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Consilience



CHAPTER 1

THE IONIAN ENCHANTMENT

I REMEMBER very well the time I was captured by the dream of uni-
fied learning. It was in the early fall of 1947, when at eighteen I came
up from Mobile to Tuscaloosa to enter my sophomore year at the Uni-
versity of Alabama. A beginning biologist, fired by adolescent enthusi-
asm but short on theory and vision, I had schooled myself in natural
history with field guides carried in a satchel during solitary excursions
into the woodlands and along the freshwater streams of my native
state. I saw science, by which I meant (and in my heart I still mean) the
study of ants, frogs, and snakes, as a wonderful way to stay outdoors.

My intellectual world was framed by Linnaeus, the eighteenth-
century Swedish naturalist who invented modern biological classifica-
tion. The Linnaean system is deceptively easy. You start by separating
specimens of plants and animals into species. Then you sort species
resembling one another into groups, the genera. Examples of such
groups are all the crows and all the oaks. Next you label each species
with a two-part Latinized name, such as Corvus ossifragus for the fish
crow, where Corvus stands for the genus—all the species of crows—
and ossifragus for the fish crow in particular. Then on to higher classi-
fication, where similar genera are grouped into families, families into
orders, and so on up to phyla and finally, at the very summit, the six
kingdoms—plants, animals, fungi, protists, monerans, and archaea. It
is like the army: men (plus women, nowadays) into squads, squads into
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platoons, platoons into companies, and in the final aggregate, the
armed services headed by the joint chiefs of staff. It is, in other words, a
conceptual world made for the mind of an eighteen-year-old.

I had reached the level of the Carolus Linnaeus of 1735 or, more
accurately (since at that time I knew little of the Swedish master), the
Roger Tory Peterson of 1934, when the great naturalist published the
first edition of A Field Guide to the Birds. My Linnaean period was
nonetheless a good start for a scientific career. The first step to wisdom,
as the Chinese say, is getting things by their right names.

Then I discovered evolution. Suddenly—that is not too strong a
word —I saw the world in a wholly new way. This epiphany I owed to
my mentor Ralph Chermock, an intense, chain-smoking young assis-
tant professor newly arrived in the provinces with a Ph.D. in entomol-
ogy from Cornell University. After listening to me natter for a while
about my lofty goal of classifying all the ants of Alabama, he handed
me a copy of Ernst Mayr's 1942 Systematics and the Origin of Species,
Read it, he said, if you want to become a real biologist.

The thin volume in the plain blue cover was one of the New Syn-
thesis works, uniting the nineteenth-century Darwinian theory of
evolution and modern genetics. By giving a theoretical structure to
natural history, it vastly expanded the Linnaean enterprise. A tumbler
fell somewhere in my mind, and a door opened to a new world. I was
enthralled, couldn't stop thinking about the implications evolution
has for classification and for the rest of biology. And for philosophy.
And for just about everything. Static pattern slid into fluid process. My
thoughts, embryonically those of a modern biologist, traveled along a
chain of causal events, from mutations that alter genes to evolution
that multiplies species, to species that assemble into faunas and floras.
Scale expanded, and turned continuous. By inwardly manipulating
time and space, I found I could climb the steps in biological organiza-
tion from microscopic particles in cells to the forests that clothe moun-
tain slopes. A new enthusiasm surged through me. The animals and
plants I loved so dearly reentered the stage as lead players in a grand
drama. Natural history was validated as a real science.

I had experienced the Ionian Enchantment. That recently coined
expression I borrow from the physicist and historian Gerald Holton. It
means a belief in the unity of the sciences—a conviction, far deeper
than a mere working proposition, that the world is orderly and can be
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explained by a small number of natural laws. Its roots go back to Thales
of Miletus, in Ionia, in the sixth century B.C. The legendary philoso-
pher was considered by Aristotle two centuries later to be the founder
of the physical sciences. He is of course remembered more concretely
for his belief that all matter consists ultimately of water. Although the
notion is often cited as an example of how far astray early Greek specu-
lation could wander, its real significance is the metaphysics it ex-
pressed about the material basis of the world and the unity of nature.

The Enchantment, growing steadily more sophisticated, has domi-
nated scientific thought ever since. In modern physics its focus has
been the unification of all the forces of nature—electroweak, strong,
and gravitation—the hoped-for consolidation of theory so tight as to
turn the science into a "perfect" system of thought, which by sheer
weight of evidence and logic is made resistant to revision. But the spell
of the Enchantment extends to other fields of science as well, and in
the minds of a few it reaches beyond into the social sciences, and still
further, as I will explain later, to touch the humanities. The idea of the
unity of science is not idle. It has been tested in acid baths of experi-
ment and logic and enjoyed repeated vindication. It has suffered no
decisive defeats. At least not yet, even though at its center, by the very
nature of the scientific method, it must be thought always vulnerable.
On this weakness I will also expand in due course.

Einstein, the architect of grand unification in physics, was Ionian
to the core. That vision was perhaps his greatest strength. In an early
letter to his friend Marcel Grossmann he said, "It is a wonderful feel-
ing to recognize the unity of a complex of phenomena that to direct
observation appear to be quite separate things." He was referring to his
successful alignment of the microscopic physics of capillaries with the
macroscopic, universe-wide physics of gravity. In later life he aimed to
weld everything else into a single parsimonious system, space with
time and motion, gravity with electromagnetism and cosmology. He
approached but never captured that grail. All scientists, Einstein not
excepted, are children of Tantalus, frustrated by the failure to grasp
that which seems within reach. They are typified by those thermo-
dynamicists who for decades have drawn ever closer to the temperature
of absolute zero, when atoms cease all motion. In 1995, pushing down
to within a few billionths of a degree above absolute zero, they created
a Bose-Einstein condensate, a fundamental form of matter beyond the
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familiar gases, liquids, and solids, in which many atoms act as a single
atom in one quantum state. As temperature drops and pressure is in-
creased, a gas condenses into a liquid, then a solid; then appears the
Bose-Einstein condensate. But absolute, entirely absolute zero, a tem-
perature that exists in imagination, has still not been attained.

On a far more modest scale, I found it a wonderful feeling not just
to taste the unification metaphysics but also to be released from the
confinement of fundamentalist religion. I had been raised a Southern
Baptist, laid backward under the water on the sturdy arm of a pastor,
been born again. I knew the healing power of redemption. Faith,
hope, and charity were in my bones, and with millions of others I knew
that my savior Jesus Christ would grant me eternal life. More pious
than the average teenager, I read the Bible cover to cover, twice. But
now at college, steroid-driven into moods of adolescent rebellion, I
chose to doubt. I found it hard to accept that our deepest beliefs were
set in stone by agricultural societies of the eastern Mediterranean more
than two thousand years ago. I suffered cognitive dissonance between
the cheerfully reported genocidal wars of these people and Christian
civilization in 1940s Alabama. It seemed to me that the Book of Revela-
tion might be black magic hallucinated by an ancient primitive. And I
thought, surely a loving personal God, if He is paying attention, will
not abandon those who reject the literal interpretation of the biblical
cosmology. It is only fair to award points for intellectual courage. Bet-
ter damned with Plato and Bacon, Shelley said, than go to heaven with
Paley and Malthus. But most of all, Baptist theology made no provision
for evolution. The biblical authors had missed the most important rev-
elation of all! Could it be that they were not really privy to the thoughts
of God? Might the pastors of my childhood, good and loving men
though they were, be mistaken? It was all too much, and freedom was
ever so sweet. I drifted away from the church, not definitively agnostic
or atheistic, just Baptist no more.

Still, I had no desire to purge religious feelings. They were bred in
me; they suffused the wellsprings of my creative life. I also retained
a small measure of common sense. To wit, people must belong to a
tribe; they yearn to have a purpose larger than themselves. We are
obliged by the deepest drives of the human spirit to make ourselves
more than animated dust, and we must have a story to tell about where
we came from, and why we are here. Could Holy Writ be just the first
literate attempt to explain the universe and make ourselves significant
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within it? Perhaps science is a continuation on new and better-tested
ground to attain the same end. If so, then in that sense science is reli-
gion liberated and writ large.

Such, I believe, is the source of the Ionian Enchantment: Pre-
ferring a search for objective reality over revelation is another way of
satisfying religious hunger. It is an endeavor almost as old as civiliza-
tion and intertwined with traditional religion, but it follows a very dif-
ferent course—a stoic's creed, an acquired taste, a guidebook to
adventure plotted across rough terrain. It aims to save the spirit, not by
surrender but by liberation of the human mind. Its central tenet, as
Einstein knew, is the unification of knowledge. When we have unified
enough certain knowledge, we will understand who we are and why
we are here.

If those committed to the quest fail, they will be forgiven. When
lost, they will find another way. The moral imperative of humanism is
the endeavor alone, whether successful or not, provided the effort is
honorable and failure memorable. The ancient Greeks expressed the
idea in a myth of vaulting ambition. Daedalus escapes from Crete with
his son Icarus on wings he has fashioned from feathers and wax. Ignor-
ing the warnings of his father, Icarus flies toward the sun, whereupon
his wings come apart and he falls into the sea. That is the end of Icarus
in the myth. But we are left to wonder: Was he just a foolish boy? Did
he pay the price for hubris, for pride in sight of the gods? I like to think
that on the contrary his daring represents a saving human grace. And
so the great astrophysicist Subrahmanyan Chandrasekhar could pay
tribute to the spirit of his mentor, Sir Arthur Eddington, by saying: Let
us see how high we can fly before the sun melts the wax in our wings.



CHAPTER 2

THE GREAT BRANCHES

OF LEARNING

YOU W I L L S E E at once why I believe that the Enlightenment
thinkers of the seventeenth and eighteenth centuries got it mostly right
the first time. The assumptions they made of a lawful material world,
the intrinsic unity of knowledge, and the potential of indefinite human
progress are the ones we still take most readily into our hearts, suffer
without, and find maximally rewarding through intellectual advance.
The greatest enterprise of the mind has always been and always will be
the attempted linkage of the sciences and humanities. The ongoing
fragmentation of knowledge and resulting chaos in philosophy are not
reflections of the real world but artifacts of scholarship. The proposi-
tions of the original Enlightenment are increasingly favored by objec-
tive evidence, especially from the natural sciences.

Consilience is the key to unification. I prefer this word over "co-
herence" because its rarity has preserved its precision, whereas coher-
ence has several possible meanings, only one of which is consilience.
William Whewell, in his 1840 synthesis The Philosophy of the Inductive
Sciences, was the first to speak of consilience, literally a "jumping to-
gether" of knowledge by the linking of facts and fact-based theory
across disciplines to create a common groundwork of explanation. He
said, "The Consilience of Inductions takes place when an Induction,
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obtained from one class of facts, coincides with an Induction, obtained
from another different class. This Consilience is a test of the truth of
the Theory in which it occurs."

The only way either to establish or to refute consilience is by meth-
ods developed in the natural sciences—not, I hasten to add, an effort
led by scientists, or frozen in mathematical abstraction, but rather one
allegiant to the habits of thought that have worked so well in exploring
the material universe.

The belief in the possibility of consilience beyond science and
across the great branches of learning is not yet science. It is a meta-
physical world view, and a minority one at that, shared by only a few
scientists and philosophers. It cannot be proved with logic from first
principles or grounded in any definitive set of empirical tests, at least
not by any yet conceived. Its best support is no more than an extrapola-
tion of the consistent past success of the natural sciences. Its surest test
will be its effectiveness in the social sciences and humanities. The
strongest appeal of consilience is in the prospect of intellectual adven-
ture and, given even modest success, the value of understanding the
human condition with a higher degree of certainty.

Bear with me while I cite an example to illustrate the claim just
made. Think of two intersecting lines forming a cross, and picture the
four quadrants thus created. Label one quadrant environmental poli-
cy, the next ethics, the next biology, and the final one social science.

We already intuitively think of these four domains as closely con-
nected, so that rational inquiry in one informs reasoning in the other
three. Yet undeniably each stands apart in the contemporary academic
mind. Each has its own practitioners, language, modes of analysis, and
standards of validation. The result is confusion, and confusion was cor-
rectly identified by Francis Bacon four centuries ago as the most fatal

environmental
policy

social science

ethics

biology
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of errors, which "occurs wherever argument or inference passes from
one world of experience to another."

Next draw a series of concentric circles around the point of
intersection.

environmental
policy

social
science

ethics

biology

As we cross the circles inward toward the point at which the quad-
rants meet, we find ourselves in an increasingly unstable and disorient-
ing region. The ring closest to the intersection, where most real-world
problems exist, is the one in which fundamental analysis is most
needed. Yet virtually no maps exist. Few concepts and words serve to
guide us. Only in imagination can we travel clockwise from the recog-
nition of environmental problems and the need for soundly based poli-
cy; to the selection of solutions based on moral reasoning; to the
biological foundations of that reasoning; to a grasp of social institutions
as the products of biology, environment, and history. And thence back
to environmental policy.

Consider this example. Governments everywhere are at a loss as to
the best policy for regulating the dwindling forest reserves of the world.
There are few established ethical guidelines from which agreement
might be reached, and those are based on an insufficient knowledge of
ecology. Even if adequate scientific knowledge were available, there
would still be little basis for the long-term valuation of forests. The eco-
nomics of sustainable yield is still a primitive art, and the psychological
benefits of natural ecosystems are almost wholly unexplored.

The time has come to achieve the tour in reality. This is not an idle
exercise for the delectation of intellectuals. How wisely policy is cho-
sen will depend on the ease with which the educated public, not just
intellectuals and political leaders, can think around these and similar
circuits, starting at any point and moving in any direction.

To ask if consilience can be gained in the innermost domains of
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the circles, such that sound judgment will flow easily from one disci-
pline to another, is equivalent to asking whether, in the gathering of
disciplines, specialists can ever reach agreement on a common body of
abstract principles and evidentiary proof. I think they can. Trust in
consilience is the foundation of the natural sciences. For the material
world at least, the momentum is overwhelmingly toward conceptual
unity. Disciplinary boundaries within the natural sciences are disap-
pearing, to be replaced by shifting hybrid domains in which con-
silience is implicit. These domains reach across many levels of
complexity, from chemical physics and physical chemistry to molecu-
lar genetics, chemical ecology, and ecological genetics. None of the
new specialties is considered more than a focus of research. Each is an
industry of fresh ideas and advancing technology.

Given that human action comprises events of physical causation,
why should the social sciences and humanities be impervious to con-
silience with the natural sciences? And how can they fail to benefit
from that alliance? It is not enough to say that human action is histori-
cal, and that history is an unfolding of unique events. Nothing funda-
mental separates the course of human history from the course of
physical history, whether in the stars or in organic diversity. Astronomy,
geology, and evolutionary biology are examples of primarily historical
disciplines linked by consilience to the rest of the natural sciences.
History is today a fundamental branch of learning in its own right,
down to the finest detail. But if ten thousand humanoid histories
could be traced on ten thousand Earthlike planets, and from a com-
parative study of those histories empirical tests and principles evolved,
historiography—the explanation of historical trends—would already
be a natural science.

The unification agenda does not sit well with a few professional
philosophers. The subject I address they consider their own, to be ex-
pressed in their language, their framework of formal thought. They
will draw this indictment: conflation, simplism, ontological reduction-
ism, scientism, and other sins made official by the hissing suffix. To
which I plead guilty, guilty, guilty. Now let us move on, thus. Philoso-
phy plays a vital role in intellectual synthesis, and it keeps us alive to
the power and continuity of thought through the centuries. It also
peers into the future to give shape to the unknown—and that has al-
ways been its vocation of choice. One of its most distinguished practi-
tioners, Alexander Rosenberg, has recently argued that philosophy in
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fact addresses just two issues: the questions that the sciences—physi-
cal, biological, and social—cannot answer, and the reasons for that in-
capacity. "Now of course," he concludes, "there may not be any
questions that the sciences cannot answer eventually, in the long run,
when all the facts are in, but certainly there are questions that the sci-
ences cannot answer yet." This assessment is admirably clear and hon-
est and convincing. It neglects, however, the obvious fact that scientists
are equally qualified to judge what remains to be discovered, and why.
There has never been a better time for collaboration between scientists
and philosophers, especially where they meet in the borderlands be-
tween biology, the social sciences, and the humanities. We are ap-
proaching a new age of synthesis, when the testing of consilience is the
greatest of all intellectual challenges. Philosophy, the contemplation
of the unknown, is a shrinking dominion. We have the common goal
of turning as much philosophy as possible into science.

IF T H E WORLD really works in a way so as to encourage the con-
silience of knowledge, I believe the enterprises of culture will eventu-
ally fall out into science, by which I mean the natural sciences, and the
humanities, particularly the creative arts. These domains will be the
two great branches of learning in the twenty-first century. The social
sciences will continue to split within each of its disciplines, a process
already rancorously begun, with one part folding into or becoming
continuous with biology, the other fusing with the humanities. Its dis-
ciplines will continue to exist but in radically altered form. In the
process the humanities, ranging from philosophy and history to moral
reasoning, comparative religion, and interpretation of the arts, will
draw closer to the sciences and partly fuse with them. Of these several
subjects I will say more in later chapters.

I admit that the confidence of natural scientists often seems over-
weening. Science offers the boldest metaphysics of the age. It is a thor-
oughly human construct, driven by the faith that if we dream, press to
discover, explain, and dream again, thereby plunging repeatedly into
new terrain, the world will somehow come clearer and we will grasp
the true strangeness of the universe. And the strangeness will all prove
to be connected and make sense.

In his 1941 classic Man on His Nature, the British neurobiologist
Charles Sherrington spoke of the brain as an enchanted loom, perpet-
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ually weaving a picture of the external world, tearing down and
reweaving, inventing other worlds, creating a miniature universe. The
communal mind of literate societies—world culture—is an immense-
ly larger loom. Through science it has gained the power to map exter-
nal reality far beyond the reach of a single mind, and through the arts
the means to construct narratives, images, and rhythms immeasurably
more diverse than the products of any solitary genius. The loom is the
same for both enterprises, for science and for the arts, and there is a
general explanation of its origin and nature and thence of the human
condition, proceeding from the deep history of genetic evolution to
modem culture. Consilience of causal explanation is the means by
which the single mind can travel most swiftly and surely from one part
of the communal mind to the other.

In education the search for consilience is the way to renew the
crumbling structure of the liberal arts. During the past thirty years
the ideal of the unity of learning, which the Renaissance and Enlight-
enment bequeathed us, has been largely abandoned. With rare ex-
ceptions American universities and colleges have dissolved their
curriculum into a slurry of minor disciplines and specialized courses.
While the average number of undergraduate courses per institution
doubled, the percentage of mandatory courses in general education
dropped by more than half. Science was sequestered in the same
period; as I write, in 1997, onh a rmrc^ °f universities and colleges
require students to take at least one course in the natural sciences. The
trend cannot be reversed by force-feeding students with some-of-
this and some-of-that across the branches of learning. Win or lose, true
reform will aim at the consilience of science with the social sciences
and humanities in scholarship and teaching. Every college student
should be able to answer the following question: What is the relation
between science and the humanities, and how is it important for
human welfare?

Every public intellectual and political leader should be able to an-
swer that question as well. Already half the legislation coming before
the United States Congress contains important scientific and techno-
logical components. Most of the issues that vex humanity daily—eth-
nic conflict, arms escalation, overpopulation, abortion, environment,
endemic poverty, to cite several most persistently before us—cannot be
solved without integrating knowledge from the natural sciences with
that of the social sciences and humanities. Only fluency across the
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boundaries will provide a clear view of the world as it really is, not as
seen through the lens of ideologies and religious dogmas or com-
manded by myopic response to immediate need. Yet the vast majority
of our political leaders are trained exclusively in the social sciences
and humanities, and have little or no knowledge of the natural sci-
ences. The same is true of the public intellectuals, the columnists, the
media interrogators, and think-tank gurus. The best of their analyses
are careful and responsible, and sometimes correct, but the substan-
tive base of their wisdom is fragmented and lopsided.

A balanced perspective cannot be acquired by studying disciplines
in pieces but through pursuit of the consilience among them. Such
unification will come hard. But I think it is inevitable. Intellectually it
rings true, and it gratifies impulses that rise from the admirable side of
human nature. To the extent that the gaps between the great branches
of learning can be narrowed, diversity and depth of knowledge will in-
crease. They will do so because of, not despite, the underlying cohe-
sion achieved. The enterprise is important for yet another reason: It
gives ultimate purpose to intellect. It promises that order, not chaos,
lies beyond the horizon. I think it inevitable that we will accept the ad-
venture, go there, and find out.



CHAPTER 3

THE ENLIGHTENMENT

T H E D R E A M O F I N T E L L E C T U A L U N I T Y first came to full
flower in the original Enlightenment, an Icarian flight of the mind
that spanned the seventeenth and eighteenth centuries. A vision of
secular knowledge in the service of human rights and human progress,
it was the West's greatest contribution to civilization. It launched the
modern era for the whole world; we are all its legatees. Then it failed.

Astonishingly—it failed. When does such a historical period come
to an end? It dies when, for whatever reason, usually in the aftermath
of war and revolution, its ideas no longer dominate. It is of surpassing
importance, therefore, to understand the essential nature of the En-
lightenment and the weaknesses that brought it down. Both can be
said to be wrapped up in the life of the Marquis de Condorcet. In par-
ticular, no single event better marks the end of the Enlightenment
than his death on March 29,1794. The circumstances were exquisitely
ironic. Condorcet has been called the prophet of the Laws of Progress.
By virtue of his towering intellect and visionary political leadership,
he seemed destined to emerge from the Revolution as the Jefferson
of France. But in late 1793 and early 1794, as he was composing the
ultimate Enlightenment blueprint, Sketch for a Historical Picture of
the Progress of the Human Mind, he was instead a fugitive from the
law, liable to sentence of death by representatives of the cause he
had so faithfully served. His crime was political: He was perceived to
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be a Girondist, a member of a faction found too moderate—too
reasonable—by the radical Jacobins. Worse, he had criticized the con-
stitution drawn up by the Jacobin-dominated National Convention.
He died on the floor of a cell in the jail at Bourg-la-Reine, after being
mauled by villagers who had captured him on the run. They would
certainly have turned him over to the Paris authorities for trial. The
cause of death is unknown. Suicide was ruled out at the time. Poison,
which he carried with him, is nevertheless possible; so are trauma and
heart attack. At least he was spared the guillotine.

