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Preface

On Human Nature is the third book in a trilogy that unfolded with-
out my being consciously aware of any logical sequence until it was
nearly finished. The final chapter of The Insect Societies (1971)
was entitled “The Prospect for a Unified Sociobiology.” In it I sug-
gested that the same principles of population biology and compara-
tive zoology that have worked so well in explaining the rigid systems
of the social insects could be applied point by point to vertebrate
animals. In time, I said, we will account for both termite colonies and
troops of rhesus monkeys by a single set of parameters and one quan-
titative theory. Unable to resist the rhetoric of my own challenge, I
set out to learn the large and excellent literature on vertebrate social
behavior and wrote Sociobiology: The New Synthesis (1975). In its
final chapter “Man: From Sociobiology to Sociology,” I argued that
the biological principles which now appear to be working reasonably
well for animals in general can be extended profitably to the social
sciences. This suggestion created an unusual amount of interest and
controversy.

The aftermath of the publication of Sociobiology led me to read
more widely on human behavior and drew me to many seminars and
written exchanges with social scientists. I became more persuaded
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than ever that the time has at last arrived to close the famous gap
between the two cultures, and that general sociobiology, which is
simply the extension of population biology and evolutionary theory
to social organization, is the appropriate instrument for the effort.
On Human Nature is an exploration of that thesis.

But this third book could not be a textbook or a conventional syn-
thesis of the scientific literature. To address human behavior system-
atcally is to make a potential topic of every corridor in the lab-
yrinth of the human mind, and hence to consider not just the social
sciences but also the humanities, including philosophy and the pro-
cess of scientific discovery itself. Consequently, On Human Nature
is not a work of science; it is a work about science, and about how far
the natural sciences can penetrate into human behavior before they
will be transformed into something new. It examines the reciprocal
impact that a truly evolutionary explanation of human behavior must
have on the social sciences and humanities. On Human Nature may
be read for information about behavior and sociobiology, which I
have been careful to document. But its core is a speculative essay
about the profound consequences that will follow as social theory at
long last meets that part of the natural sciences most relevant to it.

Opinion on the merit of these arguments will no doubt be as
sharply divided as it was on the sections dealing with human behavior
in Sociobiology. At the risk of surrendering advantage to those whose
beliefs leave them no option but rejection, I wish to say the follow-
ing to others who are prone to read this book uncritically as a tested
product of science: I might easily be wrong—in any particular con-
clusion, in the grander hopes for the role of the natural sciences, and
in the trust gambled on scientific materialism. This qualification does
not represent false modesty but instead is an attempt to maintain
strength. The uncompromising application of evolutionary theory
to all aspects of human existence will come to nothing if the scienti-
fic spirit itself falters, if ideas are not constructed so as to be submitted
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to objective testing and hence made mortal. The social sciences are
still too young and weak, and evolutionary theory itself still too
imperfect, for the propositions reviewed here to be carved in stone.
[tis my conviction nonetheless that the existing evidence favors them
and through them the broader confidence in biological inquiry that
forms the main thrust of this exposition.

I have been blessed with friends and colleagues who provided
enormously useful aid and advice during the preparation of the
book. They of course do not agree with everything I have said, and
I exonerate them all from the errors that still remain. Their names
follow: Richard D. Alexander, Jerome H. Barkow, Daniel Bell,
William I. Bennett, Herbert Bloch, William E. Boggs, John T.
Bonner, John E. Boswell, Ralph W. Burhoe, Donald T. Campbell,
Arthur Caplan, Napoleon A. Chagnon, George A. Clark, Robert K.
Colwell, Bernard D. Davis, Irven DeVore, Mildred Dickeman, Robin
Fox, Daniel G. Freedman, William D. Hamilton, Richard J. Herrn-
stein, Bert Holldobler, Gerald Holton, Sarah Blaffer Hrdy, Harry
J. Jerison, Mary-Claire King, Melvin Konner, George F. Oster,
Orlando Patterson, John E. Pfeiffer, David Premack, W. V. Quine,
Jon Seger, Joseph Shepher, B. F. Skinner, Frank Sulloway, Lionel
Tiger, Robert L. Trivers, Pierre van den Berghe, Arthur W. Wang,
James D. Weinrich, Irene K. Wilson, Richard W. Wrangham.

As she has done for my previous books, Kathleen M. Horton aided
in bibliographic research and typed the successive drafts of the manu-
script. Her assistance has improved the accuracy and efficiency of
my work by an amount I would be afraid to try to measure.

Chapter 1 contains relatively unchanged portions of my previous
articles “The Social Instinct,” Bulletin of the American Academy
of Arts and Sciences, 30: 11-24 (1976) and “Biology and the Social
Sciences,” Daedalus, 106(4): 127-140 (1977); Chapters 5 and 7
contain most of the content of “Human Decency Is Animal” (The
New York Times Magazine, October 12, 1975); and Chapters 4 and






Chapter 1 Dilemma

These are the central questions that the great philosopher David
Hume said are of unspeakable importance: How does the mind
work, and beyond that why does it work in such a way and not
another, and from these two considerations together, what is man’s
ultimate nature?

We keep returning to the subject with a sense of hesitancy and
even dread. For if the brain is 2 machine of ten billion nerve cells and
the mind can somehow be explained as the summed activity of a finite
number of chemical and electrical reactions, boundaries limit
the human prospect — we are biological and our souls cannot fly
free. If humankind evolved by Darwinian narural selection, genetic
chance and environmental necessity, not God, made the species.
Deity can still be sought in the origin of the ultimate units of matter,
in quarks and electron shells (Hans Kiing was right to ask atheists
why there is something instead of nothing) but not in the origin of
species. However much we embellish- that stark conclusion with
metaphor and imagery, it remains the philosophical legacy of the last
century of scientific research.

No way appears around this admittedly unappealing proposition.
It is the essential first hypothesis for any serious consideration of the
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human condition. Without it the humanities and social sciences are
the limited descriptors of surface phen(')mena, like astronomy with-
out physics, biology without chemistry, and mathemartics withour
algebra. With it, human nature can be laid open as an object of fully
empirical research, biology can be put to the service of liberal educa-
tion, and our self-conception can be enormously and truthfully en-
riched.

But to the extent that the new naturalism is true, its pursuit seems
certain to generate two great spiritual dilemmas. The first is that no
species, ours included, possesses a purpose beyond the imperatives
created by its genetic history. Species may have vast potential for
material and mental progress but they lack any immanent purpose or
guidance from agents beyond their immediate environment or even
an evolutionary goal toward which their molecular architecture auto-
matically steers them. I believe that the human mind is constructed
in a way that locks it inside this fundamental constraint and forces it
to make choices with a purely biological instrument. If the brain
evolved by natural selection, even the capacities to select particular
esthetic judgments and religious beliefs must have arisen by the same
mechanistic process. They are either direct adaprations to past en-
vironments in which the ancestral human populations evolved or at
most constructions thrown up secondarily by deeper, less visible
activities that were once adaptive in this stricter, biological sense.

The essence of the argument, then, is that the brain exists because
it promotes the survival and multiplication of the genes that direct its
assembly. The human mind is a device for survival and reproduction,
and reason is just one of its various techniques. Steven Weinberg has
pointed out that physical reality remains so mysterious even to phy-
sicists because of the extreme improbability that it was constructed to
be understood by the human mind. We can reverse that insight to
note with still greater force that the intellect was not constructed to
understand atoms or even to understand itself but to promote the
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survival of human genes. The reflective person knows that his life
is in some incomprehensible manner guided through a biological
ontogeny, a more or less fixed order of life stages. He senses that
with all the drive, wit, love, pride, anger, hope, and anxiety that char-
acterize the species he will in the end be sure only of helping to per-
petuate the same cycle. Poets have defined this truth as tragedy.
Yeats called it the coming of wisdom:

Though leaves are many, the root is one;
Through all the lying days of my youth

I swayed my leaves and flowers in the sun;
Now I may wither into the truth.

The first dilemma, in a word, is that we have no particular place
to go. The species lacks any goal external to its own biological
nature. It could be that in the next hundred years humankind will
thread the needles of technology and politics, solve the energy and
materials crises, avert nuclear war, and control reproduction. The
world can at least hope for a stable ecosystem and a well-nourished
population. But what then? Educated people everywhere like to
believe that beyond material needs lie fulfillment and the realization
of individual potential. But what is fulfillment, and to what ends
may potential be realized? Traditional religious beliefs have been
eroded, not so much by humiliating disproofs of their mythologies as
by the growing awareness that beliefs are really enabling mechanisms
for survival. Religions, like other human institutions, evolve so as to
enhance the persistence and influence of their practitioners. Marxism
and other secular religions offer little more than promises of material
welfare and a legislated escape from the consequences of human
nature. They, too, are energized by the goal of collective self-ag-
grandizement. The French political observer Alain Peyrefitte once
said admiringly of Mao Tse-tung that “the Chinese knew the narcis-
sistic joy of loving themselves in him. It is only natural that he should
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have loved himself through them.” Thus does ideology bow to its
hidden masters the genes, and the highest impulses seem upon closer
examination to be metamorphosed into biological activity.

The more somber social interpreters of our time, such as Robert
Heilbroner, Robert Nisbet, and L. S. Stavrianos, perceive Western
civilization and ultimately mankind as a whole to be in immediate
danger of decline. Their reasoning leads easily to a vision of post-
ideological societies whose members will regress steadily toward
self-indulgence. “The will to power will not have vanished entirely,”
Gunther Stent writes in The Coming of the Golden Age,

but the distribution of its intensity will have been drastically
altered. At one end of this distribution will be the minority of
the people whose work will keep intact the technology that
sustains the multitude at a high standard of living. In the middle
of the distribution will be found a type, largely unemployed,
for whom the distinction between the real and the illusory will
still be meaningful . . . He will retain interest in the world and
seek satisfaction from sensual pleasures. At the other end of the
spectrum will be a type largely unemployable, for whom the
boundary of the real and the imagined will have been largely
dissolved, at least to the extent compatible with his physical
survival.

Thus the danger implicit in the first dilemma is the rapid dissolu-
tion of transcendental goals toward which societies can organize
their energies. Those goals, the true moral equivalents of war, have
faded; they went one by one, like mirages, as we drew closer. In
order to search for a new morality based upon a more truthful defini-
tion of man, it is necessary to look inward, to dissect the machinery
of the mind and to retrace its evolutionary history. But that effort,
I predict, will uncover the second dilemma, which is the choice that
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must be made among the ethical premises inherent in man’s biologi-
cal nature.

At this point let me state in briefest terms the basis of the second
dilemma, while I defer its supporting argument to the next chapter:
innate censors and motivators exist in the brain thar deeply and un-
consciously affect our ethical premises; from these roots, morality
evolved as instinct. If that perception is correct, science may soon
be in a position to investigate the very origin and meaning of human
values, from which all ethical pronouncements and much of political
practice flow.

Philosophers themselves, most of whom lack an evolutionary per-
spective, have not devoted much time to the problem. They examine
the precepts of ethical systems with reference to their consequences
and not their origins. Thus John Rawls opens his influential 4
Theory of Justice (1971) with a proposition he regards as beyond
dispute: “In a just society the liberties of equal citizenship are taken
as settled; the rights secured by justice are not subject to political
bargaining or to the calculus of social interests.” Robert Nozick be-
gins Anarchy, State, and Utopia (1974) with an equally firm propo-
sition: “Individuals have rights, and there are things no person or
group may do to them (without violating their rights). So strong
and far-reaching are these rights they raise the question of what, if
anything, the state and its officialssmay do.” These two premises are
somewhat different in content, and they lead to radically different
prescriptions. Rawls would allow rigid social control to secure as
close an approach as possible to the equal distribution of society’s re-
wards. Nozick sees the ideal society as one governed by a minimal
state, empowered only to protect its citizens from force and fraud,
and with unequal distribution of rewards wholly permissible. Rawls
rejects the meritocracy; Nozick accepts it as desirable except in
those cases where local communities voluntarily decide to experi-
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ment with egalitarianism. Like everyone else, philosophers measure
their personal emotional responses to various alternatives as though
consulting a hidden oracle.

Thar oracle resides in the deep emotional centers of the brain, most
probably within the limbic system, a complex array of neurons and
hormone-secreting cells located just beneath the “thinking” portion
of the cerebral cortex. Human emotional responses and the more
general ethical practices based on them have been programmed to a
substantial degree by natural selection over thousands of generations.
The challenge to science is to measure the tightness of the constraints
caused by the programming, to find their source in the brain, and to
decode their significance through the reconstruction of the evolu-
tionary history of the mind. This enterprise will be the logical com-
plement of the continued study of cultural evolution.

Success will generate the second dilemma, which can be stated as
follows: Which of the censors and motivators should be obeyed and
which ones might better be currailed or sublimated? These guides
are the very core of our humanity. They and not the belief in spiri-
tual apartness distinguish us from electronic computers. At some
time in the future we will have to decide how human we wish to re-
main—in this ultimate, biological sense—because we must conscious-
ly choose among the alternative emotional guides we have inherited.
To chart our destiny means that we must shift from automatic con-
trol based on our biological properties to precise steering based on
biological knowledge.

Because the guides of human nature must be examined with a com-
plicated arrangement of mirrors, they are a deceptive subject, always
the philosopher’s deadfall. The only way forward is to study human
nature as part of the natural sciences, in an attempt to integrate the
natural sciences with the social sciences and humanities. [ can con-
ceive of no ideological or formalistic shortcut. Neurobiology cannot
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be learned at the feet of a guru. The consequences of genetic history
cannot be chosen by legislatures. Above all, for our own physical
well-being if nothing else, ethical philosophy must not be left in the
hands of the merely wise. Although human progress can be achieved
by intuition and force of will, only hard-won empirical knowledge
of our biological nature will allow us to make optimum choices
among the competing criteria of progress.

The important initial development in this analysis will be the con-
junction of biology and the various social sciences—psychology,
anthropology, sociology, and economics. The two cultures have only
recently come into full sight of one another. The result has been a
predictable mixture of aversions, misunderstandings, overenthusiasm,
local conflicts, and treaties. The situation can be summarized by say-
ing that biology stands today as the antidiscipline of the social scien-
ces. By the word “antidiscipline” I wish to emphasize the special ad-
versary relation that often exists when fields of study at adjacent
levels of organization first begin to interact. For chemistry there is
the anudiscipline of many-body physics; for molecular biology,
chemistry; for physiology, molecular biology; and so on upward
through the paired levels of increasing specification and complexity.

