helpful companions or thwart opponents by beating
them to the punch.

Evidence that such mechanisms exist comes from several sources. For one thing,
brain imaging studies reveal that when volunteer subjects are asked to infer the
intentions of others as described in stories or shown in pictures, certain well-defined
regions of the brain consistently "light up," including components of the posterior
superior temporal sulcus. Moreover, single neurons from this part of the brain be-
come especially active when the subject views another person or part of a person
moving, a response that provides the brain with information about the actions of
others [133].

Another line of evidence on the existence of a neuronal system dedicated to the
analysis of the social goals of others comes from studies of infants. Some researchers
have taken advantage of the fact that when people, babies included, are visually
interested in something, they spend more time looking at the favored object or
action than at alternatives. Therefore, by analyzing the gaze of infants, researchers
can determine whether they are predisposed to take an interest specifically in the
goal-oriented actions of others. Indeed, babies just nine months old spend more
time observing an adult's hand as it moves toward and grasps a toy than they do
when the human arm and hand moves in precisely the same path but does not take
the toy. Likewise, a hand that reaches for and takes a toy stimulates more attention
than a mechanical arm and claw that performs the same toy-grabbing action [349].
As Amanda Woodward points out, even at this early age, the infant's brain is pre-
programmed to try to make sense of the intentions of other people. A baby could
not learn social intent as effectively if it were equally interested, or equally unin-
terested, in all possible visual stimuli in its environment.

Selection and Remembering Faces

Another example of social learning that is dependent upon a "prepared" brain is
provided by our ability to recognize faces, a skill we are so good at that we take it
for granted. Nonetheless, face recognition is an astonishing human attribute [61].
We can make accurate identifications of familiar faces very rapidly; a half second
will do. If we are given a pack of fifty photographs of faces we have not seen



172 Sociobiology and Human Culture

previously and are permitted to examine each photograph for just five seconds, we
will later be able to pick out 90 percent or more of these faces from a large photo
collection in which some previously observed images are intermingled with those
of novel faces.

The development of this skill almost certainly has something to do with the
young infant's drive to examine the visual stimuli associated specifically with faces.
Babies are more likely to look at a moving schematic face in its normal position
(eyes above mouth) as opposed to the identical image upside down [61]. Here then
is another attentional bias and perceptual preference of infants that directs a flow
of socially relevant information to regions of the developing brain designed to ac-
commodate the input. These mechanisms nearly guarantee that the brain gathers
inputs relevant to learning faces, making us all expert at this socially relevant task.

Evidence for the existence of specialized circuitry devoted primarily to face rec-
ognition comes from a variety of sources, but of special interest are those rare in-
stances of brain trauma that eliminate a person's capacity to put identities with
faces [118]. The most revealing cases involve people who have retained their intel-
lect, can see perfectly well, and are able to identify objects without difficulty, but
they draw a blank with human faces, even those of friends and family, even their
own facial image [100]. (There are also some persons who have lost the ability to
name objects—except for faces [237].) For persons with the face recognition deficit,
training generally fails to restore the individual's capacity to recognize human faces.
However, in at least one case a person with this disorder could identify individual
sheep in his flock from their photographs [231].

In addition, injury-induced learning deficits with respect to faces include some
types that do not involve failure to discriminate between familiar and unfamiliar
faces. One of the most curious of these more subtle face recognition errors is ex-
hibited by persons with Capgras syndrome [165], The syndrome is characterized
by the delusion that persons well known to the observer are actually impostors,
doubles that are passing as familiar individuals. For example, a Brazilian man who
had been in a coma after a car accident but who subsequently recovered and ex-
hibited normal intelligence, said of his father, "He looks exactly like my father but
he really isn't. He's a nice guy, but he isn't my father, Doctor." This same patient,
upon viewing a series of photographs of the same woman's face shown gazing in
different directions, concluded that these were "different women who looked just
like each other."

The researchers working with this person suggest that his delusions were cre-
ated because of a disconnect of some sort between the face recognition mechanisms
in his visual cortex and his amygdala. Each time the patient met his father or was
shown a different photograph of the same woman, he had no trouble perceiving
the facial similarities in the visual stimuli confronting him. But these stimuli evi-
dently failed to arouse the emotional sensations of familiarity, which would nor-
mally have been generated by neural activity in the amygdala, a structure in the
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brain that assigns emotional significance to particular faces [5]. When you and I see
a parent, an offspring, or any other familiar person, our brains automatically endow
this individual with an emotional aura of some sort, which then prompts the brain's
memory management systems (some of which may be located in the frontal cortex)
to open up a previously established "file" for this person.

But if the visual cortex-amygdala links have been disrupted, then every time a
patient with Capgras syndrome sees a familiar individual, his or her brain permits
the recognition of stimulus similarity but not the emotional context needed to access
the existing file on that person. Instead, the brain opens a new file, producing the
sensation that this individual is different from all others in the memory banks,
despite his or her close physical resemblance to persons that the patient has met
previously.

This example shows that what we learn and how we learn it are utterly de-
pendent upon the neural arrangement of our brains. Change (or damage) the amyg-
dala or the ventromedial frontal cortex even slightly and things can go very wrong
[4]. The existence of one neuronal system dedicated to the recognition of familiar
faces and an allied unit that stores information on the emotional associations linked
with particular visual facial images ought to make us skeptical that we have any
truly undifferentiated learning mechanisms. Indeed, we have every reason to be-
lieve on theoretical grounds alone that a structured, task-oriented batch of neurons
must contribute more to the genetic success of individuals than an amorphous,
generalized system of equal size. Humans confront a large number of reasonably
predictable tasks of biological significance. Recognizing the faces of our companions
and feeling friendly toward some, less so toward others, ought to promote success
in the environment of our species, which has a predictable social component with
the great potential for productive cooperation among friends but not with strangers
or enemies.

In addition, on empirical grounds, the more that is learned about the brain, the
more detailed we can be about the location of units dedicated to particular func-
tions. Technological advances now permit neurologists to record the site of brain
activity in fully conscious, naturally behaving "subjects." Experiments of this sort
reveal that information about faces is processed in a distinctive part of the visual
cortex called the fusiform face area [181], which becomes active when persons are
confronted with images of faces, especially unfamiliar ones (fig. 8.6). The same
region can be employed for other tasks, such as bird or car identification by persons
who choose to train themselves to be dedicated bird or car watchers,, but these
unusual abilities exploit a special neural substrate that almost certainly evolved for
other reasons [140]. Almost everyone is a face identification expert, whereas only a
tiny minority are truly proficient at bird identification.

Likewise, the ability to use a mental map demands its own specially designed
brain units, as demonstrated by researchers who monitored brain activity in persons
navigating their way on computer through a virtual reality town. This study re-
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Figure 8.6. The human brain consistently analyzes different categories of visual stimuli in different
parts of the visual cortex. Thus, when people observe faces, a particular region is invariably ac-
tivated when the visual information provided by certain places stimulates different batteries of
neurons. From [18].

vealed that the right hippocampus is hard at work when someone knows where
different places are in town and can navigate from A to B accurately. The right
caudate nucleus has another role to play, one that affects the speed with which the
navigator gets from A to B, while still other brain regions facilitate navigation in
other ways [212]. To the extent that you and I can learn faces or to find our way
around in familiar terrain or imagine what is going on in someone else's mind
[133], we can thank not just any old brain cells but particular subsystems of nerve
cells in the brain whose role in our lives is to promote adaptively relevant learning.

The simple point is that our brain is not a bowl of porridge. Instead, this organ
possesses great structural specificity both in terms of its gross anatomy as well as
with respect to its individual cells. To think that such a complex and intricate piece
of machinery would provide us with an undifferentiated ability to learn all things
with equal ease not only fails the plausibility test but also fails to jibe with the
available evidence. What we know about human learning mechanisms indicates
that they are biased in reproductively significant ways, just as is true for all other
animal species.

Learning, Cultural Change, and Genetic Success

"Okay," you may be saying, "but how can one talk about evolved specializations
when our brains have permitted us to acquire a host of cultural innovations that
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superficially at least appear to have nothing to do with whatever it was that our
supposedly evolved brain was selected to accomplish? It is only in the last few
thousand years that people have begun to write and read, extraordinary abilities
indeed. We build and fly airplanes, we operate computers, we launch cruise mis-
siles, some of us wear high heels, others don three-piece Brooks Brothers suits. We
do so many things that even our relatively recent ancestors did not do, let alone
our Pleistocene ancestors. Surely this tells us that with the advent of culture, we
shed whatever limitations our evolutionary history imposed on our precultural
ancestors."

However, it is one thing to note that cultures change rapidly, and another to
argue that the nature of the changes means that cultural characteristics are essen-
tially arbitrary. If cultures exist because of the evolved psychological systems of
human beings, then human brains ought to be home to a bevy of adaptive condi-
tional strategies, which in turn means that some cultural innovations are far more
likely to have psychological appeal than others, particularly innovations that en-
hance our control of resources, our looks, and our status, as well as improving our
capacity to manipulate others. To the extent that the past history of brain evolution
shapes the evolution of cultures, the traditions that people favor ought to have some
connection with overcoming obstacles to achieving the same proximate goals that
motivated people in the past, such as the satisfaction of sexual desires and the
formation of friendly alliances with others. To the extent that people achieve those
proximate ends, they ought to also, albeit invariably unwittingly, increase the odds
of transmitting their special genes to the next generation, at least if the environment
of the altered culture bears moderate resemblance to the environments of our dis-
tant ancestors.

Some recent changes, however, such as the greatly increased density of humans,
the development of agriculture and modern industry, and assorted technological
advances may have so altered the human environment as to remove the link be-
tween achieving one's proximate goals and increasing one's genetic success (see
below). Many evolved conditional strategies, including our battery of specialized
learning mechanisms, can be exploited or coopted to some extent by novel inno-
vations (just as the fusiform face area can be used by a dedicated bird-watcher to
store information on the difference between the white-crowned sparrow and the
golden-crowned sparrow). The result might sometimes be the production of novel
maladaptive behaviors in highly altered environments. But even documented cases
of this sort cannot be considered totally arbitrary products of an independent cul-
tural entity if it can be shown that they arise as the predictable result of an interaction
between psychological mechanisms that evolved for other purposes but that are
now employed for novel ends in novel circumstances.

Thus, a large gulf separates what might be called "arbitrary culture" theory from
the sociobiological theory of culture. For arbitrary culture theorists, innovations are
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the largely inexplicable inventions of human imagination that somehow become
established as a cultural tradition, thereafter to be inscribed on the blank-slate brains
of immature humans exposed to a given culture. For the sociobiologist, in contrast,
understanding cultural innovation and change requires a search for the predicted
underlying evolved conditional strategies that provide the proximate foundation
for development and acceptance of a novel practice. And the really interesting cases
are those Darwinian puzzles in which human cultures encourage people to behave
in an apparently maladaptive fashion, which ought to lead to the eventual extinc-
tion of the maladaptive trait.

So let us apply the sociobiological approach to some recent cultural phenomena,
starting with writing and reading. Here the evolved proximate foundation for the
invention of written language and its use certainly involves the language centers
of the brain and the brain's capacity for symbolic thinking. In addition, our skill in
differentiating among written symbols depends on elements of our highly evolved
visual system, which makes it possible for us to tell the difference between many
very similar stimuli, the better to determine what is in our environment. Along
these lines, I wonder if the visual analysis of hand gestures, which carry symbolic
information, might also have provided a piece of the evolved foundation for ana-
lyzing written language symbols, given that sign language may have preceded spo-
ken language in human evolution [73]. In all cultures, people employ gestures when
speaking; even those who are blind and have been so since birth use their hands
when they talk, demonstrating the close relationship between spoken and visual
channels of communication in our species [171]. This relationship may have been
tapped by the persons who invented writing.

And once invented, what contributed to the persistence of writing and reading?
The primary function of the first written texts, which were Sumerian cuneiform
tablets produced about 5,000 years ago, was to record economic information, such
as data about the exchanges of goods between individuals [276]. Denise Schmandt-
Besserat makes a persuasive case that the invention of small clay tokens of various
shapes, at first plain, later incised, and later still impressed into clay containers and
tablets, led to the eventual development of symbolic texts. The tokens represented
quantities of cereal grains or livestock, enabling individuals to count material goods,
the better to control their distribution. Given the importance of resource control for
social status, political power, and ultimately reproductive success, it is only mildly
speculative to suggest that the first token users, and later the first cuneiform writers
and those who employed them, derived material benefits from their inventions,
which may well have translated into reproductive gains for these persons at this
time. As Schmandt-Besserat points out, "The fact that tokens occur only in rare
occasions in [burials], and only in graves of prestigious individuals, points to their
economic significance" (p. 36 in [276]). The early token users and writers (and their
employers) need not have noticed the connection between wealth and reproductive
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success; it was enough that they were motivated to seek wealth and could under-
stand the economic value of accounting for goods they managed to accumulate.

One need not be a sociobiologist to guess why people everywhere are highly
adept at figuring out which actions have rewarding economic payoffs. Surely it is
no accident that cultures offer different but useful traditions, tailored to local con-
ditions, that enable people to overcome obstacles associated with securing critical
resources. For example, the hunting technology and knowledge of local natural
history passed down across generations of Inuit and Bushmen are highly dissimilar
but these cultural traditions obviously help hunters and gatherers acquire food in
the high Arctic and the Kalahari Desert, respectively. Likewise, traditional agricul-
tural groups in different parts of the world have transmitted different knowledge
to their descendants but the particular plants grown and special techniques em-
ployed in a given region were clearly designed to increase the calories and nutrients
available to the families of those persons doing the farming.

But the interesting problems for evolutionary analysis do not come from the
kinds of traditions that promote obviously useful behavior in terms of survival and
reproduction. The worthy challenges come from cultural practices that appear to
vary arbitrarily from place to place and that lead people to do things that seem to
reduce their fitness, rather than increase it. A case in point is the use of spices in
food preparation. The spicy plant products that appear in traditional cuisines vary
dramatically from culture to culture. And within historical times, major changes
have occurred in the availability and desirability of certain spices as societies were
exposed to the cultural practices of other groups. Thus, one could easily conclude
that spice traditions are arbitrary matters that represent the more or less accidental
result of untrammeled human imaginations at work in different parts of the globe.

But maybe not. The fact that many people have gone to considerable trouble
and substantial expense to acquire even small amounts of certain spices suggested
to Jennifer Billing and Paul Sherman that they had a Darwinian puzzle to explore
[40]. Europeans in the Middle Ages paid extraordinary amounts for pepper, nut-
meg, cloves, and the like, so much so that peppercorns were accepted as currency
in England, where they could be used to pay rents and taxes. The Countess of
Leicester did not flinch at the price of ten to twelve shillings for a pound of cloves
in 1265, even though she could have purchased a cow for less [262]. Why pay so
much for something that offers so little in the way of calories and nutrients? Re-
member that answers such as "people like the taste of spices"or "people use cloves
because they are influenced by cultural tradition" are proximate explanations,
which leave untouched the evolutionary basis for human taste perceptions or the
capacity for cultural indoctrination.