The French Revolution drew its intellectual strength from men
and women like Condorcet. It was readied by the growth of educa-
tional opportunity and then fired by the idea of the universal rights of
man. Yet as the Enlightenment seemed about to achieve by this means
political fruition in Europe, something went terribly wrong. What
seemed at first to be minor inconsistencies widened into catastrophic
failures. Jean-Jacques Rousseau, in The Social Contract thirty years
earlier, had introduced the idea that was later to inspire the rallying
slogan "Liberty, Equality, Fraternity." But he had also invented the
deadly abstraction of the "general will" to achieve these goals. The
general will, he said, is the rule of justice agreed upon by assemblies of
free people whose interest is only to serve the welfare of the society and
of each person in it. When achieved, it forms a sovereign contract that
is "always constant, unalterable, and pure . . . . Each of us puts his per-
son and all his power in common under the supreme direction of the
general will, and in our corporate capacity, we receive each member as
an indivisible part of the whole." Those who do not conform to the
general will, Rousseau continued, are deviants subject to necessary
force by the assembly. There is no other way to achieve a truly egalitar-
ian democracy and thus to break humanity out of the chains that
everywhere bind it.

Robespierre, leader of the Reign of Terror that overtook the Revo-
lution in 1793, grasped this logic all too well. He and his fellow Ja-
cobins across France implemented Rousseau's necessary force to
include summary condemnations and executions for all those who op-
posed the new order. Some 300,000 nobles, priests, political dissidents,
and other troublemakers were imprisoned, and 17,000 died within the
year. In Robespierre's universe, the goals of the Jacobins were noble
and pure. They were, as he serenely wrote in February 1794 (shortly be-
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fore he himself was guillotined), "the peaceful enjoyment of liberty
and equality, the rule of that eternal justice whose laws have been en-
graved . . . upon the hearts of men, even upon the heart of the slave
who knows them not and of the tyrant who denies them."

Thus took form the easy cohabitation of egalitarian ideology and
savage coercion that was to plague the next two centuries. Better to
exile from the tribe, the reasoning follows, those unwilling to make the
commitment to the perfect society than to risk the infection of dissent.
The demagogue asks only for unity of purpose on behalf of virtue: "My
fellow citizens (comrades, brothers and sisters, Volk), eggs must be bro-
ken to make an omelette. To achieve that noble end, it may be neces-
sary to wage a war." After the Revolution subsided, the principle was
administered by Napoleon and the soldiers of the Revolution, who,
having metamorphosed into the grande armée, were determined to
spread the Enlightenment by conquest. Instead, they gave Europe ad-
ditional cause to doubt the sovereignty of reason.

In fact, reason had never been sovereign. The decline of the En-
lightenment was hastened not just by tyrants who used it for justifica-
tion but by rising and often valid intellectual opposition. Its dream of a
world made orderly and fulfilling by free intellect had seemed at first
indestructible, the instinctive goal of all men. Its creators, among the
greatest scholars since Plato and Aristotle, showed what the human
mind can accomplish. Isaiah Berlin, one of their most perceptive his-
torians, praised them justly as follows: "The intellectual power, hon-
esty, lucidity, courage, and disinterested love of the truth of the most
gifted thinkers of the eighteenth century remain to this day without
parallel. Their age is one of the best and most hopeful episodes in the
life of mankind." But they reached too far, and their best efforts were
not enough to create the sustained effort their vision foretold.

T H E I R S P I R I T WAS compressed into the life of the ill-fated Marie-
Jean-Antoine-Nicolas Caritat, Marquis de Condorcet. He was the last
of the French philosophes, the eighteenth-century public philosophers
who immersed themselves in the political and social issues of their
times. Voltaire, Montesquieu, d'Alembert, Diderot, Helvétius, and
Condorcet's mentor, the economist and statesman Anne-Robert-
Jacques Turgot, Baron de l'Aulne—all that remarkable assemblage was
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gone by 1789. Condorcet was the only one in their ranks who lived to
see the Revolution. He embraced it totally and labored in vain to con-
trol its demonic force.

Condorcet was born in 1743 in Picardy, one of the most northerly
provinces of old France, a member of an ancient noble family that
originated in Dauphine, the southeastern province from which the
dauphin, eldest son of the king, took his title. The Caritats were hered-
itary members of the noblesse d'épée, order of the sword, traditionally
devoted to military service, and of higher social status than the noblesse
de robe, or high civil officials.

To the disappointment of his family, Condorcet chose not to be a
soldier like his father but a mathematician. At the age of sixteen, while
still a student at the Navarre College in Paris, he publicly read his first
paper on the subject. But having entered the one scientific profession
where talent can be confidently sorted into levels by the age of twenty,
Condorcet turned out not to be a mathematician of the first rank, and
certainly nowhere near the equal of his great contemporaries Leon-
hard Euler and Pierre Simon de Laplace. Still, he achieved enough to
be elected, at the exceptionally young age of twenty-five, to the
Academie des Sciences, and at thirty-two became its permanent secre-
tary. In 1780, at age thirty-eight, he was accepted into the august
Academie Francaise, arbiter of the literary language and pinnacle of
intellectual recognition in his country.

Condorcet's principal scientific accomplishment was to pioneer
the application of mathematics to the social sciences, an achievement
he shared with Laplace. He was inspired by the idea, central to the En-
lightenment agenda, that what had been accomplished in mathemat-
ics and physics can be extended to the collective actions of men. His
1785 Essay on the Application of Analysis to the Probability of Majority
Decisions is a distant forerunner of present-day decision theory. As
pure science, however, it is not impressive. While Laplace developed
the calculus of probabilities and applied it brilliantly to physics, Con-
dorcet made minor advances in mathematics and used the techniques
he invented with little effect in the study of political behavior. Still, the
concept that social action might be quantitatively analyzed and even
predicted was original to Condorcet. It influenced the later develop-
ment of the social sciences, especially the work of the early sociologists
Auguste Comte and Adolphe Quételet in the 1800s.

Condorcet has been called the "noble philosopher," referring not
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just to his social rank but to his character and demeanor. Without
irony his friends dubbed him "Le Bon Condorcet," Condorcet the
Good. Julie de Lespinasse, who presided over his favorite salon on the
rue de Belle Chasse, described him thus in a letter to a friend: "His
physiognomy is sweet and calm; simplicity and negligence mark his
bearing," reflecting the "absolute quality of his soul."

He was unfailingly kind and generous to others, including even the
virulently jealous Jean-Paul Marat, whose own ambitions in science
were unrewarded and who would gladly have seen him dead. He was
passionately committed to the ideal of social justice and the welfare
of others, both individually and collectively. He opposed, at consider-
able political risk, the colonial policies of France. With Lafayette and
Mirabeau he founded the antislavery organization Society of the
Friends of the Blacks. Even after he had gone into hiding during the
Terror, his arguments contributed to the abolition of slavery by the Na-
tional Convention.

Liberal to the bone, a follower of the English philosopher John
Locke, Condorcet believed in the natural rights of men, and, like his
contemporary Immanuel Kant, he sought moral imperatives that lead
rather than follow the passions. He joined Tom Paine to create Le
Républicain, a Revolutionary journal that promoted the idea of a pro-
gressive, egalitarian state. "The time will come," he later wrote, "when
the sun will shine only on free men who know no other master than
their reason."

Condorcet was a polymath with a near-photographic memory, for
whom knowledge was a treasure to be acquired relentlessly and shared
freely. Julie de Lespinasse, infatuated, praised these qualities in partic-
ular: "Converse with him, read what he has written; talk to him of phi-
losophy, belles lettres, science, the arts, government, jurisprudence,
and when you have heard him, you will tell yourself a hundred times a
day that this is the most astonishing man you have ever heard; he is ig-
norant of nothing, not even the things most alien to his tastes and oc-
cupations; he will know.. . the genealogies of the courtiers, the details
of the police and the names of the hats in fashion; in fact, nothing is
beneath his attention, and his memory is so prodigious that he has
never forgotten anything."

Condorcet's combination of talent and personality propelled him
quickly to the highest levels of pre-Revolutionary Parisian society and
established his reputation as the youngest of the philosophes. His taste



20 C O N S I L I E N C E

for synthesis led him to fit into a coherent whole the principal ideas
representing, if any such collection can legitimately be said to do so,
the position of the late Enlightenment. On human nature he was a
nurturist: He believed that the mind is molded wholly by its environ-
ment, so that humans are free to make themselves and society as they
please. He was consequently a perfectibilist: The quality of human
life, he insisted, can be improved indefinitely. He was politically a
complete revolutionary, both anticlerical and republican, departing
from Voltaire and others who would "destroy the altar but preserve the
throne." In social science Condorcet was a historicist, believing that
history can be read to understand the present and predict the future.
As an ethicist, he was committed to the idea of the unity of the human
race. And while egalitarian, he was not a multiculturalist in the
present-day sense, but rather thought all societies would eventually
evolve toward the high civilization of Europe. Above all, he was a hu-
manitarian who saw politics as less a source of power than a means of
implementing lofty moral principles.

With the outbreak of-the Revolution in 1789, Condorcet abruptly
turned from scholarship and threw himself into politics. He served two
years as an elected member of the Commune of Paris, and when the
Legislative Assembly was formed in 1791, he became a deputy for Paris.
Immensely popular among his fellow revolutionaries, he was ap-
pointed one of the Assembly secretaries, then elected vice-president
and finally president. When the Assembly was succeeded in Septem-
ber 1792 by the National Convention, and the Republic established,
Condorcet was elected as representative for the Department of the
Aisne, part of his native province of Picardy.

Throughout his brief public career, Condorcet tried to stay aloof
from partisan politics. He had friends among both the moderate
Girondists and the leftist Montagnards (the latter so named because
their deputies sat on the higher benches, or "Mountain," of the assem-
bly). He was identified with the Girondists nonetheless, and the more
so when the Montagnards fell under the spell of the radical wing of the
Jacobin Club of Paris. After the overthrow of the Girondists during the
popular insurrections of 1793, the Montagnards controlled the Con-
vention and then the Committee of Public Safety, which ruled France
during the year-long Terror. It was during this spasm of official murder
that Condorcet fell from hero to criminal suspect, and his arrest was
ordered by the National Convention.
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When he learned of the warrant, Condorcet fled to the boarding-
house of Madame Vernet, on the rue Servandoni of old Paris, where
he remained in hiding for eight months. In April 1794 the refuge was
discovered, and friends warned him that his arrest was imminent. He
escaped once again, and for several days wandered about homeless
until detected and thrown into the prison at Bourg-la-Reine.

During his stay on the rue Servandoni, Condorcet wrote his mas-
terwork, Sketch for a Historical Picture of the Progress of the Human
Mind. It was a remarkable achievement of both mind and will. Des-
perately insecure, with no books, relying only on his prodigious mem-
ory, he composed an intellectual and social history of humanity. The
text, relentlessly optimistic in tone, contains little mention of the Revo-
lution and none of his enemies in the streets of Paris. Condorcet wrote
as though social progress is inevitable, and wars and revolutions were
just Europe's way of sorting itself out.

His serene assurance arose from the conviction that culture is gov-
erned by laws as exact as those of physics. We need only understand
them, he wrote, to keep humanity on its predestined course to a more
perfect social order ruled by science and secular philosophy. These
laws, he added, can be adduced from a study of past history.

Condorcet, however mistaken in details and hopelessly trusting of
human nature, made a major contribution to thought through his in-
sistence that history is an evolving material process. "The sole founda-
tion for belief in the natural sciences," he declared, "is the idea that the
general laws directing the phenomena of the universe, known or un-
known, are necessary and constant. Why should this principle be any
less true for the development of the intellectual and moral faculties of
man than for other operations of nature?"

The idea was already in the air when those words were penned.
Pascal had compared the human race to a man who never dies, always
gaining knowledge, while Leibniz spoke of the Present big with the
Future. Turgot, Condorcet's friend and sponsor, had written forty years
before Condorcet's Sketch that "all epochs are fastened together by a
sequence of causes and effects, linking the condition of the world to all
the conditions which have gone before it." In consequence, "the
human race, observed from its first beginning, seems in the eyes of the
philosopher to be one vast whole, which, like each individual in it, has
its own infancy and its own conditions of growth." Kant, in 1784, ex-
pressed the germ of the same concept, observing in particular that
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man's rational dispositions are destined to express themselves in the
species as a whole, not in the individual.

Inevitable progress is an idea that has survived Condorcet and the
Enlightenment. It has exerted, at different times and variously for good
and evil, a powerful influence to the present day. In the final chapter
of the Sketch, "The Tenth Stage: The Future Progress of the Human
Mind," Condorcet becomes giddily optimistic about its prospect. He
assures the reader that the glorious process is underway: All will be
well. His vision for human progress makes little concession to the stub-
bornly negative qualities of human nature. When all humanity has at-
tained a higher level of civilization, we are told, nations will be equal,
and within each nation citizens will also be equal. Science will flour-
ish and lead the way. Art will be freed to grow in power and beauty.
Crime, poverty, racism, and sexual discrimination will decline. The
human life span, through scientifically based medicine, will lengthen
indefinitely. With the shadow of the Terror deepening without, Le Bon
Condorcet concluded:

How consoling for the philosopher who laments the errors, the
crimes, the injustices which still pollute the earth and of which he is
often the victim is this view of the human race, emancipated from its
shackles, released from the empire of fate and from that of the ene-
mies of its progress, advancing with a firm and sure step along the path
of truth, virtue, and happiness! It is the contemplation of this prospect
that rewards him for all his efforts to assist the progress of reason and
the defense of liberty.

T H E E N L I G H T E N M E N T GAVE R I S E to the modern intellectual
tradition of the West and much of its culture. Yet, while reason was
supposedly the defining trait of the human species and needed only a
little more cultivation to flower universally, it fell short. Humanity was
not paying attention. Humanity thought otherwise. The causes of the
Enlightenment's decline, which persist to the present day, illuminate
the labyrinthine wellsprings of human motivation. It is worth asking,
particularly in the present winter of our cultural discontent, whether
the original spirit of the Enlightenment—confidence, optimism, eyes
to the horizon—can be regained. And to ask in honest opposition,
should it be regained, or did it possess in its first conception, as some
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have suggested, a dark-angelic flaw? Might its idealism have con-
tributed to the Terror, which foreshadowed the horrendous dream of
the totalitarian state? If knowledge can be consolidated, so might the
"perfect" society be designed—one culture, one science—whether fas-
cist, communist, or theocratic.

The Enlightenment itself, however, was never a unified move-
ment. It was less a determined swift river than a lacework of deltaic
streams working their way along twisted channels. By the time of the
French Revolution it was very old. It emerged from the Scientific
Revolution during the early seventeenth century and attained its great-
est influence in the European academy during the eighteenth century.
Its originators often clashed over fundamental issues. Most engaged
from time to time in absurd digressions and speculations, such as look-
ing for hidden codes in the Bible or for the anatomical seat of the soul.
The overlap of their opinion was nevertheless extensive and clear and
well reasoned enough to bear this simple characterization: They
shared a passion to demystify the world and free the mind from the im-
personal forces that imprison it.

They were driven by the thrill of discovery. They agreed on the
power of science to reveal an orderly, understandable universe and
thereby lay an enduring base for free rational discourse. They thought
that the perfection of the celestial bodies discovered by astronomy and
physics could serve as a model for human society. They believed in the
unity of all knowledge, individual human rights, natural law, and in-
definite human progress. They tried to avoid metaphysics even while
the flaws and incompleteness of their explanations forced them to
practice it. They resisted organized religion. They despised revelation
and dogma. They endorsed, or at least tolerated, the state as a con-
trivance required for civil order. They believed that education and
right reason would enormously benefit humanity. A few, like Con-
dorcet, thought human beings perfectible and capable of achieving a
political utopia.

We have not forgotten them. In their front rank were a dispropor-
tionate number of the tiny group of scientists and philosophers recog-
nizable by a single name: Bacon, Hobbes, Hume, Locke, and Newton
in England; Descartes and the eighteenth-century philosophes around
Voltaire in France; Kant and Leibniz in Germany; Grotius in Holland;
Galileo in Italy.
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It has become fashionable to speak of the Enlightenment as an
idiosyncratic construction by European males in a bygone era, one
way of thinking among many different constructions generated across
time by a legion of other minds in other cultures, each of which de-
serves careful and respectful attention. To which the only decent re-
sponse is yes, of course—to a point. Creative thought is forever
precious, and all knowledge has value. But what counts most in the
long haul of history is seminality, not sentiment. If we ask whose ideas
were the seeds of the dominant ethic and shared hopes of contempo-
rary humanity, whose resulted in the most material advancement in
history, whose were the first of their kind and today enjoy the most em-
ulation, then in that sense the Enlightenment, despite the erosion of
its original vision and despite the shakiness of some of its premises, has
been the principal inspiration not just of Western high culture but, in-
creasingly, of the entire world.

S C I E N C E WAS the engine of the Enlightenment. The more scientif-
ically disposed of the Enlightenment authors agreed that the cosmos is
an orderly material existence governed by exact laws. It can be broken
down into entities that can be measured and arranged in hierarchies,
such as societies, which are made up of persons, whose brains consist
of nerves, which in turn are composed of atoms. In principle at least,
the atoms can be reassembled into nerves, the nerves into brains, and
the persons into societies, with the whole understood as a system of
mechanisms and forces. If you still insist on a divine intervention, con-
tinued the Enlightenment philosophers, think of the world as God's
machine. The conceptual constraints that cloud our vision of the
physical world can be eased for the betterment of humanity in every
sphere. Thus Condorcet, in an era still unburdened by complicating
fact, called for the illumination of the moral and political sciences by
the "torch of analysis."

The grand architect of this dream was not Condorcet, or any of the
other philosophes who expressed it so well, but Francis Bacon. Among
the Enlightenment founders, his spirit is the one that most endures. It
informs us across four centuries that we must understand nature, both
around us and within ourselves, in order to set humanity on the course
of self-improvement. We must do it knowing that destiny is in our
hands and that denial of the dream leads back to barbarism. In his
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scholarship Bacon questioned the solidity of classical "delicate" learn-
ing, those medieval forms based on ancient texts and logical expatia-
tion. He spurned reliance on ordinary scholastic philosophy, calling
for a study of nature and the human condition on their own terms,
without artifice. Drawing on his extraordinary insights into mental
processes, he observed that because "the mind, hastily and without
choice, imbibes and treasures up the first notices of things, from
whence all the rest proceed, errors must forever prevail, and remain
uncorrected." Thus knowledge is not well constructed but "resembles
a magnificent structure that has no foundation."

And whilst men agree to admire and magnify the false powers of the
mind, and neglect or destroy those that might be rendered true, there
is no other course left but with better assistance to begin the work
anew, and raise or rebuild the sciences, arts, and all human knowl-
edge from a firm and solid basis.

By reflecting on all possible methods of investigation available to
his imagination, he concluded that the best among them is induction,
which is the gathering of large numbers of facts and the detection of
patterns. In order to obtain maximum objectivity, we must entertain
only a minimum of preconceptions. Bacon proclaimed a pyramid of
disciplines, with natural history forming the base, physics above and
subsuming it, and metaphysics at the peak, explaining everything
below—though perhaps in powers and forms beyond the grasp of man.

He was not a gifted scientist ("I can not thridd needles so well") or
trained in mathematics, but a brilliant thinker who founded the phi-
losophy of science. A Renaissance man, he took, in his own famous
phrase, all knowledge to be his province. Then he stepped forward
into the Enlightenment as the first taxonomist and master purveyor of
the scientific method. He was buccinator novi temporis, the trumpeter
of new times who summoned men "to make peace between them-
selves, and turning with united forces against the Nature of things, to
storm and occupy her castles and strongholds, and extend the bounds
of human empire."

Proud and reckless phrasing that, but appropriate to the age.
Bacon, born in 1561, was the younger son of Sir Nicholas and Lady
Ann Bacon, both of whom were well educated and extravagantly de-
voted to the arts. During his lifetime England, ruled successively by
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Elizabeth I and James I, passed tumultuously from a feudal society to a
nation-state and fledgling colonial power, with its own newly acquired
religion and an increasingly powerful middle class. By the year of
Bacon's death, 1626, Jamestown was an established colony with the
first representative government in North America, and the Pilgrims
were settled at Plymouth. Bacon saw the English language come to
first full flower. He ranks as one of its grand masters, even though he
regarded it as a crude parochial language and preferred to write in
Latin. He lived in a golden age of industry and culture, surrounded by
other global overachievers, including, most famously, Drake, Raleigh,
and Shakespeare.

Bacon enjoyed the privileges of rank through every step of his life.
He was educated at Trinity College at Cambridge, which had been en-
riched some decades earlier by land grants from Henry VIII (and a
century later was to serve as home to Newton). He was called to the bar
in 1582 and two years afterward appointed to membership in Parlia-
ment. Virtually from infancy he was close to the throne. His father was
Lord Keeper of the Seal, the highest judicial officer of the land. Eliza-
beth took early notice of the boy, talking with him often. Pleased by his
precocious knowledge and gravity of manner, she fondly dubbed him
The Young Lord Keeper.

He became a confirmed courtier for life, tying his political beliefs
and fortunes to the crown. Under James I he rose, through flattery and
wise counsel, to the heights commensurate to his ambition: Knighted
in 1605, the year of James' accession, he was then named successively
Attorney General, Lord Keeper, and, in 1618, Lord Chancellor. With
the last office he was created first Baron of Verulam and soon afterward
Viscount St. Alban.

Then, having flown too close too long to the royal flame, Bacon at
last sustained near-fatal burns. He was targeted by a circle of deter-
mined personal enemies who found the wedge to his destruction in his
tangled finances, and in 1621 successfully engineered his impeach-
ment as Lord Chancellor. The charge, to which he pleaded guilty, was
acceptance of bribes—"gifts," he said—while in high public office. He
was heavily fined, escorted through the Traitor's Gate, and imprisoned
in the Tower of London. Unbowed, he at once wrote the Marquis of
Buckingham: "Good my Lord: Procure the warrant for my discharge
this day . .. Howsoever I acknowledge the sentence just, and for refor-
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mation sake fit, [I was] the justest Chancellor that hath been in the five
changes since Sir Nicholas Bacon's time."