In the typical early history of a discipline, its practitioners believe
in the novelty and uniqueness of their subject. They devote lifetimes
to special entities and patterns and during the early period of ex-
ploration they doubt that these phenomena can be reduced to simple
laws. Members of the antidiscipline have a different attitude. Having
chosen as their primary subject the units of the lower level of organ-
ization, say atoms as opposed to molecules, they believe that the next
discipline above can and must be reformulated by their own laws:
chemistry by the laws of physics, biology by the laws of chemistry,
and so on downward. Their interest is relatively narrow, abstract,
and exploitative. P.A.M. Dirac, speaking of the theory of the hydro-
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gen atom, could say that its consequences would unfold as mere
chemistry. A few biochemists are still content in the belief that life
1s “no more” than the actions of atoms and molecules.

It it easy to see why each scientific discipline is also an antidisci-
pline. An adversary relationship is probable because the devotees of
the two adjacent organizational levels—such as atoms versus mole-
cules—are initially committed to their own methods and ideas when
they focus on the upper level (in this case, molecules). By today’s
standards a broad scientist can be defined as one who is a student of
three subjects: his discipline (chemistry in the example cited), the
lower antidiscipline (physics), and the subject to which his specialty
stands as antidiscipline (the chemical aspects of biology). A well-
rounded expert on the nervous system, to take a second, more finely
graded example, is deeply versed in the structure of single nerve cells,
but he also understands the chemical basis of the impulses that pass
through and between these cells, and he hopes to explain how nerve
cells work together to produce elementary patterns of behavior.
Every successful scientist treats differently each of the three levels
of phenomena surrounding his specialty.

The interplay between adjacent fields is tense and creative at the
beginning, but with the passage of time it becomes fully comple-
mentary. Consider the origins of molecular biology. In the late 1800s
the microscopic study of cells (cytology) and the study of chemical
processes within and around the cells (biochemistry) grew at an ac-
celerating pace. Their relationship during this period was compli-
cated, but it broadly fits the historical schema I have described. The
cytologists were excited by the mounting evidence of an intricate
cell architecture. They had interpreted the mysterious choreography
of the chromosomes during cell division and thus set the stage for the
emergence of modern genetics and experimental developmental biol-
ogy. Many biochemists, on the other hand, remained skeptical of the
idea that so much structure exists at the microscopic level. They
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thought that the cytologists were describing artifacts created by lab-
oratory methods of fixing and staining cells for microscopic exami-
nation. Their interest lay in the more “fundamental” issues of the
chemical nature of protoplasm, especially the newly formulared
theory that life is based on enzymes. The cytologists responded with
scorn to any notion that the cell is a “bag of enzymes.”

In general, biochemists judged the cytologists to be too ignorant
of chemistry to grasp the fundamental processes, while the cytolo-
gists considered the methods of the chemists inappropriate for the
idiosyncratic structures of the living cell. The revival of Mendelian
genetics in 19oo and the subsequent illumination of the roles of the
chromosomes and genes did little at first to force a synthesis. Bio-
chemists, seeing no immediate way to explain classical genetics, by
and large ignored it.

Both sides were essentially correct. Biochemistry has now ex-
plained so much of the cellular machinery on its own terms as to
justify its most extravagant early claims. But in achieving this feat,
mostly since 1950, it was partially transformed into the new discipline
of molecular biology, which can be defined as biochemistry that also
accounts for the particular spatial arrangements of such molecules
as the DNA helix and enzyme proteins. Cytology forced the devel-
opment of a special kind of chemistry and the use of a battery of
powerful new techniques, including electrophoresis, chromatog-
raphy, density-gradient centrifugation, and x-ray crystallography.
At the same time cytology metamorphosed into modern cell biol-
ogy. Aided by the electron microscope, which magnifies objects by
hundreds of thousands of times, it has converged in perspective and
language toward molecular biology. Finally, classical genetics, by
switching from fruit flies and mice to bacteria and viruses, has incor-
porated biochemistry to become molecular genetics.

Progress over a large part of biology has been fueled by competi-
tion among the various perspectives and techniques derived from
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cell biology and biochemistry, the discipline and its antidiscipline.
The interplay has been a triumph for scientific materialism. It has
vastly enriched our understanding of the nature of life and created
materials for literature more powerful than any imagery of presci-
entific culture.

I suggest that we are about to repeat this cycle in the blending of
biology and the social sciences and that as a consequence the two cul-
tures of Western intellectual life will be joined at last. Biology has
traditionally affected the social sciences only indirectly through tech-
nological manifestations, such as the benefits of medicine, the mixed
blessings of gene splicing and other techniques of genetics, and the
specter of population growth. Although of great practical impor-
tance, these matters are trivial with reference to the conceptual
foundation of the social sciences. The conventional treatments of
“social biology” and “social issues of biology” in our colleges and
universities present some formidable intellectual challenges, but they
are not addressed to the core of social theory. This core is the deep
structure of human nature, an essentially biological phenomenon that
is also the primary focus of the humanities.

It is all too easy to be seduced by the opposing view: that science
is competent to generate only a few classes of information, that its
cold, clear Apollonian method will never be relevant to the full
Dionysian life of the mind, that single-minded devotion to science
is dehumanizing. Expressing the mood of the counterculture, Theo-
dore Roszak suggested a map of the mind “as a spectrum of possi-
bilities, all of which properly blend into one another . . . At one
end, we have the hard, bright lights of science; here we find informa-
tion. In the center we have the sensuous hues of art; here we find the
aesthetic shape of the world. At the far end, we have the dark, shad-
owy tones of religious experience, shading off into wave lengths be-
yond all perception; here we find meaning.”

No, here we find obscurantism! And a curious underestimate of
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what the mind can accomplish. The sensuous hues and dark tones
have been produced by the genetic evolution of our nervous and
sensory tissues; to treat them as other than objects of biological in-
quiry is simply to aim too low.

The heart of the scientific method is the reduction of perceived
phenomena to fundamental, testable principles. The elegance, we can
fairly say the beauty, of any particular scientific generalization is
measured by its simplicity relative to the number of phenomena it
can explain. Ernst Mach, a physicist and forerunner of the logical
positivists, captured the idea with a definition: “Science may be re-
garded as a minimal problem consisting of the completest presenta-
tion of facts with the least possible expenditure of thought.”

Although Mach’s perception has an undeniable charm, raw re-
duction is only half of the scientific process. The remainder consists
of the reconstruction of complexity by an expanding synthesis
under the control of laws newly demonstrated by analysis. This
reconstitution reveals the existence of novel, emergent phenomena.
When the observer shifts his attention from one level of organiza-
tion to the next, as from physics to chemistry or from chemistry to
biology, he expects to find obedience to all the laws of the levels
below. But to reconstitute the upper levels of organization requires
specifying the arrangement of the lower units and this in turn gener-
ates richness and the basis of new and unexpected principles. The
specification consists of particular combinations of units, as well as
particular spatial arrangements and histories of the ensembles of
these elements. Consider the following simple example from chem-
istry. The ammonia molecule consists of a negatively charged ni-
trogen atom bonded to a triangle of three positively charged hydro-
gen atoms. If the atoms were locked in one position the ammonia
molecule would have an opposite charge at each end (a dipole
moment) in apparent contradiction to the symmetry laws of nuclear
physics. Yet the molecule manages to behave properly: it neutralizes
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its dipole moment by passing the mtrogen atom back and forth
through the triangle of hydrogen atoms at a frequency of thirty
billion times per second. However, such symmetry is absent in the
case of sugar and other large organic molecules, which are too large
and complex in structure to invert themselves. They break but do
not repeal the laws of physics. This specification may not be greatly
interesting to nuclear physicists, but its consequences redound
throughout organic chemistry and biology.

Consider a second example, closer to our subject, from the evolu-
tion of social life in the insects. In the Mesozoic Era, about 150 mil-
lion years ago, primitive wasps evolved the sex-determining trait of
haplodiploidy, in which fertilized eggs produced females and those
lefr unfertilized produced males. This simple method of control may
have been a specific adaptation that permitted females to choose the
sex of their offspring according to the nature of the prey insects they
were able to subdue. In particular, smaller prey might have been as-
signed to the male offspring, which require less protein in their devel-
opment. But whatever its initial cause, haplodiploidy represented an
evolutionary event that quite accidentally predisposed these insects
to develop advanced forms of social life. The reason is that haplo-
diploidy causes sisters to be more closely related to each other than
mothers are to daughters, and so females may derive genetic profit
from becoming a sterile caste specialized for the rearing of sisters.
Sterile castes engaged in rearing siblings are the essential feature of
social organization in the insects. Because of its link to haplodiploidy,
insect social life is almost limited to the wasps and their close relatives
among the bees and ants. Furthermore, most cases can be classified
either as matriarchies, in which queens control colonies of daughters,
or as sisterhoods, in which sterile daughters control the egg-laying
mothers. The societies of wasps, bees, and ants have proved so suc-
cessful that they dominate and alter most of the land habitats of the
Earth. In the forests of Brazil, their assembled forces constitute more
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than 20 percent of the weight of all land animals, including nematode
worms, toucans, and jaguars. Who could have guessed all this from
a knowledge of haplodiploidy?

Reduction is the traditional instrument of scientific analysis, but it
is feared and resented. If human behavior can be reduced and de-
termined to any considerable degree by the laws of biology, then
mankind might appear to be less than unique and to that extent de-
humanized. Few social scientists and scholars in the humanities are
prepared to enter such a conspiracy, let alone surrender any of their
territory. But this perception, which equates the method of reduc-
tion with the philosophy of diminution, is entirely in error. The laws
of a subject are necessary to the discipline above it, they challenge
and force a mentally more efficient restructuring, but they are not
sufficient for the purposes of the discipline. Biology is the key to hu-
man nature, and social scientists cannot afford to ignore its rapidly
tightening principles. But the social sciences are potentially far richer
in content. Eventually they will absorb the relevant ideas of biology
and go on to beggar them. The proper study of man is, for reasons
that now transcend anthropocentrism, man.
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Thousands of these species are highly social. The most advanced
among them constitute what I have called the three pinnacles of so-
cial evolution in animals: the corals, bryozoans, and other colony-
forming invertebrates; the social insects, including ants, wasps, bees,
and termites; and the social fish, birds, and mammals. The communal
beings of the three pinnacles are among the principal objects of the
new discipline of sociobiology, defined as the systematic study of the
biological basis of all forms of social behavior, in all kinds of organ-
isms, including man. The enterprise has old roots. Much of its basic
information and some of its most vital ideas have come from ethol-
ogy, the study of whole patterns of behavior of organisms under na-
tural conditions. Ethology was pioneered by Julian Huxley, Karl
von Frisch, Konrad Lorenz, Nikolaas Tinbergen, and a few others
and is now being pursued by a large new generation of innovative
and productive investigators. It has remained most concerned with
the particularity of the behavior patterns shown by each species, the
ways these patterns adapt animals to the special challenges of their
environments, and the steps by which one pattern gives rise to an-
other as the species themselves undergo genetic evolution. Increas-
ingly, modern ethology is being linked to studies of the nervous sys-
tem and the effects of hormones on behavior. Its investigators have
become deeply involved with developmental processes and even
learning, formerly the nearly exclusive domain of psychology, and
they have begun to include man among the species most closely
scrutinized. The emphasis of ethology remains on the individual or-
ganism and the physiology of organisms.

Sociobiology, in contrast, is a more explicitly hybrid discipline that
incorporates knowledge from ethology (the naturalistic study of
whole patterns of behavior), ecology (the study of the relationships
of organisms to their environment), and genetics in order to derive
general principles concerning the biological properties of entire so-
cieties. What is truly new about sociobiology is the way it has ex-
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tracted the most important facts about social organization from their
traditional matrix of ethology and psychology and reassembled them
on a foundation of ecology and genetics studied at the population
level in order to show how social groups adapt to the environment
by evolution. Only within the past few years have ecology and
genetics themselves become sophisticated and strong enough to pro-
vide such a foundation.

Sociobiology is a subject based largely on comparisons of social
species. Each living form can be viewed as an evolutionary experi-
ment, a product of millions of years of interaction between genes and
environment. By examining many such experiments closely, we
have begun to construct and test the first general principles of ge-
netic social evolution. It is now within our reach to apply this broad
knowledge to the study of human beings.

Sociobiologists consider man as though seen through the front end
of a telescope, at a greater than usual distance and temporarily di-
minished in size, in order to view him simultaneously with an array
of other social experiments. They attempt to place humankind in its
proper place in a catalog of the social species on Earth. They agree
with Rousseau that “One needs to look near at hand in order to study
men, but to study man one must look from afar.”

This macroscopic view has certain advantages over the traditional
anthropocentrism of the social sciences. In fact, no intellectual vice
is more crippling than defiantly self-indulgent anthropocentrism. 1
am reminded of the clever way Robert Nozick makes this point when
he constructs an argument in favor of vegetarianism. Human beings,
he notes, justify the eating of meat on the grounds that the animals
we kill are too far below us in sensitivity and intelligence to bear
comparison. It follows that if representatives of a truly superior ex-
traterrestrial species were to visit Earth and apply the same criterion,
they could proceed to eat us in good conscience. By the same token,
scientists among these aliens might find human beings uninteresting,
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our intelligence weak, our passions unsurprising, our social organiza-
tion of a kind already frequently encountered on other planets. To
our chagrin they might then focus on the ants, because these little
creatures, with their haplodiploid form of sex determination and bi-
zarre female caste systems, are the truly novel productions of the
Earch with reference to the Galaxy. We can imagine the log declar-
ing, “A scientific breakthrough has occurred; we have finally dis-
covered haplodiploid social organisms in the one- to ten-millimeter
range.” Then the visitors might inflict the ultimate indignity: in
order to be sure they had not underestimated us, they would simu-
late human beings in the laboratory. Like chemists testing the struc-
tural characterization of a problematic organic compound by
assembling it from simpler components, the alien biologists would
need to synthesize a hominoid or two.