After ruling out the possibility that spice use varies only because different parts
of the world produce different spices, Billing and Sherman focused primarily on
one ultimate explanation, which they termed the antimicrobial hypothesis, namely
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that spices are added to foods to make them safer to eat by destroying the bacteria
and fungi that can make food inedible or poisonous. It is well known that many
plants produce so-called secondary compounds as defense mechanisms against cer-
tain bacteria, fungi, or herbivores, which would otherwise consume the plant. Per-
haps humans use certain plants in order to exploit their secondary chemicals to
combat food-spoiling microorganisms. This hypothesis leads to the prediction that
spices will indeed contain chemicals with antimicrobial action, which proves to be
generally true. Nutmeg, for example, kills or blocks the growth of about half of the
twenty-five species of bacteria with which it has been tested to date. And nutmeg
is actually one of the least active spices in terms of bacterial inhibition with garlic,
onion, cinnamon, allspice, and oregano blocking the growth of all of the admittedly
relatively few bacterial species with which they have been tested.

In addition, the antimicrobial hypothesis can be checked by taking advantage
of the cross-cultural diversity in the uses of spices. If it is true that spices serve an
antibacterial function, then the fitness benefits of spice use will vary depending
upon the risk that available foods will be contaminated by bacteria. This risk in
turn is largely a function of climate. In tropical regions where temperatures are
higher, rapid bacterial growth is more likely, and therefore the functional value of
spices should be greater. Based on this premise, Billing and Sherman produced an
array of predictions about the relationship between a country's mean annual tem-
perature and the local culture's use of spices. They expected that the higher the
mean temperature, (1) the greater the proportion of recipes calling for spice use in
traditional cookbooks (which feature a culture's distinctive cuisine), (2) the greater
the number of spices required per recipe, (3) the greater the total number of spices
used overall, and (4) the greater the likelihood that the most potent antibacterial
spices would be used. Billing and Sherman tracked down at least one traditional
cookbook for thirty-six countries ranging from Norway to Indonesia and examined
4,241 meat-based recipes. The data taken from these sources supported all four
predictions. So, for example, the highly antimicrobial chiles, garlic, and onion are
far more likely to appear in meals prepared in hot tropical cultures than in cool,
temperate countries (fig. 8.7).

The story is far from complete; it would be good, for example, to have data on
the efficacy of the various spices in combating bacteria in cooked foods themselves
rather than relying on the often limited data derived from exposing bacterial col-
onies to solutions of different spices [230]. But Billing and Sherman have demon-
strated why evolutionary biologists do not throw in the towel when it comes to
culturally variable traits. Indeed, Billing and Sherman are not the only persons who
have checked evolutionary hypotheses on dietary additives. For example, Timothy
Johns and his coworkers have examined why the Maasai and Batemi of East Africa
add certain plant products to the milk they drink. Members of these traditional
herding societies rely very heavily on milk and other fatty products of the cattle
they manage, and so they survive on diets with exceptional levels of animal fats
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Figure 8.7. (Above) The bacterial inhibitory properties of spices varies but most kill a large pro-
portion of the bacteria they have been tested against. (Below) A strong correlation exists between
the mean annual temperature in a country and the proportion of recipes that call for spices that
strongly inhibit bacteria. From [40].

and cholesterol. Johns and his colleagues predicted that the plant additives con-
sumed by the Maasai and Batemi would therefore be high in saponins and phen-
olics, which are known to have antioxidant properties and the capacity to lower
cholesterol levels in the blood. In fact, about 80 percent of the plant additives tra-
ditionally employed by these peoples contained saponins or phenolics, supporting
the hypothesis that the food supplements chosen by the Maasai and Batemi have
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adaptive value in fighting the potentially harmful effects of a high cholesterol diet,
notably by reducing heart disease [174].

The general point is that differences in cultural practices can arise from cultur-
ally universal abilities. In fact, several basic attributes of humans may have "en-
couraged" people in various societies and different eras to use dietary additives
differently but adaptively, including taste perception mechanisms that attach posi-
tive value to foods of high nutritional quality and low toxicity, an interest in the
medicinal effects of certain foodplants, psychological mechanisms that consciously
or unconsciously associate a reduction in food poisoning or gastrointestinal distress
or other illnesses with the addition of certain distinctively tasting substances to
meals, the predisposition to accept long-standing traditions of one's own culture
(such traditions are likely to have long-established positive functional conse-
quences), and the willingness to adopt novel practices that are well established in
other cultural groups (i.e., traits that have been thoroughly tested by these other
peoples), especially if they have been adopted by individuals of high status within
one's own group (since adoption of such practices may raise one's own social
standing).

If we take the spice example seriously, we may be less eager to accept the view
that cultural practices are whimsical, arbitrary novelties made strictly for the sake
of inventiveness, without at least first attempting to test the alternative hypothesis
that a given practice has or recently had positive effects on the genetic success of
its practitioners. To the extent that a culturally promoted activity has adaptive
value, natural selection will favor the maintenance of the underlying genetic, de-
velopmental, and psychological mechanisms that help individuals do what is right
for their genes, whatever these mechanisms may be.

Sociobiology and Apparently Maladaptive Behavior

The effect of inheriting naturally selected proximate mechanisms ought to make
individuals behave in ways that generally advance their genetic success. Contrary
to this Darwinian expectation, however, some humans do things that appear to
reduce their fitness. For example, some people are willing to help others despite
the fact that they are unlikely to receive any payback from those they help.
Thus, the charity of Mother Theresa, the donations made by many to the Salvation
Army, the chastity of the parish priest who dedicates his life to others, the vasec-
tomy that Tom had recently because he said he wanted to help prevent world
overpopulation, and so on. Actions of this sort, which fall into the category of
seemingly unreciprocated cooperation, are among the most difficult to explain in
sociobiological terms, much more so than examples of mutual cooperation, in which
individuals reap benefits through their combined endeavors, or reciprocity, in which
helpers are eventually repaid by those whom they have assisted.
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However, before we embrace the conclusion that acts of charity are inexplicable
in evolutionary terms, it would be wise to consider ultimate hypotheses based on
the notion that hidden benefits accrue to the altruist. One explanation of this sort
was developed independently by two prominent sociobiologists, Robert Trivers
[320] and Richard Alexander [15], both of whom were attracted to the puzzle of
unreciprocated charity precisely because it is a hard nut to crack. Their argument
was that any evolved tendencies for unrepaid do-goodery might have positive fit-
ness consequences for the do-gooders, if their kind acts were observed by others
and if the observers therefore felt more inclined to join the do-gooders later on in
mutually advantageous cooperative or reciprocal endeavors. According to this view,
one way to build a positive reputation, and thereby attract the assistance of third
parties, is to engage in small but highly visible acts of "selfless" charity.

When some persons encounter the idea that charitable individuals may actually
gain genetic success from their actions, even those that seem utterly free of self-
interest, they may react with the same dismay as the anthropologist William Arens
who writes, "Acts of 'altruism/ commonly viewed by others as indicators of the
highest moral intentions of our species, become in the hands of sociobiologists, a
mere reproductive strategy" (p. 407 in [25]). However, evolutionary theory demands
an analysis of every costly attribute in terms of its contribution to genetic success.
Sociobiologists are evenhanded in this regard; they examine the full spectrum of
behavioral actions in every species to determine whether these traits, helpful or
selfish, moral or immoral, are components of "mere" reproductive strategies which
can be analyzed in terms of their possible contributions to the genetic success of
individuals.

That such an approach bothers Arens and others stems largely from their in-
ability to distinguish between proximate and ultimate explanations of behavior
(chap. 1). To say that an act of altruism arises from our proximate capacity for
intentional morality in no way eliminates the complementary ultimate explanation
that our morally motivated behavior, or the psychological mechanism that underlies
the behavior, tends to advance the genetic success of individuals, or did so in en-
vironments of the past. To propose that moral behavior is actually genetically self-
benefiting (an evolutionary hypothesis) as opposed to motivated by the desire to
do good (a proximate hypothesis) is confusing only when the listener does not
grasp the distinction between the two levels of analysis.

In any event, for the sociobiologist, the issue is to test the indirect reciprocity
hypothesis by examining the predictions it generates, such as, people will have an
intense interest in the reputations of others, they will be strongly concerned about
their own reputation for generosity, individuals will almost always make their small
acts of kindness known to others, and acts of charity will typically be of low cost.
Modest amounts of evidence exist on these matters; for example, social psycholo-
gists have documented the superficial, low-cost nature of purely empathy-driven
assistance [239].
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A formal test of the hypothesis has been provided by Glaus Wedekind and
Manfred Milinski, who enlisted seventy-nine Swiss undergraduates to participate
in a game of charity [333]. In the game, students were given a starting pot of money
(seven Swiss francs) and then permitted to donate either one or two francs to in-
dividuals whose record of donations was known to them. The recipients received
four francs with each donation from a fellow player, with the researchers adding
the extra amount to the one- or two-franc gift supplied by a player. Thus, it was
possible for the students to build on their starting amount, provided they attracted
the assistance of others.

But players could not simply help others who helped them because the game's
design prevented them from knowing if a potential receiver had helped them in an
earlier round; they only knew the "charity score" of each recipient, a score that
increased by one point when that player gave money to another and decreased by
one point if he did not contribute when he had a chance to do so. Players with
higher charity scores were more likely to receive donations from other players,
whether or not they had helped their helpers before. In other words, persons with
an established reputation for generosity did enjoy an economic benefit as a result,
thanks to the attentiveness of the players to the social image of others, as predicted
by the indirect reciprocity hypothesis. In real life, as opposed to laboratory games,
being viewed positively by others could have significant fitness advantages in both
the present and past.

The Demographic Transition

The case we have just reviewed tells us again not to jump to conclusions when
evaluating human behavior. Actions that superficially seem disadvantageous to in-
dividuals may actually contribute to their economic and reproductive welfare. Nev-
ertheless, some behaviors cannot plausibly be interpreted as having positive adap-
tive value, and sociobiologists regularly acknowledge this point as we have seen in
our discussions of pet love and alcoholism. One possible cause of fitness-damaging
behavior, like alcoholism, is that the trait occurs more often under novel current
conditions than it would in environments of the past. The novel environment hy-
pothesis has been called upon to help explain the current willingness of a great
many people to reduce, rather than increase, their production of surviving off-
spring, a classic example of a maladaptive response. In many parts of the world
today, people voluntarily limit the size of their families, despite the fact that they
are capable of rearing more children to adulthood. In fact, so many people fall into
the subreproductive category as to change the age structure of entire countries. In
Europe, the demographic transition began in the late 1800s, resulting in massive
declines in fertility in the space of a few decades (fig. 8.8). The drop in the number
of babies that couples produced took place at a time when average family wealth
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Figure 8.8. The demographic transition in human populations occurred at different times and rates
in different European countries, but all have undergone a marked reduction in the fertility of
married women. From [70].

was increasing rapidly thanks to industrialization, directly violating the evolution-
ary expectation that access to increased resources enables parents to produce more
offspring, not fewer.

More than one observer has argued that the reproductive behavior of people in
places where the demographic transition has occurred or is occurring constitutes
key evidence against sociobiological analyses. Thus, D. R. Vining states that "social
and reproductive success must be positively correlated if sociobiology is to be suc-
cessful as a general model of modern human populations" (p. 168 in [326]). Given
that social and reproductive success are not positively correlated in some modern
human populations, Vining and others would have us abandon evolutionary theory
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when it comes to analyzing our own behavior. Should we take their advice and
concede that modern human reproductive activities are purely arbitrary, a phenom-
enon with only cultural causes?

In a word, no [44, 92]. For starters, even if we were to accept a proximate so-
ciological explanation for reductions in family size, we would still have plenty of
ultimate evolutionary questions to answer. Imagine, for example, that the demo-
graphic transition gets underway when a certain threshold number of wealthy, in-
fluential individuals adopt the "cultural concept" of low fertility, and others then
emulate their behavior. What is there about the evolved human brain that made it
possible for the first "pioneers" to choose to have fewer offspring than they could
support? Why, in evolutionary terms, did others imitate them? Is there something
about modern environments that interacts with brain circuitry designed for other
conditions that tends to generate maladaptive decisions? Evolutionary theory is far
from irrelevant if we really wish to answer these questions.

For example, perhaps the willingness of richer people to have fewer offspring
occurs because our evolved brain is operating in a novel environment, one created
by the very recent development of powerful birth control technology. We, unlike
99.9 percent of our ancestors, have access to highly effective birth control pills,
condoms, diaphragms, and spermicides that permit copulation with greatly reduced
likelihood of conception. Under these novel circumstances, many individuals do
something that would have been essentially impossible in the past, which is to
copulate regularly yet have relatively few babies, and thus experience reduced ge-
netic success. This argument is similar to that used to explain why sea turtles eat
plastic bags, which they do even though the plastic often blocks the turtles' diges-
tive tract and leads to their premature death. Clearly the unfortunate turtles that
currently consume these objects in their environment are behaving maladaptively,
but plastic bags are such a recent novelty that selection has not had time to select
for avoidance of these items, which happen to share some stimulus properties in
common with the turtle's favored and entirely edible prey, jellyfish.

The evolutionary novelty hypothesis for the demographic transition has to ac-
count for why humans often want to use birth control devices, just as we want to
know why sea turtles have evolved a neuronal mechanism that causes them to
approach and consume plastic bags. One possible argument is that during human
evolution, our ancestors were subject to selection that favored those with an interest
in controlling the timing of the production of the first child and the duration of the
interval between births. These variables have a profound effect on the total lifetime
reproductive success of parents; for example, women who gave birth to children
before having secured paternal support almost certainly had fewer surviving off-
spring than those who had a partner committed to parental assistance before the
first baby arrived on the scene. If past selection has shaped the evolution of the
human brain so that it possesses attentional, motivational, and learning mechanisms
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focused on reproductive control, then these systems could be partly responsible for
the speed and enthusiasm with which birth control technology has been adopted
by modern human populations.

The adaptive value of reproductive control can hardly be disputed. Note, for
example, that women currently control their reproduction via abortion in a highly
selective fashion, with age and marital status having great effect on the likelihood
of terminating the pregnancy. The fact that young, unmarried women are most
likely to have an abortion is consistent with theoretical evolutionary expectation
[209]. Such women generally lack paternal support for any current offspring, which
would have greatly compromised the chances of survival of any such children in
the ancestral environment of human beings. Yet these women have a reasonable
chance of reproducing successfully in the future, if they can acquire a helpful social
partner. The prospects for eventual marriage are increased if the woman lacks de-
pendent children who have been fathered by someone other than prospective hus-
bands. In other words, human psychology surely has been shaped by the reality
that there are times and places when having children is maladaptive, which favors
psyches with the capacity to avoid pregnancy under some circumstances. Strategic
avoidance of pregnancy is made more possible than ever before with modern abor-
tion and birth control technology.