He had been all that, and more. He was released in three days.
Shorn at last of the burden of public ambition, he spent his last days to-
tally immersed in contented scholarship. His death in the early spring
of 1626 was symbolically condign, the result of an impromptu experi-
ment to test one of his favorite ideas. "As he was taking the air in a
coach with Dr. Witherborne towards High-gate," John Aubrey re-
ported at the time, "snow lay on the ground, and it came into my
Lord's thoughts, why flesh might not be preserved in snow, as in salt.
They were resolved they would try the experiment presently. They
alighted out of the coach and went into a poor woman's house at the
bottom of High-gate hill, and bought a hen, and made the woman ex-
enterate it, and then stuffed the body with snow, and my Lord did help
to do it himself. The snow so chilled him that he immediately fell so
extremely ill, that he could not return to his lodgings...." He was
taken instead to the Earl of Arundel's house close by. His condition re-
mained grave, and he died on April 9, most likely of pneumonia.

The ache of disgrace had been subdued by the return to his
true calling of visionary scholar. As he wrote in one of his oft-quoted
adages, "He that dies in an earnest pursuit is like one that is wounded
in hot blood, who for the time scarce feels the hurt." He saw his life
as a contest between two great ambitions, and toward the end he re-
gretted having invested so much effort in public service with an equiva-
lent loss of scholarship. "My soul," he mused, "hath been a stranger in
life's pilgrimage."

His genius, while of a different kind, matched that of Shakespeare.
Some have believed, erroneously, that he was Shakespeare. He
melded great literary gifts, so evident in The Advancement of Learning,
with a passion for synthesis, two qualities most needed at the dawn of
the Enlightenment. His great contribution to knowledge was that of
learned futurist. He proposed a shift in scholarship away from rote
learning and deductive reasoning from classical texts and toward en-
gagement with the world. In science, he proclaimed, is civilization's
future.

Bacon defined science broadly and differently from today's ordi-
nary conception to include a foreshadowing of the social sciences
and parts of the humanities. The repeated testing of knowledge by
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experiment, he insisted, is the cutting edge of learning. But to him ex-
periment meant not just controlled manipulations in the manner of
modern science. It was all the ways humanity brings change into the
world through information, agriculture, and industry. He thought the
great branches of learning to be open-ended and constantly evolving
("I do not promise you anything"), but he nonetheless focused elo-
quently on his belief in the underlying unity of knowledge. He re-
jected the sharp divisions among the disciplines prevailing since
Aristotle. And fortunately, he was reticent in this enterprise when
needed: He refrained from forecasting how the great branches of
learning would ultimately fall out.

Bacon elaborated on but did not invent the method of induction as
a counterpoint to classical and medieval deduction. Still, he deserves
the title Father of Induction, on which much of his fame rested in later
centuries. The procedure he favored was much more than mere fac-
tual generalizations, such as—to use a modern example —"ninety per-
cent of plant species have flowers that are yellow, red, or white, and are
visited by insects." Rather, he said, start with such an unbiased descrip-
tion of phenomena. Collect their common traits into an intermediate
level of generality. Then proceed to higher levels of generality, such
as: "Flowers have evolved colors and anatomy designed to attract
certain kinds of insects, and these are the creatures that exclusively
pollinate them." Bacon's reasoning was an improvement over the tra-
ditional methods of description and classification prevailing in the
Renaissance, but it anticipated little of the methods of concept for-
mation, competing hypotheses, and theory that form the core of modern
science.

It was in psychology, and particularly the nature of creativity, that
Bacon cast his vision farthest ahead. Although he did not use the
word—it was not coined until 1653—he understood the critical impor-
tance of psychology in scientific research and all other forms of schol-
arship. He had a deep intuitive feel for the mental processes of
discovery. He understood the means by which the processes are best
systematized and most persuasively transmitted. "The human under-
standing," he wrote, "is no dry light, but receives an infusion from the
will and affections; whence proceed sciences which may be called 'sci-
ences as one would.' " He did not mean by this to distort perception of
the real world by interposing a prism of emotion. Reality is still to be
embraced directly and reported without flinching. But it is also best
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delivered the same way it was discovered, retaining a comparable
vividness and play of the emotions. Nature and her secrets must be
as stimulating to the imagination as are poetry and fables. To that
end, Bacon advised us to use aphorisms, illustrations, stories, fables,
analogies—anything that conveys truth from the discoverer to his read-
ers as clearly as a picture. The mind, he argued, "is not like a wax
tablet. On a tablet you cannot write the new till you rub out the old; on
the mind you cannot rub out the old except by writing in the new."

Through light shed on the mental process, Bacon wished to re-
form reasoning across all the branches of learning. Beware, he said, of
the idols of the mind, the fallacies into which undisciplined thinkers
most easily fall. They are the real distorting prisms of human nature.
Among them, idols of the tribe assume more order than exists in
chaotic nature; those of the imprisoning cave, the idiosyncrasies of in-
dividual belief and passion; of the marketplace, the power of mere
words to induce belief in nonexistent things; and of the theater, un-
questioning acceptance of philosophical beliefs and misleading
demonstrations. Stay clear of these idols, he urged, observe the world
around you as it truly is, and reflect on the best means of transmitting
reality as you have experienced it; put into it every fiber of your being.

I do not wish by ranking Francis Bacon so highly in this respect to
portray him as a thoroughly modern man. He was far from that. His
younger friend William Harvey, a physician and a real scientist who
made a fundamental discovery, the circulation of the blood, noted
drily that Bacon wrote philosophy like a Lord Chancellor. His phrases
make splendid marble inscriptions and commencement flourishes.
The unity of knowledge he conceived was remote from the present-day
concept of consilience, far from the deliberate, systematic linkage of
cause and effect across the disciplines. His stress lay instead upon the
common means of inductive inquiry that might optimally serve all the
branches of learning. He searched for the techniques that best convey
the knowledge gained, and to that end he argued for the full employ-
ment of the humanities, including art and fiction, as the best means for
developing and expressing science. Science, as he broadly defined it,
should be poetry, and poetry science. That, at least, has a pleasingly
modern ring.

Bacon envisioned a disciplined and unified learning as the key to
improvement of the human condition. Much of the veritable library
that accumulated beneath his pen still makes interesting reading, from
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his often quoted essays and maxims to Advancement of Learning
(1605), Novum Organum (The New Logic, 1620), and New Atlantis
(1627), the latter a Utopian fable about a science-based society. Most of
his philosophical and fictional writing was planned to implement the
scheme of the unification of knowledge, which he called Instauratio
Magna, literally the Great Instauration, or the New Beginning.

His philosophy raised the sights of a small but influential public. It
helped to prime the scientific revolution that was to blossom spectacu-
larly in the decades ahead. To this day his vision remains the heart of
the scientific-technological ethic. He was a magnificent figure stand-
ing alone by necessity of circumstance, who achieved that affecting
combination of humility and innocent arrogance present only in the
greatest scholars. Beneath the title of Novum Organum he had the
publisher print these lines:

FRANCIS OF VERULAM
REASONED THUS WITH HIMSELF

and judged it to be for the interest of the present and future
generations that they should be made acquainted

with his thoughts.

A L L H I S T O R I E S T H A T live in our hearts are peopled by archetypes
in mythic narratives, and such I believe is part of Francis Bacon's ap-
peal and why his fame endures. In the tableau of the Enlightenment,
Bacon is the herald of adventure. There is a new World waiting, he an-
nounced; let us begin the long and difficult march into its unmapped
terrain. René Descartes, the founder of algebraic geometry and mod-
ern philosophy and France's preeminent scholar of all time, is the
mentor in the narrative. Like Bacon before him, he summoned schol-
ars to the scientific enterprise, among whom was soon to follow the
young Isaac Newton. Descartes showed how to do science with the aid
of precise deduction, cutting to the quick of each phenomenon and
skeletonizing it. The world is three-dimensional, he explained, so let
our perception of it be framed in three coordinates—Cartesian coordi-
nates they are called today. With them the length, breadth, and height
of any object can be exactly specified and subjected to mathematical
operations to explore its essential qualities. He accomplished this step
in elementary form by reformulating algebraic notation so that it



The Enlightenment 31

could be used to solve complex problems of geometry and, further, to
explore realms of mathematics beyond the visual realm of three-
dimensional space.

Descartes' overarching vision was one of knowledge as a system of
interconnected truths that can be ultimately abstracted into mathe-
matics. It all came to him, he said, through a series of dreams on a
November night in 1619, when somehow in a flurry of symbols (thunder-
claps, books, an evil spirit, a delicious melon) he perceived that the
universe is both rational and united throughout by cause and effect.
He believed that this conception could be applied from physics to
medicine—hence biology—and even to moral reasoning. In this re-
spect, he laid the groundwork for the belief in the unity of learning that
was to influence Enlightenment thought profoundly in the eighteenth
century.

Descartes insisted upon systematic doubt as the first principle of
learning. By his light all knowledge was to be laid out and tested upon
the iron frame of logic. He allowed himself only one undeniable
premise, captured in the celebrated phrase Cogito ergo sum, I think
therefore I am. The system of Cartesian doubt, which still thrives in
modern science, is one in which all assumptions possible are systemat-
ically eliminated so as to leave only one set of axioms upon which
rational thought can be logically based, and experiments can be rigor-
ously designed.

Descartes nonetheless made a fundamental concession to meta-
physics. A lifelong Catholic, he believed in God as an absolutely
perfect being, manifested by the power of the idea of such a being in
his own mind. That given, he went on to argue for the complete sepa-
ration of mind and matter. The stratagem freed him to put spirit aside
to concentrate on matter as pure mechanism. In works published over
the years 1637-49, Descartes introduced reductionism, the study of the
world as an assemblage of physical parts that can be broken apart and
analyzed separately. Reductionism and analytic mathematical model-
ing were destined to become the most powerful intellectual instru-
ments of modern science. (The year 1642 was a signal one in the
history of ideas: With Descartes' Meditationes de Prima Philosophia
just published and Principia Philosophiae soon to follow, Galileo died
and Newton was born.)

As Enlightenment history unfolded, Isaac Newton came to rank
with Galileo as the most influential of the heroes who answered
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Bacon's call. A restless seeker of horizons, stunningly resourceful, he
invented calculus before Gottfried Leibniz, whose notation was never-
theless clearer and is the one used today. Calculus proved to be, in
company with analytic geometry, one of the two crucial mathematical
techniques in physics and, later, in chemistry, biology, and economics.
Newton was also an inventive experimentalist, one of the first to recog-
nize that the general laws of science might be discovered by manipu-
lating physical processes. While investigating prisms, he demonstrated
the relation of the refrangibility of light to color and from that the com-
pound nature of sunlight and the origin of rainbows. As in many great
experiments of science, this one is simple; anyone can quickly repeat
it. With a prism bend a beam of sunlight so that its different wave-
lengths fall out into the colors of the visible spectrum. Now bend the
colors back together again to create the beam of sunlight. Newton ap-
plied his findings in the construction of the first reflecting telescope, a
superior instrument perfected a century later by the British astronomer
William Herschel.

In 1684 Newton formulated the mass and distance laws of gravity,
and in 1687 the three laws of motion. With these mathematical formu-
lations he achieved the first great breakthrough in modern science. He
showed that the planetary orbits postulated by Copernicus and proved
elliptical by Kepler can be predicted from the first principles of me-
chanics. His laws were exact and equally applicable to all inanimate
matter, from the solar system down to grains of sand, and of course to
the falling apple that had triggered his thinking on the subject twenty
years previously—apparently a true story. The universe, he said, is not
just orderly but also intelligible. At least part of God's grand design
could be written with a few lines on a piece of paper. His triumph en-
shrined Cartesian reductionism in the conduct of science.

Because Newton established order where magic and chaos had
reigned before, his impact on the Enlightenment was enormous.
Alexander Pope celebrated him with a famous couplet:

Nature and Nature's laws lay hid in night:
God said, "Let Newton be!" and all was light.

Well—not all, not yet. But the laws of gravity and motion were a pow-
erful beginning. And they started Enlightenment scholars thinking:
Why not a Newtonian solution to the affairs of men? The idea grew
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into one of the mainstays of the Enlightenment agenda. As late as 1835,
Adolphe Quételet was proposing "social physics" as the basis of the dis-
cipline soon to be named sociology. Auguste Comte, his contempo-
rary, believed a true social science to be inevitable. "Men," he said,
echoing Condorcet, "are not allowed to think freely about chemistry
and biology, so why should they be allowed to think freely about politi-
cal philosophy?" People, after all, are just extremely complicated ma-
chines. Why shouldn't their behavior and social institutions conform
to certain still-undefined natural laws?

Reductionism, given its unbroken string of successes during the
next three centuries, may seem today the obvious best way to have con-
structed knowledge of the physical world, but it was not so easy to grasp
at the dawn of science. Chinese scholars never achieved it. They pos-
sessed the same intellectual ability as Western scientists, as evidenced
by the fact that, even though far more isolated, they acquired scientific
information as rapidly as did the Arabs, who had all of Greek knowl-
edge as a launching ramp. Between the first and thirteenth centuries
they led Europe by a wide margin. But according to Joseph Needham,
the principal Western chronicler of Chinese scientific endeavors, their
focus stayed on holistic properties and on the harmonious, hierarchi-
cal relationships of entities, from stars down to mountains and flowers
and sand. In this world view the entities of Nature are inseparable and
perpetually changing, not discrete and constant as perceived by the
Enlightenment thinkers. As a result the Chinese never hit upon the
entry point of abstraction and break-apart analytic research attained by
European science in the seventeenth century.

Why no Descartes or Newton under the Heavenly Mandate?
The reasons were historical and religious. The Chinese had a distaste
for abstract codified law, stemming from their unhappy experience
with the Legalists, rigid quantifiers of the law who ruled during
the transition from feudalism to bureaucracy in the Ch'in dynasty
(221-206 B.C.). Legalism was based on the belief that people are funda-
mentally antisocial and must be bent to laws that place the security
of the state above their personal desires. Of probably even greater im-
portance, Chinese scholars abandoned the idea of a supreme being
with personal and creative properties. No rational Author of Nature
existed in their universe; consequently the objects they meticulously
described did not follow universal principles, but instead operated
within particular rules followed by those entities in the cosmic order.
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In the absence of a compelling need for the notion of general laws-
thoughts in the mind of God, so to speak—little or no search was made
for them.

Western science took the lead largely because it cultivated reduc-
tionism and physical law to expand the understanding of space and
time beyond that attainable by the unaided senses. The advance, how-
ever, carried humanity's self-image ever further from its perception of
the remainder of the universe, and as a consequence the full reality of
the universe seemed to grow progressively more alien. The ruling talis-
mans of twentieth-century science, relativity and quantum mechanics,
have become the ultimate in strangeness to the human mind. They
were conceived by Albert Einstein, Max Planck, and other pioneers of
theoretical physics during a search for quantifiable truths that would
be known to extraterrestrials as well as to our species, and hence certifi-
ably independent of the human mind. The physicists succeeded mag-
nificently, but in so doing they revealed the limitations of intuition
unaided by mathematics; an understanding of Nature, they discov-
ered, comes very hard. Theoretical physics and molecular biology are
acquired tastes. The cost of scientific advance is the humbling recogni-
tion that reality was not constructed to be easily grasped by the human
mind. This is the cardinal tenet of scientific understanding: Our
species and its ways of thinking are a product of evolution, not the pur-
pose of evolution.

W E NOW PASS to the final archetype of the epic tableau, the keep-
ers of the innermost room. The more radical Enlightenment writers,
alert to the implications of scientific materialism, moved to reassess
God Himself. They invented a Creator obedient to His own natural
laws, the belief known as deism. They disputed the theism of Judaeo-
Christianity, whose divinity is both omnipotent and personally inter-
ested in human beings, and they rejected the nonmaterial world of
heaven and hell. At the same time, few dared go the whole route and
embrace atheism, which seemed to imply cosmic meaninglessness
and risked outraging the pious. So by and large they took a middle
position. God the Creator exists, they conceded, but He is allowed
only the entities and processes manifest in His own handiwork.

Deistic belief, by persisting in attenuated form to the present day,
has given scientists a license to search for God. More precisely, it has



The Enlightenment 55

prompted a small number to make a partial sketch of Him (Her? It?
Them?) from their professional meditations. He is material in another
plane but not personal. He is, perhaps, the manager of alternative uni-
verses popping out of black holes, Who adjusts physical laws and para-
meters in order to observe the outcome. Maybe we see a faint trace of
Him in the pattern of ripples in cosmic background radiation, dating
back to the first moments of our own universe. Alternatively, we may
be predestined to reach Him billions of years in the future at an omega
point of evolution—total unity, total knowledge—toward which the
human species and extraterrestrial life forms are converging. I must say
that I have read many such schemes, and even though they are com-
posed by scientists, I find them depressingly non-Enlightenment. That
the Creator lives outside this universe and will somehow be revealed at
its end is what the theologians have been telling us all along.

Few scientists and philosophers, however, let alone religious
thinkers, take the playful maunderings of scientific theology very seri-
ously. A more coherent and interesting approach, possibly within the
reach of theoretical physics, is to try to answer the following question:
Is a universe of discrete material particles possible only with one spe-
cific set of natural laws and parameter values? In other words, does
human imagination, which can conceive of other laws and values,
thereby exceed possible existence? Any act of Creation may be only a
subset of the universes we can imagine. To this point Einstein is re-
ported to have remarked to his assistant Ernst Straus, in a moment of
neo-deistic reflection, "What really interests me is whether God had
any choice in the creation of the world." That line of reasoning can be
extended rather mystically to formulate the "anthropic principle,"
which notes that the laws of nature, in our universe at least, had to be
set a certain precise way so as to allow the creation of beings able to ask
about the laws of nature. Did Someone decide to do it that way?

The dispute between Enlightenment deism and theology can be
summarized as follows. The traditional theism of Christianity is rooted
in both reason and revelation, the two conceivable sources of knowl-
edge. According to this view, reason and revelation cannot be in con-
flict, because in areas of opposition, revelation is given the higher
role—as the Inquisition reminded Galileo in Rome when they offered
him a choice between orthodoxy and pain. In contrast, deism grants
reason the edge, and insists that theists justify revelation with the use of
reason.
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Traditional theologians of the eighteenth century, faced with the
Enlightenment challenge, refused to yield an inch of ground. Chris-
tian faith, they argued back, cannot submit itself to the debasing test of
rationality. Deep truths exist that are beyond the grasp of the unaided
human mind, and God will reveal them to our understanding when
and by whatever means He chooses.

Given the centrality of religion in everyday life, the stand of the
theists against reason seemed . . . well, it seemed reasonable. Believers
in the eighteenth century saw no difficulty in conducting their lives by
both ratiocination and revelation. The theologians won the argument
simply because there was no compelling reason to adopt a new meta-
physics. For the first time, the Enlightenment visibly stumbled.

The fatal flaw in deism is thus not rational at all, but emotional.
Pure reason is unappealing because it is bloodless. Ceremonies
stripped of sacred mystery lose their emotional force, because cele-
brants need to defer to a higher power in order to consummate their
instinct for tribal loyalty. In times of danger and tragedy especially, un-
reasoning ceremony is everything. There is no substitute for surrender
to an infallible and benevolent being, the commitment called salva-
tion. And no substitute for formal recognition of an immortal life
force, the leap of faith called transcendence. It follows that most peo-
ple would very much like science to prove the existence of God but not
to take the measure of His capacity.

Deism and science also failed to colonize ethics. The sparkling En-
lightenment promise of an objective basis for moral reasoning could
not be met. If an immutable secular field of ethical premises exists, the
human intellect during the Enlightenment seemed too weak and shift-
ing to locate it. So theologians and philosophers stuck to their original
positions, either by deferring to religious authority or by articulating
subjectively perceived natural rights. There was no logical alternative
open to them. The millennium-old rules sacralized by religion
seemed to work, more or less, and in any case there was no time to fig-
ure it all out. You can defer reflection on the celestial spheres indefi-
nitely but not on daily matters of life and death.

T H E R E WAS and remains another, more purely rationalist objection
to the Enlightenment program. Grant for argument's sake that the
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most extravagant claims of the Enlightenment supporters proved true,
so that it became possible for scientists to look into the future and to
see what course of action is best for humanity. Wouldn't that trap us in
a cage of logic and revealed fate? The thrust of the Enlightenment,
like the Greek humanism that prefigured it, was Promethean: The
knowledge it generated was to liberate mankind by lifting it above the
savage world. But the opposite might occur. If scientific inquiry dimin-
ishes the conception of divinity while prescribing immutable natural
laws, then humanity can lose what freedom it already possesses. Per-
haps there is only one "perfect" social order, and scientists will find
it—or worse, falsely claim to have found it. Religious authority, the
Hadrian's Wall of civilization, will be breached and the barbarians of
totalitarian ideology will pour in. Such is the dark side of Enlighten-
ment secular thought, unveiled in the French Revolution and ex-
pressed more recently by theories of "scientific" socialism and racialist
fascism.

And there is another concern: that a science-driven society risks
upsetting the natural order of the world set in place by God or, if you
prefer, by billions of years of evolution. Science given too much au-
thority risks conversion into a self-destroying impiety. The godless cre-
ations of science and technology are in fact powerful and arresting
images of modern culture. Frankenstein's monster and Hollywood's
Terminator, the latter an all-metal and microchip-guided Franken-
stein's monster, wreak destruction on their creators, including the
naive geniuses in lab coats who arrogantly forecast a new age ruled by
science. Storms rage, hostile mutants spread, life dies. Nations men-
ace one another with world-destroying technology. Even Winston
Churchill, whose country was saved by radar, worried after the atom
bombing of Japan that the stone age might return "on the gleaming
wings of Science."

FOR THOSE WHO for so long thus feared science as Faustian rather
than Promethean, the Enlightenment program posed a grave threat to
spiritual freedom, even to life itself. What is the answer to such a
threat? Revolt! Return to natural man, reassert the primacy of individ-
ual imagination and confidence in immortality. Find an escape to a
higher realm through art, promote a Romantic Revolution. In 1807
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William Wordsworth, in words typical of the movement then spread-
ing over Europe, evoked the aura of a more primal and serene exis-
tence beyond Reason's grasp:

Our Souls have sight of that immortal sea
Which brought us hither,
Can in a moment travel thither,

And see the Children sport upon the shore,
And hear the mighty waters rolling evermore.