This scenario from science fiction has implications for the defini-
tion of man. The impressive recent advances by computer scientists
in the design of artificial intelligence suggests the following test of
humanity: that which behaves like man is man. Human behavior is
something that can be defined with fair precision, because the evolu-
tionary pathways open to it have not all been equally negoriable.
Evolution has not made culture all-powerful. It is a misconception
among many of the more traditional Marxists, some learning theo-
rists, and a still surprising proportion of anthropologists and sociol-
ogists that social behavior can be shaped into virtually any form.
Ulcra-environmentalists start with the premise that man is the crea-
tion of his own culture: “culture makes man,” the formula might
go, “makes culture makes man.” Theirs is only a half truth. Each
person is molded by an interaction of his environment, especially
his cultural environment, with the genes that affect social behavior.
Although the hundreds of the world’s cultures seem enormously
variable to those of us who stand 1n their midst, all versions of human
social behavior together form only a tiny fraction of the realized
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organizations of social species on this planet and a still smaller frac-
tion of those that can be readily imagined with the aid of socio-
biological theory.

The question of interest is no longer whether human social be-
havior is genetically determined; it is to what extent. The accumu-
lated evidence for a large hereditary component is more detailed and
compelling than most persons, including even geneticists, realize.
I will go further: it already is decisive.

That being said, let me provide an exact definition of a genetically
determined rtrait. It is a trait that differs from other traits at least in
part as a result of the presence of one or more distinctive genes. The
important point is that the objective estimate of genetic influence
requires comparison of two or more states of the same feature. To
say that blue eyes are inherited is not meaningful without further
qualification, because blue eyes are the product of an interaction
between genes and the largely physiological environment that
brought final coloration to the irises. But to say that the difference
between blue and brown eyes is based wholly or partly on differ-
ences in genes is a meaningful statement because it can be tested and
translated into the laws of genetics. Additional information is then
sought: What are the eye colors of the parents, siblings, children,
and more distant relatives? These data are compared to the very
simplest model of Mendelian heredity, which, based on our under-
standing of cell multiplication and sexual reproduction, entails the
action of only two genes. If the dara fit, the differences are inter-
preted as being based on two genes. If not, increasingly complicated
schemes are applied. Progressively larger numbers of genes and more
complicated modes of interaction are assumed until a reasonably
close fit can be made. In the example just cited, the main differences
berween blue and brown eyes are in fact based on two genes, al-
though complicated modifications exist that make them less than an
ideal textbook example. In the case of the most complex traits, hun-
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dreds of genes are sometimes involved, and their degree of influence
can ordinarily be measured only crudely and with the aid of sophisti-
cated mathematical techniques. Nevertheless, when the analysis is
properly performed it leaves little doubt as to the presence and ap-
proximate magnitude of the genetic influence.

Human social behavior can be evaluated in essentially the same
way, first by comparison with the behavior of other species and then,
with far greater difficulty and ambiguity, by studies of variation
among and within human populations. The picture of genetic de-
terminism emerges most sharply when we compare selected major
categories of animals with the human species. Certain general human
traits are shared with a majority of the great apes and monkeys of
Africa and Asia, which on grounds of anatomy and biochemistry
are our closest living evolutionary relatives:

® Our intimate social groupings contain on the order of ten to
one hundred adults, never just two, as in most birds and marmosets,
or up to thousands, as in many kinds of fishes and insects.

® Males are larger than females. This is a characteristic of con-
siderable significance within the Old World monkeys and apes and
many other kinds of mammals. The average number of females con-
sorting with successful males closely corresponds to the size gap
between males and females when many species are considered to-
gether. The rule makes sense: the greater the competition among
males for females, the greater the advantage of large size and the less
influential are any disadvantages accruing to bigness. Men are not
very much larger than women; we are similar to chimpanzees in this
regard. When the sexual size difference in human beings is plotted
on the curve based on other kinds of mammals, the predicted aver-
age number of females per successful male turns out to be greater
than one but less than three. The prediction is close to reality; we
know we are a mildly polygynous species.

® The young are molded by a long period of social training, first
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by closest associations with the mother, then to an increasing degree
with other children of the same age and sex.

® Social play is a strongly developed activity featuring role prac-
tice, mock aggression, sex practice, and exploration.

These and other properties together identify the taxonomic group
consisting of Old World monkeys, the great apes, and human beings.
It is inconceivable that human beings could be socialized into the
radically different repertories of other groups such as fishes, birds,
antelopes, or rodents. Human beings might self-consciously imitate
such arrangements, but it would be a fiction played out on a stage,
would run counter to deep emotional responses and have no chance.
of persisting through as much as a single generation. To adopt with
serious intent, even in broad outline, the social system of a nonpri-
mate species would be insanity in the literal sense. Personalities would
quickly dissolve, relationships disintegrate, and reproduction cease.

At the next, finer level of classification, our species is distinct from
the Old World monkeys and apes in ways that can be explained only
as a result of a unique set of human genes. Of course, that is a
point quickly conceded by even the most ardent environmentalists.
They are willing to agree with the great geneticist Theodosius
Dobzhansky that “in a sense, human genes have surrendered their
primacy in human evolution to an entirely new, nonbiological or
superorganic agent, culture. However, it should not be forgotten
that this agent is entirely dependent on the human genotype.” But
the matter 1s much deeper and more interesting than that. There are
social traits occurring through all cultures which upon close examina-
tion are as diagnostic of mankind as are distinguishing character-
istics of other animal species—as true to the human type, say, as
wing tessellation is to a friallary butterfly or a complicated spring
melody to a wood thrush. In 1945 the American anthropologist
George P. Murdock listed the following characteristics that have
been recorded in every culture known to history and ethnography:
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Age-grading, athletic sports, bodily adornment, calendar, clean-
liness training, community orgafli.zation, cooking, cooperative
labor, cosmology, courtship, dancing, decorative arr, divination,
division of labor, dream interpretation, education, eschatology,
ethics, ethnobotany, etiquertte, faith healing, family feasting,
fire making, folklore, food taboos, funeral rites, games, gestures,
gift giving, government, greetings, hair styles, hospitality, hous-
ing, hygiene, incest taboos, inheritance rules, joking, kin groups,
kinship nomenclature, language, law, luck superstitions, magic,
marriage, mealtimes, medicine, obstetrics, penal sanctions, per-
sonal names, population policy, postnatal care, pregnancy
usages, property rights, propitiation of supernatural beings, pu-
berty customs, religious ritual, residence rules, sexual restric-
tions, soul concepts, status differentiation, surgery, tool making,
trade, visiting, weaving, and weather control.

Few of these unifying properties can be interpreted as the inevit-
able outcome of either advanced social life or high intelligence. It is
easy to imagine nonhuman societies whose members are even more
intelligent and complexly organized than ourselves, yet lack a ma-
jority of the qualities just listed. Consider the possibilities ire erent
in the insect societies. The sterile workers are already more coopera-
tive and altruistic than people and they have a more pronounced
tendency toward caste systems and division of labor. If ants were
to be endowed in addition with rationalizing brains equal to our
own, they could be our peers. Their societies would display the fol-
lowing peculiarities:

Age-grading, antennal rites, body licking, calendar, cannibal-
1sm, caste determination, caste laws, colony-foundation rules,
colony organization, cleanliness training, communal nurseries,
cooperative labor, cosmology, courtship, division of labor, drone
control, education, eschatology, ethics, etiquette, euthanasia,
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fire making, food taboos, gift giving, government, greetings,
grooming rituals, hospitality, housing, hygiene, incest taboos,
language, larval care, law, medicine, metamorphosis rites, mu-
tual regurgitation, nursing castes, nuptial flights, nutrient eggs,
population policy, queen obeisance, residence rules, sex deter-
mination, soldier castes, sisterhoods, status differentiation, ster-
ile workers, surgery, symbiont care, tool making, trade, visit-
ing, weather control,

and still other activities so alien as to make mere description by our
language difficult. If in addition they were programmed to eliminate
strife between colonies and to conserve the natural environment
they would have greater staying power than people, and in a broad
sense theirs would be the higher morality.

Civilization is not intrinsically limited to hominoids. Only by ac-
cident was it linked to the anatomy of bare-skinned, bipedal mam-
mals and the peculiar qualities of human nature.

Freud said that God has been guilty of a shoddy and uneven
piece of work. That is true to a degree greater than he intended:
human nature is just one hodgepodge out of many conceivable. Yet
if even a small fraction of the diagnostic human traits were stripped
away, the result would probably be a disabling chaos. Human beings
could not bear to simulate the behavior of even our closest relatives
among the Old World primates. If by perverse mutual agreement
a human group attempted to imitate in detail the distinctive social
arrangements of chimpanzees or gorillas, their effort would soon
collapse and they would revert to fully human behavior.

[t is also interesting to speculate that if people were somehow
raised from birth in an environment devoid of most cultural influ-
ence, they would construct basic elements of human social life ab
initio. In short time new elements of language would be invented
and rtheir culture enriched. Robin Fox, an anthropologist and pio-
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neer in human sociobiology, has expressed this hypothesis in its
strongest possible terms. Suppose, he conjectured, that we performed
the cruel experiment linked in legend to the Pharaoh Psammetichus
and King James IV of Scotland, who were said to have reared chil-
dren by remote control, in total social isolation from their elders.
Would the children learn to speak to one another?

I do not doubt that they could speak and that, theoretically,
given time, they or their offspring would invent and develop
a language despite their never having been taught one. Further-
more, this language, although totally different from any known
to us, would be analyzable to linguists on the same basis as other
languages and translatable into all known languages. But I would
push this further. If our new Adam and Eve could survive and
breed — still in total isolation from any cultural influences —
then eventually they would produce a society which would
have laws about property, rules about incest and marriage, cus-
toms of taboo and avoidance, methods of settling disputes with
a minimum of bloodshed, beliefs about the supernatural and
practices relating to it, a system of social status and methods of
indicating it, initiation ceremonies for young men, courtship
practices including the adornment of females, systems of sym-
bolic body adornment generally, certain activities and associa-
tions set aside for men from which women were excluded,
gambling of some kind, a rool- and weapon-making industry,
myths and legends, dancing, adultery, and various doses of
homicide, suicide, homosexuality, schizophrenia, psychosis and
neuroses, and various practitioners to take advantage of or cure
these, depending on how they are viewed.

Not only are the basic features of human social behavior stubborn-
ly idiosyncratic, but to the limited extent that they can be compared
with those of animals they resemble most of all the repertories of
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other mammals and especially other primates. A few of the signals
used to organize the behavior can be logically derived from the an-
cestral modes still shown by the Old World monkeys and great apes.
The grimace of fear, the smile, and even laughter have parallels in
the facial expressions of chimpanzees. This broad similarity is pre-
cisely the pattern to be expected if the human species descended
from Old World primate ancestors, a demonstrable fact, and if the
development of human social behavior retains even a small degree
of genetic constraint, the broader hypothesis now under considera-
tion.

The status of the chimpanzee deserves especially close attention.
Our growing knowledge of these most intelligent apes has come to
erode to a large extent the venerable dogma of the uniqueness of
man. Chimpanzees are first of all remarkably similar to human be-
ings in anatomical and physiological details. It also turns out that they
are very close at the molecular level. The biochemists Mary-Claire
King and Allan C. Wilson have compared the proteins encoded by
genes at forty-four loci. They found the summed differences be-
tween the two species to be equivalent to the genetic distance sep-
arating nearly indistinguishable species of fruit flies, and only
twenty-five to sixty times greater than that between Caucasian,
Black African, and Japanese populations. The chimpanzee and hu-
man lines might have split as recently as twenry million years ago,
a relatively short span in evolutionary time.

By strictly human criteria chimpanzees are mentally retarded to
an intermediate degree. Their brains are only one-third as large as
our own, and their larynx is constructed in the primitive ape form
that prevents them from articulating human speech. Yet individuals
can be taught to communicate with their human helpers by means
of American sign language or the fastening of plastic symbols in se-
quences on display boards. The brightest among them can learn
vocabularies of two-hundred English words and elementary rules
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of syntax, allowing them to invent such sentences as “Mary gives me
apple” and “Lucy tickle Roger.” Lana, a female trained by Beatrice
and Robert Gardner at the University of Nevada, ordered her train-
er from the room in a fit of pique by signalling, “You green shit.”
Sarah, a female trained by David Premack, memorized twenty-five
hundred sentences and used many of them. Such well educated
chimps understand instructions as complicated as “If red on green
(and not vice versa) then you take red (and not green)” and “You
insert banana in pail, apple in dish.” They have invented new expres-
sions such as “water bird” for duck and “drink fruit” for water-
melon, essentially the same as those hit upon by the inventors of
the English language.

Chimpanzees do not remotely approach the human child in the
inventiveness and drive of their language. Evidence of true linguis-
tic novelty is, moreover, lacking: no chimp genius has accomplished
the equivalent of joining the sentences “Mary gives me apple” and
“I'like Mary” into the more complex proposition “Mary’s giving me
apple is why I like her.” The human intellect is vastly more power-
ful than that of the chimpanzee. But the capacity to communicate
by symbols and syntax does lie within the ape’s grasp. Many zool-
ogists now doubt the existence of an unbridgeable linguistic chasm
between animals and man. It is no longer possible to say, as the lead-
ing anthropologist Leslie White did in 1949, that human behavior
is symbolic behavior and symbolic behavior is human behavior.

Another chasm newly bridged is self-awareness. When Gordon
G. Gallup, a psychologist, allowed chimps to peer into mirrors for
two or three days, they changed from treating their reflection as a
stranger ro recognizing it as themselves. At this point they began to
use the mirrors to explore previously inaccessible parts of their own
bodies. They made faces, picked bits of food from their teeth, and
blew bubbles through their pursed lips. No such behavior has ever
been elicited from monkeys or gibbons presented with mirrors, de-
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spite repeated trials by Gallup and others. When the researchers
dyed portions of the faces of chimpanzees under anesthesia, the apes
subsequently gave even more convincing evidence that they were
self-aware. They spent more time at the mirrors, intently examining
the changes in their appearance and smelling the fingers with which
they had touched the altered areas.

If consciousness of self and the ability to communicate ideas with
other intelligent beings exist, can other qualities of the human mind
be far away? Premack has pondered the implications of transmitting
the concept of personal death to chimpanzees, but he is hesitant.
“What if, like man,” he asks,

the ape dreads death and will deal with this knowledge as bi-
zarrely as we have? . . . The desired objective would be not
only to communicate the knowledge of death but, more impor-
rant, to find a way of making sure the apes’ response would not
be that of dread, which, in the human case, has led to the in-
vention of ritual, myth, and religion. Until I can suggest con-
crete steps in teaching the concept of death without fear, I have
no intention of imparting the knowledge of mortality to the

ape.