One way to test the novel environment hypothesis for reductions in family size
would be to predict that declines in fertility will vary from place to place, depend-
ing on the availability of modern birth control devices. Contrary to the prediction,
however, the demographic transition began in Europe well after the invention and
widespread distribution of the means for reasonably effective birth control (e.g.,
condoms) [49, 92]; moreover, the oral contraceptive pill, the most efficient method
of birth control, was not invented until the late 1950s [26], by which time the de-
mographic transition had long been under way in Europe. In addition, the novel
environment hypothesis does not mesh with the fact that the demographic transi-
tion is only barely beginning in Africa, despite some access to anticonception tech-
nology there as well as widespread awareness of the importance of condoms in
combating HIV transmission. Note that this case illustrates again that an evolution-
ary speculation, when translated into a formal hypothesis, can be tested and re-
jected, despite claims to the contrary.

Moreover, the rejection of one evolutionary hypothesis does not demonstrate
that human behavior simply cannot be analyzed from a sociobiological perspective.
Many alternative evolutionary hypotheses have been developed for the demo-
graphic transition [44, 92, 211]. Here is one example. Over the course of most of
human history, a strong drive to acquire material resources, especially food and
superior tools, would almost certainly have been adaptive for obvious reasons, even
if successful individuals gave away much of their "wealth" in order to gain a pos-
itive reputation and to secure socially indebted companions who would return these
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favors in times of need. With the rise of agriculture and more sedentary lifestyles,
however, this same materialistic drive could have motivated some people to accu-
mulate considerable durable wealth. Wealth that lasts is something of an evolu-
tionary novelty (hunter-gatherers obviously did not have cash and could not trans-
port large quantities of food from one campsite to the next). Once durable wealth
existed, however, parents with the right stuff could use it as a form of parental
investment to be transferred to their offspring. These transfers could affect their
children's competitive success in the economic and social status arenas, which
would surely affect their children's likelihood of acquiring mates and producing
offspring. Moreover, once some parents began to employ this tactic, others might
be drawn along in a kind of arms race revolving around social, as opposed to
military, competition.

Thus, it is possible that in the early human cultural environments where wealth
could be accumulated, individuals who attempted to maximize their ownership of
durable goods may have had more grandchildren than those who attempted to
maximize the number of children they personally produced. The point is that fewer
but richer children may generate more surviving grandchildren in total than a mob
of poverty-stricken offspring, none of whom has the resources to sustain a large
family. Borgerhoff Mulder tested her hypothesis by examining the marriage strategy
in a traditional herding culture, the Kipsigis of Kenya. In this polygynous society,
men pay a bride-price for each wife; the more land owned, the more cows a man
can herd; the more cows owned, the more wives one can purchase; the more wives,
the more offspring. But rather than expend all their wealth in the acquisition of
wives, Kipsigis males regularly forgo such expenditures in order to retain large
cattle herds. Kipsigis men, like men in many other societies, have a deep and abid-
ing interest in getting rich and staying rich. In so doing, they are able to provide
their male offspring with cattle, enabling them to acquire wives sooner than oth-
erwise, generating more grandchildren for the strategic parent [208].

Therefore, in cultures where it is possible to become rich, an evolved desire for
cultural success can lead to competition among men for wealth and the high social
status that goes with it. This attribute might then act in conjunction with discrim-
inating parental investment to promote the genetic success of grandparents in some
situations. Others who imitate the culturally successful members of their group can
also improve their genetic success to the extent that their efforts at imitation are
successful. However, although these elements of human psychology may have ad-
vanced individual genetic success in some preindustrial societies, they most assur-
edly do not have that effect in modern cultures that have undergone the demo-
graphic transition. What's going on here?

The average North American controls an extraordinary amount of wealth com-
pared to a hunter-gatherer or even a well-off Kipsigis herdsman. The evolved drive
to acquire goods in an environment with so many different and desirable things



Sociobiology and Human Culture 187

available for purchase could conceivably lead individuals to devote themselves to
the accumulation of wealth at the expense of maximizing the number of grand-
children. Such an outcome is made more likely given two other evolutionary nov-
elties, excellent birth control technology and culturally enforced monogamy, both
of which tend to reduce the number of offspring a married man, even a very
wealthy one, is likely to produce.

This hypothesis remains largely untested but it brings a totally different and
absolutely necessary dimension to the table for future research on the demographic
transition. This work will examine the possibility that our reproductive behavior
has been shaped by at least four major psychological mechanisms that could have
been adaptive in the past: (1) an interest in controlling the timing and spacing of
offspring, (2) a drive to secure material resources, (3) a willingness to manipulate
investments in offspring in particular ways, and (4) a desire to imitate the practices
of culturally successful members of their group.

Although we do not yet fully understand the evolutionary reasons why so many
people have so few offspring, this does not mean that our current reproductive
behavior (and our capacity to be culturally influenced with respect to reproductive
matters) lacks evolutionary causes. Even if certain tabula rasa academics refuse to
explore the ultimate basis of our behavior, the rest of us need not follow their
example. As the cases reviewed in this chapter demonstrate, cultural practices are
adopted by living, breathing people whose brains give every indication of having
been shaped by natural selection. Understanding this simple but profound point is
the key to understanding why evolutionary theory has something important to say
about human behavior.
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The Practical Applications of
Sociobiology

A Danger to Society?

The critics of sociobiology have long been worried about the application of socio-
biological research to human affairs. And as we have seen, they do not like what
they envision. As discussed in chapter 4, some critics have claimed that certain
forces in society can subconsciously impress themselves on scientists, or at least
some subset of scientists, to such an extent that these individuals can become in-
advertent spokesmen for the rich and powerful. Gould, for example, has declared
that "these speculative stories about human behavior [produced by sociobiologists]
have broad implications and proscriptions for social policy—and this is true quite
apart from the intent or personal politics of the storyteller" (p. 532 in [148]). If Gould
is right, the effects that society at large has on scientists would lead to positive
feedback loops in which bogus scientific "findings" are used to promote the political
goals of persons whose views shaped the conduct of science. The result would be
a science that served the interests of the rich and powerful by undercutting chal-
lenges to the status quo.

Let's apply these claims to a concrete example. Consider a representative socio-
biological hypothesis, which has been presented (and tested) in the scientific liter-
ature by various sociobiologists, on why men in various societies usually seem to
be more interested than women in securing political power and the high social
status that accompanies it. The hypothesis states that males are usually more inter-
ested in personal power and status than women because their acquisition has had
greater positive effects on male than female reproductive success over the evolu-
tionary history of our species. Thus, according to this hypothesis, natural selection
acting on variation in male psychological mechanisms in the past has resulted in
the spread of those psychological tendencies likely to promote strong male interest
in and desire for political influence and high social status. In contrast, females have
been under intense selection to evaluate potential partners accurately with respect
to their status and political standing because these male attributes are typically
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correlated with the quantity of valuable resources that males possess and may de-
liver to their mates and children [119]. The hypothesis applies to "women" and
"men" on average, and of course does not preclude the possibility of exceptions to
the rule, such as some women with great interest in status and political power and
some men with almost none at all.

The proposition that the sexes differ on average with regard to status seeking
can be tested. For example, if it is true that, at the ultimate level, striving for high
social status really is an evolved male reproductive strategy, then in other species
in which the trait occurs, not just humans, we expect to see a correlation between
male social status and access to sexually receptive females. Competition among
males for positions of social dominance takes place in many mammals, and when
it does, winners typically are rewarded with relatively many mates (e.g., [75, 104]).

This generalization applies to our species as well. In traditional, preindustrial
societies that permit polygamy, dominant males of high social status have more
wives on average than those lower in the male pecking order [65] and they have
more children [39, 170]. In modern societies that forbid polygamy but allow males
to have sexual relationships with more than one woman, rich men have more cop-
ulatory opportunities than poor ones [250]. Thus, sociobiologists have reason to
believe that an evolutionary explanation for the intense male drive to compete for
high social status has been tested and supported to some extent.

Still, the fact that an idea may well be correct is no guarantee that it won't be
used in ways that you or I or someone else may find repellent. We all know that
certain components of the religious right proclaim that a woman's place is in the
home while the husband should be the economic provider. Indeed, according to a
directive from the 1998 convention of Southern Baptists, a woman "should submit
to the servant leadership of her husband" (p. Al in [47]). It is conceivable, although
I don't believe it has yet occurred, that these would-be social architects could stum-
ble upon sociobiological articles on the evolutionary basis of male and female de-
sires and use them as ammunition in a war against working women. Perhaps some-
one someday will argue that although it is natural for males to wish to work and
rise up through the ranks, females have a different set of basic social drives, which
could be better served if they were to devote themselves to their husbands and
children rather than have careers of their own.

Or a business personnel officer knowing of the sociobiological hypothesis on
status striving might favor males over females, believing that males were more
likely on average to be ambitious, hard-working, and ruthlessly competitive, all
attributes that company X considered valuable. (Of course, she might decide on the
basis of her understanding of sociobiological research that females would be better
employees than males, if she felt that females were less likely on average to view
their coworkers as rivals to be squashed on the climb to the top and so were less
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likely to be disruptive to the team effort required to advance the goals of the
company.)

The willful capacity to misuse or misrepresent sociobiological research is un-
questionably large. I have before me a copy of an article that appeared in the Seattle
Times with a headline that reads, "Not meant for monogamy? Blame the genes:
Evolutionary psychologists and biologists suggest that humans are naturally po-
lygynous, with perpetuating the species the goal" (p. Dl in [244]). The author of
the article, Carol Ostrom, a staff reporter for the Times, was evidently unaware that
"species perpetuation" does not figure in sociobiological hypotheses (chap. 2), but
she knew something about the sociobiological research that documents the rela-
tionship between the male drive for social success and access to sexual partners.
With this information in hand, Ostrom concluded that the widespread occurrence
of infidelity is evidence of a "natural" tendency for polygyny. Because this tendency
is natural, we can blame infidelity on biology with the clear implication that adul-
tery among humans can be excused as a more or less inevitable consequence of our
evolved, natural drives. Ostrom did not spell out the potential legal and social
implications of such a position, but they should be apparent to all.

Ostrom's cheerfully irresponsible reportage almost certainly will have little, if
any, long-term negative effects, in part because of the transparently exploitative
nature of her coverage, which was more likely to titillate, rather than educate, her
audience. I think it unlikely that many people will seriously defend adultery on
the grounds that biology or natural selection is responsible, not the adulterer. But
ample precedent exists for the use of "science" in the defense of social policies that
the rest of us find highly immoral. To pick the most egregious example, the Nazis
claimed that their racist and genocidal policies had a foundation in the science of
genetics. The risk that sociobiology could also be used for similar sorts of evil
purposes was at the heart of the initial attack on Wilson and sociobiology, according
to Lewontin and company [16].

Actually, as soon as Darwinism came into being, social ideologues sank their
talons into evolutionary biology in an attempt to claim it for their own unpleasant
ends. Darwinian natural selection theory was the inspiration for nineteenth-century,
social Darwinism, a political philosophy of sorts that offered justification to the rich
and powerful for their indifference to and exploitation of the poor. For the social
Darwinists, a selective process was at work sorting out humans on the basis of their
attributes, with the rich achieving wealth thanks to their superior characteristics
while the poor deserved their station in life because of their inferior attributes.

But having agreed that, yes, scientific ideas can be used, or rather misused, by
persons casting about for an underpinning of some sort to rationalize their political
programs or other beliefs, what do we do about it? Because Darwinism and its
offshoot, sociobiology, could and can be willfully misunderstood and twisted into
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a justification for socially pernicious policies or just plain evil actions by persons
determined to do so, should we abolish the truly scientific version of Darwinian
theory? Could we, even if we wanted to? And what's the evidence that evil political
systems are more likely to persist or be more damaging in their effects if they are
cloaked in a pseudoscientific rationale? Would Hitler and millions of his fellow
Nazis have adopted different policies if they had not had access to some notions
about genetics? The Hutus have happily slaughtered the Tutsis (and vice versa),
and the Indonesians have hunted down the ethnic Chinese, and the Serbs have shot
the Muslim Croats without encouragement from or reference to Darwinism or any
other scientific theory.

Thus, when you hear that "socially relevant science," by which is meant socio-
biology and not sociology, demands "higher standards of evidence" because errors
by scientists dealing with human behavior are especially prone to be used in ways
that "stifle the aspirations of millions" [186], I think we are entitled to be skeptical
on several grounds.

First, is it true that thoroughly tested scientific conclusions are less likely to be
misused by ideologues for their own purposes than are imperfectly, incompletely,
or incorrectly tested hypotheses? In contradiction, I point again to the ease with
which social thinkers in the nineteenth century took natural selection theory, which
was even then a reasonably well tested scientific theory, and twisted it into some-
thing that served their political wishes. If an ideologue is determined to justify a
particular philosophy or political program, he will find a way.

Second, the idea that we should have two standards in science, one rigorous for
scientists whose work has implication for understanding ourselves and another
more free-flowing and relaxed for unimportant stuff, is debatable, to say the least.
I thought the idea behind the scientific approach was to get closer to the truth of
matters of interest to the scientist and anyone else who happened to share that
interest. If this belief is valid, to say that we can tolerate vaguely sloppy science for
some things but only really solid science for others does not make sense.

The real message behind admonitions to the effect that "one must be especially
careful when one is engaged in research that touches on human concerns" is a
warning to sociobiologists not to do the research while the critic assumes a mantel
of high moral sensitivity. Not so long ago I attended a conference on the law and
sociobiology in which a speaker hostile to the sociobiological approach employed
this "be careful" argument with respect to research on rape by sociobiologists. The
critic noted the possibility that lawyers defending rapists might use some aspect of
sociobiological research in their defense of the rapist. The clear implication was that
the problem lay in the research itself, not with the lawyer or the legal system—to
the extent that the lawyer or the legal system engage in or permit misuse of sci-
entific research.

Yes, I suppose it is barely possible that someone will at some time try to get a
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rapist off by using a "my evolved genes made me do it" defense, although it does
not seem to have happened yet. In the unlikely event that the attempt is made, the
prosecution will have the opportunity and indeed, the responsibility, to explain to
the jury why the defense is based on a complete misrepresentation of genetics and
evolutionary biology.