With Wordsworth's "breathings for incommunicable powers," the eyes
close, the mind soars, the inverse square distance law of gravity falls
away. The spirit enters another reality beyond the reach of weight and
measure. If the constraining universe of matter and energy cannot be
denied, at least it can be ignored with splendid contempt. There is no
question that Wordsworth and his fellow English Romantic poets of
the first half of the nineteenth century conjured works of great beauty.
They spoke truths in another tongue, and guided the arts still further
from the sciences.

Romanticism also flowered in philosophy, where it placed a pre-
mium on rebellion, spontaneity, intense emotion, and heroic vision.
Searching for aspirations available only to the heart, its practitioners
dreamed of man as part of boundless nature. Rousseau, while often
listed as an Enlightenment philosophe, was really instead the founder
and most extreme visionary of the Romantic philosophical movement.
For him learning and social order are the enemies of humanity. In
works from 1749 (Discourse on the Sciences and the Arts) to 1762
(Émile), he extolled the "sleep of reason." His utopia is a minimalist
state in which people abandon books and other accouterments of in-
tellect in order to cultivate enjoyment of the senses and good health.
Humanity, Rousseau claimed, was originally a race of noble savages in
a peaceful state of nature, who were later corrupted by civilization—
and by scholarship. Religion, marriage, law, and government are de-
ceptions created by the powerful for their own selfish ends. The price
paid by the common man for this high-level chicanery is vice and
unhappiness.

Where Rousseau invented a stunningly inaccurate form of anthro-
pology, the German Romantics, led by Goethe, Hegel, Herder, and
Schelling, set out to reinsert metaphysics into science and philosophy.
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The product, Naturphilosophie, was a hybrid of sentiment, mysticism,
and quasi-scientific hypothesis. Johann Wolfgang von Goethe, pre-
eminent among its expositors, wanted most of all to be a great scientist.
He placed that ambition above literature, where in fact he became an
immortal contributor. His respect for science as an idea, an approach
to tangible reality, was unreserved, and he understood its basic tenets.
Analysis and synthesis, he liked to say, should be alternated as naturally
as breathing in and breathing out. At the same time he was critical of
the mathematical abstractions of Newtonian science, thinking physics
far too ambitious in its goal of explaining the universe. He was also
often contemptuous of the "technical tricks" employed by experimen-
tal scientists. In fact, he tried to repeat Newton's optical experiments
but with poor results.

Goethe can be easily forgiven. After all, he had a noble purpose,
no less than the coupling of the soul of the humanities to the engine
of science. He would have grieved had he foreseen history's verdict:
great poet, poor scientist. He failed in his synthesis through lack of
what is today called the scientist's instinct. Not to mention the neces-
sary technical skills. Calculus baffled him, and it is said he could
not tell a lark from a sparrow. But he loved Nature in a profoundly spir-
itual sense. One must cultivate a close, deep feeling for her, he pro-
claimed. "She loves illusion. She shrouds man in mist, and she spurs
him toward the light. Those who will not partake of her illusions she
punishes as a tyrant would punish. Those who accept her illusions
she presses to her heart. To love her is the only way to approach her."
In the philosophers' empyrean I imagine Bacon has long since lec-
tured Goethe on the idols of the mind. Newton will have lost patience
immediately.

Friedrich Schelling, leading philosopher of the German Roman-
tics, attempted to bind the scientific Prometheus to immobility not
with poetry but with reason. He proposed a cosmic unity of all things,
beyond the understanding of man. Facts by themselves can never be
more than partial truths. Those we perceive are only fragments of the
universal flux. Nature is alive, Schelling concluded; she is a creative
spirit that unites knower and known, progressing through greater and
greater understanding and feeling toward an eventual state of com-
plete self-realization.

In America, German philosophical Romanticism was mirrored in
New England transcendentalism, whose most celebrated proponents
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were Ralph Waldo Emerson and Henry David Thoreau. The transcen-
dentalists were radical individualists who rejected the overwhelming
commercialism that came to prevail in American society during the
Jacksonian era. They envisioned a spiritual universe built entirely
within their personal ethos. They nevertheless found science more
congenial than did their European counterparts—witness the many
accurate natural history observations in Faith in a Seed and other writ-
ings by Thoreau. Their ranks even included one full-fledged scientist:
Louis Agassiz, director of the Museum of Comparative Zoology at
Harvard University, founding member of the National Academy of
Science, geologist, zoologist, and supremely gifted lecturer. This
great man, in a metaphysical excursion paralleling that of Schelling,
conceived the universe as a vision in the mind of God. The deities
of science in his universe were essentially the same as those of the-
ology. In 1859, at the height of his career, Agassiz was scandalized
by the appearance of Darwin's Origin of Species, which advanced the
theory of evolution by natural selection and saw the diversity of life as
self-assembling. Surely, he argued before rapt audiences in cities along
the Atlantic seaboard, God would not create the living world by ran-
dom variation and survival of the fittest. Our view of life must not be al-
lowed to descend from cosmic grandeur to the grubby details of ponds
and woodlots. Even to think of the human condition in such a man-
ner, he argued, is intolerable.

N A T U R A L S C I E N T I S T S , chastened by such robust objections to
the Enlightenment agenda, mostly abandoned the examination of
human mental life, yielding to philosophers and poets another century
of free play. In fact, the concession turned out to be a healthy decision
for the profession of science, because it steered researchers away from
the pitfalls of metaphysics. Throughout the nineteenth century,
knowledge in the physical and biological sciences grew at an exponen-
tial rate. At the same time the social sciences—sociology, anthro-
pology, economics, and political theory—newly risen like upstart
duchies and earldoms, vied for territory in the space created between
the hard sciences and the humanities. The great branches of learning
emerged in their present form—natural sciences, social sciences, and
the humanities—out of the unified Enlightenment vision generated
during the seventeenth and eighteenth centuries.
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The Enlightenment, defiantly secular in orientation while in-
debted and attentive to theology, had brought the Western mind to the
threshold of a new freedom. It waved aside everything, every form of
religious and civil authority, every imaginable fear, to give precedence
to the ethic of free inquiry. It pictured a universe in which humanity
plays the role of perpetual adventurer. For two centuries God seemed
to speak in a new voice to humankind. That voice had been fore-
shadowed in 1486 by Giovanni Pico della Mirandola, Renaissance
forerunner of the Enlightenment thinkers, in this benediction:

We have made thee neither of heaven nor of earth, neither mortal nor
immortal, so that with freedom of choice and with honor, as though
the maker and molder of thyself, thou mayest fashion thyself in what-
ever shape thou shalt prefer.

BY THE EARLY 1800s, however, the splendid image was fading.
Reason fractured, intellectuals lost faith in the leadership of science,
and the prospect of the unity of knowledge sharply declined. It is true
that the spirit of the Enlightenment lived on in political idealism and
the hopes of individual thinkers. In the ensuing decades new schools
sprang up like shoots from the base of a shattered tree: the utilitarian
ethics of Bentham and Mill, the historical materialism of Marx and
Engels, the pragmatism of Charles Peirce, William James, and John
Dewey. But the core agenda seemed irretrievably abandoned. The
grand conception that had riveted thinkers during the previous two
centuries lost most of its credibility.

Science traveled its own way. It continued to double every fifteen
years in practitioners, discoveries, and technical journals, as it had
since the early 1700s, finally beginning to level off only around 1970. Its
continuously escalating success began to give credence again to the
idea of an ordered, intelligible universe. This essential Enlightenment
premise grew stronger in the disciplines of mathematics, physics, and
biology, where it had first been conceived by Bacon and Descartes. Yet
the enormous success of reductionism, its key method, worked per-
versely against any recovery of the Enlightenment program as a whole.
Precisely because scientific information was growing at a geometric
pace, most individual researchers were not concerned with unifica-
tion, and even less with philosophy. They thought, what works, works,
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and so what need is there to reflect more deeply on the matter? They
were even slower to address the taboo-laden physical basis of mind, a
concept hailed in the late 1700s as the gateway from biology to the so-
cial sciences.

There was another, humbler reason for the lack of interest in the
big picture: Scientists simply didn't have the requisite intellectual en-
ergy. The vast majority of scientists have never been more than
journeymen prospectors. That is even more the case today. They are
professionally focused; their education does not orient them to the
wide contours of the world. They acquire the training they need to
travel to the frontier and make discoveries of their own, and as fast as
possible, because life at the growing edge is expensive and chancy.
The most productive scientists, installed in million-dollar laboratories,
have no time to think about the big picture and see little profit in it.
The rosette of the United States National Academy of Sciences, which
the two thousand elected members wear on their lapels as a mark of
achievement, contains a center of scientific gold surrounded by the
purple of natural philosophy. The eyes of most leading scientists, alas,
are fixed on the gold.

It is therefore not surprising to find physicists who do not know
what a gene is, and biologists who guess that string theory has some-
thing to do with violins. Grants and honors are given in science for dis-
coveries, not for scholarship and wisdom. And so has it ever been.
Francis Bacon, using the political skills that lofted him to the Lord
Chancellorship, personally importuned the English monarchs for
funds to carry forth his great scheme of unifying knowledge. He never
got a penny. At the height of his fame Descartes was ceremoniously
awarded a stipend by the French royal court. But the account re-
mained unfunded, helping to drive him to the more generous Swedish
court in the "land of bears between rock and ice," where he soon died
of pneumonia.

The same professional atomization afflicts the social sciences and
humanities. The faculties of higher education around the world are a
congeries of experts. To be an original scholar is to be a highly special-
ized world authority in a polyglot Calcutta of similarly focused world
authorities. In 1797, when Jefferson took the president's chair at the
American Philosophical Society, all American scientists of profes-
sional caliber and their colleagues in the humanities could be seated
comfortably in the lecture room of Philosophical Hall. Most could dis-
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course reasonably well on the entire world of learning, which was still
small enough to be seen whole. Their successors today, including
450,000 holders of the doctorate in science and engineering alone,
would overcrowd Philadelphia. Professional scholars in general have
little choice but to dice up research expertise and research agendas
among themselves. To be a successful scholar means spending a career
on membrane biophysics, the Romantic poets, early American history,
or some other such constricted area of formal study.

Fragmentation of expertise was further mirrored in the twentieth
century by modernism in the arts, including architecture. The work of
the masters—Braque, Picasso, Stravinsky, Eliot, Joyce, Martha Gra-
ham, Gropius, Frank Lloyd Wright, and their peers—was so novel and
discursive as to thwart generic classification, except perhaps for this:
The modernists tried to achieve the new and provocative at any
cost. They identified the constraining bonds of tradition and self-
consciously broke them. Many rejected realism in expression in order
to explore the unconscious. Freud, as much a literary stylist as a scien-
tist, inspired them and can be justifiably included in their ranks. Psy-
choanalysis was a force that shifted the attention of modernist
intellectuals and artists from the social and political to the private and
psychological. Subjecting every topic within their domain to the "ruth-
less centrifuge of change," in Carl Schorske's phrase, they meant to
proudly assert the independence of twentieth-century high culture
from the past. They were not nihilists; rather, they sought to create a
new level of order and meaning. They were complete experimentalists
who wished to participate in a century of radical technological and po-
litical change and to fashion part of it entirely on their own terms.

Thus the free flight bequeathed by the Enlightenment, which dis-
engaged the humanities during the Romantic era, had by the middle
of the twentieth century all but erased hope for the unification of
knowledge with the aid of science. The two cultures described by C. P.
Snow in his 1959 Rede Lecture, the literary and the scientific, were no
longer on speaking terms.

A L L M O V E M E N T S T E N D to extremes, which is approximately
where we are today. The exuberant self-realization that ran from ro-
manticism to modernism has given rise now to philosophical postmod-
ernism (often called poststructuralism, especially in its more political
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and sociological expressions). Postmodernism is the ultimate polar
antithesis of the Enlightenment. The difference between the two ex-
tremes can be expressed roughly as follows: Enlightenment thinkers
believe we can know everything, and radical postmodernists believe
we can know nothing.

The philosophical postmodernists, a rebel crew milling beneath
the black flag of anarchy, challenge the very foundations of science
and traditional philosophy. Reality, they propose, is a state constructed
by the mind, not perceived by it. In the most extravagant version of this
constructivism, there is no "real" reality, no objective truths external to
mental activity, only prevailing versions disseminated by ruling social
groups. Nor can ethics be firmly grounded, given that each society cre-
ates its own codes for the benefit of the same oppressive forces.

If these premises are correct, it follows that one culture is as good as
any other in the expression of truth and morality, each in its own spe-
cial way. Political multiculturalism is justified; each ethnic group and
sexual preference in the community has equal validity. And, more than
mere tolerance, it deserves communal support and mandated repre-
sentation in educational agendas, not because it has general impor-
tance to the society but because it exists. That is—again—if the
premises are correct. And they must be correct, say their promoters, be-
cause to suggest otherwise is bigotry, which is a cardinal sin. Cardinal,
that is, if we agree to waive in this one instance the postmodernist pro-
hibition against universal truth, and all agree to agree for the common
good. Thus, Rousseau redivivus.

Postmodernism is expressed more explicitly still in deconstruction,
a technique of literary criticism. Each author's meaning is unique to
himself, goes the underlying premise; nothing of his true intention or
anything else connected to objective reality can be reliably assigned to
it. His text is therefore open to fresh analysis and commentary issuing
from the equally solipsistic world in the head of the reviewer. But then
the reviewer is in turn subject to deconstruction, as well as the re-
viewer of the reviewer, and so on in infinite regress. That is what
Jacques Derrida, the creator of deconstruction, meant when he stated
the formula Il n'y a pas de hors-texte (There is nothing outside the text).
At least, that is what I think he meant, after reading him, his defenders,
and his critics with some care. If the radical postmodernist premise is
correct, we can never be sure that is what he meant. Conversely, if that
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is what he meant, it is not certain we are obliged to consider his argu-
ments further. This puzzle, which I am inclined to set aside as the
"Derrida paradox," is similar to the Cretan paradox (a Cretan says "all
Cretans are liars"). It awaits solution, though one need not feel any
great sense of urgency in the matter.

Nor is it certain from Derrida's ornately obscurantist prose that he
himself knows what he means. Some observers think his writing is
meant as a jeu d'esprit, a kind of joke. His new "science" of grammatol-
ogy is the opposite of science, rendered in fragments with the incoher-
ence of a dream, at once banal and fantastical. It is innocent of the
science of mind and language developed elsewhere in the civilized
world, rather like the pronouncements of a faith healer unaware of
the location of the pancreas. He seems, in the end, to be conscious
of this omission, but contents himself with the stance of Rousseau,
self-professed enemy of books and writing, whose work Émile he
quotes: ". . . the dreams of a bad night are given to us as philosophy.
You will say I too am a dreamer; I admit it, but I do what others fail to
do, I give my dreams as dreams, and leave the reader to discover
whether there is anything in them which may prove useful to those
who are awake."

Scientists, awake and held responsible for what they say while
awake, have not found postmodernism useful. The postmodernist pos-
ture toward science in return is one of subversion. There appears to be
a provisional acceptance of gravity, the periodic table, astrophysics,
and similar stanchions of the external world, but in general the scien-
tific culture is viewed as just another way of knowing, and, moreover,
contrived mostly by European and American white males.

It is tempting to relegate postmodernism to history's curiosity cabi-
net alongside theosophy and transcendental idealism, but it has
seeped by now into the mainstream of the social sciences and humani-
ties. It is viewed there as a technique of metatheory (theory about theo-
ries), by which scholars analyze not so much the subject matter of the
scientific discipline as the cultural and psychological reasons particu-
lar scientists think the way they do. The analyst places emphasis on
"root metaphors," those ruling images in the thinker's mind by which
he designs theory and experiments. Here, for example, is Kenneth
Gergen explaining how modern psychology is dominated by the
metaphor of human beings as machines:
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Regardless of the character of the person's behavior, the mechanist
theorist is virtually obliged to segment him from the environment, to
view the environment in terms of stimulus or input elements, to view
the person as reactive to and dependent on these input elements, to
view the domain of the mental as structured (constituted of interact-
ing elements), to segment behavior into units that can be coordinated
to the stimulus inputs, and so on.

Put briefly, and to face the issue squarely, psychology is at risk of
becoming a natural science. As a possible remedy for those who wish
to keep it otherwise, and there are many scholars who do, Gergen cites
other, perhaps less pernicious root metaphors of mental life that might
be considered, such as the marketplace, dramaturgy, and rule-following.
Psychology, if not allowed to be contaminated with too much biology,
can accommodate endless numbers of theoreticians in the future.

As the diversity of metaphors has been added to ethnic diversity
and gender dualism to create new workstations in the postmodernist
academic industry, and then politicized, schools and ideologies have
multiplied explosively. Usually leftist in orientation, the more familiar
modes of general postmodernist thought include Afrocentrism, con-
structivist social anthropology, "critical" (i.e., socialist) science, deep
ecology, ecofeminism, Lacanian psychoanalysis, Latourian sociology
of science, and neo-Marxism. To which add all the bewildering vari-
eties of deconstruction techniques and New Age holism swirling
round about and through them.

Their adherents fret upon the field of play, sometimes brilliantly,
usually not, jargon-prone and elusive. Each in his own way seems to be
drifting toward that mysterium tremendum abandoned in the seven-
teenth century by the Enlightenment. And not without the expression
of considerable personal anguish. Of the late Michel Foucault, the
great interpreter of political power in the history of ideas, poised "at the
summit of Western intellectual life," George Scialabba has percep-
tively written,

Foucault was grappling with the deepest, most intractable dilemmas
of modern identity.. .. For those who believe that neither God nor
natural law nor transcendent Reason exists, and who recognize the
varied and subtle ways in which material interest—power—has cor-
rupted, even constituted, every previous morality, how is one to live, to
what values can one hold fast?
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How and what indeed? To solve these disturbing problems, let us
begin by simply walking away from Foucault, and existentialist despair.
Consider this rule of thumb: To the extent that philosophical positions
both confuse and close doors to further inquiry, they are likely to be
wrong.

To Foucault I would say, if I could (and without meaning to sound
patronizing), it's not so bad. Once we get over the shock of discovering
that the universe was not made with us in mind, all the meaning the
brain can master, and all the emotions it can bear, and all the shared
adventure we might wish to enjoy, can be found by deciphering the
hereditary orderliness that has borne our species through geological
time and stamped it with the residues of deep history. Reason will be
advanced to new levels, and emotions played in potentially infinite
patterns. The true will be sorted from the false, and we will understand
one another very well, the more quickly because we are all of the same
species and possess biologically similar brains.

And to others concerned about the growing dissolution and irrele-
vance of the intelligentsia, which is indeed alarming, I suggest there
have always been two kinds of original thinkers, those who upon view-
ing disorder try to create order, and those who upon encountering
order try to protest it by creating disorder. The tension between the two
is what drives learning forward. It lifts us upward through a zigzagging
trajectory of progress. And in the Darwinian contest of ideas, order al-
ways wins, because—simply—that is the way the real world works.

Nevertheless, here is a salute to the postmodernists. As today's cele-
brants of corybantic Romanticism, they enrich culture. They say to the
rest of us: Maybe, just maybe, you are wrong. Their ideas are like
sparks from firework explosions that travel away in all directions, de-
void of following energy, soon to wink out in the dimensionless dark.
Yet a few will endure long enough to cast light on unexpected subjects.
That is one reason to think well of postmodernism, even as it menaces
rational thought. Another is the relief it affords those who have chosen
not to encumber themselves with a scientific education. Another is the
small industry it has created within philosophy and literary studies.
Still another, the one that counts the most, is the unyielding critique of
traditional scholarship it provides. We will always need postmodernists
or their rebellious equivalents. For what better way to strengthen orga-
nized knowledge than continually to defend it from hostile forces?
John Stuart Mill correctly noted that teacher and learner alike fall
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asleep at their posts when there is no enemy in the field. And if some-
how, against all the evidence, against all reason, the linchpin falls out
and everything is reduced to epistemological confusion, we will find
the courage to admit that the postmodernists were right, and in the
best spirit of the Enlightenment, we will start over again. Because, as
the great mathematician David Hilbert once said, capturing so well
that part of the human spirit expressed through the Enlightenment,
Wir müssen wissen. Wir werden wissen. We must know, we will know.



CHAPTER 4

THE NATURAL SCIENCES

BY ANY R E A S O N A B L E M E A S U R E OF achievement, the faith of
the Enlightenment thinkers in science was justified. Today the greatest
divide within humanity is not between races, or religions, or even, as
widely believed, between the literate and illiterate. It is the chasm that
separates scientific from prescientific cultures. Without the instru-
ments and accumulated knowledge of the natural sciences—physics,
chemistry, and biology—humans are trapped in a cognitive prison.
They are like intelligent fish born in a deep, shadowed pool. Wonder-
ing and restless, longing to reach out, they think about the world out-
side. They invent ingenious speculations and myths about the origin of
the confining waters, of the sun and the sky and the stars above, and
the meaning of their own existence. But they are wrong, always wrong,
because the world is too remote from ordinary experience to be merely
imagined.

Science is neither a philosophy nor a belief system. It is a combina-
tion of mental operations that has become increasingly the habit of ed-
ucated peoples, a culture of illuminations hit upon by a fortunate turn
of history that yielded the most effective way of learning about the real
world ever conceived.

With instrumental science humanity has escaped confinement
and prodigiously extended its grasp of physical reality. Once we were
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nearly blind; now we can see —literally. Visible light, we have learned,
is not the sole illuminating energy of the universe, as prescientific
common sense decreed. It is instead an infinitesimal sliver of electro-
magnetic radiation, comprising wavelengths of 400 to 700 nanometers
(billionths of a meter), within a spectrum that ranges from gamma
waves trillions of times shorter to radio waves trillions of times longer.
Radiation over most of this span, in wildly varying amounts, continu-
ally rains down on our bodies. But without instruments we were oblivi-
ous to its existence. Because the human retina is rigged to report only
400-700 nanometers, the unaided brain concludes that only visible
light exists.

Many kinds of animals know better. They live in a different visual
world, oblivious to part of the human visible spectrum, sensitive to
some wavelengths outside it. Below 400 nanometers, butterflies find
flowers and pinpoint pollen and nectar sources by the pattern of ultra-
violet rays reflected off the petals. Where we see a plain yellow or white
blossom, they see spots and concentric circles in light and dark. The
patterns have evolved in plants to guide insect pollinators to the an-
thers and nectar pools.