And what of the social existence of the chimpanzees? They are
far less elaborately organized than even the hunter-gatherers, who
have the simplest economic arrangements of all human beings. Yet
striking basic similarities exist. The apes live in troops of up to fifty
individuals, within which smaller, more casual groups break off and
reunite in shifting combinations of individuals over periods as brief
as a few days. Males are somewhat larger than females, to about the
same degree as in human beings, and they occupy the top of well-
marked dominance hierarchies. Children are closely associated with
their mothers over a period of years, sometimes even into maturity.
The young chimpanzees themselves remain allied for long periods
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of time; individuals on occasion even adopt younger brothers or
sisters when the mother dies.

Each troop occupies a home range of about twenty square miles.
Meetings berween neighboring troops are infrequent and usually
tense. On these occasions nubile females and young mothers some-
times migrate berween the groups. But on other occasions chimpan-
zees can become territorial and murderous. At the Gombe Stream
Reserve in Tanzania, where Jane Goodall conducted her celebrated
research, bands of males from one troop, encroaching on the home
range of an adjacent, smaller troop, attacked and occasionally in-
jured the defenders. Eventually the residents abandoned their land
to the invaders.

Like primitive human beings, chimpanzees gather fruit and other
vegetable foods primarily and hunt only secondarily. The difference
between their diets is one of proportion. Where all of hunter-gather-
er societies considered together derive an average of 35 percent of
their calories from fresh meat, chimpanzees obtain between 1 and 5
percent. And whereas primitive human hunters capture prey of any
size, including elephants one hundred times the weight of a man,
chimpanzees rarely attack any animal greater than one-fifth the
weight of an adult male. Perhaps the most remarkable form of man-
like behavior among chimpanzees is the use of intelligent, coopera-
tive maneuvers during the hunt. Normally only adult males attempt
to pursue animals — another humanoid trait. When a potential vic-
tim, such as a vervet or young baboon, has been selected, the chim-
panzees signal their intentions by distinctive changes in posture,
movement, and facial expression. Other males respond by turning
to stare at the target animal. Their posture is tensed, their hair par-
tially erected, and they become silent — a conspicuous change from
the human observer’s point of view, because chimpanzees are ordi-
narily the noisiest of animals. The state of alertness is broken by a
sudden, nearly simultaneous pursuit.
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A common strategy of the hunter males is to mingle with a group
of baboons and then attempt to seize one of the youngsters with an
explosive rush. Another is to encircle and stalk the victim, even while
it nervously edges away. At the Gombe Stream Reserve an enterpris-
ing male named Figan tracked a juvenile baboon until it retreated
up the trunk of a palm tree. Within moments other males that had
been resting and grooming nearby stood up and walked over to join
the pursuit. A few stopped at the bottom of the tree in which the
baboon waited, while others dispersed to the bases of adjacent trees
that might have served as alternate routes of escape. The baboon
then leaped onto a second tree, whereupon the chimpanzee stationed
below began to climb quickly toward it. The baboon finally man-
aged to escape by jumping twenty feet to the ground and running to
the protection of its troop nearby.

The distribution of the meat is also cooperative, with favors asked
and given. The begging chimpanzee stares intently while holding its
face close to the meat or to the face of the meat eater. It may also
reach out and touch the meat and the chin and lips of the other ani-
mal, or extend an open hand with palm upward beneath his chin.
Sometimes the male holding the prey moves abruptly away. But
often he acquiesces by allowing the other animal to chew directly
on the meat or to remove small pieces with its hands. On a few oc-
casions males go so far as to tear off pieces of meat and hand them
over to supplicants. This is a small gesture by the standards of human
altruism but it is a very rare act among animals — a giant step, one
might say, for apekind.

Finally, chimpanzees have a rudimentary culture. During twenty-
five years of research on free-living troops in the forests of Africa,
teams of zoologists from Europe, Japan, and the United States have
discovered a remarkable repertory of tool use in the ordinary life
of the apes. It includes the use of sticks and saplings as defensive
weapons against leopards; the hurling of sticks, stones, and handfuls
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of vegetation during attacks on baboons, human beings, and other
chimpanzees; digging with sticks to tear open termite mounds and
“fishing” for the termites with plant stems stripped of leaves and split
down the middle; prying open boxes with sticks; and lifting water
from tree holes in “sponges” constructed of chewed leaves.

Learning and play are vital to the acquisition of the tool-using
skills. When two-year-old chimpanzee infants are denied the op-
portunity to play with sticks their ability to solve problems with the
aid of sticks at a later age is reduced. Given access to play objects,
young animals in captivity progress through a relatively invariant
maturation of skills. Under two years of age they simply touch or
hold objects without attempting to manipulate them. As they grow
older they increasingly employ one object to hit or prod another,
while simultaneously improving in the solution of problems that re-
quire the use of tools. A similar progression occurs in the wild popu-
lations of Africa. Infants as young as six weeks reach out from their
mother’s clasp to fondle leaves and branches. Older infants con-
stantly inspect their environment with their eyes, lips, tongues, noses,
and hands, while periodically plucking leaves and waving them
about. During this development they advance to tool-using behavior
in small steps. One eight-month-old infant was seen to add grass
stems to his other toys — but for the special purpose of wiping them
against other objects, such as stones and his mother. This is the be-
havior pattern uniquely associated with termite “fishing” — by
which the apes provoke the insects into running onto the object and
then quickly bite or lick them off. During play, other infants pre-
pared grass stalks as fishing tools by shredding the edges off wide
blades and chewing the ends off long stems.

Jane Goodall has obtained direct evidence of imitative behavior
in the transmission of these traditions. She observed infants watch
adults as they used tools, then pick the tools up and use them after
the adults had moved away. On two occasions a three-year-old
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youngster was seen to observe his mother closely as she wiped dung
from her bottom with leaves. Then he picked up leaves and imitated
the movements, even though his bottom was not dirty.

Chimpanzees are able to invent techniques and to transmit them
to others. The use of sticks to pry open food boxes is a case in point.
The method was invented by one or a few individuals at the Gombe
Stream Reserve, then evidently spread through the troop by imita-
tion. One female new to the area remained hidden in the bushes while
watching others trying to open the boxes. On her fourth visit she
walked into the open, picked up a stick, and began to poke it at the
boxes.

Each tool-using behavior recorded in Africa is limited to certain
populations of chimpanzees but has a mostly continuous distribution
within its range. This is just the pattern expected if the behavior had
been spread culturally. Maps of chimpanzee tool-using recently pre-
pared by the Spanish zoologist Jorge Sabater-Pi might be placed
without notice into a chapter on primitive culture in an anthropology
textbook. Although most of the evidence concerning invention and
transmission of the tool-using methods is indirect, it suggests that
the apes have managed to cross the threshold of cultural evolution
and thus, in an important sense, to have moved on into the human
domain.

This account of the life of the chimpanzee is meant to establish
what I regard as a fundamental point about the human condition:
that by conventional evolutionary measures and the principal cri-
teria of psychology we are not alone, we have a little-brother species.
The points of similarity between human and chimpanzee social be-
havior, when joined with the compelling anatomical and biochemical
traces of relatively recent genetic divergence, form a body of evi-
dence too strong to be dismissed as coincidence. I now believe that
they are based at least in part on the possession of identical genes.
If this proposition contains any truth, it makes even more urgent
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the conservation and closer future study of these and the other
great apes, as well as the Old World monkeys and the lower pri-
mates. A more thorough knowledge of these animal species might
well provide us with a clearer picture of the step-by-step genetic
changes that led to the level of evolution uniquely occupied by hu-
man beings.

To summarize the argument to this point: the general traits of
human nature appear limited and idiosyncratic when placed against
the great backdrop of all other living species. Additional evidence
suggests that the more stereotyped forms of human behavior are
mammalian and even more specifically primate in character, as pre-
dicted on the basis of general evolutionary theory. Chimpanzees are
close enough to ourselves in the details of their social life and mental
properties to rank as nearly human in certain domains where it was
once considered inappropriate to make comparisons at all. These
facts are in accord with the hypothesis that human social behavior
rests on a genetic foundation — that human behavior is, to be more
precise, organized by some genes that are shared with closely re-
lated species and others that are unique to the human species. The
same facts are unfavorable for the competing hypothesis which has
dominated the social sciences for generations, that mankind has es-
caped its own genes to the extent of being entirely culture-bound.

Let us pursue this matter systematically. The heart of the genetic
hypothesis is the proposition, derived in a straight line from neo-
Darwinian evolutionary theory, that the traits of human nature were
adaptive during the time that the human species evolved and that
genes consequently spread through the population that predisposed
their carriers to develop those traits. Adaptiveness means simply that
if an individual displayed the traits he stood a greater chance of hav-
ing his genes represented in the next generation than if he did not
display the traits. The differential advanrage among individuals in
this strictest sense is called genetic fitness. There are three basic com-
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ponents of genetic fitness: increased personal survival, increased per-
sonal reproduction, and the enhanced survival and reproduction of
close relatives who share the same genes by common descent. An
improvement in any one of the factors or in any combination of
them results in greater genetic fitness. The process, which Darwin
called natural selection, describes a tight circle of causation. If the
possession of certain genes predisposes individuals toward a particu-
lar trait, say a certain kind of social response, and the trait in turn
conveys superior fitness, the genes will gain an increased representa-
tion in the next generation. If natural selection is continued over
many generations, the favored genes will spread throughout the pop-
ulation, and the trait will become characteristic of the species. In this
way human nature is postulated by many sociobiologists, anthro-
pologists, and others to have been shaped by natural selection.

It is nevertheless a curious fact, which enlarges the difficulty of the
analysis, that sociobiological theory can be obeyed by purely cul-
tural behavior as well as by genetically constrained behavior. An al-
most purely cultural sociobiology is possible. If human beings were
endowed with nothing but the most elementary drives to survive
and to reproduce, together with a capacity for culture, they would
still learn many forms of social behavior that increase their biological
fitness. But as I will show, there is a limit to the amount of this cul-
tural mimicry, and methods exist by which it can be distinguished
from the more structured forms of biological adaptation. The anal-
ysis will require the careful use of techniques in biology, anthro-
pology, and psychology. Our focus will be on the closeness of fit
of human social behavior to sociobiological theory, and on the evi-
dences of genetic constraint seen in the strength and automatic na-
ture of the predispositions human beings display while developing
this behavior.

Let me now rephrase the central proposition in a somewhat strong-
er and more interesting form: if the genetic components of human
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nature did not originate by natural selection, fundamental evolution-
ary theory is in trouble. At the very least the theory of evolution
would have to be altered to account for a new and as yet unimagined
form of genetic change in populations. Consequently, an auxiliary
goal of human sociobiology 1s to learn whether the evolution of hu-
man nature conforms to conventional evolutionary theory. The pos-
sibility that the effort will fail conveys to more adventurous biolo-
gists a not unpleasant whiff of grapeshot, a crackle of thin ice.

We can be fairly certain that most of the genetic evolution of hu-
man social behavior occurred over the five million years prior to
civilization, when the species consisted of sparse, relatively immo-
bile populations of hunter-gatherers. On the other hand, by far the
greater part of cultural evolution has occurred since the origin of
agriculture and cities approximately 10,000 years ago. Although
genetic evolution of some kind continued during this latter, historical
sprint, it cannot have fashioned more than a tiny fraction of the
traits of human nature. Otherwise surviving hunter-gatherer people
would differ genetically to a significant degree from people in ad-
vanced industrial nations, but this is demonstrably not the case. It
follows that human sociobiology can be most directly tested in stud-
ies of hunter-gatherer societies and the most persistent preliterate
herding and agricultural societies. As a result, anthropology rather
than sociology or economics is the social science closest to socio-
biology. It is in anthropology that the genetic theory of human na-
ture can be most directly pursued.

The power of a scientific theory is measured by its ability to trans-
form a small number of axiomatic ideas into detailed predictions of
observable phenomena; thus the Bohr atom made modern chemistry
possible, and modern chemistry recreated cell biology. Further, the
validity of a theory is measured by the extent to which its predic-
tions successfully compete with other theories in accounting for the
phenomena; the solar system of Copernicus won over that of Prol-
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emy, after a brief struggle. Finally, a theory waxes in influence and
esteem among scientists as it assembles an ever larger body of facts
into readily remembered and usable explanatory schemes, and as
newly discovered facts conform to its demands: the round earth is
more plausible than a flat one. Facts crucial to the advancement of
science can be obtained either by experiments designed for the pur-
pose of acquiring them or from the inspired observation of undis-
turbed natural phenomena. Science has always progressed in ap-
proximately this opportunistic, zig-zagging manner.

In the case of the theory of the genetic evolution of human nature,
if it is ever to be made part of real science, we should be able to select
some of the best principles from ecology and genetics, which are
themselves based on the theory, and adapt them in detail to human
social organization. The theory must not only account for many
of the known facts in a more convincing manner than traditional
explanations, but must also identify the need for new kinds of in-
formation previously unimagined by the social sciences. The be-
havior thus explained should be the most general and least rational
of the human repertoire, the part furthest removed from the influ-
ence of day-to-day reflection and the distracting vicissitudes of cul-
ture. In other words, they should implicate innate, biological phe-
nomena that are the least susceptible to mimicry by culture.

These are stern requirements to impose on the infant discipline
of human sociobiology, but they can be adequately justified. Socio-
biology intrudes into the social sciences with credentials from the
natural sciences and, initially, an unfair psychological advantage. If
the ideas and analytical methods of “hard” science can be made to
work in a congenial and enduring manner, the division between the
two cultures of science and the humanities will close. Bur if our
conception of human nature is to be altered, it must be by means
of truths conforming to the canons of scientific evidence and not a
new dogma however devoutly wished for.
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Various sociobiological explorations in the deeper mode, some
already reasonably secure and others frankly speculative, are the
theme of the next six chapters of this book. For the moment, to il-
lustrate the method, let me present two concise examples.