"Natural" Does Not Mean "Moral"

Any effort to excuse rape on the grounds that it is an evolved product of natural
selection could only work if the jury could be persuaded that evolved behavior is
"genetically determined" and therefore inevitable, a false conclusion, as we have
seen (chap. 3). Moreover, the jury would also have to be convinced that what is
evolved is "natural," and what is "natural" or "adaptive" is somehow desirable or
at least appropriate, an obvious implausibility in the case of rape and indeed illog-
ical for any behavioral trait. As sociobiologists have repeatedly pointed out, the
statement that "such and such a trait is the evolved product of natural selection"
never can be used to derive the conclusion that "such and such a trait is good and
ought to be encouraged." No one suggests that persons studying the adaptive prop-
erties of the bacteria that causes tuberculosis or cholera believe that these bacterial
attributes are desirable or morally correct. Yet critics continue to say that when a
sociobiologist presents an evolutionary hypothesis for a feature of human behavior,
then the researcher believes, or makes it possible for others to believe, that the
behavior is morally acceptable on the grounds that it is "natural."

Now if it were true that sociobiologists equated "adaptive" with "moral," then
much of the antagonism toward the discipline would be justified. But sociobiolo-
gists do not make this obvious mistake. I know that in common parlance when
someone says that he understands why so-and-so behaves in such-and-such man-
ner, the implication is that his understanding enables him to be more tolerant of
the activity. But in scientific terms, the improved understanding of something de-
rived from the scientific process is analytical, not approving or disapproving, not
accepting or rejecting on moral grounds. When, for example, a sociobiologist ana-
lyzes the efforts of men and women to climb the corporate ladder, the goal is to
explain, to see things as they are, not to provide moral lessons for a reader. And if
a sociobiologist presents evidence that male competitiveness and desire for high
social status have an ultimate function, an "adaptive value," he is not arguing that
the behavior is moral, something that society should value, encourage, or reward.
The statement that social striving is adaptive means only that the psychological
mechanisms underlying this behavior have probably tended to promote individual
reproductive success during the course of human evolutionary history. Traits with
this effect have helped keep certain genes in the gene pool, not because it was good
for the individual, good for the group, or good for the species as a whole, but
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because possession of these traits happened to be correlated with success in gene
propagation. No moral lessons can be drawn from the unfeeling, blind process of
natural selection. Nor do sociobiologists attempt to draw such lessons from evo-
lution. Instead, a sociobiological analysis provides a neutral explanation for human
social endeavors, not a justification, not a moral prescription, not a normative dec-
laration about what "ought" to be.

Incidentally, one can examine the evolutionary basis of our capacity for the sense
of what is moral and what is not, what is right and what is wrong. It has been
done and done well, especially by Robert Trivers [317, 320] and Richard Alexander
[15]. In their attempts to analyze such things as why people have the ability to feel
guilty, why people everywhere think it morally correct to help some persons while
harming others, and why people are eager to punish those who fail to behave
according to accepted moral standards, Trivers and Alexander do not pass judgment
on the social desirability of these attributes. They, like other evolutionary biologists,
are attempting to produce convincing explanations, which always requires scrutiny
of competing hypotheses for the phenomenon of interest. They, like all other sci-
entists, have a primary responsibility, which is to collect the evidence fairly in ways
that make it possible to test one or more of the hypotheses under review.

The scientist's second responsibility is to make certain that his conclusions are
presented in ways that make their misinterpretation and subsequent misuse less
likely. This goal requires that researchers acknowledge the tentative nature of sci-
entific findings, the need for replication, the possibility of error, things that scientists
of all types find easy to do with respect to someone else's work but rather more
difficult to do when it comes to their own studies. But by expressing one's findings
with measured care and by anticipating possible misinterpretations before they oc-
cur, scientists could perform a service. The need to be aware of impending misin-
terpretations by the public is especially great when it comes to discoveries about
the evolution of human behavior. Acceptance of the naturalistic fallacy is the pri-
mary culprit, a temptation almost impossible to resist both for those who would
justify repressive social policies on the grounds that certain human attributes are
"natural" and for those who see any statements about the evolved basis of human
behavior as providing ammunition for the first camp. In my view, sociobiologists
have been in the forefront of trying to explain what the naturalistic fallacy is and
how to avoid it, admittedly without great success, such is the psychological appeal
of the fallacy.

The third responsibility of the scientist is to speak out against the misuse of
science when it occurs. As noted above, were a lawyer to mount an "evolution
made me do it" defense for a client accused of rape, evolutionary biologists would
be able and willing to explain why such a defense was invalid, and I suspect that
many would be glad to do so. But to make scientists personally responsible for the
shortcomings and machinations of others who either knowingly or unknowingly
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exploit or expropriate a scientific idea for their own nonscientific purposes seems
asking a lot. To avoid all research issues that could possibly be misused requires a
degree of foresight that few people possess. The only safe way to stay away from
topics that might result in social damage of some sort would be to abandon the
study of human behavior and to move into a field where there was no risk that
one's ideas would be misappropriated. Just what this risk-free endeavor might be
is rarely specified by those who speak strongly about the dangers of sodobiology,
while ignoring the equally great possibilities for political misuse of assorted socio-
logical or feminist or Marxist "conclusions."

Know Thyself?

Almost all those who have commented on the societal implications of human so-
ciobiology have focused exclusively and often melodramatically on the downside,
the risks, the supposed negative effects of the discipline on humankind. The authors
of the Seville Statement on Violence provide a fine example of this phenomenon.
Twenty academics assembled in Seville in 1986 to draft their statement, 1986 being
the International Year of Peace and the academics being eager to Do Something,
which they did by writing on what they perceived to be widespread misconceptions
about the relationship between war, violence, and human evolutionary biology.
Near the end of their document, they summed things up with the following: "We
conclude that biology does not condemn humanity to war, and that humanity can
be freed from the bondage of biological pessimism and empowered with confidence
to undertake the transformative tasks needed in the International Year of Peace and
in the years to come" (p. 846 in [1]).

By "biological pessimism" the authors meant "evolutionary explanations of hu-
man aggressive behavior," although the supposed examples of evolutionary con-
clusions that they provided in their manifesto (such as the idea that natural selection
has favored aggressive behavior more than cooperative abilities in humans) are not
to the best of my knowledge embraced by any evolutionary biologist. Be that as it
may, the Sevilleans obviously believed that if the capacity for aggression had
evolved, then it would be impossible to change, "condemning humanity to war."
Not a good thing, we can all agree.

But if it is sometimes possible for humans to overcome our evolved predispo-
sitions, and no sociobiologist would disagree, then wouldn't it be wise to under-
stand just what effects past natural selection has had on us? One case for under-
standing the products of evolution comes from the small number of researchers
who are examining medical issues from an adaptationist perspective [238]. For ex-
ample, should women experiencing normal morning sickness be treated with drugs
designed to alleviate their symptoms of nausea and vomiting? Perhaps not, if morn-
ing sickness is an adaptation that evolved in the context of protecting the embryo
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and mother against parasites and pathogens that can be acquired from certain
foods, especially tainted meats. In fact, women who experience morning sickness
are generally less likely to have their pregnancies end in miscarriage, a result that
suggests that the nausea and vomiting are indeed serving a positive function, un-
pleasant though the ordeal may be [124].

Just as one would be ill-advised to deal definitively with morning sickness with-
out knowing what its evolved function was, so too a case can be made for trying
to understand the history behind the capacity for group aggression in humans in
order to intervene effectively against its expression. If the ability to engage in war
has been shaped by natural selection, then humans are almost certainly more likely
to initiate armed conflicts under some circumstances than others, following condi-
tional decision rules that in the past at least were adaptive (in the selectionist sense).
If we really understood the effects of past selection, perhaps we might better antic-
ipate the circumstances likely to stimulate warfare, the better to counteract them.
In general, it should be easier to combat the negative consequences of natural se-
lection if we knew what we were up against.

Consider the following supportive example from Stephen Emlen on how socio-
biological approaches might help humans deal more effectively with certain com-
mon family conflicts [120]. The inspiration for Emlen's argument came in part from
his research not on humans, but on another species with durable and sometimes
less than harmonious families, the white-fronted bee-eater (fig. 9.1). Understanding
why both conflict and cooperation occur in families of this bird can help us better
explore analogous phenomena within human families, and for this reason, I begin
by summarizing what is known about the bee-eater.

In the breeding season around Lake Nakuru, many white-fronted bee-eaters pair
off and join others at certain exposed clay bank cliffs, where the birds dig their nest
tunnels into the soil in close proximity to their neighbors. The result is a nesting
colony of dozens or hundreds of birds, with the females laying their eggs at the
end of their nest tunnels. When the young hatch, they require a steady diet of
insects, which they receive from their parents and sometimes from one or more
"helpers at the nest" of the sort found in Seychelles warblers.

As is true for the warbler, helper bee-eaters are usually young, nonbreeding
offspring of one or both of the parental birds, whose nestlings benefit from the extra
food provided to them. Becoming a "helper at the nest" of one's parents is also
open to some older adult males whose nesting attempts have failed, perhaps be-
cause their mate has died or a predator has destroyed the nest. These birds abandon
their nest tunnel and the male and his mate move back near the male's mother and
father. The returning male then works to help his parents rear what are really his
younger brothers and sisters.

So what we have here are condition-dependent reproductive altruists, self-
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Figure 9.1. The white-fronted bee-eater, a social species with helpers-at-the-nest and considerable
potential for familial conflict. Photograph by Natalia Demong.

sacrificing individuals, who give up a year or more of personal reproduction in
order to create copies of their genes indirectly through adaptive altruism. As ex-
pected from the gene-counting approach, the altruism of helper bee-eaters is di-
rected exclusively to relatives, generally full siblings, and certainly not genetic
strangers. When a pair of young birds gives up a breeding attempt, they often move
over near the male's family, not the female's, and it is the nonbreeding male, not
the nonbreeding female, who becomes a helper. Only he has relatives to assist at
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his parents' nest and only he brings food to the nestlings. His mate stays close by,
presumably to maintain the bond necessary for a future reproductive attempt. But
she has nothing to do with her mate's relatives, which are not her kin.

As predicted, helpers really do increase the number of offspring that their par-
ents rear. The more assistants that come to the service of a breeding pair, the more
food is delivered to the nest, and the more offspring that survive to fledge from
the nest, and the more individuals in the population as a whole who have in their
bodies the very same genes present in the helpers (fig. 9.2).

Evolutionary theory also yields the prediction that helpers will be those who
have relatively poor chances for successful personal reproduction. When this con-
dition applies, it increases the odds for a net genetic gain from helping because it
means that the helper has not given up much by sacrificing one season's repro-
ductive output. And in keeping with this expectation, helpers are usually young
birds who either have not been able to acquire a mate and helpers of their own or
as we have seen, males whose breeding attempt has failed. Either way, the odds
are close to nil that these individuals could have surviving offspring of their own
during that breeding season. Without helpers, a pair laboring on their own rarely
rear even one baby bird to the fledgling stage; and if an initial nesting attempt has
failed, the option to start all over again is almost certain to fail as well, since nesting
conditions deteriorate as the season progresses.

Figure 9.2. The consequences of helping behavior in white-fronted bee-eaters. The more adults at
the nest, the more food is delivered to the nestlings per hour and the greater the number of
nestlings that survive to fledge from the nest burrow. From [121].
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In other words, bee-eaters behave as they are expected to, if the ultimate goal
for which they are working (unconsciously) is to produce as many surviving copies
of their genes as possible. When conditions are good for personal reproduction,
they try to reproduce and, if successful, they will directly contribute some copies
of their genes to the next generation by producing genetic offspring of their own.
But if not, then individuals who can be adaptively altruistic opt for this tactic, which
can advance the survival of their genes by helping keep relatives alive to carry their
special genetic lineage into the future.

But bee-eaters not only engage in selective altruism, they also behave in a less
helpful manner toward their relatives in some circumstances. Indeed, conflict within
bee-eater families regularly occurs when parents go out of their way to prevent
male offspring from breeding, the better to retain their services as helpers. Typically,
an older breeding male interferes with a young son's attempt to nest independently.
He may, for example, block access to the nesting tunnel that his son and mate have
dug, making it so difficult for them to get on with the business of nesting that the
son abandons the attempt and returns home, bringing his reluctant partner with
him. While she sits out the breeding season, he salvages some genetic success by
stuffing insects into the mouths of his younger siblings.

Interestingly, however, a male is less likely to become a helper at his parents'
nest if his mother has died and been replaced. Under these conditions, a son is
more likely to persist in his own breeding attempts should his father try to recruit
him forcibly to come back to the family nest. At the ultimate level, the son's reluc-
tance makes genetic sense, since half siblings share a lower proportion of genes
(one-quarter) with him than full sibs (one-half). Needless to say, the mathematics
of these arrangements are well beyond the capabilities of bee-eaters (as far as we
know). But proximate psychological mechanisms need not provide bee-eaters with
an understanding of fractions in order to motivate them to behave in ways that
advance the success of the genes that contribute to the development of those mech-
anisms. It would be enough, for example, if whatever passes for the emotional
system of bee-eaters makes them more willing to associate with close relatives than
with nonrelatives, which would require the ability to differentiate between these
two classes of individuals. Again, bee-eaters need not have any conscious revelation
about relatives and the fitness consequences that come from interacting with them.
As noted before, proximate mechanisms can have positive effects on genetic success
without endowing individuals with an awareness of the ultimate significance of
their operating rules, as people regularly demonstrate by denying, often vigorously,
that their brains and gonads serve the ultimate interests of their genes. Whatever
the proximate basis, male bee-eaters generally appear to make the "right" decisions,
namely ones that on average result in the survival of more copies of their special
alleles.
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Cooperation and Conflict in Human Families and Stepfamilies

Well after completing his study of white-fronted bee-eaters, Emlen began to look
at the decision rules that guide human behavior in their family interactions [120].
Why? Not because he failed to note the myriad differences between bee-eaters and
human beings. Not because he felt that we had inherited the same family behaviors
from the extremely ancient common ancestor that gave rise eventually to both bee-
eaters and humans. Instead, Emlen made the comparisons because he knew that
humans were like bee-eaters in one extremely important social aspect; in both spe-
cies, persistent families form in which parents and offspring may interact with each
over long periods. In other words, the social environment of the two species has
been similar in some respects for a long time. As a result, humans may resemble
bee-eaters in having been subject to selection to solve the social problems that in-
evitably arise in family life. Even though our genes are very different from those
possessed by bee-eaters, any genetic variation relevant to human social attributes
could have been acted upon by natural selection, leading to the spread of analogous
behaviors in humans and bee-eaters. If so, we and bee-eaters are expected to have
converged on the same kind of adaptive decision rules pertinent to family life,
although many complications make it difficult to develop and test the appropriate
predictions [92].