With the aid of appropriate instruments we can now view the
world with butterfly eyes.

Scientists have entered the visual world of animals and beyond be-
cause they understand the electromagnetic spectrum. They can trans-
late any wavelength into visible light and audible sound, and generate
most of the spectrum from diverse energy sources. By manipulating se-
lected segments of the electromagnetic spectrum they peer downward
to the trajectories of subatomic particles and outward to star birth in
distant galaxies whose incoming light dates back to near the beginning
of the universe. They (more accurately we, since scientific knowledge
is universally available) can visualize matter across thirty-seven orders
of magnitude. The largest galactic cluster is larger than the smallest
known particle by a factor of the number one with about thirty-seven
zeroes following it.

I mean no disrespect when I say that prescientific people, regard-
less of their innate genius, could never guess the nature of physical re-
ality beyond the tiny sphere attainable by unaided common sense.
Nothing else ever worked, no exercise from myth, revelation, art,
trance, or any other conceivable means; and notwithstanding the emo-
tional satisfaction it gives, mysticism, the strongest prescientific probe



The Natural Sciences 51

into the unknown, has yielded zero. No shaman's spell or fast upon a
sacred mountain can summon the electromagnetic spectrum. Proph-
ets of the great religions were kept unaware of its existence, not because
of a secretive god but because they lacked the hard-won knowledge of
physics.

Is this a paean to the god of science? No—to human ingenuity, to
the capacity in all of us, freed at last in the modern era. And to the for-
tunate comprehensibility of the universe. The signature achievement
of humanity has been to find its way without assistance through a
world that proved surprisingly well ordered.

All our other senses have been expanded by science. Once we were
deaf; now we can hear everything. The human auditory range is 20 to
20,000 Hz, or cycles of air compression per second. Above that range,
flying bats broadcast ultrasonic pulses into the night air and listen for
echoes to locate moths and other insects on the wing. Many of their
potential prey listen with ears tuned to the same frequencies as the
bats. When they hear the telltale pulses, they dip and wheel in evasive
maneuvers or else power-dive to the ground. Before the 1950s, zoolo-
gists were unaware of this nocturnal contest. Now, with receivers,
transformers, and night-time photography they can follow every
squeak and aerial roll-out.

We have even uncovered basic senses entirely outside the human
repertory. Where humans detect electricity only indirectly by a tin-
gling of skin or flash of light, the electric fishes of Africa and South
America, a medley of freshwater eels, catfish, and elephant-nosed
fishes, live in a galvanic world. They generate charged fields around
their bodies with trunk muscle tissue that has been modified by evolu-
tion into organic batteries. The power is controlled by a neural switch.
Each time the switch turns on the field, individual fish sense the re-
sulting power with electroreceptors distributed over their bodies. Per-
turbations caused by nearby objects, which cast electric shadows over
the receptors, allow them to judge size, shape, and movement. Thus
continuously informed, the fish glide smoothly past obstacles in dark
water, escape from enemies, and target prey. They also communicate
with one another by means of coded electrical bursts. Zoologists, using
generators and detectors, can join the conversation. They are able to
talk as through a fish's skin.
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F R O M T H E S E AND countless other examples can be drawn an in-
formal rule of biological evolution important to the understanding of
the human condition: If an organic sensor can be imagined that picks
up any signal from the environment, there exists a species somewhere
that possesses it. The bountiful powers of life expressed in such diver-
sity raise a question about the incapacity of the unaided human senses:
Why can't our species, the supposed summum bonum of Creation, do
as much as all the animals combined, and more? Why were we
brought into the world physically handicapped?

Evolutionary biology offers a simple answer. Natural selection, de-
fined as the differential survival and reproduction of different genetic
forms, prepares organisms only for necessities. Biological capacity
evolves until it maximizes the fitness of organisms for the niches they
fill, and not a squiggle more. Every species, every kind of butterfly, bat,
fish, and primate, including Homo sapiens, occupies a distinctive
niche. It follows that each species lives in its own sensory world. In
shaping that world, natural selection is guided solely by the conditions
of past history and by events occurring moment to moment then and
now. Because moths are too small and indigestible to be energetically
efficient food for large primates, Homo sapiens never evolved echolo-
cation to catch them. And since we do not live in dark water, an elec-
trical sense was never an option for our species.

Natural selection, in short, does not anticipate future needs. But
this principle, while explaining so much so well, presents a difficulty. If
the principle is universally true, how did natural selection prepare the
mind for civilization before civilization existed? That is the great mys-
tery of human evolution: how to account for calculus and Mozart.

Later I will attempt an answer by expanding the evolutionary expla-
nation to embrace culture and technological innovation. For the mo-
ment, let me soften the problem somewhat by addressing the peculiar
nature of the natural sciences as a product of history. Three precondi-
tions, three strokes of luck in the evolutionary arena, led to the scien-
tific revolution. The first was the boundless curiosity and creative drive
of the best minds. The second was the inborn power to abstract the es-
sential qualities of the universe. This ability was possessed by our Neo-
lithic ancestors, but (again, here the primary puzzle) seemingly
developed beyond their survival needs. In just three centuries, from
1600 to 1900, too short a time for improvement of the human brain by
genetic evolution, humankind launched the technoscientific age.
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The third enabling precondition is what the physicist Eugene
Wigner once called the unreasonable effectiveness of mathematics in
the natural sciences. For reasons that remain elusive to scientists and
philosophers alike, the correspondence of mathematical theory and
experimental data in physics in particular is uncannily close. It is so
close as to compel the belief that mathematics is in some deep sense
the natural language of science. "The enormous usefulness of mathe-
matics in the natural sciences," Wigner wrote, "is something bordering
on the mysterious and there is no rational explanation for it. It is not at
all natural that 'laws of nature' exist, much less that man is able to dis-
cover them. The miracle of the appropriateness of the language of
mathematics for the formulation of the laws of physics is a wonderful
gift which we neither understand nor deserve."

The laws of physics are in fact so accurate as to transcend cultural
differences. They boil down to mathematical formulae that cannot be
given Chinese or Ethiopian or Mayan nuances. Nor do they cut any
slack for masculinist or feminist variations. We may even reasonably
suppose that any advanced extraterrestrial civilizations, if they possess
nuclear power and can launch spacecraft, have discovered the same
laws, such that their physics could be translated isomorphically, point
to point, set to point, and point to set, into human notation.

The greatest exactitude of all has been obtained in measurements
of the electron. A single electron is almost unimaginably small. Ab-
stracted into a probabilistic packet of wave energy, it is also nearly
impossible to visualize (as is the case generally for phenomena in
quantum physics) within the conventional cognitive framework of ob-
jects moving in three-dimensional space. Yet we know with confidence
that it has a negative charge of 0.16 billion-billionth (—1.6 X 10-19)
coulomb and a rest mass of 0.91 billion-billion-billionth (9.1 X 10-28)
gram. From these and other verifiable quantities have been accurately
deduced the properties of electric currents, the electromagnetic spec-
trum, the photoelectric effect, and chemical bonding.

The theory that unites such basic phenomena is an interlocking set
of graphical representations and equations called quantum electrody-
namics (Q.E.D.). Q.E.D. treats the position and momentum of each
electron as both a wave function and a discrete particle in space. The
electron is further envisioned in Q.E.D. as randomly emitting and re-
absorbing photons, the unique massless particles that carry the electro-
magnetic force.
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In one property of the electron, its magnetic moment, theory and
experiment have been matched to the most extreme degree ever
achieved in the physical sciences. The magnetic moment is a measure
of the interaction between an electron and a magnetic field. More pre-
cisely, it is the maximum torque experienced by the electron divided
by the magnetic induction acting on it. The quantity of interest is the
gyromagnetic ratio, the magnetic moment divided in turn by the angu-
lar momentum. Theoretical physicists predicted the value of the gyro-
magnetic ratio with calculations incorporating both special relativity
and perturbations from photon emission and resorption, the two phe-
nomena expected from Q.E.D. to cause small deviations from the
ratio previously predicted by classical atomic physics.

For their part, and independently, atomic scientists directly mea-
sured the gyromagnetic ratio. In a technical tour de force, they trapped
single electrons inside a magnetic-electric bottle and studied them
for long periods of time. Their data matched the theoretical predic-
tion to one part in a hundred billion. Together the theoretical and
experimental physicists accomplished the equivalent of launching a
needle due east from San Francisco and correctly calling in advance
where it would strike (near Washington, D.C.) to within the width of a
human hair.

T H E D E S C E N T TO minutissima, the search for ultimate smallness
in entities such as electrons, is a driving impulse of Western natural sci-
ence. It is a kind of instinct. Human beings are obsessed with building
blocks, forever pulling them apart and putting them back together
again. The impulse goes as far back as 400 B.C. to the first protoscience,
when Leucippus and his student Democritus speculated, correctly as
it turned out, that matter is made of atoms. Reduction to microscopic
units has been richly consummated in modern science.

The search for the ultimate has been aided through direct visual
observation by steady advances in the resolving power of microscopes.
This technological enterprise satisfies a second elemental craving: to
see all the world with our own eyes. The most powerful of modern in-
struments, invented during the 1980s, are the scanning-tunneling mi-
croscope and atomic force microscope, which provide an almost literal
view of atoms bonded into molecules. A DNA double helix can now
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be viewed exactly as it is, including every twist and turn into which a
particular molecule fell as the technician prepared it for study. Had
such visual techniques existed fifty years ago, the infant science of mo-
lecular biology would have escalated even more sharply than it has. In
science, as in whist and bridge, one peek is worth a hundred finesses.

Atomic-level imaging is the end product of three centuries of tech-
nological innovation in search of the final peek. Microscopy began
with the primitive optical instruments of Anton van Leeuwenhoek,
which in the late 1600s revealed bacteria and other objects a hundred
times smaller than the resolution of the human eye. It has arrived at
methods for showing objects a million times smaller.

The passion for dissecting and reassembling has resulted in the in-
vention of nanotechnology, the manufacture of devices composed of a
relatively small number of molecules. Among the more impressive re-
cent achievements are:

• Etching stainless steel pins with ion beams, Bruce Lamartine and
Roger Stutz of the Los Alamos National Laboratory have created high-
density ROMs ("read-only memories"), whose lines are cut so fine,
down to 150 billionths of a meter, as to allow the storage of two giga-
bytes of data on a pin 25 millimeters long and 1 millimeter wide. Since
the materials are nonmagnetic, the information thus stored is nearly
indestructible. Yet there is still a long way to go. In theory at least,
atoms can be ordered to store knowledge.

• A fundamental question in chemistry since the work of Lavoisier
in the eighteenth century has been the following: How long does it
take a pair of molecules to meet and bond when different reagents are
mixed together? By confining solutions to extremely small spaces,
Mark Wightman and his fellow researchers at the University of North
Carolina observed flashes of light that mark the contact of oppositely
charged reagent molecules, enabling the chemists to time the reac-
tions with unprecedented accuracy.

• Molecule-sized machines that assemble themselves under the di-
rection of technicians have for many years been considered a theoreti-
cal possibility. Now the ensembles are being realized in practice. One
of the most promising techniques, engineered by George M. White-
sides of Harvard University and other organic chemists, consists in
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self-assembled monolayers. The SAMs (for short) consist of sausage-
shaped molecules such as long hydrocarbon chains called alkanethi-
ols. After synthesis in the laboratory the substances are painted onto a
gold surface. One end of each molecule has properties that cause it to
adhere to the gold; the other end, built of atoms with different proper-
ties, projects outward into space. Thus lined up like soldiers on parade,
molecules of the same kind create a single layer only one to two
nanometers thick. Molecules of a different construction are next laid
down to create a second layer on top of the first, and so on, compound
by compound, to produce a stratified film of desired thickness and
chemical properties. SAMs share some of the basic properties of mem-
branes of living cells. Their construction suggests one possible step in
the eventual assembly of simple artificial organisms. Although far from
being alive, SAMs are simulacra of elemental pieces of life. Given
enough such components assembled the right way, chemists may
someday produce a passable living cell.

T H E I N T E L L E C T U A L T H R U S T of modern science and its signifi-
cance for the consilient world view can be summarized as follows. In
the ultimate sense our brain and sensory system evolved as a biological
apparatus to preserve and multiply human genes. But they enable us to
navigate only through the tiny segment of the physical world whose
mastery serves that primal need. Instrumental science has removed
the handicap. Still, science in its fullness is much more than just the
haphazard expansion of sensory capacity by instruments. The other el-
ements in its creative mix are classification of data and their interpreta-
tion by theory. Together they compose the rational processing of
sensory experience enhanced by instrumentation.

Nothing in science—nothing in life, for that matter—makes sense
without theory. It is our nature to put all knowledge into context in
order to tell a story, and to re-create the world by this means. So let us
visit the topic of theory for a moment. We are enchanted by the beauty
of the natural world. Our eye is caught by the dazzling visual patterns
of polar star trails, for example, and the choreography of chromosomes
in dividing root tip cells of a plant. Both disclose processes that are also
vital to our lives. In unprocessed form, however, without the theoreti-
cal frameworks of heliocentric astronomy and Mendelian heredity,
they are no more than beautiful patterns of light.
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Theory: a word hobbled by multiple meanings. Taken alone with-
out a or the, it resonates with erudition. Taken in everyday context, it is
shot through with corrupting ambiguity. We often hear that such and
such an assertion is only a theory. Anyone can have a theory; pay your
money and take your choice among the theories that compete for your
attention. Voodoo priests sacrificing chickens to please spirits of the
dead are working with a theory. So are millenarian cultists watching
the Idaho skies for signs of the Second Coming. Because scientific the-
ories contain speculation, they too may seem just more guesswork, and
therefore built on sand. That, I suspect, is the usual postmodernist con-
ception: Everyone's theory has validity and is interesting. Scientific
theories, however, are fundamentally different. They are constructed
specifically to be blown apart if proved wrong, and if so destined, the
sooner the better. "Make your mistakes quickly" is a rule in the prac-
tice of science. I grant that scientists often fall in love with their own
constructions. I know; I have. They may spend a lifetime vainly trying
to shore them up. A few squander their prestige and academic political
capital in the effort. In that case—as the economist Paul Samuelson
once quipped—funeral by funeral, theory advances.

Quantum electrodynamics and evolution by natural selection are
examples of successful big theories, addressing important phenomena.
The entities they posit, such as photons, electrons, and genes, can be
measured. Their statements are designed to be tested in the acid
washes of skepticism, experiments, and the claims of rival theories.
Without this vulnerability, they will not be accorded the status of sci-
entific theories. The best theories are rendered lean by Occam's razor,
first expressed in the 1320s by William of Occam. He said, "What can
be done with fewer assumptions is done in vain with more." Parsimony
is a criterion of good theory. With lean, tested theory we no longer
need Phoebus in a chariot to guide the sun across the sky, or dryads to
populate the boreal forests. The practice grants less license for New
Age dreaming, I admit, but it gets the world straight.

Still, scientific theories are a product of imagination—informed
imagination. They reach beyond their grasp to predict the existence of
previously unsuspected phenomena. They generate hypotheses, disci-
plined guesses about unexplored topics whose parameters the theories
help to define. The best theories generate the most fruitful hypotheses,
which translate cleanly into questions that can be answered by obser-
vation and experiment. Theories and their progeny hypotheses com-
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pete for the available data, which comprise the limiting resource in the
ecology of scientific knowledge. The survivors in this tumultuous envi-
ronment are the Darwinian victors, welcomed into the canon, settling
in our minds, guiding us to further exploration of physical reality, more
surprises. And yes, more poetry.

Science, to put its warrant as concisely as possible, is the organized,
systematic enterprise that gathers knowledge about the world and con-
denses the knowledge into testable laws and principles. The diagnostic
features of science that distinguish it from pseudoscience are first, re-
peatability: The same phenomenon is sought again, preferably by
independent investigation, and the interpretation given to it is con-
firmed or discarded by means of novel analysis and experimentation.
Second, economy: Scientists attempt to abstract the information into
the form that is both simplest and aesthetically most pleasing—the
combination called elegance—while yielding the largest amount of
information with the least amount of effort. Third, mensuration: If
something can be properly measured, using universally accepted
scales, generalizations about it are rendered unambiguous. Fourth,
heuristics: The best science stimulates further discovery, often in un-
predictable new directions; and the new knowledge provides an addi-
tional test of the original principles that led to its discovery. Fifth and
finally, consilience: The explanations of different phenomena most
likely to survive are those that can be connected and proved consistent
with one another.

Astronomy, biomedicine, and physiological psychology possess all
these criteria. Astrology, ufology, creation science, and Christian Sci-
ence, sadly, possess none. And it should not go unnoticed that the true
natural sciences lock together in theory and evidence to form the in-
eradicable technical base of modern civilization. The pseudosciences
satisfy personal psychological needs, for reasons I will explain later, but
lack the ideas or the means to contribute to the technical base.

T H E C U T T I N G E D G E of science is reductionism, the breaking
apart of nature into its natural constituents. The very word, it is true,
has a sterile and invasive ring, like scalpel or catheter. Critics of sci-
ence sometimes portray reductionism as an obsessional disorder, de-
clining toward a terminal stage one writer recently dubbed "reductive
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megalomania." That characterization is an actionable misdiagnosis.
Practicing scientists, whose business is to make verifiable discoveries,
view reductionism in an entirely different way: It is the search strategy
employed to find points of entry into otherwise impenetrably complex
systems. Complexity is what interests scientists in the end, not simplic-
ity. Reductionism is the way to understand it. The love of complexity
without reductionism makes art; the love of complexity with reduc-
tionism makes science.

Here is how reductionism works most of the time, as it might ap-
pear in a user's manual. Let your mind travel around the system. Pose an
interesting question about it. Break the question down and visualize the
elements and questions it implies. Think out alternative conceivable an-
swers. Phrase them so that a reasonable amount of evidence makes a
clear-cut choice possible. If too many conceptual difficulties are encoun-
tered, back off. Search for another question. When you finally hit a soft
spot, search for the model system—say a controlled emission in particle
physics or a fast-breeding organism in genetics—on which decisive
experiments can be most easily conducted. Become thoroughly famil-
iar—no, better, become obsessed—with the system. Love the details, the
feel of all of them, for their own sake. Design the experiment so that no
matter what the result, the answer to the question will be convincing.
Use the result to press on to new questions, new systems. Depending on
how far others have already gone in this sequence (and always keep in
mind, you must give them complete credit), you may enter it at any point
along the way.

Followed more or less along these lines, reductionism is the pri-
mary and essential activity of science. But dissection and analysis are
not all that scientists do. Also crucial are synthesis and integration,
tempered by philosophical reflection on significance and value. Even
the most narrowly focused researchers, including those devoted to the
search for elemental units, still think all the time about complexity. To
make any progress they must meditate on the networks of cause and ef-
fect across adjacent levels of organization—from subatomic particles
to atoms, say, or organisms to species—and they must think on the hid-
den design and forces of the networks of causation. Quantum physics
thus blends into chemical physics, which explains atomic bonding and
chemical reactions, which form the foundation of molecular biology,
which demystifies cell biology.
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Behind the mere smashing of aggregates into smaller pieces lies a
deeper agenda that also takes the name of reductionism: to fold the
laws and principles of each level of organization into those at more
general, hence more fundamental levels. Its strong form is total con-
silience, which holds that nature is organized by simple universal laws
of physics to which all other laws and principles can eventually be re-
duced. This transcendental world view is the light and way for many
scientific materialists (I admit to being among them), but it could be
wrong. At the least, it is surely an oversimplification. At each level of
organization, especially at the living cell and above, phenomena exist
that require new laws and principles, which still cannot be predicted
from those at more general levels. Perhaps some of them will remain
forever beyond our grasp. Perhaps prediction of the most complex sys-
tems from more general levels is impossible. That would not be all
bad. I will confess with pleasure: The challenge and the crackling of
thin ice are what give science its metaphysical excitement.

S C I E N C E , its imperfections notwithstanding, is the sword in the
stone that humanity finally pulled. The question it poses, of universal
and orderly materialism, is the most important that can be asked in
philosophy and religion. Its procedures are not easy to master, even to
conceptualize; that is why it took so long to get started, and then
mostly in one place, which happened to be western Europe. The work
is also hard and for long intervals frustrating. You have to be a bit com-
pulsive to be a productive scientist. Keep in mind that new ideas are
commonplace, and almost always wrong. Most flashes of insight lead
nowhere; statistically, they have a half-life of hours or maybe days.
Most experiments to follow up the surviving insights are tedious and
consume large amounts of time, only to yield negative or (worse!) am-
biguous results. Over the years I have been presumptuous enough to
counsel new Ph.D.'s in biology as follows: If you choose an academic
career you will need forty hours a week to perform teaching and ad-
ministrative duties, another twenty hours on top of that to conduct re-
spectable research, and still another twenty hours to accomplish really
important research. This formula is not boot-camp rhetoric. More
than half the Ph.D.'s in science are stillborn, dropping out of original
research after at most one or two publications. Percy Bridgman, the
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founder of high-pressure physics—no pun intended—put the guide-
line another way: "The scientific method is doing your damnedest, no
holds barred."

Original discovery is everything. Scientists as a rule do not discover
in order to know but rather, as the philosopher Alfred North White-
head observed, they know in order to discover. They learn what they
need to know, often remaining poorly informed about the rest of the
world, including most of science for that matter, in order to move
speedily to some part of the frontier of science where discoveries are
made. There they spread out like foragers on a picket line, each alone
or in small groups probing a carefully chosen, narrow sector. When
two scientists meet for the first time the usual conversation entry is,
"What do you work on?" They already know what generally bonds
them. They are fellow prospectors pressing deeper into an abstracted
world, content most of the time to pick up an occasional nugget but
dreaming of the mother lode. They come to work each day thinking
subconsciously, It's there, I'm close, this could be the day.

They know the first rule of the professional game book: Make an
important discovery, and you are a successful scientist in the true, elit-
ist sense in a profession where elitism is practiced without shame. You
go into the textbooks. Nothing can take that away; you may rest on
your laurels for the rest of your life. But of course you won't; almost no
one driven enough to make an important discovery ever rests. And any
discovery at all is thrilling. There is no feeling more pleasant, no drug
more addictive, than setting foot on virgin soil.