Incest taboos are among the universals of human social behavior.
The avoidance of sexual intercourse between brothers and sisters
and between parents and their offspring is everywhere achieved by
cultural sanctions. But at least in the case of the brother-sister taboo,
there exists a far deeper, less rational form of enforcement: a sexual
aversion automatically develops between persons who have lived to-
gether when one or all grew to the age of six. Studies in Israeli kib-
butzim, the most thorough of which was conducted by Joseph
Shepher of the University of Haifa, have shown that the aversion
among people of the same age is not dependent on an actual blood
relationship. Among 2,769 marriages recorded, none was berween
members of the same kibbutz peer group who had been together
since birth. There was not even a single recorded instance of hetero-
sexual activity, despite the fact that the kibbutzim adults were not
opposed to it. Where incest of any form does occur at low frequen-
cies in less closed societies, it is ordinarily a source of shame and re-
crimination. In general, mother-son intercourse is the most offensive,
brother-sister intercourse somewhat less and father-daughter inter-
course the least offensive. But all forms are usually proscribed. In
the United States at the present time, one of the forms of pornog-
raphy considered most shocking is the depiction of intercourse be-
tween fathers and their immature daughters.

What advantage do the incest taboos confer? A favored explana-
tion among anthropologists is that the taboos preserve the integrity
of the family by avoiding the confusion in roles that would result
from incestuous sex. Another, originated by Edward Tylor and
built into a whole anthropological theory by Claude Leévi-Strauss in
his seminal Les Structures Elémentaires de la Parenté, is that it fa-
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cilitates the exchange of women during bargaining between social
groups. Sisters and daughters, in this view, are not used for mating
but to gain power.

In contrast, the prevailing sociobiological explanation regards fam-
ily integration and bridal bargaining as by-products or at most as
secondary contributing factors. It identifies a deeper, more urgent
cause, the heavy physiological penalty imposed by inbreeding. Sev-
eral studies by human geneticists have demonstrated that even a
moderate amount of inbreeding results in children who are dimin-
ished in overall body size, muscular coordination, and academic
performance. More than one hundred recessive genes have been dis-
covered that cause hereditary disease in the undiluted, homozygous
state, a condition vastly enhanced by inbreeding. One analysis of
American and French populations produced the estimate that each
person carries an average of four lethal gene equivalents: either four
genes that cause death outright when in the homozygous state, eight
genes that cause death in fifty percent of homozygotes, or other,
arithmetically equivalent combinations of lethal and debilitating
effects. These high numbers, which are typical of animal species,
mean that inbreeding carries a deadly risk. Among 161 children born
to Czechoslovakian women who had sexual relations with their fa-
thers, brothers, or sons, fifteen were stillborn or died within the first
year of life, and more than 40 percent suffered from various physical
and mental defects, including severe mental retardation, dwarfism,
heart and brain deformities, deaf-mutism, enlargement of the colon,
and urinary-tract abnormalities. In contrast, a group of ninety-five
children born to the same women through nonincestuous relations
were on the average as normal as the population at large. Five died
during the first year of life, none had serious mental deficiencies, and
only five others had apparent physical abnormalities.

The manifestations of inbreeding pathology constitute natural
selection in an intense and unambiguous form. The elementary
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theory of population genetics predicts that any behavioral tendency
to avoid incest, however slight or devious, would long ago have
spread through human populations. So powerful is the advantage of
outbreeding that it can be expected to have carried cultural evolu-
tion along with it. Family integrity and leverage during political
bargaining may indeed be felicitous results of outbreeding, but they
are more likely to be devices of convenience, secondary cultural
adaptations that made use of the inevitability of outbreeding for di-
rect biological reasons.

Of the thousands of societies that have existed through human
history, only several of the most recent have possessed any knowl-
edge of genetics. Very few opportunities presented themselves to
make rational calculations of the destructive effects of inbreeding.
Tribal councils do not compute gene frequencies and mutational
loads. The automatic exclusion of sexual bonding between individ-
uals who have previously formed certain other kinds of relation-
ships — the “gut feeling” that promotes the ritual sanctions against
incest — is largely unconscious and irrational. Bond exclusion of the
kind displayed by the Israeli children is an example of what biol-
ogists call a proximate (near) cause; in this instance, the direct psy-
chological exclusion is the proximate cause of the incest taboo. The
ultimate cause suggested by the biological hypothesis is the loss of
genetic fitness that results from incest. It is a fact that incestuously
produced children leave fewer descendants. The biological hypoth-
esis states that individuals with a genetic predisposition for bond
exclusion and incest avoidance contribute more genes to the next
generation. Natural selection has probably ground away along these
lines for thousands of generations, and for that reason human be-
ings intuitively avoid incest through the simple, automatic rule of
bond exclusion. To put the idea in its starkest form, one that ac-
knowledges but temporarily bypasses the intervening developmental
process, human beings are guided by an instinct based on genes.
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Such a process is indicated in the case of brother-sister intercourse,
and it is a strong possibility in the other categories of incest taboo.

Hypergamy is the female practice of marrying men of equal or
greater wealth and status. In human beings and most kinds of social
animals, it is the females who move upward through their choice
of mates. Why this sexual bias? The vital clue has been provided by
Robert L. Trivers and Daniel E. Willard in the course of more gen-
eral work in sociobiology. They noted that in vertebrate animals
generally, and especially birds and mammals, large, healthy males
mate at a relatively high frequency while many smaller, weaker
males do not mate at all. Yet nearly all females mate successfully.
It is further true that females in the best physical condition produce
the healthiest infants, and these offspring usually grow up to be the
largest, most vigorous adults. Trivers and Willard then observed
that according to the theory of natural selection females should be
expected to give birth to a higher proportion of males when they
are healthiest, because these offspring will be largest in size, mate
most successfully, and produce the maximum number of offspring.
As the condition of the females deteriorates, they should shift pro-
gressively to the production of daughters, since female offspring
will now represent the safer investment. According to natural-selec-
tion theory, genes that induce this reproductive strategy will spread
through the population at the expense of genes that promote alter-
native strategies.

[t works. In deer and human beings, two of the species investigated
with reference to this particular question, environmental conditions
adverse for pregnant females are associated with a disproportionate
increase in the birth of daughters. Data from mink, pigs, sheep, and
seals also appear to be consistent with the Trivers-Willard predic-
tion. The most likely direct mechanism is the selectively greater
mortality of male fetuses under adversity, a phenomenon that has
been documented in numerous species of mammals.
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Altering the sex ratio before birth is of course an entirely irra-
tional act; it is in fact physiological. Mildred Dickeman, an anthro-
pologist, has tested the theory in the realm of conscious behavior.
She has asked whether the sex ratio is altered after birth by infant-
cide in a way that fits the best reproductive strategy. Such appears
to be the case. In precoloniai and British India, the upward social
flow of daughters by marriage to higher ranking men was sanctified
by rigid custom and religion, while female infanticide was practiced
routinely by the upper castes. The Bedi Sikhs, the highest ranking
priestly subcaste of the Punjab, were known as Kuri-Mar, the daugh-
ter slayers. They destroyed virtually all female infants and invested
everything in raising sons who would marry women from lower
castes. In pre-revolutionary China, female infanticide was commonly
practiced by many of the social classes, with essentially the same ef-
fects as in India — that is, a socially upward flow of women ac-
companied by dowries, a concentration of both wealth and women
in the hands of a small middle and upper class, and near exclusion of
the poorest males from the breeding system. It remains to be seen
whether this pattern is widespread in human cultures. For the mo-
ment the existence of even a few cases suggests the need for a re-
examination of the phenomenon with close attention to biological
theory. )

Female hypergamy and infanticide do not recommend themselves
as rational processes. It is difficult to explain them except as an in-
herited predisposition to maximize the number of offspring in com-
petition with other members of the society. Research of the kind
started by Dickeman, if extended to other societies, will help to
test this proposition more rigorously. If successful, it can be ex-
pected to shed light on the deeper mental processes that move people
to choose one complicated course of action out of the many open,
in principle, to rational choice.

Human nature can be probed by other, more directly psychologi-
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cal techniques. Behavior that is both irrational and universal should
also be more resistant to the distorting effects of cultural depriva-
tion than more intellectual, individualistic behavior, and less likely
to be influenced by the frontal lobes and the other higher centers
of the brain that serve as the headquarters of long-term rational
thought. Such behavior is more likely to be heavily influenced by
the limbic system, the evolutionarily ancient portion of the cortex
located near the physical center of the brain. Given that the higher
and lower controls in the brain are anatomically separated to some
extent, we can expect to find occasional human beings whose ration-
al faculties have been impaired for one reason or another but who
continue to function well at the level of instinct.

Such persons exist. In his study of patients in institutions for the
mentally retarded, Richard H. Wills has found that two distinct
types can be identified. “Cultural retardates” have well below
normal intelligence, but their behavior retains many uniquely hu-
man attributes. They communicate with attendants and one another
by speech, and they initiate a variety of relatively sophisticated ac-
tions, such as singing alone and in groups, listening to records, look- .
ing at magazines, working at simple tasks, bathing, grooming
themselves, smoking cigarettes, exchanging clothing, teasing and
directing others, and volunteering favors. The second group, the
“noncultural retardates,” represent a sudden and dramatic step down-
ward in ability. They perform none of the actions just listed. Their
exchanges with others entail little that can be labeled as truly hu-
man communication. Cultural behavior thus seems to be a psycho-
logical whole invested in the brain or denied it in a single giant step.
Yert the noncultural retardates retain a large repertory of more “in-
stinctive”” behavior, the individual actions of which are complex and
recognizably mammalian. They communicate with facial expres-
sions and emotion-laden sounds, examine and manipulate objects,
masturbate manually, watch others, steal, stake out small territories,
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defend themselves, and play, both as individuals and in groups.
They frequently seck physical contact  with others; they offer and
solicit affection by means of strongly expressed, unmistakable ges-
tures. Virtually none of their responses is abnormal in a biological
sense. Fate has merely denied these patients entry into the cultural
world of the brain’s outer cortex.

Let me now try to answer the important but delicate question
of how much social behavior varies genetically within the human
species. The fact that human behavior still has structure based on
physiology and is mammalian in its closest affinities suggests that it
has been subject to genetic evolution until recently. If thar is true,
generic variation affecting behavior might even have persisted into
the era of civilization. But this is not to say that such variation now
exists.

Two possibilities are equally conceivable. The first is that in reach-
ing its present state the human species exhausted its genetic varia-
bility. One set of human genes affecting social behavior, and one
set only, survived the long trek through prehistory. This is the view
implicitly favored by many social scientists and, within the spectrum
of political ideologies that address such questions, by many intellec-
tuals of the left. Human beings once evolved, they concede, but only
to the point of becoming a uniform, language-speaking, culcure-
bearing species. By historical times mankind had become magnif-
icent clay in the hands of the environment. Only culeural evolu-
tion can now occur. The second possibility is that at least some
genetic variation still exists. Mankind might have ceased evolving,
in the sense that the old biological mode of natural selection has re-
laxed its grip, but the species remains capable of both genetic and
cultural evolution.

The reader should note that either possibility
tural determination versus shared cultural and genetic determina-

complete cul-
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tion of variability within the species — is compatible with the more
general sociobiological view of human nature, namely that the most
diagnostic features of human behavior evolved by natural selection
and are today constrained throughout the species by particular sets
of genes.

These possibilities having been laid out in such a textbook fash-
ion, I must now add that the evidence is strong that a substantial
fraction of human behavioral variation is based on genetic differ-
ences among individuals. There are undeniably mutations affecting
behavior. Of these changes in the chemical composition of genes
or the structure and arrangement of chromosomes, more than thirty
have been identified that affect behavior, some by neurological dis-
orders, others by the impairment of intelligence. One of the most
controversial but informative examples is the XYY male. The X
and Y chromosomes determine sex in human beings; the XX com-
bination produces a female, XY a male. Approximately o.1 percent
of the population accidentally acquires an extra Y chromosome at
the moment of conception, and these XYY individuals are all males.
The XYY males grow up to be tall men, the great majority over
six feet. They also end up more frequently in prisons and hospitals
for the criminally insane. At first it was thought that the extra chrom-
osome induced more aggressive behavior, creating what is in effect
a class of genetic criminals. However, a statistical study, by Prince-
ton psychologist Herman A. Witkin and his associates, of vast
amounts of data from Denmark has led to a more benign interpre-
tation. XYY men were found neither to be more aggressive than
normal nor to display any particular behavior pattern distinguish-
ing them from the remainder of the Danish population. The only
deviation detected was a lower average intelligence. The most par-
simonious explanation is that XYY men are incarcerated at a higher
rate because they are simply less adroit at escaping detection. How-
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ever, caution is required. The possibility of the inheritance of more
specific forms of predisposition toward a criminal personality has
not been excluded by this one study.

In fact, mutations have been identified that do alter specific fea-
tures of behavior. Turner’s syndrome, occurring when only one
of the two X chromosomes is passed on, entails not just a Jowered
general intelligence but a particularly deep impairment in the ability
to recall shapes and to orient between the left and right on maps
and other diagrams. The Lesch-Nyhan syndrome, induced by a
single recessive gene, causes both lowered intelligence and a com-
pulsive tendency to pull and tear at the body, resulting in self-
mutilation. The victims of these and other genetic disorders, like
the severely mentally retarded, provide extraordinary opportunities
for a better understanding of human behavior. The form of analysis
by which they can be most profitably studied is called genetic dis-
section. Once a condition appears, despite medical precautions, it
can be examined closely in an attempt to pinpoint the altered por-
tion of the brain and to implicate hormones and other chemical
agents that mediated the change without, however, physically touch-
ing the brain. Thus by the malfunctioning of its parts the machine
can be diagrammed. And let us not fall into the sentimentalist trap
of calling that procedure cold-blooded,; it is the surest way to find
a medical cure for the conditions themselves.

Most mutations strong enough to be analyzed as easily as the
Turner and Lesch-Nyhan anomalies also cause defects and illnesses.
This is as true in animals and plants as it is in human beings, and is
entirely to be expected. To understand why, consider the analogy
of heredity with the delicate construction of a watch. If a watch is
altered by randomly shaking or striking it, as the body’s chemistry
is randomly transformed by a mutation, the action is far more likely
to impair than to improve the accuracy of the watch.