In any event, Emlen expected that humans, as well as bee-eaters, should exhibit
psychological predispositions that would cause them to be generally helpful to fam-
ily members. Why? Because over evolutionary time, bee-eater and human families
have typically been composed of parents and their genetic offspring, with other
close relatives also nearby in the extended family groups characteristic of humans.
In the past, individuals who tended to act in concert with their relatives would
have sometimes indirectly propagated the genes they shared in common with each
other. In contrast, those who regularly harmed their relatives' reproductive chances
would sometimes have reduced the number of those shared genes passed on to the
next generation. Over time, this process should eliminate any distinctive genes that
contributed to the development of personalities invariably indifferent or hostile to
one's relatives.

Note that sociobiologists do not predict that individual humans or bee-eaters
will help each and every relative equally in every possible setting. Helping a rela-
tive will not always yield a net genetic gain for the helper. The more closely related
two persons are, the higher the likelihood of possessing the same genes by descent.
The more genes shared in common, the greater the potential that a self-sacrificing
act directed to the relative will provide a large boost to one's shared genetic heri-
tage. The larger this indirect effect, the more likely that this benefit can over-
compensate for any reduction in personal reproduction experienced by the altruist.



The Practical Applications of Sociobiology 201

But as degrees of relatedness decline, the chance that altruism will be genetically
profitable also declines.

Thus, in the case of bee-eaters, Emlen was not surprised to find that daughters-
in-law fail to provide food to siblings of their mates. Or that males with excellent
chances of reproducing vigorously resist attempts by their fathers to recruit them
as helpers at the nest. Or that the probability of helping declines in families with
replacement mates when the helper would be assisting in the production of half
siblings, instead of full sibs.

In the case of humans, the equation is similar in that we live with and invariably
interact with individuals of differing degrees of relatedness. As a result, selection
has evidently favored people with the motivational mechanisms, emotional sys-
tems, and intellectual capacities that enable us to learn kinship categories, establish
kin-based links with others, educate others about genealogical relationships, and
feel a sense of solidarity and cooperativeness with those identified as relatives,
especially with our close relatives [14]. Martin Daly and his colleagues make the
case that these behavioral attributes are universals present in all human cultures
and that, for example, people can apply the same kinship term (e.g., brother) to
different individuals while retaining full awareness of the distinction between, say,
a genetic brother and a fellow clan member who is male [86].

If Daly and company are correct, our battery of proximate kinship mechanisms
should shape our decisions about the treatment of others in predictable ways. For
example, imagine a stepfamily composed of a man with his children and a woman
with her children from the previous marriage. In such a reconstituted family, one
or both adults will have the opportunity to care for someone else's offspring. The
predicted results include the expectation that stepparents will skew their investment
toward their own genetic offspring while desiring more parental care for these
children from their partner than he or she is usually eager to provide. The net result
should be greater conflict on average within reconstituted families than in families
without a stepparent. A higher frequency of disagreements about how the children
are being treated should in turn generate greater instability in reconstituted families.

These predictions are testable [120]. Emlen points to studies of interactions
within stepfamilies, which reveal that stepchildren receive less attention and re-
sources from their stepparent than from the genetic parent. These effects are cross-
cultural [126, 225]. Indeed, in extreme cases, the stepkids not only receive less pos-
itive care but also are the target of outright assaults, running a vastly greater risk
of physical abuse from a stepparent than from their "biological" mother or father.
In their examination of reported child abuse cases from Hamilton, Ontario, Martin
Daly and Margo Wilson documented that for every 10,000 children four years old
or younger in families with a replacement mate, about 120 were victims of child
abuse. The corresponding figure for families with both genetic parents present was



202 The Practical Applications of Sociobiology

just 3 in 10,000 (fig. 9.3). When Daly and Wilson restricted their analysis to cases
of fatal child abuse, they calculated that a child was seventy times more likely to
be killed by a stepparent than by a genetic parent [83].

You will not be surprised to learn that the overwhelming majority of children
that live with a stepparent are neither abused nor killed. Daly and Wilson do not
consider extreme child abuse an evolved adaptation per se. Instead, they conclude,
"All told, we see little reason to imagine that the average reproductive benefits of
killing stepchildren would ever have outweighed the average costs enough to select
for specifically infanticidal inclinations" (p. 38 in [84]). Instead, Daly and Wilson
propose that the very rare, and generally maladaptive, instances of lethal infanticide
are the costly by-products of evolved psychological mechanisms that make it much
easier for adults to love and invest care and resources in their own children rather
than someone else's. When adults are more or less forced to provide for someone
else's child, as occurs when individuals marry others who have young children, the
mechanisms that restrain the investment of stepparents in another's offspring can
occasionally lead to disaster for the stepchildren and, often, for the killer as well.

These exceptional cases do provide an indication of the psychological problems

Figure 9.3. The difference in the frequency of criminal child abuse cases in families composed of
parents and their genetic offspring (on the left) as opposed to reconstituted families with a step-
parent present (on the right). From [81].
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that stepparents tend to have in caring for their adopted children compared to
parents with their genetic children. Given these problems, it is not surprising that,
as predicted, divorce rates are higher for second marriages than for first marriages.
Furthermore, the presence of stepchildren in reconstituted families leads to quicker
divorces than when remarriage does not involve stepchildren. Moreover, the more
stepchildren, the shorter the remarriage.

The predictive success of the sociobiological perspective on why conflict is rel-
atively common in reconstituted families is reason to accept it [120]. Natural selec-
tion is clearly involved in the evolution of the proximate systems that manufacture
the emotions and feelings that come into play in family dynamics. These feelings
influence our decisions about how much we are willing to invest in helping off-
spring and thus they affect our interactions with spouses, children, and other com-
ponents of extended families, reconstituted or otherwise. In an ancestral environ-
ment in a preindustrial, preagricultural era, in other words during 99 percent of
our history as a species, the consequence of these psychological mechanisms would
have been to induce our ancestors to maximize their genetic contribution to the
next generation, either directly through personal reproduction or indirectly by as-
sisting relatives in the production of surviving offspring. These mechanisms made
it less likely that our ancestors would have exhibited parental love and altruism in
ways that reduced their genetic success. As Daly and Wilson say, "Without recourse
to the concept of evolutionary adaptation, we could not hope to understand why
parental love and altruism even exist, let alone why they sometimes fail" (p. 93 in
[83]).

The Practical Applications of Sociobiology

But are sociobiological analyses of family cooperation and conflict of more than
mere academic interest? Do they have the potential to do harm—or good? Yes,
sociobiological findings could be misused to stigmatize stepparents in general, as
individuals supposedly forced by their evolutionary history to succumb to abusive
impulses. Emlen's analyses might also be misused to excuse criminal behavior on
the grounds that an abusive stepparent is merely doing what is natural. These
blatant misapplications of Sociobiology are based on a willful misunderstanding of
the relation between genetics and behavior (see chap. 3) and the pernicious natu-
ralistic fallacy (this chapter). A truly educated public would recognize the misuses
of Sociobiology as such and would reject them.

Let us imagine that most people were indeed knowledgeable about matters ev-
olutionary and therefore realized that they were likely to possess an evolved pre-
disposition, founded on an evolved emotional apparatus, to care particularly for
their own children, not someone else's. If so, adults who remarried and brought
their dependent children with them to the reconstituted family might be more
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aware of the potential for stress than many people are currently. An informed an-
ticipation of the troubles that could arise might enable individuals to take self-
conscious action to combat those evolved responses that have the capacity to de-
stroy relationships, tear families apart, and in extreme cases, send a parent to jail
for the death of a child.

Even if an evolutionary understanding were confined largely to marriage coun-
selors and legal advisers, the benefits could be substantial as these persons could
help troubled members of reconstituted families identify the ultimate source of their
feelings of anger or guilt. An improved understanding of what was going on would
almost surely not change the emotional responses of family members to the situa-
tions that caused the problems in the first place, any more than a man's sexual
jealousy is likely to be reduced by the knowledge that his adulterous wife had
employed birth control while copulating with the other guy. But evolutionary ex-
planations could help some members of some mixed families anticipate the trouble
spots. Perhaps evolutionarily aware stepparents would try less often to test the
devotion of a spouse by making frequent demands that he or she invest heavily in
children that are not his or her genetic offspring. Or perhaps they would realize in
the midst of an argument with a stepchild that they were letting themselves be
manipulated by an evolved psychological mechanism that exists not to make people
happy or to do anything of special merit, only to propagate segments of DNA, a
chemical they cannot even see. Perhaps this realization would help a few steppar-
ents fight against their genes and their evolved emotions instead of fighting with
their spouse or stepchildren.

Men and Women

Let us also consider what good might come from the widespread acceptance of the
evolutionary explanation for certain psychological differences between men and
women. But first, before considering an ultimate explanation for the differences, we
have to secure a consensus that these differences even exist. One major school of
feminist thought is not prepared to concede this point. As Alice Eagly acknowl-
edges, "Much feminist research on sex differences was (and still is) intended to
shatter stereotypes about women's characteristics by proving the women and men
are essentially equivalent in their personalities, behavioral tendencies, and intellec-
tual abilities" (p. 149 in [113]). This conclusion is (and was) designed to promote
an honorable political end, namely, the creation of equal societal opportunities for
women, overcoming the long cultural practice of handicapping women in the work-
place and elsewhere. If one could establish psychological identity of the sexes, so
the argument goes, then there could be no justification for inequality of treatment.

Because of the tactical appeal of the argument, the feminists identified by Eagly
have generally engaged in a holding action to preserve the view shared by most
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social scientists in the 1970s, the view that male-female psychological differences
are very small or nonexistent. To this end, feminist rhetoric has continued to em-
phasize the "little differences" claim despite an abundance of evidence to the con-
trary. We earlier reviewed some evidence that men were on average more motivated
than women to seek political power and high social status, proximate drives that
may have been naturally selected because of their positive reproductive conse-
quences for men. Let us imagine that women with an interest in group dynamics
were made aware of these male predispositions, which, for example, often cause
men to try to take charge of small working groups composed of both sexes. As
Alice Eagly notes, knowing the true nature of the beast, and his desire to control
and dominate, could help women so inclined to deal more effectively with these
individuals, especially if they recognized the tactics that males employ to achieve
their power-monopolizing goals. If so, women might be able to "intervene to pro-
duce a more equal sharing of power" [113].

Let us also imagine that men were instructed about the evolutionary basis for
their emotional reactions and psychological drives, which can sometimes lead them
to run roughshod over others or to insist on occupying center stage in the attempt
to secure dominance within groups. To the extent that they learned this lesson, men
might have greater self-understanding and might even develop a certain sense of
detachment about their pursuits and proximate desires, which could reduce the less
pleasant aspects of the "I will now take charge" syndrome. If nothing else, truly
educated women could point out what was going on when men attempted to hog
the limelight, and if their listeners understood evolutionary theory as well, the
message might get through on occasion.

An evolutionary education would surely do no harm in this or the many other
arenas in which conflicts between the sexes arise. Consider the matter of the double
standard with its forgiving view of male adultery coupled with harsh and moralistic
prohibitions against female adultery. An evolutionary perspective tells us that men
tend to accept the double standard because in the past males who cuckolded their
neighbors while preventing their own wives from cuckolding them tended to leave
more descendants than men who were incapable of cautious adultery and uncon-
cerned about wifely fidelity.

But in order to make use of this evolutionary understanding, people would of
course have to avoid committing the sorry naturalistic fallacy, which has caused so
much trouble over the years. Men and women would have to realize that naturally
selected traits were not naturally desirable; both sexes would have to grasp the idea
that explanatory statements about the evolutionary basis of human behavior did
not mean that people were morally obligated to behave in the best interests of their
genes. Indeed, as Robert Wright has written, "A central lesson of evolutionary psy-
chology is that we should cast a wary eye on our moral intuitions generally" (p.
44 in [353]). That's the heart of the matter. An awareness of the ultimate reasons
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for our eagerness to make moral judgements and the realization that our emotions
really work on behalf of our genes ought to make us less self-indulgent about our
feelings, perhaps encouraging us to be a little more cautious on the moralizing front,
a little more reluctant to express moral certitudes, a little more introspective, a little
less likely to assume that whatever feels right to us is good for something other
than our genes [353]. Maybe, just maybe, men who really understood evolutionary
theory and the naturalistic fallacy would be less likely to claim, "My behavior is
excusable but similar behavior in my wife is an offense against God."

The most unpleasant and damaging manifestation of the conflict between the
sexes lies in the area of rape and other forms of coercive sex. Here too I believe
that evolutionary theory has something important and practical to tell us about the
phenomenon, if only we can put aside ideological blinders and a belief in the nat-
uralistic fallacy [311]. These requirements will not be easily met, given the tendency
of many to invoke the naturalistic fallacy when reacting to evolutionary analyses
of coercive sex. Let a biologist attempt to explain why men rape and he can be
guaranteed to hear that the hypothesis is not only dangerous but morally repug-
nant. And they will be told so in high dudgeon, as in "it seems quite clear that the
biologicization of rape and the dismissal of social or 'moral' factors will... tend to
legitimate rape" (p. 383 in [112]) and "it is reductive and reactionary to isolate rape
from other forms of violent antisocial behavior and dignify it with adaptive signif-
icance" (p. 382 in [54]). Outbursts of this sort occur because the commentators be-
lieve that if rape were shown to be adaptive, as defined in evolutionary terms, then
it would also be morally legitimate and socially defensible. Although the distinction
in meaning between "evolved" and "moral" evidently is not easily grasped, nothing
commands us to believe that biologically adaptive traits are necessarily socially
desirable.

Furthermore, the standard feminist position on coercive sex is founded on ide-
ological, as opposed to evidentiary, grounds. Inspired by Susan Brownmiller's
Against Our Will, where she writes, "all rape is an exercise in power" (p. 256) and
"is nothing more or less than a conscious process of intimidation by which all men
keep all women in a state of fear" (p. 15), the basic feminist argument has become
that coercive sex is about power rather than sex. According to this view, rapists and
their ilk are motivated purely by the proximate desire to dominate and intimidate
women, a desire that stems from the influences of a patriarchal society dedicated
to the preservation of male control [53]. According to this view, the idea that rape
has anything to do with sex is a myth, pure and simple.

Although many versions of the standard argument exist among the many fem-
inist factions, when college students are asked about their understanding of rape,
most have heard of and many accept the Brownmillerian viewpoint. Familiarity
with the "rape has nothing to do with sex" hypothesis stems from the energetic
efforts of many feminists to educate others on the feminist position vis-a-vis the
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causes of rape. As a result, documents containing the "myths about rape" are
widely available on the Internet. The "rape myths" presented to students at the
University of Wisconsin, Texas A & M, Tulane University, and Monash University
in Australia, to pick a few, contain statements like the following: "Since sexual
assault is all about power, not sex, the age or appearance of the victim is irrelevant"
and "Rape is not about sexual orientation or sexual desire. It is an act of power
and control in which the victim is brutalized and humiliated" (see, for example,
www.med.monash.edu.au/secasa/html/rape-myths.html).