Fail to discover, and you are little or nothing in the culture of sci-
ence, no matter how much you learn and write about science. Schol-
ars in the humanities also make discoveries, of course, but their most
original and valuable scholarship is usually the interpretation and ex-
planation of already existing knowledge. When a scientist begins to
sort out knowledge in order to sift for meaning, and especially when he
carries that knowledge outside the circle of discoverers, he is classified
as a scholar in the humanities. Without scientific discoveries of his
own, he may be a veritable archangel among intellectuals, his broad
wings spread above science, and still not be in the circle. The true and
final test of a scientific career is how well the following declarative sen-
tence can be completed: He (or she) discovered that... A fundamental
distinction thus exists in the natural sciences between process and
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product. The difference explains why so many accomplished scientists
are narrow, foolish people, and why so many wise scholars in the field
are considered weak scientists.

Yet, oddly, there is very little science culture, at least in the strict
tribal sense. Few rites are performed to speak of. There is at most only a
scattering of icons. One does, however, hear a great deal of bickering
over territory and status. The social organization of science most re-
sembles a loose confederation of petty fiefdoms. In religious belief, in-
dividual scientists vary from born-again Christians, admittedly rare, to
hard-core atheists, very common. Few are philosophers. Most are intel-
lectual journeymen, exploring locally, hoping for a strike, living for the
present. They are content to work at discovery, often teaching science
at the college level, pleased to be relatively well-paid members of one
of the more contentious but overall least conspiratorial of professions.

In character they are as variable as the population at large. Take
any random sample of a thousand and you will find the near-full
human range on every axis of measurement—generous to predatory,
well adjusted to psychopathic, casual to driven, grave to frivolous, gre-
garious to reclusive. Some are as stolid as tax accountants in April,
while a few are clinically certifiable as manic-depressives (or bipolars,
to use the ambiguous new term).

In motivation they run from venal to noble. Einstein classified sci-
entists very well during the celebration of Max Planck's sixtieth birth-
day in 1918. In the temple of science, he said, are three kinds of people.
Many take to science out of a joyful sense of their superior intellectual
power; for them, research is a kind of sport that satisfies personal ambi-
tion. A second class of researchers engages in science to achieve purely
utilitarian ends. But of the third: If "the angel of the Lord were to
come and drive all the people belonging to these two categories out of
the temple, a few people would be left, including Planck, and that is
why we love him."

Scientific research is an art form in this sense: It does not matter
how you make a discovery, only that your claim is true and convinc-
ingly validated. The ideal scientist thinks like a poet and works like a
bookkeeper, and I suppose that if gifted with a full quiver, he also
writes like a journalist. As a painter stands before bare canvas or a nov-
elist recycles past emotion with eyes closed, he searches his imagina-
tion for subjects as much as for conclusions, for questions as much as
for answers. Even if his highest achievement is only to perceive the
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need for a new instrument or theory, that may be enough to open the
door to a new industry of research.

This level of creativity in science, as in art, depends as much on
self-image as on talent. To be highly successful the scientist must be
confident enough to steer for blue water, abandoning sight of land for
a while. He values risk for its own sake. He keeps in mind that the foot-
notes of forgotten treatises are strewn with the names of the gifted but
timid. If on the other hand he chooses, like the vast majority of his col-
leagues, to hug the coast, he must be fortunate enough to possess what
I like to define as optimum intelligence for normal science: bright
enough to see what needs to be done but not so bright as to suffer bore-
dom doing it.

The scientist's style of investigation is the product of the discipline
he chooses, further narrowed by aptitude and taste. If a naturalist at
heart, he saunters at random, sometimes through real woods thick with
trees, or, more commonly nowadays, cells thick with molecules, in
search of objects and happenings still unimagined. His instinct is that
of the hunter. If on the other hand the scientist is a mathematical theo-
rist, he creates a mental picture of a known but still poorly understood
process, skeletonizes it into what intuition suggests are its essential ele-
ments, and recasts it in diagrams and equations. He looks for vindica-
tion, by saying to the experimentalists: If this is the way the process
works, even if we cannot see it directly, then here are the parameters
for an indirect probe, and the language by which we might come to ex-
plain the results.

Differences in validation criteria across the disciplines are accord-
ingly vast. Systematic biologists need only stumble upon an unusual
new species, and recognize its novelty, to make an important discovery.
In 1995 two Danish zoologists erected an entirely new phylum of ani-
mals, the thirty-fifth known, from a species of tiny rotiferlike creatures
found living on the mouthparts of lobsters. In a wholly different do-
main, and style, biochemists regularly trace the natural syntheses of
hormones and other biologically important molecules by duplicating
the steps with enzymatically mediated reactions in the laboratory. Ex-
perimental physicists, even further removed than chemists from direct
perception, and hence the most esoteric among the scientific multi-
tude, deduce (to take a properly esoteric example) the spatial distribu-
tion of quarks from high-energy collisions of electrons with protons of
atomic nuclei.
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Advice to the novice scientist: There is no fixed way to make and
establish a scientific discovery. Throw everything you can at the sub-
ject, as long as the procedures can be duplicated by others. Consider
repeated observations of a physical event under varying circumstances,
experiments in different modes and styles, correlation of supposed
causes and effects, statistical analyses to reject null hypotheses (those
deliberately raised to threaten the conclusion), logical argument, and
attention to detail and consistency with the results published by others.
All these actions, singly and in combination, are part of the tested and
true armamentarium of science. As the work comes together, also
think about the audience to whom it will be reported. Plan to publish
in a reputable, peer-reviewed journal. One of the strictures of the sci-
entific ethos is that a discovery does not exist until it is safely reviewed
and in print.

S C I E N T I F I C E V I D E N C E IS accretionary, built from blocks of evi-
dence joined artfully by the blueprints and mortar of theory. Only very
rarely, as in the theories of natural selection and relativity, does an idea
change our conception of the world in one quantal leap. Even the
revolution of molecular biology was accretionary, building upon but
not fundamentally altering physics and chemistry.

Few claims in science, and particularly those entailing concepts,
are accepted as final. But as evidence piles upon evidence and theories
interlock more firmly, certain bodies of knowledge do gain universal
acceptance. In seminar patois they ascend a scale of credibility from
"interesting" to "suggestive" to "persuasive" and finally "compelling."
And given enough time thereafter, "obvious."

No objective yardstick exists on which to mark these degrees of ac-
ceptance; there is no body of external objective truth by which they
can be calibrated. There is only warranted assertibility, to use William
James' phrase, within which particular descriptions of reality grow ever
more congenial to scientists until objections cease. A proof, as the
mathematician Mark Kac once put it, is that which convinces a rea-
sonable man; a rigorous proof is that which convinces an unreason-
able man.

It is occasionally possible to encapsulate a method of science as a
recipe. The most satisfying is that based on multiple competing hy-
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potheses, also known as strong inference. It works only on relatively
simple processes under restricted circumstances and particularly in
physics and chemistry, where context and history are unlikely to affect
the outcome. The phenomenon under scrutiny is known to occur but
cannot be seen directly, with the result that its exact nature can only be
guessed. Investigators think out every possible way the process might
occur—the multiple competing hypotheses—and devise tests that will
eliminate all but one.

In a celebrated 1958 example, Matthew Meselson and Franklin
Stahl, then at the California Institute of Technology, used the method
to demonstrate the steps by which DNA molecules duplicate them-
selves. I will first give their conclusion: The double helix splits length-
wise to create two single helices; each single helix then assembles a
new partner to create another double helix. Alternative hypotheses,
that the double helix duplicates itself in its entirety or that the single
helices are broken and dispersed by the duplication process, must be
discarded.

Now the proof, which despite its technical content is elegantly sim-
ple. Having phrased what in retrospect turns out to have been the right
question, Meselson and Stahl devised the right experiment to make
a choice among the competing alternatives. They first let bacteria
that had manufactured DNA molecules in a heavy-nitrogen medium
continue their multiplication in a normal-nitrogen medium. The re-
searchers then extracted the molecules and centrifuged them in a
cesium chloride solution that formed a gradient of density. DNA mole-
cules built by the bacteria with heavy nitrogen settled deeper into the
cesium chloride density gradient than did otherwise identical DNA
molecules built by the same bacteria with normal nitrogen. When
equilibrium was reached, the DNA had separated out into sharply de-
fined bands in a pattern that exactly fit the hypothesis of single-helix
separation and double-helix regeneration. The pattern eliminated the
two competing hypotheses of whole-molecule duplication and frag-
mentation followed by dispersion of the fragments.

Science, even in the relatively tidy world of molecular genetics, is a
patchwork of such arguments and proofs. But perhaps there are com-
mon elements in its methods. Can we devise a universal litmus test for
scientific statements and with it eventually attain the grail of objective
truth? Current opinion holds that we cannot and never will. Scientists
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and philosophers have largely abandoned the search for absolute ob-
jectivity and are content to ply their trade elsewhere.

I think otherwise and will risk heresy: The answer could well be
yes. Criteria of objective truth might be attainable through empirical
investigation. The key lies in clarifying the still poorly understood op-
erations composing the mind and in improving the piecemeal ap-
proach science has taken to its material properties.

Here is the argument. Outside our heads there is freestanding
reality. Only madmen and a scattering of constructivist philosophers
doubt its existence. Inside our heads is a reconstitution of reality
based on sensory input and the self-assembly of concepts. Input and
self-assembly, rather than an independent entity in the brain—the
"ghost in the machine," in the philosopher Gilbert Ryle's famous
derogation — constitute the mind. The alignment of outer existence
with its inner representation has been distorted by the idiosyncrasies
of human evolution, as I noted earlier. That is, natural selection built
the brain to survive in the world and only incidentally to understand
it at a depth greater than is needed to survive. The proper task of scien-
tists is to diagnose and correct the misalignment. The effort to do so has
only begun. No one should suppose that objective truth is impossible
to attain, even when the most committed philosophers urge us to
acknowledge that incapacity. In particular it is too early for scientists,
the foot soldiers of epistemology, to yield ground so vital to their
mission.

Although seemingly chimerical at times, no intellectual vision is
more important and daunting than that of objective truth based on sci-
entific understanding. Or more venerable. Argued at length in Greek
philosophy, it took modern form in the eighteenth-century Enlighten-
ment hope that science would find the laws governing all physical exis-
tence. Thus empowered, the savants believed, we could clear away the
debris of millennia, including all the myths and false cosmologies that
encumber humanity's self-image. The Enlightenment dream faded
before the allure of Romanticism; but, even more important, science
could not deliver in the domain most crucial to its promise, the physi-
cal basis of mind. The two failings worked together in a devastating
combination: People are innate romantics, they desperately need
myth and dogma, and scientists could not explain why people have
this need.
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As the nineteenth century closed, the dream of objective truth was
rekindled by two philosophies. The first, European in origin, was posi-
tivism, the conviction that the only certain knowledge is the exact de-
scription of what we perceive with our senses. The second, American
in origin, was pragmatism, the belief that truth is what consistently
works in human action. From the outset both positions were symbiotic
with science. They drew major strength from the spectacular advances
in the physical sciences then underway, which vindicated them by the
varied actions—electromagnetic motors, X-rays, reagent chemistry—
that exact, practical knowledge made possible.

The dream of objective truth peaked soon afterward with the for-
mulation of logical positivism, a variation on general positivism that at-
tempted to define the essence of scientific statements by means of
logic and the analysis of language. Although many thinkers con-
tributed to the movement, its driving force was the Vienna Circle, a
group of mostly Austrian intellectuals founded by the philosopher
Moritz Schlick in 1924. Regular meetings of the Circle continued until
Schlick's death in 1936 and the subsequent dispersion of its members
and correspondents, some of whom emigrated to America as exiles
from the Nazi regime.

On September 3-9, 1939, many of the scholars sympathetic to
logical positivism met at Harvard University to attend the fifth Interna-
tional Congress for the Unity of Science. It was a scintillating assem-
blage of names now enshrined in the history of ideas: Rudolf Carnap,
Phillip Frank, Susanne Langer, Richard von Mises, Ernest Nagel,
Otto Neurath, Talcott Parsons, Willard van Quine, and George Sar-
ton. The conferees must have been badly distracted by the invasion
of Poland, which began two days before the meeting started. Where
the Napoleonic campaigns weakened the plausibility of the original
Enlightenment, now a savage war of territorial conquest fired by a
pseudoscientific theory of racial superiority threatened to make a still
greater mockery of the power of reason. The scholars persisted, how-
ever, in exploring the idea that rationally acquired knowledge is the
best hope of humanity.

How then, they asked, to distill the scientific ethos? The move-
ment created by the Vienna Circle had worked at two levels over the
years. First was the reaffirmation of the core Enlightenment ideal
that the cause of the human species is best served by unblinking
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realism. Having "no protectors or enemies," in Carnap's expression,
humanity must find its way to transcendent existence solely by its
own intelligence and will. Science is simply the best instrument at
our disposal. As the Vienna Circle had declared a decade earlier,
"the scientific world conception serves life and in turn is taken up
by life."

The second level, requisite to the first, was the search for pure stan-
dards against which scientific knowledge can be judged. Every sym-
bol, the logical positivists concluded, should denote something real. It
should be consistent with the total structure of established facts and
theories, with no revelations or free-flight generalizing allowed. The-
ory must follow in lockstep with facts. Finally, the informational con-
tent of language is to be carefully distinguished from its emotional
content. To these various ends verification is all important—indeed,
the very meaning of a statement is its method of verification. If the
guidelines are progressively refined and followed, we will in time close
in on objective truth. While this happens, ignorance-based meta-
physics will back away step by step, like a vampire before the lifted
cross.

The logical positivists who met in Cambridge knew that pure
mathematics was on the road to the grail but not the prize itself.
Mathematics, for all its unchallengeable power in framing theory, is
tautological. That is, every conclusion follows completely from its own
premises, which may or may not have anything to do with the real
world. Mathematicians invent and prove lemmas and theorems that
lead to other lemmas and theorems, and onward with no end in sight.
Some fit data from the material world, some do not. The greatest
mathematicians are intellectual athletes of dazzling skill. Sometimes
they hit upon concepts that open new domains of abstract thought.
Complex numbers, linear transformations, and harmonic functions
are among those that have proved most interesting mathematically as
well as useful to science.

Pure mathematics is the science of all conceivable worlds, a logi-
cally closed system yet infinite in all directions allowed by starting
premises. With it we might, if given unlimited time and computa-
tional capacity, describe every imaginable universe. But mathematics
alone cannot inform us of the very special world in which we live.
Only observation can disclose the periodic table, the Hubble constant,
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and all the other certainties of our existence, which may be different or
nonexistent in other universes. Because physics, chemistry, and biolo-
gy are constrained by the parameters of this universe, the one we see
from inside the Milky Way, they compose the science of all possible
phenomena tangible to us.

Still, because of its effectiveness in the natural sciences, mathemat-
ics seems to point arrowlike toward the ultimate goal of objective truth.
The logical positivists were especially impressed by the tight meshing
of observation with abstract mathematical theory in quantum and rela-
tivistic physics. This greatest of twentieth-century triumphs inspired
new confidence in the inborn power of the human brain. Think of it.
Here is Homo sapiens, a primate species barely out of its stone-age vil-
lages, correctly divining phenomena almost unimaginably beyond or-
dinary experience. Surely, the theorists reasoned, we are close to a
general formula for objective truth.

Yet the grail eluded them. Logical positivism stumbled and halted.
Today its analyses, while favored by a few, are more commonly studied
in philosophy, as dinosaur fossils are studied in paleontology laborato-
ries, to understand the causes of extinction. Its last stand may have
been a seldom-read 1956 monograph by Carnap in Minnesota Studies
in the Philosophy of Science. The fatal flaw was in the semantic linch-
pin of the whole system: The founders and their followers could not
agree on the basic distinctions between fact and concept, between em-
pirical generalization and mathematical truth, between theory and
speculation, and from a collation of all these fog-shrouded dichoto-
mies, the differences between scientific and nonscientific statements.

Logical positivism was the most valiant concerted effort ever
mounted by modern philosophers. Its failure, or put more generously,
its shortcoming, was caused by ignorance of how the brain works. That
in my opinion is the whole story. No one, philosopher or scientist,
could explain the physical acts of observation and reasoning in other
than highly subjective terms. Not much has improved in the past
fifty years. The mindscape is now under active exploration but still
largely unmapped. Scientific discourse, the focus of logical positivism,
comprises the most complex of mental operations, and the brain is a
messy place at best even when handling the most elementary of ideas.
Scientists themselves do not think in straight lines. They contrive con-
cepts, evidence, relevance, connections, and analysis as they go along,
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parsing it all into fragments and in no particular order. Herbert Simon,
a Nobelist who has devoted part of his career to the subject, says of the
complexity of concept formation: "What chiefly characterizes creative
thinking from more mundane forms are (i) willingness to accept
vaguely defined problem statements and gradually structure them,
(ii) continuing preoccupation with problems over a considerable pe-
riod of time, and (iii) extensive background knowledge in relevant and
potentially relevant areas."

To put that in a nutshell: knowledge, obsession, daring. The cre-
ative process is an opaque mix. Perhaps only openly confessional
memoirs, still rare to nonexistent, might disclose how scientists actu-
ally find their way to a publishable conclusion. In one sense scientific
articles are deliberately misleading. Just as a novel is better than the
novelist, a scientific report is better than the scientist, having been
stripped of all the confusions and ignoble thought that led to its com-
position. Yet such voluminous and incomprehensible chaff, soon to be
forgotten, contains most of the secrets of scientific success.

The canonical definition of objective scientific knowledge avidly
sought by the logical positivists is not a philosophical problem nor can
it be attained, as they hoped, by logical and semantic analysis. It is an
empirical question that can be answered only by a continuing probe of
the physical basis of the thought process itself. The most fruitful proce-
dures will almost certainly include the use of artificial intelligence,
aided in time by the still embryonic field of artificial emotion, to simu-
late complex mental operations. This modeling system will be joined
to an already swiftly maturing neurobiology of the brain, including the
high-resolution scanning of computational networks active in various
forms of thought. Important advances will also come from the molecu-
lar biology of the learning process.

If the exact biological processes of concept formation can be de-
fined, we might devise superior methods of inquiry into both the brain
and the world outside it. As a consequence we could expect to tighten
the connectedness between the events and laws of nature and the phys-
ical basis of human thought processes. Might it be possible then to
take the final step and devise an unassailable definition of objective
truth? Perhaps not. The very idea is risky. It smells of absolutism, the
dangerous Medusa of science and the humanities alike. Its premature
acceptance is likely to be more paralyzing than its denial. But should
we then be prepared to give up? Never! Better to steer by a lodestar
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than to drift across a meaningless sea. I think we will know if we come
close to the goal of our predecessors, even if unattainable. Its glow will
be caught in the elegance and beauty and power of our shared ideas
and, in the best spirit of philosophical pragmatism, the wisdom of our
conduct.



CHAPTER 5

ARIADNE'S THREAD

W I T H T H E AID of the scientific method, we have gained an en-
compassing view of the physical world far beyond the dreams of earlier
generations. The great adventure is now beginning to turn inward, to-
ward ourselves. In the last several decades the natural sciences have ex-
panded to reach the borders of the social sciences and humanities.
There the principle of consilient explanation guiding the advance
must undergo its severest test. The physical sciences have been rela-
tively easy; the social sciences and humanities will be the ultimate
challenge. This uncertain conjunction of the disciplines has mythic
elements that would have pleased the ancient Greeks: treacherous
road, heroic journey, secret instructions that lead us home. The ele-
ments have been assembled into many narratives over the centuries.
Among them is the story of the Cretan labyrinth, which can also serve
as a metaphor of consilience.

Into the heart of the Cretan labyrinth walks Theseus, Heracles-like
champion of Athens. Through each corridor, past uncounted twists and
turns, he unravels a ball of thread given him by Ariadne, lovestruck
daughter of Crete's King Minos. Somewhere in the hidden passages he
meets the Minotaur, the cannibal half man, half bull to whom seven
youths and maidens are sacrificed each year as Athens' tribute to Crete.
Theseus kills the Minotaur with his bare hands. Then, following Ari-
adne's thread, he retraces his steps through and out of the labyrinth.
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The labyrinth, its likely origin a prehistoric conflict between Crete
and Attica, is a fitting mythic image of the uncharted material world in
which humanity was born and which it forever struggles to under-
stand. Consilience among the branches of learning is the Ariadne's
thread needed to traverse it. Theseus is humanity, the Minotaur our
own dangerous irrationality. Near the entrance of the labyrinth of em-
pirical knowledge is physics, comprising one gallery, then a few
branching galleries that all searchers undertaking the journey must
follow. In the deep interior is a nebula of pathways through the social
sciences, humanities, art, and religion. If the thread of connecting
causal explanations has been well laid, it is nonetheless possible to
follow any pathway quickly in reverse, back through the behavioral
sciences to biology, chemistry, and finally physics.

With time, we discover that the labyrinth has a troubling peculiari-
ty that makes its complete mastery impossible. While there is an en-
trance, more or less, there is no center, only an immense number of
end points deep within the maze. In tracking the thread backward,
from effect to cause, assuming we have enough knowledge to do so,
we can begin with only one end point. The labyrinth of the real world
is thus a Borgesian maze of almost infinite possibility. We can never
map it all, never discover and explain everything. But we can hope to
travel through the known parts swiftly, from the specific back to the
general, and—in resonance with the human spirit—we can go on trac-
ing pathways forever. We can connect threads into broadening webs of
explanation, because we have been given the torch and the ball of
thread.

There is another defining character of consilience: It is far easier to
go backward through the branching corridors than to go forward. After
segments of explanation have been laid one at a time, one level of or-
ganization to the next, to many end points (say, geological formations
or species of butterflies) we can choose any thread and reasonably ex-
pect to follow it through the branching points of causation all the way
back to the laws of physics. But the opposite journey, from physics to
end points, is extremely problematic. As the distance away from
physics increases, the options allowed by the antecedent disciplines in-
crease exponentially. Each branching point of causal explanation mul-
tiplies the forward-bound threads. Biology is almost unimaginably
more complex than physics, and the arts equivalently more complex
than biology. To stay on course all the way seems impossible. And
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worse, we cannot know before departure whether the complete jour-
ney we have imagined even exists.