This set of strong examples, however, leaves unanswered the
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question of the genetic variation and evolution of “normal” social
behavior. As a rule, traits as complex as human behavior are influ-
enced by many genes, each of which shares only a small fraction of
the total control. These “polygenes” cannot ordinarily be identi-
fied by detecting and tracing the mutations that alter them. They
must be evaluated indirectly by statistical means. The most widely
used method in the genetics of human behavior is the comparison of
pairs of identical twins with pairs of fraternal twins. Identical twins
originate in the womb from a single fertilized ovum. The two cells
produced by the first division of the ovum do not stick together to
produce the beginnings of the fetus but instead separate to produce
the beginnings of two fetuses. Because the twins originated from
the same cell, bearing a single nucleus and set of chromosomes,
they are genetically identical. Fraternal twins, in contrast, originate
from separate ova that just happen to travel into the reproductive
tracts and to be fertilized by different sperm at the same time. They
produce fetuses genetically no closer to one another than are broth-
ers or sisters born in different years.

Identical and fraternal twins provide us with a natural controlled
experiment. The control is the set of pairs of identical twins: any
differences between the members of a pair must be due to the en-
vironment (barring the very rare occurrence of a brand-new mu-
tation). Differences between the members of a pair of fraternal
twins can be due to their heredity, their environment, or to some
interaction between their heredity and environment. If in a given
trait, such as height or nose shape, identical twins prove to be closer
to one another on the average than are fraternal twins of the same
sex, the difference between the two kinds of twins can be taken as
prima facie evidence that the trait is influenced to some degree by
heredity. Using this method, geneticists have implicated heredity
in the formation of a variety of traits that affect social relationships:
number ability, word fluency, memory, the timing of language ac-
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quisition, spelling, sentence construction, perceptual skill, psycho-
motor skill, extroversion-introversion; homosexuality, the age of
first sexual activity, and certain forms of neurosis and psychosis,
including manic-depressive behavior and schizophrenia.

There 1s a catch in these results that render them less than defini-
tive. Identical twins are regularly treated alike by their parents, more
so than fraternal twins. They are more frequently dressed alike,
kept together for longer times, fed the same way, and so on. Thus in
the absence of other information it is possible that the greater sim-
ilarity of identical twins could, after all, be due to the environment.
However, there exist new, more sophisticated techniques that can
take account of this additional factor. Such a refinement was em-
ployed by the psychologists John C. Loehlin and Robert C. Nichols
in their analysis of the backgrounds and performances of 850 sets
of twins who took the National Merit Scholarship test in 1962. Not
only the differences between identical and fraternal twins, but also
the early environments of all the subjects were carefully examined
and weighed. The results showed that the generally closer treat-
ment of identical twins is not enough to account for their greater
similarity in genera] abilities, personality traits, or even ideals, goals,
and vocational interests. The conclusion to be drawn is that either
the similarities are based in substantial part on genetic closeness, or
else environmental factors were at work that remained hidden to
the psychologists.

My overall impression of the existing information is that Homzo
sapiens is a conventional animal species with reference to the quality
and magnitude of the genetic diversity affecting its behavior. If
the comparison is correct, the psychic unity of mankind has been
reduced in status from a dogma to a testable hypothesis.

I also believe that it will soon be within our power to identify
many of the genes that influence behavior. Thanks largely to ad-
vances in techniques that identify minute differences in the chemi-
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cal products prescribed by genes, our knowledge of the fine details
of human heredity has grown steeply during the past twenty years.
In 1977 the geneticists Victor McKusick and Francis Ruddle re-
ported in Science that twelve hundred genes had been distinguished;
of these, the position of 210 had been pinpointed to a particular
chromosome, and at least one gene had been located on each of the
twenty-three pairs of chromosomes. Most of the genes ultimately
affect anatomical and biochemical traits having minimal influence
on behavior. Yet some do affect behavior in important ways, and a
few of the behavioral mutations have been closely linked to known
biochemical changes. Also, subtle behavioral controls are known that
incorporate alterations in levels of hormones and transmitter sub-
stances acting directly on nerve cells. The recently discovered en-
kephalins and endorphins are protein-like substances of relatively
simple structure that can profoundly affect mood and temperament.
A single mutation altering the chemical nature of one or more of
them might change the personality of the person bearing it, or at
least the predisposition of the person to develop one personality as
opposed to another in a given cultural surrounding. Thus it is pos-
sible, and in my judgment even probable, that the positions of genes
having indirect effects on the most complex forms of behavior will
soon be mapped on the human chromosomes. These genes are un-
likely to prescribe particular patterns of behavior; there will be no
murations for a particular sexual practice or mode of dress. The be-
havioral genes more probably influence the ranges of the form and
intensity of emotional responses, the thresholds of arousals, the read-
iness to learn certain stimuli as opposed to others, and the pattern of
sensitivity to additional environmental factors that point cultural
evolution in one direction as opposed to another.

[t is of equal interest to know whether even “racial” differences
in behavior occur. But first I must issue a strong caveat, because this
is the most emotionally explosive and politically dangerous of all
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subjects. Most biologists and anthropologists use the expression “ra-
cial” only loosely, and they mean to.imply nothing more than the
observation that certain traits, such as average height or skin color,
vary genetically from one locality to another. If Asians and Euro-
peans are said to differ from one another in a given property, the
statement means that the trait changes in some pattern between Asia
and Europe. It does not imply that discrete “races” can be defined
on the basis of the trait, and it leaves open a strong possibility that
the trait shows additional variation within different parts of Asia
and Europe. Furthermore, various properties in anatomy and physi-
ology — for example, skin color and the ability to digest milk —
display widely differing patterns of geographical (‘“racial”) varia-
tion. As a consequence most scientists have long recognized that it is
a futile exercise to try to define discrete human races. Such entities
do not in fact exist. Of equal importance, the description of geo-
graphical variation in one trait or another by a biologist or anthro-
pologist or anyone else should not carry with it value judgments
concerning the worth of the characteristics defined.

Now we are prepared to ask in a more fully objective manner:
Does geographical variation occur in the genetic basis of social be-
havior? The evidence is strong that almost all differences between
human societies are based on learning and social conditioning rather
than on heredity. And yet perhaps not quite all. Daniel G. Freed-
man, a psychologist at the University of Chicago, has addressed this
question with a series of studies on the behavior of newborn infants
of several racial origins. He has detected significant average differ-
ences in locomotion, posture, muscular tone of various parts of the
body, and emotional response that cannot reasonably be explained as
the result of training or even conditioning within the womb. Chi-
nese-American newborns, for example, tend to be less changeable,
less easily perturbed by noise and movement, better able to adjust
to new stimuli and discomfort, and quicker to calm themselves than
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Caucasian-American infants. To use a more precise phrasing, it
can be said that a random sample of infants whose ancestors origi-
nated in certain parts of China differ in these behavioral traits from
a comparable sample of European ancestry.

There is also some indication that the average differences carry
over into childhood. One of Freedman’s students, Nova Green,
found that Chinese-American children in Chicago nursery schools
spent less of their time in approach and interaction with playmates
and more time on individual projects than did their European-Amer-
ican counterparts. They also displayed interesting differences in
temperament:

Although the majority of the Chinese-American children were
in the “high arousal age,” between 3 and s, they showed little
intense emotional behavior. They ran and hopped, laughed and
called to one another, rode bikes and roller-skated just as the
children did in the other nursery schools, but the noise level
stayed remarkably low and the emotional atmosphere projected
serenity instead of bedlam. The impassive facial expression cer-
tainly gave the children an air of dignity and self-possession,
but this was only one element affecting the total impression.
Physical movements seemed more coordinated, no tripping,
falling, bumping or bruising was observed, no screams, crashes
or wailing was heard, not even that common sound in other
nurseries, voices raised in highly indignant moralistic dispute!
No property disputes were observed and only the mildest ver-
sion of “fighting behavior,” some good natured wrestling among
the older boys.

Navaho infants tested by Freedman and his coworkers were
even more quiescent than the Chinese infants. When lifted erect
and pulled forward they were less inclined to swing their legs in a
walking motion; when put in a sitting position, their backs curved;
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and when placed on their stomachs, they made fewer attempts to
crawl. It has been conventional to ascribe the passivity of Navaho
children to the practice of cradleboarding, a device that holds the in-
fant tightly in place on the mother’s back. But Freedman suggests
that the reverse may actually be true: the relative quiescence of
Navaho babies, a trait that is apparent from birth onward, allows
them to be carried in a confining manner. Cradleboarding represents
a workable compromise between cultural invention and infant con-
stitution.

Given that humankind is a biological species, it should come as
no shock to find that populations are to some extent genetically di-
verse in the physical and mental properties underlying social be-
havior. A discovery of this nature does not vitiate the ideals of West-
ern civilization. We are not compelled to believe in biological uni-
formity in order to affirm human freedom and dignity. The sociolo-
gist Marvin Bressler has expressed this idea with precision: “An
ideology that tacitly appeals to biological equality as a condition for
human emancipation corrupts the idea of freedom. Moreover, it
encourages decent men to tremble at the prospect of ‘inconvenient’
findings that may emerge in future scientific research. This unseemly
anti-intellectualism is doubly degrading because it is probably un-
necessary.”

[ will go further and suggest that hope and pride and not despair
are the ultimate legacy of genetic diversity, because we are a single
species, not two or more, one great breeding system through which
genes flow and mix in each generation. Because of that flux, man-
kind viewed over many generations shares a single human nature
within which relatively minor hereditary influences recycle through
ever changing patterns, between the sexes and across families and
entire populations. To understand the enormous significance of this
biological unity, imagine our moral distress if australopithecine man-
apes had survived to the present time, halfway in intelligence be-
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Chapter 3. Development

The newly fertilized egg, a corpuscle one two-hundredth of an inch
in diameter, is not a human being. It is a set of instructions sent float-
ing into the cavity of the womb. Enfolded within its spherical nu-
cleus are an estimated 2 50 thousand or more pairs of genes, of which
fifty thousand will direct the assembly of the proteins and the re-
mainder will regulate their rates of development. After the egg
penetrates the blood-engorged wall of the uterus, it divides again and
again. The expanding masses of daughter cells fold and crease into
ridges, loops, and layers. Then, shifting like some magical kaleido-
scope, they self-assemble into the fetus, a precise configuration of
blood vessels, nerves, and other complex tissues. Each division and
migration of the cells is orchestrated by a flow of chemical informa-
tion that proceeds from the genes to the outer array of proteins, fats,
and carbohydrates that make up the substance of the constituent
cells.

In nine months a human being has been created. Functionally it is
a digestive tube surrounded by sheaths of muscle and a skin. Its parts
are continuously freshened with blood forced through closed blood
vessels by the rhythmic pumping of the recently formed heart. The
limited bodily actions are coordinated by an intricate interplay of
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hormones and nerves. The reproductive organs lie dormant; they
await the precise hormonal signals that years later will trigger the
second, final phase of their growth and call upon them to complete
the organism’s ultimate biological role. Atop this ensemble sits the
brain. Its weight is one pound, its consistency that of thick custard,
and its fine structure the most complicated machinery ever produced
on earth. The brain contains an exact configuration of about ten
billion neurons, or cellular units, each of which makes hundreds or
even thousands of contacts with other neurons. Vast numbers of
nerve fibers pass down from the brain through the spinal cord, where
they connect with still other nerves that relay information and in-
structions back and forth to the remaining organs of the body. The
central nervous system, comprising the brain and spinal cord in tan-
dem, receives electrical signals from no fewer than a billion sensory
elements, from the visual rods of the retina to the pressure-sensitive
corpuscles of the skin.

The newborn infant is now seen to be wired with awesome pre-
cision. The movements of its eyes are steered by thousands of nerve
cells that fan out from the eye muscles to reflex stations between the
eye and brain, as well as by higher integrating centers scattered over
the frontal eyefields and other centers of the brain’s cortex. The baby
listens: sounds of each frequency activate a particular cluster of re-
ceptors in the inner ear, which pass signals to corresponding masses
of nerve cells at successively higher levels of the brain. The signals
proceed inward, as though melodies were being played on a piano
keyboard projected from the inner ear, then again by a new diatonic
scale at way-stations in the hindbrain, next at the inferior colliculi of
the midbrain and the medial geniculate bodies of the forebrain, and
finally at the auditory cortex of the forebrain, where in some man-
ner beyond our present understanding the mind “hears” the sound.

This marvelous robot is launched into the world under the care
of its parents. Its rapidly accumulating experience will soon trans-
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form it into an independently thinking and feeling individual. Then
the essential components of social behavior will be added—language,
pair bonding, rage at ego injury, love, tribalism, and all the re-
mainder of the human-specific repertory. But to what extent does
the wiring of the neurons, so undeniably encoded in the genes, pre-
ordain the directions that social development will follow? Is it pos-
sible that the wiring diagram has been constructed by evolution only
to be an all-purpose device, adaptable through learning to any mode
of social existence?

This then is the frame of reference by which we can grasp the full
dimensions of the empirical problem of human behavior: from 250
thousand genes to ten billion neurons to an unknown potential variety
of social systems. In the last chapter I used the comparison of man-
kind with species of social animals to demonstrate that contempora-
neous human behavior is constrained by heredity. As anticipated by
evolutionary theory, behavioral development is channeled in the di-
rection of the most generally mammalian traits. But what is the ulti-
mate range of our potential? How far can human beings be moved
across or even outside the mammalian channels? The answer must be
sought in the study of individual development with special reference
to genetic determinism.

We have at last come to the key phrase: genetic determinism. On
its interpretation depends the entire relation between biology and
the social sciences. To those who wish to reject the implications of
sociobiology out of hand, it means that development is insect-like,
confined to a single channel, running from a given set of genes to
the corresponding single predestined pattern of behavior. The life of
a mosquito does fit this narrow conception perfectly. When a winged
adult emerges from its pupal case, it has only a few days to complete
a set of intricate maneuvers leading to the deposit of a set of fertil-
ized eggs in organically contaminated water. Both sexes get swiftly
to work. The whine created by the wingbeat of the female, so irritat-
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ing to the human ear, is a love song to the male. With no previous
experience he flies toward the sound. The whine of a female yellow-
fever mosquito is between 450 and 600 hertz (cycles per second). In
the laboratory, entomologists have attracted males simply by striking
a tuning fork set at these frequencies. When a cheese cloth is placed
over the tuning fork, some of the more excited mosquitoes attempt
to mate with it. The female mosquito cannot afford to be quite so
impetuous, yet the episodes of her life follow a rigid marching order
prescribed by her genes. She seeks out human and other mammalian
prey by their warmth or, in the case of some species, by the odor of
lactic acid emanating from the skin. Alighting, she probes the skin
with two microscopic, thread-like and sharpened stylets. The points
are plunged through the skin in search of a blood vessel, much as oil
prospectors sink a well. Sometimes they strike a vessel and sometimes
not. The female of at least one species of mosquito identifies blood
by the taste of 2 chemical called adenosine diphosphate (ADP) found
in the red cells. The only apparent significance of ADP among the
hundreds of available blood constituents is that it serves as an immedi-
ately accessible marker. Other, similarly arbitrary “sign stimuli”
guide the mosquito to appropriate ponds and smaller bodies of water -
where she can lay her eggs in safety.