Now the idea that sexual motivation plays no part in rape seems decidedly
counterintuitive, given that the vast majority of rapists are sufficiently sexually
aroused to achieve an erection and to ejaculate in their victims. Yet many persons
have no doubt about it; sexual desire is not an issue in the rapist's behavior. The
appeal of this assertion must stem from the fact that most people consider sexual
desire a "natural" phenomenon, which some feminists fear will make the public
more willing to excuse the rapist, at least in part, on the grounds that rape is in
some sense "natural." In contrast, if rape is said to be violence pure and simple
driven by a criminal desire to brutalize and humiliate, then no one would be
tempted to forgive the rapist or be more understanding of his behavior. In other
words, acceptance of the naturalistic fallacy provides the impetus to insist that there
is nothing "natural" about the causes of rape.

To this end, it is also valuable to claim that rape is a purely human phenomenon,
not part of the sexuality of other species: "No zoologist, as far as I know, has ever
observed that animals rape in their natural habitat, the wild" (p. 12 in [53]). More-
over, why not assert that rape is a purely cultural phenomenon, the invention of
some men in some warped societies. If true, then one need "only" educate the
members of that society in order to change the ruling male ideology of rape, which
will eliminate the problem. To this end, many feminists assert that rape is not a
universal feature of all societies but rather a manifestation of just those societies in
which a particularly unfortunate ideological perspective has come to shape male
attitudes and behavior.

The advocates of the "rape has nothing to do with sex" hypothesis have been
circumspect in dealing with the relevant data. For example, with respect to the so-
called uniqueness of rape, even when Brownmiller wrote her book in 1975, ample
evidence existed that males from a very wide range of animals sometimes force
themselves on females that struggle to prevent copulation from occurring. Over the
years, much more information has been assembled on the practice of forced matings
in everything from insects to chimpanzees, orangutans, and other primate relatives
of man [295, 311].

For example, I have on occasion seen a male of the desert beetle Tegrodera aloga
run to a female and wrestle violently with her in an attempt to throw her on her
side (fig. 9.4). If successful, the male probes the female's genital opening with his



Figure 9.4. Apparent coercive copulation in an insect, a blister beetle whose males (above) some-
times forcibly inseminate a vigorously resisting female and (below) sometimes court the female at
length before being permitted to mate. Photographs by the author.
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everted aedeagus (the entomological label for "penis") and he sometimes is able to
achieve insertion of same, despite the female's attempts to break free. What makes
this behavior so striking is that male Tegrodera aloga are perfectly capable of courting
potential partners in a decorous manner. In these nonviolent interactions, a male
cautiously moves in front of female, often one that is feeding on a tiny desert plant
of some sort, and uses his antennae to sweep her antennae into two grooves in the
front of his head (fig. 9.4). The two may stand facing one another for many minutes
while the female feeds and the male strokes her antennae over and over again.

Judging from what is known of a somewhat similar beetle [117], the male's
courtship maneuvers probably permit the female to assess the concentration of can-
tharidin in the male's blood via analysis of odors emanating from pores in the
grooves in his head. Cantharidin is a toxic biochemical manufactured by males of
some beetles for transfer to their mates during copulation; females safely store the
material for later use in coating their eggs, the better to repel ants and other egg
eaters after the eggs are laid in the soil. In other words, courting males communicate
their capacity to provide their mates with a useful nuptial gift. If a female perceives
her suitor to be in possession of valuable resources that she will receive, she may
eventually permit him to mount and copulate sedately. If not, she pulls her antennae
free and walks away. Males that attempt to short-circuit the female choice mecha-
nism in this species probably lack the qualities, especially high levels of transferable
cantharidin, that motivate females to become sexually receptive, although this pre-
diction remains untested. Under these circumstances, males may have the condi-
tional capacity to try to inseminate females forcibly, reducing female reproductive
success to some extent in the process, which is why females of this species resist.
The idea that forced copulation only happens in humans is therefore simply untrue.

And what about the claim that rape is haphazardly distributed among human
cultures, present here, absent there, thanks to arbitrary variation in cultural histories
and influences? You will remember Margaret Mead's incorrect assertion that rape
was absent in traditional Samoan society. Analysis of similar claims about other
groups has shown them to be equally erroneous [246]. Rape is a cultural universal.

These findings are part of the reason why some sociobiologists think that the
"rape has nothing to do with sex" hypothesis is not only implausible but untrue.
One sociobiological alternative is that rape is partly the product of evolved male
psychological mechanisms, including those that promote ease of sexual arousal, the
capacity for impersonal sex, the desire for sexual variety for variety's sake, a desire
to control the sexuality of potential partners, and a willingness to employ coercive
tactics to achieve copulations under some conditions. Why would these: proximate
mechanisms have spread through ancestral hominid populations? Because they al-
most certainly contributed to an increase in the number of females inseminated by
some ancestral males with a consequent increase in the number of offspring
produced.
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According to this approach, rape itself could either be a maladaptive side effect
of sexual psychological mechanisms that have other generally adaptive outcomes
or rape could be one of the tactics controlled by a conditional strategy that enables
an individual to select the option with the highest fitness payoff given his particular
circumstances. Note that these are two separate hypotheses, each of which generates
distinctive predictions, so that either one or the other or both could potentially be
rejected via standard scientific testing. The maladaptive byproduct hypothesis is
plausible because it is clear that in humans and other species, the intense sex drive
of males sometimes motivates them to perform acts that cannot possibly result in
offspring. Male elephant seals not uncommonly attempt to copulate with young
pups only a month or two old while males of some species of bees work themselves
into a sexual frenzy over a deceased female or even a part of her body. Human
males engage in masturbation, oral and anal sex, homosexual sex, and sex with
children, to name just a few of the sexual activities that no one has ever claimed
will generate surviving offspring.

On the other hand, the adaptive conditional tactic hypothesis for rape is also
plausible because rape appears to be associated with both low socioeconomic status
and low risk of punishment, two conditions that would tend to increase the fitness
benefit to fitness cost ratio of rape for certain individuals acting under certain cir-
cumstances. For example, poor men may have much less opportunity to engage in
successful courtship because women favor wealthier individuals; rape could enable
some in this category to gain sexual access to women. The mean fitness benefit from
rape need not be great for individuals who have little or no chance of forming a
partnership with a willing woman. Likewise, when rape occurs with little risk of
punishment, as has traditionally been the case for soldiers in combat, then the
fitness benefit need not be great to outweigh the relatively low costs associated with
the behavior, which is indeed widespread in times of war.

Debate continues on these alternatives because definitive tests needed to dis-
criminate between them have yet to be carried out. But both hypotheses are based
on the premise that rape is linked to evolved psychological mechanisms that con-
tributed more, not less, to the chances of successful reproduction by men in the
ancestral hominid environment. This premise is testable. For example, both hy-
potheses could be dismissed if it were shown that raped women in the past could
not have borne children as a result of the assault. However, even in modern pop-
ulations where birth control and abortion are available, some rape victims do be-
come pregnant and bear the rapist's child.

In addition, both hypotheses yield the prediction that rapists will especially
target women of reproductive age. Tests of this prediction have also been positive
(fig. 9.5) with the age distribution of raped women heavily skewed toward the years
of peak fertility. Yes, a small proportion of the victim population consists of women
either too young or too old to bear children, but the chance that a twenty-four-
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Figure 9.5. The age distribution of rape victims differs significantly from that of homicide victims.
Young women of relatively high fertility are at special risk of being raped. From [312].

year-old will be raped is somewhere between four and twenty times greater than
the risk that a fifty-four-year-old will be sexually assaulted [312], And note that the
age distribution of women subject to homicidal attack is quite different from that
of rape victims, a result that further reduces whatever residual attraction might be
associated with the rape has nothing to do with sex hypothesis. If rape were una-
dulterated violence designed to brutalize women, one would expect convergence
in the age distributions of rape and homicide victims. The convergence does not
exist.

What are the implications of these findings for persons who want to reduce the
frequency of rape by educating potential rapists? The rape-is-not-sex theorists
would have us tell these individuals that rape occurs strictly as a result of a male
desire to dominate and humiliate women. The logic of this argument dictates that
as long as a man felt sexual desire while interacting with a woman, then he could
convince himself (falsely) that whatever he did could not constitute rape. I do not
believe that this outcome is desirable, nor is it helpful to those who would like to
make rape less common in human societies.

Instead let me review an antirape program based on the ideas of Randy Thorn-
hill and Craig Palmer ([311]), whose recent book on rape ignited a brief but intense
firestorm, reminiscent of the original response to Sociobiology in many ways. Indeed,
the critics of Thornhill and Palmer's book revived all the standard objections that
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have been aimed against sociobiology over the years, and they stated them with
the same venom and ridicule that characterized the initial assault on Wilson. Thus,
for Barbara Ehrenreich, the authors of The Natural History of Rape presented "a daffy
new theory," as if Thornhill and Palmer had invented something out of thin air
instead of employing the standard Darwinian approach [115]. Likewise, Jerry Coyne
employed a well tried, if somewhat tired, tactic, when he subtitled his attack "The
Fairy Tales of Evolutionary Psychology" and claimed that the book "becomes one
more sociobiological 'just-so' story—the kind of tale that evolutionists swap over a
few beers at the faculty club" (p. 28 in [76]).

The eagerness of the critics to marginalize the evolutionary approach to rape
and to disparage those with whom they disagree presumably arises from their belief
that it would be bad for society to entertain the possibility of an evolutionary theory
of rape. Far better, according to these persons, to stick to such notions as "rape is
not about sex" and "all rapists are criminally violent individuals." Coyne, for one,
appears to acknowledge that these assertions are not necessarily true, but he lets
the matter slide: "one must remember that they originated not as scientific propo-
sitions but as political slogans deemed necessary to reverse popular misconceptions
about rape" (p. 29 in [76]).

But is it a good idea to base a desirable social goal—a reduction in rape—on a
scientifically indefensible claim? Steven Pinker does not think so: "It is a bad idea
to say that war, violence, rape, and greed are bad because humans are not naturally
inclined to them" (p. 202 in [256]). And I agree with Pinker because, as he points
out, such a proposition implies that (1) any number of highly undesirable human
behaviors would have to be accepted if it were shown that they were natural in the
sense of having an evolved basis or that (2) evolutionary scientists should conceal
or misrepresent their findings.

But what if evolutionary data, rather than ideological strategy, were used to
develop a high school rape prevention program (yes, I know the certain response
of a school board to such a program, but permit me to dream on). My course would
instruct young men that past selection has burdened them with a genetic heritage
which made it probable they would develop a certain kind of sexual psychology,
one that may have promoted reproductive success in the past but one that can also
have various unfortunate consequences in the present, some of them sure to be
judged immoral or illegal [311]. In particular, the great interest in sexual relations
and extreme ease of sexual arousal that made our male ancestors less likely to miss
opportunities to copulate and have children can lead some men today to engage in
a spectrum of coercive activities, ranging from pleading for sex with potential part-
ners, to subjecting dates to unpleasant psychological pressure, to employing mild
physical force with female companions leading to date rape, to the violent sexual
assault of women known or unknown to the rapists, some of whom may indeed
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be genuine psychopaths. My sociobiologically based education program would also
explain why male psychological mechanisms make it easy for the sexually coercive
male to justify his actions and to overlook the great emotional damage that his
behavior causes women.

The ultimate reason why women find behavior that thwarts freedom of mate
choice so distressing and devastating would be placed on the table in front of those
attending my sociobiological sex education class. In the past, rape almost certainly
imposed a major fitness cost on women, and the same is generally true in the
present. As noted, raped women sometimes do become pregnant, which may cause
current husbands to abandon them rather than care for a child fathered by another
male. Even if the raped woman avoids producing a child by the rapist, the event,
if known to a husband, may actually generate hostility rather than sympathy, such
is the nature of the evolved male brain, with its adaptive but cruelly paranoid
tendencies when it comes to the risk of caring for offspring other than one's own
[311]. Given the damaging fitness consequences of being raped, selection has fa-
vored women in the past who did their very best to avoid this fate. One product
of selection of this sort has been the psychological mechanisms that generate emo-
tional pain when rape occurs. Such psychological systems may motivate the raped
woman to avoid the situation that resulted in her victimization; more importantly,
the extreme distress of the rape victim may also communicate convincingly to her
social partner, if she has one, that she truly was a victim and in no way cooperated
with the rapist.

With these basics in mind, our now partially educated young men would be
informed that they need not permit their evolved psyches, which are after all work-
ing on behalf of their genes, to lead them into actions that could cause others such
unhappiness. They must realize that the male drive to have sex will often greatly
exceed that of their female companions. Moreover, their eagerness can cause them
to misinterpret the intentions of others, to take a smile or a friendly comment as a
signal of sexual receptivity when this may be the last thing on the woman's mind.
Since they now understand these things, they can be on guard against the perni-
cious effects of past natural selection, an unfeeling process with some exceedingly
unpleasant effects, which everyone needs to know about.

Moreover, our now somewhat more evolutionarily conscious young men could
be told that there is no reason they cannot overcome certain damaging psycholog-
ical predispositions that selection has favored. In fact, every day people all over the
globe defeat the ultimate "wishes" of their naturally selected genes because natural
selection has also given us a modicum of rationality. I speak from some personal
experience here. Although my brain has been designed by selection to motivate me
to do that which would result in having as many surviving offspring as possible
(at least in the ancestral environment of humans), I have not let evolution push me



214 The Practical Applications of Sociobiology

around. My wife and I made the decision to have only two children, although we
almost certainly could have had more. In employing a vasectomy as a means of
achieving reproductive restraint, I am not alone.

That humans are not robots whose every action advances the welfare of our
genes stems from several factors. As noted in previous chapters, our genes' survival
is dependent upon proximate mechanisms that motivate us to do things which were
only correlated with gene propagation in the past, and never perfectly correlated.
Our genes do not control us directly but instead influence the development of psy-
chological mechanisms that typically operate with rules of thumb that usually, but
not always, generate adaptive responses in certain environments. We have, more-
over, changed the human environment from its ancestral condition in part because
of the technological spinoffs from scientific discoveries that were made thanks to
certain evolved features of our brains. As a result, our decision-making rules of
thumb now express themselves in an environment far different from the ancestral
one, which makes it less likely that our actions will benefit our genes. I could
therefore hope to change the behavior of the young men in my sociobiological sex
education class by providing them information unknown to their ancestors. I would
suggest to them, "You can combat the dictatorship of your evolved psyches. The
next time your hormones take over, remember that you can behave adaptively in
evolutionary terms, in other words, often like a bozo or worse, or you can fight
those evolved impulses when they threaten to damage someone else, a result that
has grave consequences for your own welfare as well." I would point out to my
class that having been educated, they could no longer use ignorance as an excuse,
should they choose to engage in sexually coercive behavior of any sort.