The accelerating growth of forward-bound complexity, from en-
trance to end points, is illustrated with textbook clarity by cell biology.
Researchers have used the reductionist principles of physics and
chemistry to explain cellular structure and activity in admirably bril-
liant detail, with no discernible room left for rival approaches. They
expect in time to explain everything about any particular kind of cell
chosen for study, reducing it organelle by organelle and finally re-
assembling it holistically, thus traveling toward the labyrinth entrance
and simplicity. But they nourish faint hope of predicting—as opposed
to explaining and reconstructing retrodictively—the character of any
complete cell from physics and chemistry, hence traveling away from
the labyrinth entrance toward rising complexity. To recite one of the
mantras of science, the explanations of the physical sciences are neces-
sary but not sufficient. There is too much idiosyncrasy in the arrange-
ment of a particular cell's nucleus and other organelles as well as the
molecules composing them, and too much complexity in the cell's
constantly shifting chemical exchanges with the environment, to ac-
complish such a conceptual traverse. And beyond these particularities
awaits the still-hidden history of the prescriptive DNA, stretched across
countless generations.

Put briefly, the questions of interest are how the cell is put together
and what was the evolutionary history that led to its prescription. In
order to proceed, biologists are compelled first to describe complexity
in the cell, then break it down. To go the other way is conceivable, but
the biologists all agree it will be forbiddingly difficult.

To dissect a phenomenon into its elements, in this case cell into
organelles and molecules, is consilience by reduction. To reconstitute
it, and especially to predict with knowledge gained by reduction how
nature assembled it in the first place, is consilience by synthesis. That
is the two-step procedure by which natural scientists generally work:
top down across two or three levels of organization at a time by analy-
sis, then bottom up across the same levels by synthesis.

The procedure can be simply illustrated with a modest example
from my own research. Ants alert one another to danger at a distance.
When a worker ant is jostled, pinned to the ground, or otherwise
threatened, nestmates up to several inches away somehow sense her
distress and rush to her aid. ("Her," I say, because all workers are fe-
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male.) Alarm can be communicated by sight but only rarely, since con-
frontations usually occur in the dark and in any case many kinds of
ants are blind. The signal can also be transmitted by sound. Agitated
workers make squeaking noises by rubbing their waists against a rear
segment of their bodies, or else repeatedly pump their bodies up and
down to strike the ground. But again, sound is used only by some
species, and then only on special occasions.

Knowing these facts in the 1950s, as a beginning entomologist, I
speculated that the key alarm signals are chemical. The substances are
what researchers in those days called chemical releasers and today are
known as pherornones. To test my idea, I collected colonies of red har-
vester ants and a few other species whose natural history I knew well.
Then I installed them in artificial nests not much different from a
child's ant farm. With the aid of a dissecting microscope and watch-
maker's forceps I dissected freshly killed workers to obtain organs that
might contain alarm pheromones. I crushed each one of these barely
visible white gobbets of tissue onto the sharpened tips of applicator
sticks and presented them in turn to resting groups of workers. In that
way I learned that at least two of the glands are active. One opens at the
base of the mandibles and the other next to the anus. The ante were
galvanized by the substances released from the glands. They raced
back and forth in whirligig loops around the applicator sticks, pausing
only occasionally to examine and snap at the crushed tissue.

I had pinpointed the origin of the pheromones. But what were
they? I enlisted the help of Fred Regnier, a chemist of like age just
starting his own career. He was expert in the skills most needed at that
time to advance the study of ant communication, the analysis of ex-
tremely small organic samples. Using the latest techniques of the day,
gas chromatography and mass spectrometry, Regnier identified the
active substances as a medley of simple compounds called alkanes
and terpenoids. He then obtained samples of identical compounds
that had been synthesized in the laboratory, guaranteeing their purity.
Presenting minute quantities to the ant colonies, we obtained the same
responses I had observed in my first experiments, and confirmed that
the glandular components Regnier had identified were the alarm
pheromones.

This information was the first step to the understanding of broader
and more basic phenomena. I next enlisted the help of William
Bossert, a young mathematician. (We were all young in those days;
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young scientists have the best ideas and, more important, the most
time.) Intrigued by the novelty of the problem, as well as by the small
stipend I offered him, he agreed to construct physical models of the
diffusion of the pheromones. We knew that chemicals evaporate from
the gland openings. The molecules closest to the openings are dense
enough to be smelled by the ants. The three-dimensional domain
within which this occurs we called the active space. The geometrical
form of the active space can be predicted from knowledge of the physi-
cal properties of the molecules and confirmed by the time required for
the expanding cloud of molecules to alert the ants. We used both the
models and experiments to measure the rate of spread of the mole-
cules and the sensitivity of the ants to them, and established with rea-
sonable certainty that workers release evaporated pheromones in order
to communicate.

The steps in reasoning we followed are universal in scientific re-
search. They follow from the consilience of the disciplines established
by generations of earlier scientists. To solve the problem of alarm com-
munication in ants, we employed reduction, working our way down
from one level of specific organization, namely the organism, to a
more general level, the molecule. We tried to explain a phenomenon
in biology with physics and chemistry. Luckily, our ideas succeeded,
this time.

The same approach to pheromone research continued to be re-
warded in the decades to follow. Scores of biologists working indepen-
dently established that ants organize their colonies with many
chemical systems like those used to transmit alarm. Their bodies, we
discovered, are walking batteries of glands filled with semiotic com-
pounds. When ants dispense their pheromones, singly or in combina-
tion and in varying amounts, they say to other ants, in effect: danger,
come quickly; or danger, disperse; or food, follow me; or there is a better
nest site, follow me; or I am a nestmate, not an alien; or I am a larva;
and on through a repertoire of ten to twenty messages, with the num-
ber differing according to caste (such as soldier or minor worker) and
species. So pervasive and powerful are these codes of taste and smell
that all together they bind ant colonies into a single operational unit.
As a result each colony can be viewed as a superorganism, a congeries
of conventional organisms acting like a single and much larger organ-
ism. The colony is a primitive semiotic web that crudely resembles a
nerve net, a hundred-mouthed hydra writ large. Touch one ant, one
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strand of the net, and the displacement spreads out to engage the com-
munal intelligence.

We had crossed four levels—superorganism, to organism, to glands
and sense organs, to molecules. Was it possible then to turn around
and travel in the opposite direction, predicting the outcome without
advance knowledge of the biology of the ants? Yes, at least in the form
of a few broad principles. From the theory of natural selection, mole-
cules serving as pheromones can be expected to possess certain proper-
ties that allow efficient manufacture and transmission. Adding in
principles of organic chemistry, we concluded that the molecules will
likely contain 5 to 20 carbon atoms and have molecular weights be-
tween 80 and 300. Molecules acting as alarm pheromones in partic-
ular will usually be on the light side. They will be produced in
comparatively large quantities, for example millionths rather than bil-
lionths of a gram in each ant, and the responding workers will be less
sensitive to them than to most other kinds of pheromones. This combi-
nation of traits allows quick transmission followed by a rapid fade-out
of the signal after the danger passes. In contrast, trail substances, which
are followed by the ants from nest to food and back, can be predicted to
consist of molecules with the opposite qualities. Their traits allow long
duration of the signal, as well as insuring privacy of transmission. This
privacy prevents predators from locking onto the signals and hunt-
ing down the senders. In war—and Nature is a battlefield, make no
mistake —one needs secret codes.

These predictions, or educated guesses if you prefer, qualify as
consilience by synthesis. With some puzzling exceptions, they have
been confirmed. But biologists cannot predict from physics and chem-
istry alone the exact structure of the pheromone molecules or the
identity of the glands that manufacture them. For that matter, in ad-
vance of experiments, they cannot stipulate whether a given signal is
used or not used by a particular species of ant. To attain that level of ac-
curacy, to travel all the way from physics and chemistry near the en-
trance of the labyrinth to an end point in the social life of ants, we need
detailed collateral knowledge of the evolutionary history of the species
and of the environment in which it lives.

P R E D I C T I V E S Y N T H E S I S , in short, is formidably difficult. On the
other hand, I believe that explanation in the opposite direction, by
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reduction, can in some instances be achieved across all levels of orga-
nization and hence all branches of learning. As a demonstration, I will
now attempt to trace a magician's dream all the way down to an atom.

Serpents are in the magician's dream, transfigured from real-life
snakes. I have not placed them there capriciously. They belong as the
wild creatures most frequently conjured around the world in dreams
and drug-induced hallucinations. Coming with ease to Zulu and
Manhattanite alike, serpents are powerful images of human fantasy,
flesh-and-blood snakes transformed into flickering images of the sub-
conscious mind. There, depending on the culture and experience of
the individual dreamer, they are conjured variously as predators, men-
acing demons, guardians of a hidden world, oracles, spirits of the dead,
and gods. The slithering bodies and lethal strikes of real snakes make
them ideal for magic. Their images evoke blends of emotion that fall
on a triangular gradient defined by the three points of fear, revulsion,
and reverential awe. Where the real snake frightens, the dream serpent
transfixes. In the dreamer's paralytic state of sleep the serpent cannot
be escaped.

Snakes are abundant and diverse in the rain forests of western Ama-
zonia. Serpents, their dream equivalents, figure prominently in the
cultures of the Amerindian and mestizo inhabitants. Shamans preside
over the taking of hallucinogenic drugs and interpret the meaning of
the serpents and other apparitions that subsequently emerge. The Jí-
varo of Ecuador use maikua, the juice from the green bark of a mem-
ber of the nightshade family, Datura arborea. Warriors drink it to
summon arutams, ancestors living in the spirit world. If the seeker is
fortunate, a spirit emerges from the depths of the forest, often in the
form of two giant anacondas, which in real life is the species Eunectes
murinus, heaviest of the world's snakes, big enough to kill a human
being. The dream serpents roll toward him, entwined in combat.
When they come within twenty or thirty feet the Jívaro must run for-
ward and touch them. Otherwise they will explode "like dynamite,"
and disappear.

After receiving his vision the Jívaro must tell no one, or else the
spell will end. That night he sleeps on the bank of the nearest river,
and as he dreams the arutam returns to him as an old man. It says, "I
am your ancestor. Just as I have lived a long time, so will you. Just as I
have killed many times, so will you." The apparition then disappears,
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and as it does its soul enters the body of the dreamer. The Jívaro rises at
dawn with an enhanced feeling of bravery and grace in bearing. His
new demeanor is noted by others in the scattered households of the
local Jívaro community. If he wishes, he can don the bird-bone shoul-
der ornament that symbolizes arutam soul power. In the old days he
would have been considered fit to serve as a warrior on headhunting
expeditions.

Five hundred miles southeast in Amazonian Peru lives Pablo
Amaringo, mestizo shaman and artist. Drawing on the traditions of his
Amerindian forebears, the Cocama and Quechua speakers of Ama-
zonas and Cajamarca, Amaringo conjures visions and depicts them in
paintings. His drug of choice, widely used in communities of the Rio
Ucayali region, is ayahuasca, extracted from the jungle vine Banisteri-
opsis. His dreams are populated with serpents in most of their Amazo-
nian cultural roles: mounts of gods, forest spirits, ambush predators of
animals and people, impregnators of women, landlords of lakes and
forests, and sometimes the sinuous ayahuasca vine itself transmuted
into animal form.

In the rich local Shipibo tradition followed by Amaringo in his
paintings, the serpents, as well as other real and supernatural beings,
are decorated with intricate geometric designs in primary colors. The
paintings also share the Shipibo horror vacui: Every available space is
crowded with detail. The style fits the Amazon region, which teems
with life of stupendous variety.

Amaringo's subjects are loosely eclectic. Spirits and conjurers and
fantastical animals from ancient Amerindian myths are thrown to-
gether with contemporary Peruvians and industrial artifacts. Ships and
airplanes pass by; even flying saucers hover above the rain forest
canopy. The images, surreal and disturbing, freed from normal sensory
input, are incarnate emotions in search of theater and narrative. Their
craziness illustrates the principle that during trances and dreaming,
any metaphor serves and any fragment of memory able to slip into the
unguarded mind becomes part of the story.

The sacred plants, which have been analyzed by chemists, are
no longer mysterious. Their juices are laced with neuromodulators
that in large oral doses produce a state of excitation, delirium, and vi-
sion. The primary effects are often followed by narcosis and dreaming
of similar kind. In the Jívaros' Datura they are the structurally similar
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alkaloids atropine and scopolamine. In Banisteriopsis of the mestizos
they include beta-carbolines, to which the shamans usually add di-
methyltryptamine from another plant species. The substances are psy-
chotropic, stimulating a flurry of images intense enough to break
through the controlled processes of ordinary conscious thought. They
alter the brain in the same manner as the natural neuromodulator
molecules that regulate normal dreaming. The difference is that under
their influence people enter a semicomatose trance in which dream-
ing, uncontrolled and often vivid and urgent, is no longer confined to
sleep.

It is tempting to patronize the spiritual searches of the Amazonian
vegetalistas, just as it is easy to dismiss the counterculture's innocent
faith in drug-soaked gurus and sorcerers during the 1960s and 1970s.
Outside of a few cults, few people today believe in the late drug guru
Timothy Leary, or even remember Carlos Castañeda and his once-
famous The Teachings of Don Juan. Yet it would be a mistake to under-
estimate the importance of such visions. They tell us something
important about biology and human nature. For millennia the use
of hallucinogens to enhance inner awareness has been widespread
through the cultures of the world. Natural sleep and drug-induced
dreams have long been viewed in Western civilization as a portal to the
divine. They appear at pivotal moments in both the Old and New Tes-
taments. We learn from Matthew 1:20, for example, that as Joseph pon-
dered Mary's pregnancy, the conception of Jesus, "behold, an angel of
the Lord appeared to him in a dream" to reveal the Holy Spirit as pro-
genitor. Joseph's witness established one of the two essential pillars of
Christian belief, the other being the disciples' account of the Resurrec-
tion, also dreamlike.

Emanuel Swedenborg, the eighteenth-century scientist and the-
ologian whose followers founded the Church of the New Jerusalem,
believed that dreams contain secrets of the divine. God does not re-
strict his word to Holy Scripture. If the sacred code cannot be found
under the microscope (as the Swedish savant discovered to his dis-
appointment), it might yet be forthcoming in the scenarios of the
dreamworld. Swedenborg recommended irregular hours and sleep
deprivation as a means of inducing sharper and more frequent images.
At least he had his physiology right; I suspect that he would have en-
joyed a stiff dose of ayahuasca.
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C O N S I D E R T H E N the dreams of a magician, a sorcerer, a shaman.
They are more than just unique productions of a single mind; they ex-
hibit qualities general to the human species. The art of Pablo Ama-
ringo is worthy of analysis in the manner of the natural sciences. His
paintings are a test case of consilience, an arresting fragment of culture
that might be explained and thereby given added meaning at the next,
biological level down in complexity from artistic inspiration.

It is the habit of scientists to look for elements available as entry
points for such analysis. To this end I have chosen two elements from
Amaringo's paintings that present themselves for convenient explana-
tion: the dreamscape as a whole, and the serpents that conspicuously
populate it.

Mysticism and science meet in dreams. Freud, aware of the con-
junction, composed a hypothesis to explain their meaning. He said
that our dreams are disguises for unconscious wishes. When we sleep,
the ego releases its grip on the id, which is the embodiment of instinct,
and our most primitive fears and desires then escape into the con-
scious mind. They are not, however, experienced in raw form. Like
characters in a bad Victorian novel, they are altered by the mind's cen-
sor into symbols so as not to disrupt sleep. The average person cannot
expect to read their meaning accurately upon awakening. He must
turn, Freud argued, to a psychoanalyst, who will guide him through
free association in order to decipher the codes. As the translations are
made, the connections of the symbols to childhood experience be-
come clear. If the revelation unfolds correctly, the patient enjoys an
easing of neuroses and other psychological disturbances that stem
from his repressed memories.

Freud's conception of the unconscious, by focusing attention on
hidden irrational processes of the brain, was a fundamental contribu-
tion to culture. It became a wellspring of ideas flowing from psycholo-
gy into the humanities. But it is mostly wrong. Freud's fatal error was
his abiding reluctance to test his own theories—to stand them up
against competing explanations—then revise them to accommodate
controverting facts. He also suffered from the luck of the draw. The ac-
tors of his drama—id, ego, and superego—and the roles they played in
suppression and transference might have evolved smoothly into the
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elements of a modern scientific theory had he guessed their basic na-
ture correctly. Darwin's theory of natural selection prospered that way,
even though the great naturalist had no idea of particulate heredity
carried by genes. Only later did modern genetics verify his insight con-
cerning the evolutionary process. In dreams Freud was faced with a far
more complex and intractable set of elements than genes, and—to put
it as kindly as possible—he guessed wrong.

The competing and more modern hypothesis of the basic nature of
dreaming is the activation-synthesis model of biology. As created dur-
ing the past two decades by J. Allan Hobson of Harvard Medical
School and other researchers, it pieces together our deepening knowl-
edge of the actual cellular and molecular events that occur in the
brain during dreaming.

In brief, dreaming is a kind of insanity, a rush of visions, largely un-
connected to reality, emotion-charged and symbol-drenched, arbitrary
in content, and potentially infinite in variety. Dreaming is very likely a
side effect of the reorganization and editing of information in the
memory banks of the brain. It is not, as Freud envisioned, the result of
savage emotions and hidden memories that slip past the brain's censor.

The facts behind the activation-synthesis hypothesis can be inter-
preted as follows. During sleep, when almost all sensory input ceases,
the conscious brain is activated internally by impulses originating in
the brain stem. It scrambles to perform its usual function, which is
to create images that move through coherent narratives. But lacking
moment-by-moment input of sensory information, including stimuli
generated by body motion, it remains unconnected to external reality.
Therefore, it does the best it can: It creates fantasy. The conscious
brain, regaining control upon awakening, and with all its sensory and
motor inputs restored, reviews the fantasy and tries to give it a rational
explanation. The explanation fails, and as a result dream interpreta-
tion itself becomes a kind of fantasy. That is the reason psychoanalytic
theories relating to dreaming, as well as parallel supernatural interpre-
tations arising in myth and religion, are at one and the same time emo-
tionally convincing and factually incorrect.

The molecular basis of dreaming is understood in part. Sleep de-
scends upon the brain when chemical nerve cell transmitters of a cer-
tain kind, amines such as norepinephrine and serotonin, decline in
amount. Simultaneously a transmitter of a second kind, acetylcholine,
rises in amount. Both wash the junctions of nerve cells specialized to
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be sensitive to them. The two kinds of neurotransmitters exist in a dy-
namic balance. The amines waken the brain and mediate its control of
the sensory systems and voluntary muscles. Acetylcholine shuts these
organs down. As acetylcholine gains ascendancy, the activities of the
conscious brain are reduced. So are other functions of the body except
for circulation, respiration, digestion, and—remarkably—movement
of the eyeballs. The voluntary muscles of the body are paralyzed dur-
ing sleep. Temperature regulation is also diminished. (That is why it
can be dangerous to fall asleep while the body is cold.)

In a normal nocturnal cycle, sleep is at first deep and dreamless.
Then at intervals, consuming overall about 25 percent of the total sleep
period, it turns shallow. During the shallow periods the sleeper is more
easily awakened. His eyes move erratically in their sockets, the condi-
tion called rapid eye movement, or REM. The conscious brain stirs
and dreams but remains sealed off from external stimuli. Dreaming is
triggered when acetylcholine nerve cells in the brain stem begin to fire
wildly, initiating what are called PGO waves. The electrical mem-
brane activity, still mediated by acetylcholine at the nerve junctions,
moves from the pons (the P of PGO), a bulbous mass of nerve centers
located at the top of the brain stem, upward to the lower center of the
brain mass, where it enters the geniculate nuclei (G) of the thalamus,
which are major switching centers in the visual neuronal pathways.
The PGO waves then pass on to the occipital cortex (O), at the rear of
the brain, where integration of visual information takes place.

Because the pons is also a principal control station for motor activi-
ty when the brain is awake, the signals it passes through the PGO sys-
tem falsely report to the cortex that the body is in motion. But of course
the body is immobile—in fact it is paralyzed. What the visual brain
does then is to hallucinate. It pulls images and stories out of the mem-
ory banks and integrates them in response to the waves arriving from
the pons. Unconstrained by information from the outside world, de-
prived of context and continuity in real space and time, the brain
hastily constructs images that are often phantasmagoric and engaged
in events that are impossible. We fly through the air, swim in the deep
sea, walk on a distant planet, converse with a long-dead parent. People,
wild animals, and nameless apparitions come and go. Some constitute
the materialization of our emotions triggered by the PGO surges, so
that from dream to dream our mood is variously calm, fearstruck,
angry, erotic, maudlin, humorous, lyrical, but most of the time just
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anxious. There seems to be no limit to the combinatorial power of the
dreaming brain. And whatever we see we believe, at least while sleep-
ing; it rarely occurs to us to doubt even the most bizarre events into
which we have been involuntarily thrust. Someone has defined insani-
ty as an inability to choose among false alternatives. In dreams we are
insane. We wander across our limitless dreamscapes as madmen.

Strong stimuli can break through the sensory barrier. If they do not
wake us, they are fitted into the dream story. Let real thunder roll into
our bedroom from lightning a mile away. To take one of endless possi-
ble responses, our dream switches to a bank robbery, a gun is fired,
we are shot. No, another person is shot, has fallen, but no again—we
realize it is us, displaced to someone else's body. Oddly, we feel no
pain. Then the scene changes. We are walking down a long corridor,
lost, anxious to get home, another shot is fired. This time we come
awake, tense, to lie still in the real world and listen to real thunder roll
in from the approaching storm outside.

In dreams we seldom experience the physical discomforts of pain,
nausea, thirst, or hunger. A few people suffer apnea, a temporary halt
in breathing, which may be turned into visions of suffocation or
drowning. There is no smell or taste in dreams; the channels of these
sensory circuits are shut down by the acetylcholine wash of the sleep-
ing brain. Unless we wake soon afterward, we remember no details of
any kind. Ninety-five to 99 percent of dreams are forgotten completely.
A small minority of persons believe, erroneously, that they do not
dream at all. This amazing amnesia is apparently due to the low con-
centration of amine transmitters, which are needed to convert short-
term memories into longer ones.