The mosquito is an automaton. It can afford to be nothing else.
There are only about one hundred thousand nerve cells in its tiny
head, and each one has to pull its weight. The only way to run ac-
curately and successfully through a life cycle in a matter of days is
by instinct, a sequence of rigid behaviors programmed by the genes
to unfold swiftly and unerringly from birth to the final act of ovi-
position.

The channels of human mental development, in contrast, are cir-
cuitous and variable. Rather than specify a single trait, human genes
prescribe the capacity to develop a certain array of traits. In some
categories of behavior, the array is limited and the outcome can be
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altered only by strenuous training—if ever. In others, the array is
vast and the outcome easily influenced.

An example of a restricted behavior is handedness. Each person
is biologically predisposed to be either left- or right-handed. In pres-
ent-day Western societies parents are relatively tolerant of the out-
come in their children, who therefore follow the direction set by the
genes affecting this trait. But traditional Chinese societies still exert
a strong social pressure for right-handed writing and eating. In their
recent study of Taiwanese children, Evelyn Lee Teng and her as-
sociates found a nearly complete conformity in these two activities
but little or no effect on handedness in other activities not subjected
to special training. Thus in this behavioral trait the genes have their
way unless specifically contravened by conscious choice.

The evolution of capacity is illustrated in a still more graphic
fashion by the genetic condition called phenylketonuria (PKU),
which produces feeblemindedness as a physiological side effect. PKU
is caused by the possession of a single pair of recessive genes among
the hundreds of thousands of paired genes on the human chromo-
somes. Persons afflicted with a double dose of the PKU gene are un-
able to utilize a common dietary element, the amino acid phenylala-
nine. When the chemical breakdown of phenylalanine is blocked,
abnormal intermediate products accumulate in the body. The urine
turns dark on exposure to air and emits a distinctive mousy smell.
One child out of approximately every ten thousand born has this
genetic defect. Unless the poisoning is reversed by the time the PKU
individual reaches the age of four to six months, he suffers an irrever-
sible mental retardation. Fortunately, the disaster can be avoided by
early diagnosis and restriction to a diet kept low in phenylalanine.
In PKU the interaction between genes and environment is displayed
in its simplest conceivable form. The infant born with two PKU
genes has the capacity for either normal mental development or im-
pairment, with a strong bias toward the latter. Only by making an
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extraordinary and very particular change in the environment—feed-
ing the PKU infant a low-phenylalﬁﬁine diet—can the bias be re-
versed. Thus, in order to predict with reasonable certainty whether
any given newborn infant will have normal intelligence or succumb
to the feeblemindedness of PKU, it is necessary to know both the
genes and the environment.

Few behaviors are under the control of one or two genes, or can
be turned on and off in the manner of PKU mental retardation. And
even in the case of PKU, the trait is one of crude impairment rather
than a subtle shift in patterns of response. A more typical relation-
ship between genes and behavior is shown by schizophrenia, the
commonest form of mental illness. Schizophrenia is not a simple ces-
sation or distortion of normal behavior. A few psychiatrists, most
notably Thomas Szasz and R. D. Laing, have viewed it as no more
than an arbitrary label imposed by society on certain deviant individ-
uals. But they have been proved almost certainly wrong. It is true
that schizophrenia appears on the surface to be a purposeless mélange
of odd responses. It consists of various combinations of hallucina-
tions, delusions, inappropriate emotional responses, compulsively
repeated movements of no particular significance, and even the death-
like immobilization of the catatonic trance. The variations are end-
lessly subtle, and psychiatrists have learned to treat each patient as a
unique case. The borderline between normal and schizophrenic
people is broad and nearly imperceptible. Mild schizophrenics func-
tion undetected among us in large numbers, while fully normal per-
sons are sometimes erroneously diagnosed as schizophrenics. Never-
theless, three extreme kinds of schizophrenia are unmistakable: the
haunted paranoid surrounded by his imaginary community of spies
and assassins, the clownish, sometimes incontinent hebephrenic, and
the frozen catatonic. Although the capacity to become schizophrenic
may well be within all of us, there is no question that certain persons
have distinctive genes predisposing them to the condition. Individ-
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uals taken from schizophrenic parents in infancy and placed with
normal adoptive parents subsequently develop schizophrenic symp-
toms at a much higher rate than those given up for adoption by un-
afflicted parents. The data from hundreds of such cases have been
analyzed painstakingly by Seymour Kety in collaboration with a
team of American and Danish psychologists. Their results show con-
clusively that a major part of the tendency to become schizophrenic
is inherited.

Evidence has also been adduced that schizophrenia is widespread
in other kinds of human societies. Jane Murphy has found that both
Eskimos from the Bering Sea and the Yorubas of Nigeria recognize
and label a set of symptoms resembling the Western syndrome of
schizophrenia. The afflicted individuals are, moreover, classified as
mentally ill—their condition is called nuthkavibak by the Eskimos
and were by the Yorubas—and they form a substantial fraction of
the clientele of the tribal shamans and healers. The incidence of
clear-cut schizophrenia is about the same as in Western societies; it
ranges between 0.4 and 0.7 percent of the adult population.

Schizophrenia develops in a more complicated manner than PKU
and most other hereditary forms of mental retardation. Whether a
single gene or many genes are responsible is not known. Distinctive
changes occur in the physiology of schizophrenics, and medical re-
searchers may soon succeed in linking them directly to the mental
aberrations. For example, Philip Seeman and Tyrone Lee have found
that key areas of the brains of some schizophrenics contain twice the
normal number of receptors for dopamine, a substance that carries
signals between nerve cells. It is possible that this abnormality makes
the brain unduly sensitive to its own signals and hence subject to
hallucination. Yet the old psychological theories also have an ele-
ment of truth: environment plays an important role in the develop-
ment of the syndrome. There is such a thing as a typically “schizo-
phrenogenic” (schizophrenia-producing) family arrangement, one



60
On Human Nature

most likely to produce a mentally ill adult from a child with the
potential for the disease. In it trust has ended, communication has
broken down, and the parents openly express contempt for each
other while placing unreasonable demands on their children. Some
psychiatrists even see a kind of twisted rationale in the mind of the
schizophrenic: the individual tries to escape from his intolerable
social environment by creating a private inner world. But the fact
remains that certain genes predispose individuals toward schizo-
phrenia. Individuals possessing them can develop the pathology while
growing up in the midst of normal, supportive families.

Thus even in the relatively simple categories of behavior we in-
herit a capacity for certain traits, and a bias to learn one or another
of those available. Scientists as diverse in their philosophies as Konrad
Lorenz, Robert A. Hinde, and B. F. Skinner have often stressed that
no sharp boundary exists between the inherited and the acquired. It
has become apparent that we need new descriptive techniques to re-
place the archaic distinction between nature and nurture. One of the
most promising is based on the imagery invented by Conrad H.
Waddington, the great geneticist who died in 1975. Waddington
said that development is something like a landscape that descends
from highlands to the shore. Development of a trait—eye color,
handedness, schizophrenia, or whatever—resembles the rolling of a
ball down the slopes. Each trait traverses a different part of the
landscape, each is guided by a different pattern of ridges and valleys.
In the case of eye color, given a starting set of genes for blue or some
other iris pigment, the topography is a single, deep channel. The ball
rolls inexorably to one destination: once the egg has been joined by
a sperm, only one eye color is possible. The developmental land-
scape of the mosquito can be similarly envisioned as a parallel series
of deep, unbranching valleys, one leading to the sexual attraction of
the wingbeat’s sound, another to automatic bloodsucking, and so on
through a repertory of ten or so discrete responses. The valleys form
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a precise, unyielding series of biochemical steps that proceed from
the DNA in the fertilized egg to the neuromuscular actions mediated
by the mosquito’s brain.

The developmental topography of human behavior is enormously
broader and more complicated, but it is still a topography. In some
cases the valleys divide once or twice. An individual can end up
either right- or left-handed. If he starts with the genes or other early
physiological influences that predispose him to the left hand, that
branch of the developmental channel can be viewed as cutting the
more deeply. If no social pressure is exerted the ball will in most cases
roll on down into the channel for left-handedness. But if parents
train the child to use the right hand, the ball can be nudged into the
shallower channel for right-handedness. The landscape for schizo-
phrenia is a broader network of anastomosing channels, more difficule
to trace, and the ball’s course is only statistically predictable.

The landscape is just a metaphor, and it is certainly inadequate for
the most complex phenomena, but it focuses on a crucial truth about
human social behavior. If we are to gain full understanding of its
determination, each behavior must be treated separately and traced,
to some extent, as a developmental process leading from the genes to
the final product.

Some forms will prove more susceptible to this mode of analysis
than others. The facial expressions displaying the basic emotions of
fear, loathing, anger, surprise, and happiness appear to be invariant
traits of all human beings. Paul Ekman, a psychologist, took photo-
graphs of Americans acting out these emotions. He also photo-
graphed stone-age tribesmen as they told stories during which the
same feelings were expressed. When members of one of the cultures
were then shown the portraits from the other, they interpreted the
meanings of the facial expressions with a better than eighty percent
accuracy. Irenius Eibl-Eibesfeldt, traveling to remote communities
around the world, has made motion pictures of people as they com-
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municate by gestures and facial exp'rc;ssions. In order to prevent
them from being self-conscious, he photographs them through a
prism set over the camera lens, an adjustment that permits him to
face away from his subject at right angles. Eibl-Eibesfeldt has docu-
mented a rich repertory of signals that are widely or even universally
distributed through both literate and preliterate cultures. One rela-
tively unfamiliar example is the eyebrow flash—a sudden, mostly un-
conscious lifting of the eyebrows used as part of a friendly greeting.

Another example of a universal signal being newly studied by
human ethologists is the smile, which might qualify as an instinct
in a virtually zoological sense. The smile appears on the infant’s face
between two and four months of age and immediately triggers a
more abundant share of parental love and affection. In the terminol-
ogy of the zoologist, it is a social releaser, an inborn and relatively
invariant signal that mediates a basic social relationship. Melvin J.
Konner, an anthropologist, has recently completed a study of the
smile and other forms of infant behavior in the !Kung San (“Bush-
men”) of the Kalahari. As he began his daily observations he was
“ready for anything,” since the !Kung youngsters are raised under
very different conditions from those prevailing in Western cultures.
They are delivered alone by their mothers, without anesthetic, kept
in almost constant physical contact with their mothers or other
nurses during the next several months, held in a vertical position dur-
ing most of their waking hours, nursed several times an hour for the
first three or four years, and trained more rigorously than European
and American children to sit, stand, and walk. Yet their smile is iden-
tical in form, appears at the same age as in American children, and
appears to serve exactly the same functions. Still more convincing
is the evidence that blind and even deaf-blind children develop the
smile in the absence of any known psychological conditioning that
favors it.

The simplest and most automatic of such behaviors may well be
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genetically hard-wired into the cellular units of the human brain
and facial nerves, such that the pattern of contraction of the facial
muscles develops during early postnatal development by a chain of
physiological events requiring a minimum of learning. Closer in-
vestigations in the future are likely to disclose the existence of genet-
ic mutations that affect the form and intensity of the neuromuscular
actions. If such exceptionally simple phenomena do occur, their dis-
covery will set the stage for our first entrance into the genetics of
human communication.

The imagery of the developmental landscape must be altered
subtly as increasing amounts of learning and culture come to prevail
on the downward slopes. In the case of language, dress, and the
other culturally sensitive categories of behavior, the landscape dis-
solves into a vast delta of low ridges and winding oxbows. Consider
in particular the maturation of language. There is evidence that the
human mind is innately structured so as to string words together in
certain arrangements and not others. According to Noam Chomsky
and some other psycholinguists, this “deep grammar” permits a far
more rapid acquisition of language than would be possible by simple
learning. It is demonstrable by mathematical simulation alone that
not enough time exists during childhood to learn English sentences
by rote. Young children, unlike the young of any other primates in-
cluding chimpanzees, possess a fierce drive to acquire speech: they
babble, invent words, experiment with meaning, and pick up gram-
matical rules swiftly and in predictable sequence; they create con-
structions that anticipate the adult forms and yet differ from them
in significant details. Roger Brown, a specialist on child develop-
ment, has appropriately termed their achievement the “first lan-
guage.” Comparisons between the performances of identical and fra-
ternal twins indicate that variation in the timing of this development
depends to some degree on heredity. The upper slope in the develop-
mental field of language is thus a relatively simple and deeply canal-
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ized terrain. But the channels of the broad lower slope, where the
intricacies of the “second,” adult langhage emerge, make up a shal-
lowly etched network that ramifies in many directions. The outer
manifestations of language shift with culrural evolution; they are to
a large degree cultural evolution. The subtlest pressures from educa-
tion and fashion alter vocabulary, emphasis, and tempo.

But what in reality corresponds to the metaphorical ridges and
channels? In some cases, behaviorally potent hormones, or other
biochemical products prescribed by the genes during the construc-
tion of nerve cells, etch the channels. Simple compounds can alcer
the capacity of the nervous system to function in one way as opposed
to another. Of equal importance may be the more distantly removed
“learning rules,” the steps and procedures based on the action of par-
ticular sets of nerve cells by which various forms of learning are
achieved.

It 1s commonplace to think of learning as an all-purpose phe-
nomenon that varies little in principle from one kind of organism to
the next. Many of the best psychologists, especially B. F. Skinner and
other behaviorists, have held stubbornly to the view that most kinds
of behavior are shaped by a few elementary forms of learning. By
placing animals in simplified laboratory environments, where sumu-
lation can be strictly controlled, the general laws governing learning
will be revealed. “The general topography of operant behavior is
not important,” Skinner wrote in 1938, “because most if not all
specific operants are conditioned. I suggest that the dynamic proper-
ties of operant behavior may be studied with a single reflex.” In his
influential book Beyond Freedom and Dignity, Skinner argued that
once these laws are well understood, they can be used to train human
beings to lead happier. more enriched lives. The culrure can first be
designed by the wisest members of society, and then children fitred
painlessly to it.