Having seen John Cleese (in the highly philosophical movie The Meaning of Life)
fail miserably when he tried to teach the finer points of sexual intercourse by ex-
ample to a class of young men, despite his best efforts and those of his partner, I
doubt that a sociobiological version of a sex education class would dramatically
alter the behavior of the adolescents in the course. But it might be worth a try.

If given the chance, I would also have a go at educating young women as well.
I'd tell young women, as well as young men, that evolutionary theory is worth
knowing about because it helps to have an accurate understanding of human na-
ture. I'd also point out that because the fitness interests of the two sexes are not
identical, and sometimes are in direct conflict, male and female sexual psychologies
are not the same. And I'd tell the women an anecdote that provides a sobering
view of the enormity of the difference. One of the major supermarket chains in-
structed its checkout workers, generally women, to look the customer in the eye
and smile when handing over the receipt and change, while saying, "Thanks Mr.
(or Mrs.) X for shopping at Safeway." Female employees soon petitioned manage-
ment to please let them skip the eye-contact-with-smile routine because so many
men instantly interpreted their behavior as a come-on of some sort, which led them
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to make "reciprocal" sexual invitations to the checkout clerks. Which tells you
something about men, namely, that they almost always view women of reproduc-
tive age as potential sex objects (no matter what they say in the interest of political
correctness or a desire to deceive women or to ingratiate themselves with possible
sexual partners). It cannot hurt to know this fact of life, and a few others, such as
the willingness of even nice guys to resort to coercive tactics to secure sex. As Robert
Wright has pointed out, women really should take the time to Know the Enemy.

I am not kidding myself that schools in North America will soon be clamoring
for evolutionarily informed sex education classes nor do I believe that an under-
standing of natural selection would usher in a golden age of societal tranquility.
But at the very least, if people really did understand what evolutionary theory was
all about, perhaps they would know that "natural" or "evolved" traits were neither
inevitable nor necessarily desirable from a personal or societal perspective. No one
is under obligation to accept our evolved attributes as moral necessities. As the
evolutionary biologist Richard Dawkins says, "My own philosophy of life begins
with an explicit rejection of Darwinism as a normative principle for living, even
while I extol it as the explanatory principle for life" (p. 18 in [98]).

The great evolutionist George C. Williams is even more emphatic: "With what
other than condemnation is a person with any moral sense to respond to a system
in which the ultimate purpose in life is to be better than your neighbor at getting
genes into future generations" (p. 154 in [340]). As Williams points out, those par-
asitic organisms that cause disease are beautifully adapted in ways that benefit their
genes while causing immense distress and pain in their victims. The fact that in-
teractions among the members of the same species are also guided by adaptations
of various sorts is no guarantee of happiness and harmony, as dysfunctional step-
families and couples in sexual conflict demonstrate all too clearly. If more people
realized how our naturally selected brain acts in the service of our genes, then
perhaps they would be less inclined to endure the consequences of natural selection,
a blind process that cares not a whit about human beings or anything else.
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The Triumph of Sociobiology

Outlasting the Critics

As we have seen in previous chapters, sociobiologists have faced a whole range of
charges, including claims that they are reductionist determinists intent on finding
a gene for every human action, ultra-Darwinians incapable of grasping that evo-
lution is influenced by more than natural selection, purveyors of just-so stories
ready to accept the wildest speculation at the drop of a hat, or socially irresponsible
pseudoscientists at best, reactionary neo-Nazis at worst, whose views in either case
could contaminate the body politic, a risk that makes all manner of opposition
morally appropriate, indeed imperative.

Not one of these claims is correct. In reality, sociobiologists do not commit the
sin of genetic or biological determinism because they explore the ultimate, not prox-
imate, causes of behavior. In fact, they could not study "genetically determined"
behavior even if they wanted to because it does not exist, nor do they seek out
genes "for" particular behaviors. Instead, they make use of a particular evolutionary
perspective, the adaptationist approach, to examine the possible contribution of
interesting traits to the genetic success of individuals (not the survival of the
species).

Moreover, the gene-counting approach of sociobiologists does not require a be-
lief that all traits are indeed adaptations, only the willingness to test hypotheses
about the possible adaptive value of complex social attributes. Testing hypotheses
of this sort has proven exceptionally fruitful in the past as can be seen in the steady
accumulation over the past two decades of first-rate articles that deal with Darwin-
ian puzzles in social behavior. The untested speculations of sociobiologists, their
just-so stories if you insist, are not found among these articles because researchers
know that such stories would not pass the peer review phase of publication. With-
out publications, an academic's career goes nowhere.

Sociobiologists who wish to remain in their ivory towers test hypotheses in
order to write scientific papers and advance their careers, not to promote a political
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agenda or to support claims that adaptive, fitness-elevating behaviors are moral,
desirable, or unchangeable. At least in my experience, sociobiologists are not card-
carrying political neanderthals dedicated to defending the status quo and oppress-
ing the masses. Instead, these biologists and psychologists are drawn from the same
pool of academics as their critics and therefore almost certainly tend toward the
left side of the political equation. Whatever their political positions, however, most
sociobiologists recognize the difference between science and politics. They also
know that evolutionary explanations differ from moral exhortations, and that one
can try to understand what causes something to occur without in any way placing
a personal stamp of approval on that something.

Moreover, one cannot brush the discipline to one side with social constructivist
claims that scientists operate in a social context, which is somehow supposed to
make it impossible to validate scientific findings. Scientific conclusions rest upon
the impeccable logic of the procedures that are used to test all manner of potential
explanations, procedures that are the foundation for every successful technological
innovation in our world. The tested scientific conclusions of sociobiologists are le-
gion and involve far more than the analysis of social instincts. Sociobiologists have
made major contributions to an understanding of the evolutionary basis for learned
behavior and all other forms of behavioral flexibility, including culturally transmit-
ted traditions in human societies. Learning and culture require a nervous system
with special properties; the proximate mechanisms that make learning possible can
evolve under the influence of natural selection; thus, learning abilities and their
underlying psychological foundations are a proper subject for the adaptationist.

Just as you cannot ignore evolutionary analyses when dealing with learned be-
havior, so too you cannot dismiss sociobiology by pointing out that people generally
do not want to maximize their fitness (other proximate desires provide more than
adequate motivation for fitness-maximizing behavior). Likewise, one cannot refute
sociobiology by finding instances in which individuals help others at apparent or
actual reproductive cost to themselves. Much apparent altruism in humans can be
seen as indirect reciprocity with helpful, cooperative acts delivered in ways that
boost the reputation of the helper, who eventually may derive useful assistance
from others who know of his or her good reputation. Unreciprocated altruism,
adaptive or otherwise, has also attracted much attention from sociobiologists, with
the result that we now know that individuals typically practice a very selective
altruism, which is often delivered primarily or exclusively to relatives and has (or
had) the potential effect of elevating, not reducing, the genetic success of the altruist.

Although well-documented examples of maladaptive altruism and other fitness-
reducing actions do occur, these cases cannot provide the basis for rejecting all of
sociobiology. Evolutionary biologists have developed several potential explanations
for maladaptive responses, including the by-product hypothesis (in which the
fitness-reducing action is a by-product of generally adaptive proximate mecha-
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nisms) and the novel environment hypothesis (in which evolved proximate mech-
anisms generate maladaptive reactions in an evolutionarily novel environment).
These and other evolutionary alternatives for maladaptive traits can be and have
been tested to good effect.

Answering the critics on so many fronts has required a moderately thick skin
and a willingness to invest time and energy in trying to explain to a sometimes
hostile audience that its fears and complaints are unwarranted. Some persons be-
lieve that in being forced to do so, sociobiologists have been encouraged to sharpen
their thinking, present their views more clearly, and improve their science [278]. In
other words, according to this view, the criticisms and controversy surrounding
sociobiology have had beneficial effects on the field. Perhaps. But if sociobiology is
the better for the controversy, one would think that the critics would have acknowl-
edged their contribution to this end and would have therefore changed the nature
and tone of their attacks. They have not [278], as seen most clearly in the repetition
of almost all the old charges during the recent furor surrounding Thornhill and
Palmer's evolutionary analysis of rape.

My own view is that the improvements in sociobiological science have come
about largely through the inevitable scientific competition among sociobiologists them-
selves as they have tried to explain things in ways that can withstand peer criticism.
As mentioned previously, sociobiologists, like other scientists, compete with one
another and seek high status in a social environment in which rewards go to those
who can convincingly correct the errors of their fellow researchers.

For a recent example of this process in action, consider the evolution of what
sociobiologists have considered an adequate test of the "good genes" hypothesis
for female mate choice in various animals where females consistently pick some
males over others. This hypothesis states that by choosing to mate only with males
exhibiting certain attributes, females acquire sperm with good genes, which confer
a viability advantage on their offspring. Initially, researchers tested this hypothesis
by checking whether the offspring of preferred males did in fact survive better than
those of less favored males. In some cases, the results were positive (e.g., [251]),
leading to the conclusion that the good genes hypothesis had been supported for
these species.

However, other sociobiologists subsequently pointed out that their colleagues
had failed to consider an alternative explanation for the improved viability of the
offspring of choosy females. The alternative idea was that those females able to
mate with a preferred partner proceeded to invest more resources in their offspring,
thereby giving them a survival advantage over offspring fathered by less attractive
males, an advantage that was independent of the genes in the sperm they received.
In other words, mothers' allocations of parental investment, not fathers' genes,
might be directly responsible for the viability advantage gained by certain offspring.
And in a number of birds, females that mate with preferred males do indeed either
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make larger eggs or provide their eggs with more of certain hormones that affect
offspring development (e.g., [78, 143]). As a result, we now know that some socio-
biologists who tested the good genes hypothesis made an error in not controlling
for differences in maternal investment among females mating with different cate-
gories of males. When, for example, one does take this variable into account in the
case of the mallard duck, the condition of offspring is not related to any differences
among fathers in their genetic contribution [78], You can be sure that persons in-
terested in the good genes hypothesis in the future will not make the mistake of
ignoring the alternative maternal investment hypothesis, thanks to the critical work
of their sociobiological colleagues and competitors.

The Cost of the Continuing Controversy

Through their collective efforts, sociobiologists have steadily improved their tests
of adaptationist hypotheses, and as a result have gained greater and greater un-
derstanding of interesting phenomena, such as mate choice, which had been largely
or entirely ignored prior to the 1970s. Their obvious successes have largely insulated
them against criticisms based on the standard misconceptions coming from persons
who even today have not acknowledged the many replies to these old charges.
Whereas the competitive criticism and challenges coming from within the field of
sociobiology itself tend to offer alternative evolutionary approaches and hypothe-
ses, many of the critiques coming from those highly hostile to sociobiology are to
this day almost entirely negative, designed only to depreciate the field in the eyes
of others, especially the general public. Thus, when Jerry Coyne writes in the New
Republic, "In science's pecking order, evolutionary biology lurks somewhere near
the bottom, far closer to phrenology than to physics" (p. 27 in [76]), he gives his
readers carte blanche to dismiss the entire field. And when Natalie Angier labels
evolutionary psychologists "evo-psychos," the message is equally unambiguous
[19]. Dismissal and ridicule have been a central tactic of the cadre of critics headed
by Stephen Jay Gould of "just-so story" fame ever since the onset of the sociobiol-
ogy controversy.

Richard Alexander noted this tendency years ago, when he wrote "Those...
who parade the worst examples of argument and investigation with the apparent
purpose of making all efforts at human self-analysis seem silly and trivial, I see as
dangerously close to being ideologues as worrisome as those they malign. I cannot
avoid the impression that their purpose is not to enlighten but to play upon the
uneasiness of those for whom the approach of evolutionary biology is alien and
disquieting" (p. 224 in [15]).

As we have seen, evolutionary biology is "alien and disquieting" to many social
scientists, including some psychologists and cultural anthropologists, as well as



The Triumph of Sociobiology 221

many philosophers and academicians in the humanities. The real cost of the con-
tinuing assaults on sociobiology and the adaptationist approach by biologists like
Coyne, Gould, and Lewontin is not borne by sociobiologists, who have carried on
with their work and who have much to show for it. Instead, the persons most
affected are those in the social sciences and humanities who have been encouraged
by the forcefulness of the critics of sociobiology to resist incorporation of evolu-
tionary theory into their disciplines. They, like the rest of us, would prefer to retain
a worldview with which they are familiar and comfortable. And if eminent evo-
lutionists say that the evolutionary psychology is bunk and that human behavior
cannot be explored from an evolutionary perspective, then it is hardly surprising
that most social scientists are happy to wave off the suggestion that they add a new
research dimension to their investigations of human behavior [184].

Further impetus for rejecting the adaptationist approach comes from the feeling
of many social scientists that Wilson and his fellow sociobiologists are intent upon
usurping their disciplines, taking over every field of human analysis, cannibalizing
all of academia. As noted previously, social scientists have long been highly sus-
picious of biologists and fiercely proprietary at times. Craig Stanford tells of a sem-
inar in which he, a primatologist interested in behavioral variation among chim-
panzee populations, was told in no uncertain terms not to apply the word "culture"
to chimpanzees. As Stanford was told, "Apes are mere animals.... people alone
possess culture. And only culture—not biology! Not evolution!—can explain hu-
manity" (p. 39 in [297]).

You can imagine the reaction of persons with this mind-set to Wilson's assertion
that "sociology and the other social sciences, as well as the humanities, are the last
branches of biology waiting to be included [within evolutionary biology]" (p. 4 in
[343]). However, as the sociologist Gerhard Lenski wrote in his review of Sociobiol-
ogy, "Many will read this as a classic expression of intellectual imperialism, but I
do not think it is intended that way." Lenski went on to suggest, accurately I think,
that Wilson merely wanted to "open the channels to serious and continuing intel-
lectual dialogue between sociobiologists like Wilson and social scientists willing to
abandon the extreme environmentalism to which we have for too long been com-
mitted" (p. 530 in [201]).

Gould and Lewontin make it easier for social scientists to ignore Lenski's sug-
gestion and to hold out against the inevitable, which is not the elimination of the
various social sciences and the transformation of the university into a mega-biology
department. Instead, the eventual result of the dialogue between the social sciences
and sociobiology will be the addition of an evolutionary angle to disciplines that
have a long established, highly productive focus on the proximate causes of human
behavior. As emphasized earlier (chap. 2), proximate concerns cannot be replaced
by evolutionary ones, but they can be complemented by them. Without an evolu-
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tionary component, discourse on the behavior of any species, whether it be the
Seychelles warbler, chimpanzee, or human, is impoverished. With an evolutionary
component, our understanding of all living things can be improved.

Take the case of evolutionary psychology. The introduction of the adaptationist
approach to psychology has resulted in the addition of a new branch to the disci-
pline, not the revolutionary overthrow of the many traditional elements of the field,
including developmental, clinical, physiological, and experimental psychology with
their focus on the proximate causation of behavior. The questions of evolutionary
psychologists are generally different from and complementary to the issues that
concern their more traditional colleagues. The field of psychology is larger, not
smaller, as a result of the work of those persons willing to add an ultimate dimen-
sion to their psychological research.

Social scientists and others who choose to introduce evolutionary theory into
their research have much to offer to human sociobiology, especially if they attempt
to join the enterprise as skeptics eager to challenge existing hypotheses and offer
competing alternatives. The field is still very young with relatively few researchers.
The application of the adaptationist approach to human behavior has produced
work of uneven quality. Much room for improvement exists, especially because
sociobiological hypotheses about our own behavior are difficult to test, for a host
of reasons [92]. Gould is right about at least one thing: it is easier to come up with
ultimate hypotheses than to test them convincingly. But that fact of life merely offers
a challenge to researchers who realize the difference between proximate and ulti-
mate causation and therefore understand that a complete and wholly satisfying
analysis of human behavior can never be achieved by excluding evolution from the
picture.

Unhappily, many persons still resist the notion that natural selection is a relevant
concept when it comes to human behavior. But think what it would mean to erase
what has already been accomplished by researchers who truly understand how to
use adaptationism, selectionist thinking, gene thinking, or whatever you choose to
call it. Without this approach, we would still be largely in the dark about the ex-
istence, let alone the meaning, of sex ratio manipulation by parental animals, ge-
nomic imprinting, extra-pair copulations in supposedly monogamous animals,
sperm competition in everything from insects to plants, cryptic sperm choice within
female reproductive tracts, and many other attributes that can be understood only
in terms of an intense competition among individuals or among their genes, a com-
petition that determines which alleles will survive and which will disappear. With-
out sociobiology, our understanding of these competitive phenomena in ultimate
terms would be as primitive as the presociobiological explanations for altruism in
social insects, helpers-at-the-nest in birds and mammals, and other complex forms
of cooperation within animal species, to say nothing of the behavioral flexibility
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that characterizes Seychelles warblers, certain rove beetles, and a host of other
animals.

The breadth and depth of the adaptationist research record is largely ignored,
willfully or otherwise, by many who are free with their criticism of the approach
when it is applied to humans. Yet to say that human behavior and our other at-
tributes cannot be analyzed in evolutionary terms requires acceptance of a genu-
inely bizarre position, namely, that we alone among animal species have somehow
managed to achieve independence from our evolutionary history, that our genes
have for some undefined reason relinquished their influence on the development
of human psychological attributes, that our brain's capacity to incorporate learned
information has no relation to past selection, that differences in brain functioning
in the past had no impact on the genetic success of people, and many other tenets
that would be considered outlandish if applied to the Seychelles warbler or the
white-fronted bee-eater. The day we finally abandon these assumptions about our-
selves will be a true day of triumph for sociobiology and all other disciplines that
deal with human beings, a day in which a full spectrum of researchers will be able
to use the power of evolutionary theory as a guide to studying the social behavior
of all animal species. The day cannot come too soon for those of us who are truly
interested in understanding ourselves.
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Appendix

College students and their instructors may find these following questions useful for classroom
discussions and take-home essay assignments.

Chapter 1

1. Sometimes when a honey bee returns from gathering pollen or nectar at a rich patch of
flowers, it performs a special "dance" on the honeycomb within the hive. Other members of the
colony approach the dancer and appear to acquire information about the distance and direction
to the food source because they may then fly directly to the site "advertised" by a dancer. Develop
several different proximate and ultimate hypotheses to account for the ability of inexperienced
foraging bees to locate food by attending to dancing recruiters in their hive.

2. Stephen Jay Gould has written, "An evolutionary speculation can only help if it teaches us
something we don't know already—if, for example, we learned that genocide was biologically
enjoined by certain genes" (p. 64 in [151]). Why does this statement illustrate a failure to under-
stand the distinction between proximate and ultimate causes in biology?

Chapter 2

1. Molecular biologists have been able to improve the memory and learning ability of mice by
giving their subjects an extra copy of the NR2B gene. In genetically unaltered mice, however, the
product of the gene is produced in ever-decreasing amounts in older individuals. One of the
biologists involved in this research believes that the decrease in gene product and correlated de-
crease in learning ability in older mice is evolutionarily adaptive "because it reduces the likelihood
that older individuals—who presumably have already reproduced—will compete successfully
against younger ones for resources such as food" (p. 68 in [322a]). What are the logical problems
with this hypothesis?

2. Which of the following attributes would be most likely to challenge a Darwinian adaptationist
and why? Your answer should include reference to the concept of "fitness costs."

(A) The ability of certain ocean-dwelling salmon to locate a distant stream by its scent in order
to swim up the stream and breed.

(B) The readiness of some adult birds with offspring nearby to scream loudly when in the
grasp of a predator.

(C) The discovery that when two or three extra eggs are added to the nest of some birds, the
breeding adults successfully rear the additional offspring.
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(D) The fact that some bats can locate and track down their prey, small flying insects, in com-
plete darkness.

3. The cultural anthropologist Marvin Harris has argued that human warfare "stems from the
inability of preindustrial peoples to develop a less costly or more benign means of achieving low
population densities and low rates of population growth" needed to prevent overexploitation of
essential resources (p. 36 in [163]). Why would this idea fail to appeal to most modern evolutionary
biologists?

Chapter 3

1. One sometimes reads that sociobiologists are attempting to make the case that certain dif-
ferences between individuals or races are genetic in origin. Thus, the supposed goal of the socio-
biologist is to establish that the criminal differs hereditarily from the noncriminal or that the
average IQ score differs among racial groups because of genetic differences between individuals
or populations. How would a sociobiologist respond to this claim?

2. Instincts are sometimes said to be more strongly controlled by genes than is learned behavior.
Do you agree or disagree, and why? In your answer, discuss your view of how genes influence
the development of the physiological systems necessary for activating an instinct (the innate re-
sponse to a particular cue) or for controlling a learned behavior (which requires the use of infor-
mation acquired from experience to modify an individual's behavior).

3. A research team from Emory University has succeeded in transferring a particular gene from
prairie voles, which are monogamous, to laboratory mice, which are typically promiscuous [355],
Males of the genetically altered mice exhibited a much stronger attachment to their mates (pro-
vided the males also received an injection of the hormone vasopressin) than unaltered controls.
Would it be wrong to say that the work demonstrates that prairie vole males possess a "gene for
monogamous behavior"? Explain what the phrase would have to mean in order to be accurate.

Chapter 4

1. The study of voles and mice was motivated by a question about what causes something to
happen, which led to a proximate hypothesis, which was used to generate a testable prediction,
which was then put to the test, after which a scientific conclusion was reached. Identify the ques-
tion, hypothesis, prediction, test, and conclusion in this case, which involves research of a proxi-
mate nature. Then start with essentially the same question but provide at least one ultimate or
evolutionary hypothesis. Once the hypothesis (or hypotheses) is in place, derive suitable predic-
tions and suggest what kind of evidence would be required to check the validity of the predictions
before a legitimate conclusion about the hypothesis or hypotheses could be reached.

2. We observe male red-winged blackbirds interfering with the foraging activities of mates that
have engaged in extra-pair copulations with neighboring territorial males. We propose that the
behavior is adaptive because it enables males to reduce their investment in offspring likely to carry
another male's genes. We wish to test this hypothesis using the comparative method properly. Do
we expect all other birds to behave in the same manner as red-winged blackbirds or does the
comparative method require that we restrict our comparisons to other members of the family
(Icteridae) to which red-winged blackbirds belong? Are bird species that are strictly monogamous
of any use to us? What about animals other than birds?

3. One sometimes hears that the problem with sociobiology (or the adaptationist approach) is
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that it can be used to provide an explanation for everything, and is therefore suspect. What kind
of approach must be favored by the critic? And how might a sociobiologist reply to this charge?

Chapter 5

1. In the study of extra-pair copulations by birds, attention was first given to describing the
behavior and its fitness consequences primarily for males. Only later did researchers focus more
heavily on the tactics and physiological systems of females that contributed to the occurrence of
EPCs. Some persons have taken this as evidence for a "gender bias" built into selectionist theory
that alters the way scientists "construct their narratives" [198]. Are there any alternative expla-
nations for the history of research on EPCs? What evidence would you require before concluding
that evolutionary theory harmed or distorted the research done on this subject? Is it relevant that
considerable attention is now given to the control of reproduction by researchers who are women?
Finally, provide a sociobiological hypothesis in support of the proposition that male and female
scientists might well have different perspectives and interests on matters related to animal
reproduction.

2. Suppose someone said to you that given a choice between a cultural explanation for human
behavior and a sociobiological one, you ought to give precedence to the cultural explanation
because our behavior is so obviously shaped by the culture in which we live. How would you
respond (if you were a sociobiologist)?

3. According to one influential theory of science, major progress often requires the dismissal
of a currently widely accepted theory by a revolutionary new approach, as in the overthrow of
the geological view of static, unshifting continents by plate tectonic theory or the replacement of
the creationist view of life by Darwinian theory. The occurrence of these rather abrupt revolutions
poses a problem for those who believe that science consists of a set of social constructs that are
put in place by the dominant culture of the day. What is this problem?

Chapter 6

1. In some birds, an adult may exercise the adoption option of becoming a stepparent that
cares for offspring that are the progeny of its mate but not its own. What are some ultimate
explanations for this behavior? Use the example to distinguish between an evolutionary gene-
counting approach to stepparenting and the alternative approach that examines the proximate
basis of the traits from a genetic perspective. Explain why it is possible that the adoptive stepparent
may be behaving maladaptively because of parental mechanisms that usually, but not always,
have a positive fitness effect on adults.

2. In certain fish, an individual may change its sex during its lifetime. Depending on the species,
a male may abandon testes for ovaries when it reaches a certain size, or a female may become a
male upon the demise of the male that had been fertilizing her eggs and those of the other females
in his "harem." If you were to adopt the approach of sociobiologists, how might you account for
(1) the capacity for sex change and (2) the differences among species in the direction of the change?
What evidence would be useful in evaluating your sociobiological hypotheses?

Chapter 7

1. Stephen Jay Gould has written a critique of evolutionary psychology in which he claims,
"Men are not programmed by genes to maximize matings, nor are women devoted to monogamy
by unalterable nature. We can speak only of capacities, not requirements or even determining
propensities. Therefore, our biology does not make us do it" (p. 66 in [151]). Analyze this criticism
of sociobiology in the context of the culture versus biology dichotomy.
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2. Languages vary greatly among human societies. If someone claims that this fact clearly
demonstrates the greater importance of culture than biology in the control of human behavior,
what would a sociobiologist say in response?

3. Here's a quote from a current sociology textbook: "In our view, the theory that there is
actually a biological basis for reciprocity [among humans] remains unproven; general self-interest
and an ability to see beyond the short term may be all that is required to generate such... be-
havior" (p. 391 in [329]). What misunderstanding(s) are embodied in this statement?

Chapter 8

1. A substantial proportion of rapists in our society (perhaps a third) fail to ejaculate in the
victim. Does this finding enable us to refute sociobiological explanations of rape? Why or why
not? Barbara Ehrenreich says that because the children sired by rapists in the past surely were
more likely to die than those of paternal nonrapists, rape cannot possibly be an evolved adaptation
[115]. Is she correct? Why might she make this claim?

2. How would you test the following hypothesis about male/female differences in parental
care behavior, namely, that if men and women differ in how much they invest in parental care, it
is strictly because of the nature of the societal influences they experienced when young, which
shaped their view of appropriate sex roles?

3. In response to sociobiological hypotheses on the supposed predisposition of men to seek out
multiple sexual partners of high fertility, Richard Lewontin has replied, "I'm a man, and I don't
go around screwing young girls. I'm a human, and so I have to be explained" [277]. Why wouldn't
a sociobiologist be impressed by this criticism? How might a sociobiologist explain why some
men claim loudly that they are monogamous? (More than one ultimate hypothesis is available.)

4. According to some, sociobiology "has a distinct penchant for bad news and the 'ugly' side
of human behavior" (p. 403 in [25]) while offering a "cynical and decidedly unpleasant portrayal
of humans as manipulative fitness maximizers" (p. 383 in [227]). What's mistaken about this
opinion?

Chapter 9

1. Imagine that someone establishes that the maternal drive of women is on average greater
than the paternal drive of men across most societies. Imagine that an adaptationist proposes that
this result arises because in past environments men that took time and energy from paternal
activities and allocated them to the acquisition of mates gained fitness as a result, whereas women
who did the same lost fitness relative to those who invested more into maternal care of their
offspring. Is the sociobiologist being irresponsible, given that his hypothesis may be invoked by
those who believe that women should stay home with their children while men earn income in
the workplace?

2. Defend sociobiology against the following charge: "Sociobiology predicts that only immoral
or amoral actions can evolve. When sociobiologists are confronted with the existence of true al-
truism and moral behavior, they then change their tune and say that these cases illustrate that
human beings are able to resist our evolved impulses. But why would we resist if our actions
really have evolved via natural selection?"

3. A ruling of the Georgia Supreme Court in a case challenging the death penalty for raping a
woman, contained the following statement: "Rape is without doubt deserving of serious punish-
ment; but in terms of moral depravity and of the injury to the person and to the public, it does
not compare with murder ... [Rape] does not include... even the serious injury to another person"
(cited in [178]). By "serious injury," the judges presumably meant serious physical injury. But if
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they had considered psychological trauma and if they had some familiarity with evolutionary
theory, how might they have modified their comments?

Chapter 10

1. Find any sociobiological article in one of the following three journals: Animal Behaviour,
Behavioral Ecology and Sociobiology, or the Proceedings of the Royal Society of London B. Xerox the
abstract and attach it to an essay paper in which you describe the key discovery presented in the
article and explain why only an adaptationist/sociobiologist could have made the finding in
question.

2. Provide a sociobiological response to Albert Bandura's op-ed piece on evolutionary psy-
chology that appears on the Internet [27].

3. Ian Tattersall describes how women in a surviving hunter-gatherer tribe breast-feed their
infants for four or more years, a practice that blocks ovulation during this time and prevents them
from becoming pregnant [305]. He writes, "Their genes hardly seem to be screaming out for
replication; and economic considerations, as virtually always, lie to the fore. For hunters and
gatherers, then, it's fertility, not its lack, that is the enemy. Individual San women show no sign,
conscious or unconscious, of wishing to maximize their output of progeny." Tattersall believes that
he has identified a major weakness of sociobiology. Is he right?
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