These are powerful ideas, with seductive precedents in the physi-
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cal sciences, and they have resulted in substantial advances in the
study of animal and human behavior. The central idea of the philos-
ophy of behaviorism, that behavior and the mind have an entirely
materialist basis subject to experimental analysis, is fundamentally
sound. Nevertheless, the underlying assumptions of simplicity and
equipotentiality in learning have crumbled. In their place has
emerged a picture of the existence of many peculiar types of learn-
ing that conform to no general law except, perhaps, evolution by na-
tural selection. The learning potential of each species appears to be
fully programmed by the structure of its brain, the sequence of re-
lease of its hormones, and, ultimately, its genes. Each animal species
is “prepared” to learn certain stimuli, barred from learning others,
and neutral with respect to still others. For example, adult herring
gulls quickly learn to distinguish their newly hatched chicks but
never their own eggs, which are nevertheless just as visually distinct.
The newborn kitten is blind, barely able to crawl on its stomach, and
generally helpless. Nevertheless, in the several narrow categories in
which it must perform in order to survive, it is endowed with an ad-
vanced ability to learn. Using smell alone, it learns in less than one
day to crawl short distances to the spot where it can expect to find
the nursing mother. With the aid of either odor or touch the kitten
memorizes the route along the mother’s belly to its own preferred
nipple. In laboratory tests it quickly comes to tell one artificial nipple
from another by minor differences in texture.

Even more impressive examples have been discovered. Each year
indigo buntings migrate between their breeding grounds in eastern
North America and their wintering grounds in South America. Like
many of our other native birds they travel at night. After leaving the
nest, young buntings are prepared to learn the north star and cir-
cumpolar constellations, which they proceed to do quickly and auto-
matically. They are inhibited from learning the other constellations.
When domestic chicks are given a mild electric shock at the beak
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while drinking water and are simultaneously given a visual stimulus
such as a flash of light, they afterward avoid the visual stimulus, but
they do not learn to avoid an auditory stimulus, a clicking sound, in
the same way. The reverse is true when the shock is administered to
the feet; that is, the chick is prepared to learn sound but not visual
cues. This symmetry may seem odd at first but is actually a precise
survival rule for a small-brained animal. The chick’s procedure can
be summarized in the following simple formula: learn the things you
can see that affect the head and the things you can hear that affect the
feet.

So some of the more rigid forms of animal instinct can be based on
idiosyncratic forms of prepared learning. But is human learning pre-
pared? Certainly not in the same robotic fashion as the responses of
birds and blind kittens. We like to think that given enough time and
will power we can learn anything. Yet constraints exist. We have to
concede that there are sharp limits in quantity and complexity to
what can be mastered even by geniuses and professional mnemonists,
and that everyone acquires certain mental skills far more easily than
others. Of still greater significance, children acquire skills and emo-
tions by schedules that are difficult to alter. Switzerland’s eminent
developmental psychologist, Jean Piaget, has spent a lifetime chart-
ing the often surprising stages children pass through in their more
purely intellectual growth. The mind follows parallel but tightly
coupled tracks in elaborating intentional movements, concepts of
meaning and causality, space, time, imitation, and play. Its very con-
ception of reality shifts step by step as the reflex-dominated infant
changes into the egocentric and then sociable child. From single-
minded efforts to move objects the child’s activity grows into a de-
tached reflection on the movements themselves. The objects are first
perceived as unique entities and then as members of groups to be
classified with the aid of visual symbols and names. Piaget, who was
originally trained as a biologist, views intellectual development as an
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interaction of an inherited genetic program with the environment.
It is no coincidence that he calls this conception “genetic epistemol-
ogy,” in effect the study of the hereditary unfolding of understand-
ing.

In his important works Attachment and Separation, John Bowlby
has traced comparable steps in the formation of emotional bonds by
which the child creates a complex social world around its parents
over a period of months. Lawrence Kohlberg has identified a rela-
tively tight order of Piagetian stages in the growth of moral codes,
while psycholinguists have proved that young children acquire lan-
guage by a time table too precise and too short to be explainable by
simple memorization. Considering these accomplishments together,
one gains the impression of a social world too complex to be con-
structed by random learning processes in a lifetime. |

So the human mind is not a tabula rasa, a clean slate on which
experience draws intricate pictures with lines and dots. It is more ac-
curately described as an autonomous decision-making instrument,
an alert scanner of the environment that approaches certain kinds of
choices and not others in the first place, then innately leans toward
one option as opposed to others and urges the body into action ac-
cording to a flexible schedule that shifts automatically and gradually
from infancy into old age. The accumulation of old choices, the
memory of them, the reflection on those to come, the re-experiencing
of emotions by which they were engendered, all constitute the mind.
Particularities in decision making distinguish one human being from
another. But the rules followed are tight enough to produce a broad
overlap in the decisions taken by all individuals and hence a con-
vergence powerful enough to be labelled human nature.

It is possible to estimate roughly the relative strictness of the con-
trols on various categories of behavior. Genetic studies based on the
comparison of identical and fraternal twins suggest that primary
mental abilities and perceptual and motor skills are the most influ-
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enced by heredity, while personality traits are the least influenced. If
this important result is confirmed by additional studies, the inference
to be drawn is that the abilities needed to cope with relatively invari-
ant problems in the physical environment develop along narrow
channels, while the qualities of personality, which represent adjust-
ments to the rapidly shifting social environment, are more malleable.

Other correlations of wide significance are suggested by the evolu-
tionary hypothesis. The less rational but more important the deci-
sion-making process, for example, the more emotion should be ex-
pended in conducting it. The biologist can restate the relationship as
follows: much of mental development consists of steps that must be
taken quickly and automatically to insure survival and reproduction.
Because the brain can be guided by rational calculation only to a
limited degree, it must fall back on the nuances of pleasure and pain
mediated by the limbic system and other lower centers of the brain.

We can search among the unconscious, emotion-laden learning
rules for the kind of behavior most directly influenced by genetic
evolution. Consider the phobias. Like many examples of animal
learning, they originate most frequently in childhood and are deeply
irrational, emotionally colored, and difficult to eradicate. It seems
significant that they are most often evoked by snakes, spiders, rats,
heights, close spaces, and other elements that were potentially dan-
gerous in our ancient environment, but only rarely by modern arti-
facts such as knives, guns, and electrical outlets. In early human
history phobias might have provided the extra margin needed to in-
sure survival: better to crawl away from a cliff, nauseated by fear,
than to walk its edge absent-mindedly.

The incest taboo is an example of another major category of
primed learning. As the anthropologists Lionel Tiger and Robin Fox
have pointed out, the taboo can be regarded as simply a special case
of the more general rule of the precluding of bonds. When two per-
sons form one kind of strong bond between themselves, they find it
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emotionally difficult to join in certain other kinds. Teachers and stu-
dents are slow to become colleagues even after the students surpass
their mentors; mothers and daughters seldom change the tone of
their original relationship. And incest taboos are virtually universal
in human cultures because fathers and daughters, mothers and sons,
and brothers and sisters find their primary bonds to be nearly all-
exclusive. People, in short, are deterred from learning the precluded
bonds. '

Conversely, people are prepared to learn the genetically most
advantageous relationships. The processes of sexual pairbonding vary
greatly among cultures, but they are everywhere steeped in emo-
tional feeling. In cultures with a romantic tradition, the attachment
can be rapid and profound, creating love beyond sex which, once
experienced, permanently alters the adolescent mind. Description of
this part of human ethology is the refined specialty of poets, as we
see in the remarkable expression by James Joyce:

A girl stood before him in midstream, alone and stll, gazing
out to sea. She seemed like one whom magic had changed into
the likeness of a strange and beautiful seabird. Her long slender
bare legs were delicate as a crane’s and pure save where an
emerald trail of seaweed had fashioned itself as a sign upon the
flesh . . . Her long fair hair was girlish: and girlish, and
touched with the wonder of mortal beauty, her face . . .
When she felt his presence and the worship of his eyes her eyes
turned to him in quiet sufferance of his gaze, without shame or
wantonness . . . Her image had passed into his soul for ever
and no word had broken the silence of his ecstasy. (4 Portrait
of the Artist as a Young Man)

Prepared learning is logically sought in the other turning points
of the life cycle at which our deepest feelings are fixed. Human
beings have a strong tendency, for example, to manufacture thresh-
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olds across which they step ritualistically from one existence to
another. Culture elaborates the rites of passage—initiation, marriage,
confirmation, and inauguration—in ways perhaps affected by still
hidden biological prime movers. In all periods of life there is an
equally powerful urge to dichotomize, to classify other human
beings into two artificially sharpened categories. We seem able to be
fully comfortable only when the remainder of humanity can be
labelled as members versus nonmembers, kin versus nonkin, friend
versus foe. Erik Erikson has written on the proneness of people
everywhere to perform pseudospeciation, the reduction of alien
societies to the status of inferior species, not fully human, who can
be degraded without conscience. Even the gentle San of the Kalahari
call themselves the !Kung—the human beings. These and other of
the all-too-human predispositions make complete sense only when
valuated in the coinage of genetic advantage. Like the appealing
springtime songs of male birds that serve to defend territories and
to advertise aggression, they possess an esthetic whose true, deadly
meaning is at first concealed from our conscious minds.



Chapter 4. Emergence

If biology is destiny, as Freud once told us, what becomes of free
will? It is tempting to think that deep within the brain lives a soul,
a free agent that takes account of the body’s experience but travels
around the cranium on its own accord, reflecting, planning, and pull-
ing the levers of the neuromotor machinery. The great paradox of
determinism and free will, which has held the attention of the wisest
of philosophers and psychologists for generations, can be phrased
in more biological terms as follows: if our genes are inherited and
our environment is a train of physical events set in motion before we
were born, how can there be a truly independent agent within the
brain? The agent itself is created by the interaction of the genes and
the environment. It would appear that our freedom is only a self-
delusion.

In fact, this may be so. It is a defensible philosophical position that
at least some events above the atomic level are predictable. To the
extent that the furure of objects can be foretold by an intelligence
which itself has a material basis, they are determined—but only
within the conceptual world of the observing intelligence. And inso-
far as they can make decisions of their own accord—whether or not
they are determined—they possess free will. Consider the flip of a
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coin and the extent of the coin’s freedom. On first thought nothing
could seem less subject to determinism; coin flipping is the classic
textbook example of a random process. But suppose that for some
reason we decided to bring all the resources of modern science to
bear on a single toss. The coin’s physical properties are measured to
the nearest picogram and micron, the muscle physiology and exact
contours of the flipper’s thumb are analyzed, the air currents of the
room charted, the microtopography and resiliency of the floor sur-
face mapped. At the moment of release, all of this information, plus
the instantaneously recorded force and angle of the flip, are fed into
a computer. Before the coin has spun through more than a few revo-
lutions, the computer reports the expected full trajectory of the
coin and its final resting position at heads or tails. The method is not
perfect, and tiny errors in the initial conditions of the flip can be
blown up during computation into an error concerning the out-
come. Nevertheless, a series of computer-aided predictions will
probably be more accurate than a series of guesses. To a limited ex-
tent, we can know the destiny of the coin.

An interesting exercise, one can reply, but not entirely relevant,
because the coin has no mind. This deficiency can be remedied step-
wise, by first selecting a circumstance of intermediate complexity.
Let the object propelled into the air be an insect, say a honeybee.
The bee has a memory. It can think in a very limited way. During its
very short life—it will die of old age at fifty days—it has learned the
time of day, the location of its hive, the odor of its nestmates, and the
location and quality of up to five flower fields. It will respond vigor-
ously and erratically to the flick of the scientist’s hand that knocks it
loose. The bee appears to be a free agent to the uninformed human
observer, but again if we were to concentrate all we know about the
physical properties of thimble-sized objects, the nervous system of
insects, the behavioral peculiarities of honeybees, and the personal
history of this particular bee, and if the most advanced computational
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techniques were again brought to bear, we might predict the flight
path of the bee with an accuracy that exceeds pure chance. To the
circle of human observers watching the computer read-out, the
future of the bee is determined to some extent. But in her own
“mind” the bee, who is isolated permanently from such human
knowledge, will always have free will.

When human beings ponder their own central nervous systems,
they appear at first to be in the same position as the honeybee. Even
though human behavior is enormously more complicated and vari-
able than that of insects, theoretically it can be specified. Genetic
constraints and the restricted number of environments in which
human beings can live limit the array of possible outcomes substan-
tially. But only techniques beyond our present imagining could hope
to achieve even the short-term prediction of the detailed behavior of
an individual human being, and such an accomplishment might be
beyond the capacity of any conceivable intelligence. There are hun-
dreds or thousands of variables to consider, and minute degrees of
imprecision in any one of them might easily be magnified to alter
the action of part or all of the mind. Furthermore, an analog of the
Heisenberg uncertainty principle in subatomic physics is at work
here on a grander scale: the more deeply the observer probes the
behavior, the more the behavior is altered by the act of probing and
the more its very meaning depends on the kinds of measurements
chosen. The will and destiny of the watcher is linked to that of the
person watched. Only the most sophisticated imaginable monitoring
devices, capable of recording vast numbers of internal nervéus pro-
cesses simultaneously and from a distance, could reduce the inter-
action to an acceptably low level. Thus because of mathematical in-
determinancy and the uncertainty principle, it may be a law of
nature that no nervous system is capable of acquiring enough knowl-
edge to significantly predict the future of any other intelligent sys-
tem in detail. Nor can intelligent minds gain enough self-knowledge
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to know their own future, capture fate, and in this sense eliminate
free will. o

An equally basic difficulty in making a forecast of an activity as
complicated as the human mind lies in the transformations through
which raw data reach the depths of the brain. Vision, for example,
begins its journey when the radiant energy of light triggers elec-
trical activity in the approximately one hundred million primary
light receptor cells that comprise the retina. Each cell records the
level of brightness (or color) that touches it in each instant of time;
the image transmitted through the lens is thus picked up as a pat-
tern of electrical signals in the manner of a television camera. Be-
hind the retina a million or so ganglion cells receive the signals and
process them by a form of abstraction. Each cell receives informa-
tion from a circular cluster of primary receptors in the retina.
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