W H A T IS the function of dreaming? Biologists have tentatively con-
cluded from detailed studies of animals and humans that the informa-
tion learned while the brain is awake is sorted and consolidated while
it is asleep. There is further evidence that at least some of this process-
ing, particularly the sharpening of cognitive skills by repetition, is lim-
ited to periods of REM sleeping, and therefore to dreamtime. The flow
of acetylcholine itself may be a crucial part of the process. The fact that
dreaming activates such intense inward motor and emotional activity
has led some researchers to suggest that REM sleep has an even more
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profound, Darwinian function. When we dream, we deepen moods
and improve responses basic to survival and sexual activity.

The findings from neurobiology and experimental psychology
nevertheless say nothing about the content of the dreams. Are the fan-
tasies all temporary insanity, the sum of quickly forgotten epiphenom-
ena during the consolidation of learning? Or can we search in some
neo-Freudian manner for deep meaning in the symbols from which
dreams are composed? Because dreams are not entirely random, the
truth must lie somewhere in between. The composition may be irra-
tional, but the details comprise fragments of information appropriate
to the emotions activated by the PGO waves. It is quite possible that
the brain is genetically predisposed to fabricate certain images and
episodes more than others. These fragments may correspond in a loose
way to Freud's instinctual drives and to the archetypes of Jungian
psychoanalysis. Both theories can perhaps be made more concrete and
verifiable by neurobiology.

Genetic predisposition and evolution lead to the second element I
have chosen from the Amaringo paintings: serpents. The form of our
understanding of these creatures of the night is the exact opposite of
that concerning the nature of dreams in general. As I have just ex-
plained, biologists now understand in very general terms how dreams
happen—they have puzzled through many of the key cellular and
molecular events of dreaming. They are much less sure of the good
that dreams do mind and body. In the case of the prevalence of
serpents, the situation is reversed. Biologists have a sound working
hypothesis on the function of the images but as yet no idea of their
molecular and cellular basis beyond the general control of dreaming.
The mystery as to the exact mechanism is due to our ignorance of the
cellular processes by which specific memories such as those of ser-
pents are assembled and colored by emotion.

What we know about serpents as dream images can be expressed
by the two key modes of analysis used in biology. The first mode
exposes proximate causes, the entities and physiological processes
that create the phenomenon. Proximate explanations answer the ques-
tion of how biological phenomena work, usually at the cellular and
molecular levels. The second mode of explanation addresses why they
work—their ultimate causes, which are the advantages the organism
enjoys as a result of evolution that created the mechanisms in the first
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place. Biologists aim for both proximate and ultimate explanations. To
put the study of dreaming in a nutshell, we understand a good deal
about the proximate causes of dreaming in general, but very little
about its ultimate causes, while the reverse is true for the presence of
serpents in dreams.

The account I will now give of the ultimate cause of the bond be-
tween snake and man has been pieced together from accounts of ani-
mal and human behavior by many researchers, and most fully by the
American anthropologist and art historian Balaji Mundkur. Fear of
snakes is deep and primordial among the Old World primates, the phy-
logenetic group to which Homo sapiens belongs. When vervets and
other guenons, common long-tailed arboreal monkeys of Africa, en-
counter certain kinds of snakes, they emit a unique chuttering call.
They are evidently good instinctive herpetologists, because the re-
sponse, which appears to be inborn, is limited to the poisonous cobras,
mambas, and puff adders. The response is not made to harmless
snakes. Others of the monkey group come to the side of the caller, and
together they watch the intruder until it leaves the neighborhood.
They are also ready with an inborn eagle call, causing all the troop
members to scramble down from the trees and out of danger, and an
inborn leopard call, triggering a rush in the opposite direction to parts
of the canopy that big cats cannot reach.

Common chimpanzees, a species believed to share a common an-
cestor with prehumans as recently as five million years ago, are unusu-
ally apprehensive in the presence of snakes, even if they have had no
previous experience. They back off to a safe distance and follow the in-
truder with a fixed stare while alerting companions with a Wah! warn-
ing call. The response gradually intensifies during adolescence.

Human beings also possess an innate aversion to snakes, and, as in
the chimpanzee, it grows stronger during adolescence. The reaction is
not a hard-wired instinct. It is a bias in development of the kind psy-
chologists call prepared learning. Children simply learn fear of snakes
more easily than they remain indifferent or learn affection for snakes.
Before the age of five they feel no special anxiety. Later they grow
increasingly wary. Then just one or two bad experiences—a snake
writhing nearby through the grass or a frightening story—can make
them deeply and permanently afraid. The propensity is deep-set.
Other common fears—of the dark, strangers, loud noises—start to
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wane after seven years of age. In contrast, the tendency to avoid snakes
grows stronger with time. It is possible to turn in the opposite direction,
learning to handle snakes without fear or even to like them in some
special way. I did, as a boy, and once thought seriously of becoming a
professional herpetologist. But the adaptation was for me forced and
self-conscious. People's special sensitivity can just as easily turn into
full-blown ophidiophobia, the pathological extreme in which the close
proximity of a snake brings on panic, cold sweat, and waves of nausea.

The neural pathways of snake aversion have not been explored. We
do not know the proximate cause of the phenomenon except to classify
it as "prepared learning." In contrast, the probable ultimate cause, the
survival value of the aversion, is well understood. Throughout human
history a few kinds of snakes have been a major cause of sickness and
death. Every continent except Antarctica has poisonous snakes. Over
most of Africa and Asia the known death rate from snakebite is 5 per-
sons per 100,000 each year. The local record is held by a province in
Burma (lately called Myanmar), with 36.8 deaths per 100,000 in a year.
Australia has an exceptional abundance of deadly snakes, most of
whose species are evolutionary relatives of the cobras. Unless you are
an expert, it is wise to stay clear of every snake in Australia, just as it is
wise to avoid wild mushrooms anywhere in the world. In South and
Central America live deadly snakes well known to the Jívaro and vege-
talista shamans, including the bushmaster, fer-de-lance, and jaracara,
which are among the largest and most aggressive of the pit vipers. Pos-
sessing skins patterned and colored like fallen leaves, and fangs long
enough to pass through a human hand, they wait in ambush on the
floor of the tropical forest for small birds and mammals and are quick
to deliver defensive strikes at passing humans.

Snakes and dream serpents provide an example of how agents of
nature can be translated into the symbols of culture. For hundreds of
thousands of years, time enough for genetic changes in the brain to
program the algorithms of prepared learning, poisonous snakes have
been a significant source of injury and death to human beings. The re-
sponse to the threat is not simply to avoid it, in the way that certain
berries are recognized as poisonous through painful trial and error, but
to feel the kind of apprehension and morbid fascination displayed in
the presence of snakes by the nonhuman primates. The snake image
also attracts many extraneous details that are purely learned, and as a
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result the intense emotion it evokes enriches cultures around the
world. The tendency of the serpent to appear suddenly in trances and
dreams, its sinuous form, and its power and mystery are logical ingredi-
ents of myth and religion.

Amaringoan images stretch back through the millennia. Prior to
the pharaonic dynasties the kings of Lower Egypt were crowned at
Buto by the cobra goddess Wadjet. In Greece there was Ouroboros,
the serpent that continuously devoured itself tail-first while regenerat-
ing from the inside. For gnostics and alchemists of later centuries this
self-cannibal came to symbolize the eternal cycle of destruction and
re-creation of the world. One day in 1865, while dozing by a fire, the
German chemist Friedrich August Kekule von Stradonitz dreamed of
Ouroboros and thereby conceived of the benzene molecule as a circle
of six carbon atoms, each bonded to a hydrogen atom. Because of that
inspiration some of the most puzzling data of nineteenth-century or-
ganic chemistry fell into place. In the Aztec pantheon, Quetzalcoatl,
the plumed serpent with a human head, ruled as the god of the morn-
ing and evening star, and thus of death and resurrection. He was the
inventor of the calendar and patron of learning and the priesthood.
Tlaloc, god of rain and lightning, was another serpentine chimera,
with humanoid upper lips formed from two rattlesnake heads. Such
apparitions could have been born only in dreams and trances.

I N M I N D AND C U L T U R E the serpent transcends the snake. An
understanding of its transformation from an earthly reptile can be
viewed as one of many pathways through the borderlands that separate
science from the humanities. Having followed the serpent a consider-
able distance in our journey from magician to atom, we next enter the
interior of the biological sciences. Here better maps are available, and
progress considerably easier. Scores of Nobel prizes, the fruit of mil-
lions of hours of labor and billions of dollars allocated to biomedical
research, point the way on down through the sciences from body and
organ through cell to molecule and atom. The general structure of the
human nerve cell has now been charted in considerable detail. Its
electric discharge and synaptic chemistry are partly understood and
can be expressed in formulas obedient to the principles of physics and
chemistry. The stage has been set to attack the master unsolved prob-
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lem of biology: how the hundred billion nerve cells of the brain work
together to create consciousness.

I say the master problem, because the most complex systems
known to exist in the universe are biological, and by far the most com-
plex of all biological phenomena is the human mind. If brain and
mind are at base biological phenomena, it follows that the biological
sciences are essential to achieving coherence among all the branches
of learning, from the humanities on down to the physical sciences.
The task is made somewhat easier by the fact that disciplines within bi-
ology itself are now generally consilient and growing more so each
year. I would like to explain how this has been accomplished.

Consilience among the biological sciences is based on a thorough
understanding of scale in time and space. Passing from one level to the
next, say molecule to cell or organ to organism, requires the correct or-
chestration of changes in time and space. To make the point, I will re-
turn for a last time to Pablo Amaringo, magician, artist, and fellow
organism. Imagine that we can speed or slow the time we spend with
him, while expanding or shrinking the space we see in and around his
person. So we enter his house, we shake his hand, and Amaringo
shows us a painting. The actions consume seconds or minutes. An ob-
vious fact, so why mention it? The question makes more sense when
put in another form: Why did these familiar actions not consume mil-
lionths of seconds, or months, instead? The answer is that human be-
ings are constructed of billions of cells that communicate across
merrtbranes by chemical surges and electrical impulses. To see and
speak with Amaringo entails a sequence of these units covering sec-
onds to minutes, not microseconds or months. We think of that span of
time as normal and somehow standard for the world in which we live.
It is not. Because it involves Amaringo and us, all of whom are organic
machines, it is only organismic time. And because the full apparatus of
our communication takes up from millimeters to meters of surface and
volume, not nanometers or kilometers, our unaided minds dwell en-
tirely in organismic space.

Imagine now that with the best of our instruments (and his permis-
sion!) we can look into the brain of Pablo Amaringo. By magnifying
the image, his smallest nerves come into view. Then we see the con-
stituent cells, and finally the molecules and atoms. We watch as a
nerve cell discharges: Along the length of its membrane, the voltage
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drops as sodium ions flow inward. At each point on the shaft of the
nerve cell, the events consume only several thousandths of a second,
while the electrical signal they create—the drop in voltage—speeds
along the shaft at ten meters a second, as fast as an Olympic sprinter.
With our field of vision now brought to a space only one ten-
thousandth that of our original field, the events occur too swiftly to be
seen. An electric discharge of the cell membrane crosses the field of vi-
sion faster than a rifle bullet. To see it—remember, as human ob-
servers we are still in organismic time—we must record and slow the
action down enough to witness events that originally occurred in a few
thousandths of a second or less. We are now in biochemical time, a ne-
cessity if we are to observe events in biochemical space.

In the midst of this magic Amaringo keeps talking, but is scarcely
aware of the changes that occurred as our own actions accelerated a
thousandfold. Only enough of his time has elapsed for one or two
words to be spoken. We turn the dials in the opposite direction, shift
time and space until his full image reappears and his words flow
through our minds at an audible pace. We turn the dials further.
Amaringo shrinks in proportionate size and speed-walks jerkily out of
the room, like an actor in an early silent film. Perhaps he does so in
frustration because we are now frozen in position like marble statues.
Our vision continues to expand. Let us rise in the air to gather more
space. Our view grows to encompass the town of Pucallpa and then a
large stretch of the Rio Ucayali valley. Houses disappear, new ones pop
up. Day blends with night into continuous twilight as the flicker-fusion
frequency of our organismic-time vision is exceeded. Amaringo grows
old, he dies. His children grow old, they die. Nearby the rain forest is
changing. Clearings appear as great trees fall, saplings spring up, the
gaps close. We are now in ecological time. We turn the dials again, and
space-time expands still more. Individual persons and other organisms
are no longer distinguishable, only blurred populations—of anacon-
das, ayahuasca vines, the people of central Peru—and these can be
seen across the passage of generations. A century of their time col-
lapses into a minute of ours. Some of their genes are changing, in both
kind and relative frequency. Detached from other human beings and
shorn of their emotions, godlike at last, we witness the world in evolu-
tionary time and space.

This conception of scale is the means by which the biological sci-
ences have become consilient during the past fifty years. According to
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the magnitude of time and space adopted for analysis, the basic divi-
sions of biology are from top to bottom as follows: evolutionary biology,
ecology, organismic biology, cellular biology, molecular biology, and
biochemistry. That sequence is also the basis of the organization of
professional societies and of the curricula of colleges and universities.
The degree of consilience can be measured by the degree to which the
principles of each division can be telescoped into those of the others.

T H E I N T E R L O C K I N G of the biological disciplines, a tidy concept,
is still compromised in execution by the dilemma of the labyrinth with
which I began this chapter. Consilience among the disciplines grows
more smoothly from the top down as more links are laid in place, from
the most specific of the entities, such as the brain of Amaringo, all
the way to the most general, his atoms and molecules. But to establish
consilience the other way, from general to more specific, is vastly
more difficult. In short, it is far easier to analyze Amaringo than to syn-
thesize him.

The greatest obstacle to consilience by synthesis, the approach
often loosely called holism, is the exponential increase in complexity
encountered during the upward progress through levels of organiza-
tion. I have already described how an entire cell cannot yet be pre-
dicted from a knowledge of its scrambled molecules and organelles
alone. Let me now indicate how bad the problem really is. It is not
even possible to predict the three-dimensional structure of a protein
from a complete knowledge of its constituent atoms. The composition
of amino acids can be determined, and the exact position of each atom
can be mapped precisely with the aid of X-ray crystallography. We
know, to choose one of the simplest proteins, that the insulin molecule
is a sphere containing fifty-one amino acids. Such reconstruction is
one of the many triumphs of reductionist biology. But this knowledge
of the sequence of all the amino acids and of the atoms composing
them is not enough to predict the shape of the sphere or its internal
structure as revealed by X-ray crystallography.

In principle the prediction of the form of proteins is possible. Syn-
thesis at the level of macromolecules is a technical, not a conceptual,
problem. The effort to solve it is in fact an important industry in bio-
chemistry. To have such knowledge would be a major breakthrough
in medicine. Synthetic proteins, some perhaps more effective than
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the natural molecules, could be created upon demand to combat
disease-causing organisms and remedy enzyme deficiencies. In prac-
tice, however, the difficulties seem almost insurmountable. Making
the prediction requires a summation of all the energy relationships
among nearby atoms. That alone is daunting. But then the inter-
actions of more distantly separated atoms in the molecule must be
added. The forces shaping the molecule comprise an immensely com-
plex web of thousands of energy contributions, all of which must be in-
tegrated simultaneously in order to form the whole. Some biochemists
believe that to achieve that final step, each energy contribution in turn
must be calculated with an accuracy still beyond the grasp of the physi-
cal sciences.

Even greater difficulties exist in the environmental sciences. The
paramount challenge to ecology for the foreseeable future is the crack-
ing apart and resynthesis of the assemblages of organisms that occupy
ecosystems, particularly the most complex ecosystems such as estuar-
ies and rain forests. Most studies in ecology focus on only one or two
species of organisms at a time, out of the thousands occupying a typical
habitat. The researchers, forced into reductionism by practical neces-
sity, start with small fragments of the whole ecosystem. Yet they are
aware that the fate of each species is determined by the diverse actions
of scores or hundreds of other species that variously photosynthesize,
browse, graze, decompose, hunt, fall prey, and turn soil around the tar-
get species. The ecologists know this principle very well, but they still
can do little about predicting its precise manifestation in any particular
case. Even more than biochemists manipulating atoms in a large
molecule, the ecologists face immensurable dynamic relationships
among still largely unknown combinations of species.

Consider this example of the complexity they face. When Gatun
Lake was created during the construction of the Panama Canal in 1912,
the rising waters cut off a piece of elevated land. The new isolate, cov-
ered by tropical evergreen forest, was named Barro Colorado Island
and made into a biological research station. In the following decades it
became the most closely studied ecosystem of its kind in the world.
The size of the island, seventeen square kilometers, was too small to
sustain jaguars and pumas. The prey of the great cats had consisted
partly of agoutis and pacas, outsized rodents that vaguely resemble
jackrabbits and small deer. These animals, freed from a major cause of
mortality, multiplied to ten times their original numbers. They over-
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exploited their own food, which consists mostly of large seeds that fall
from the forest canopy, which caused a reduction in the reproduction
and abundance of the tree species that produce the seeds. The effect
rippled outward. Other tree species whose seeds are too small to be of
interest to the agoutis and pacas benefited from the reduced competi-
tion. Their seeds set more abundantly and their seedlings flourished,
and a larger number of the young trees reached full height and repro-
ductive age. It was inevitable then that the animal species specialized
to feed on small-seed trees also prospered, that the predators depend-
ing on these animals increased, that the fungi and bacteria parasitizing
the small-seed trees and associated animals spread, that the micro-
scopic animals feeding on the fungi and bacteria grew denser, that the
predators of these creatures increased in turn, and so on across the
food web and back again as the ecosystem reverberated from the re-
striction of its area and consequent loss of its top carnivores.

T H E G R E A T E S T C H A L L E N G E today, not just in cell biology and
ecology but in all of science, is the accurate and complete description
of complex systems. Scientists have broken down many kinds of sys-
tems. They think they know most of the elements and forces. The next
task is to reassemble them, at least in mathematical models that cap-
ture the key properties of the entire ensembles. Success in this enter-
prise will be measured by the power researchers acquire to predict
emergent phenomena when passing from general to more specific lev-
els of organization. That in simplest terms is the great challenge of sci-
entific holism.

Physicists, whose subject matter is the simplest in science, have al-
ready succeeded in part. By treating individual particles such as nitro-
gen atoms as random agents, they have deduced the patterns that
emerge when the particles act together in large assemblages. Statistical
mechanics, originated in the nineteenth century by James Clerk
Maxwell (who also pioneered the theory of electromagnetic radiation)
and Ludwig Boltzmann, accurately predicted the behavior of gases at
different temperatures by the application of classical mechanics to the
large numbers of freely moving molecules that compose the gases.
Other researchers, by moving back and forth between the same two
levels of organization, in other words between molecules and gases,
were further able to define viscosity, heat conduction, phase transition,
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and other macroscopic properties as expressions of the forces between
the molecules. At the next level down, quantum theorists in the early
1900s connected the collective behavior of electrons and other sub-
atomic particles to the classical physics of atoms and molecules.
Through many such advances during the past century, physics has
been welded into the most exact of the sciences.

At higher, more specific levels of organization, beyond the tradi-
tional realm of physics, the difficulties of synthesis are almost incon-
ceivably more difficult. Entities such as organisms and species, unlike
electrons and atoms, are indefinitely variable. Worse, each particular
one changes during development and evolution. Consider this exam-
ple: Among the vast array of molecules that an organism can manufac-
ture to serve its needs are simple hydrocarbons of the methane series,
composed entirely of carbon and hydrogen atoms. With one carbon
atom, only a single kind of molecule is possible. With 10 carbon atoms
the number is 75, with 20 it is 366,319, and with 40 it is 62 trillion. Add
oxygen atoms here and there on the hydrocarbon chains to produce al-
cohols, aldehydes, and ketones, and the number rises even more
rapidly with molecular size. Now select various subsets and imagine
multiple ways they can be derived by enzyme-mediated manufacture,
and you have potential complexity beyond the powers of present-day
imagination.

Biologists, it has been said, suffer from physics envy. They build
physicslike models that lead from the microscopic to the macroscopic,
but find it difficult to match them with the messy systems they experi-
ence in the real world. Theoretical biologists are nevertheless easily se-
duced. (I confess to being one, and having been responsible for more
than my share of failures.) Armed with sophisticated mathematical
concepts and high-speed computers, they can generate unlimited
numbers of predictions about proteins, rain forests, and other complex
systems. With the passage to each higher level of organization, they
need to contrive new algorithms, which are sets of exactly defined
mathematical operations pointed to the solution of given problems.
And so with artfully chosen procedures they can create virtual worlds
that evolve into more highly organized systems. Wandering through
the Cretan labyrinth of cyberspace they inevitably encounter emer-
gence, the appearance of complex phenomena not predictable from
the basic elements and processes alone, and not initially conceivable
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from the algorithms. And behold! Some of the productions actually
look like emergent phenomena found in the real world.

Their hopes soar. They report the results at conferences of like-
minded theoreticians. After a bit of questioning and probing, heads
nod in approval: "Yes, original, exciting, and important—if true." If
true . . . if true. Folie de grandeur is their foible, the big picture their il-
lusion. They are on the edge of a breakthrough! But how do they know
that nature's algorithms are the same as their own, or even close? Many
procedures may be false and yet produce an approximately correct an-
swer. The biologists are at special risk of committing the fallacy of af-
firming the consequent: It is wrong to assume that because a correct
result was obtained by means of theory, the steps used to obtain it are
necessarily the same as those that exist in the real world.

To see this point clearly, think of a blossom in a painting rendered
photographic in detail and as beautiful as life. In our minds the macro-
scopic entity has truth because it matches real flowers sprung from the
soil. From a distance we might easily confuse the image with the real
thing. But the algorithms that created it are radically different. Its
microscopic elements are flakes of paint instead of chromosomes
and cells. Its developmental pathways exist in the brain of the artist,
not in prescription by DNA of the unfolding of tissues. How do theo-
reticians know that their computer simulations are not just the paint-
ings of flowers?

These and other difficulties endemic to higher systems have not
gone unnoticed. Researchers from several scientific disciplines have
joined to take the measure of the problems, forming a loose enterprise
variously designated as complexity, complexity studies, or complexity
theory. Complexity theory (the best expression, in my opinion) can be
defined as the search for algorithms used in nature that display com-
mon features across many levels of organization. At the very least, ac-
cording to the proponents of complexity theory, the commonalities
can be expected to provide an explorer's guide for quicker movement
when passing from simple to more complex systems through the real-
world labyrinth. The commonalities will assist in pruning all the algo-
rithms that can be conceived down to the ones that nature has chosen.
At their best, they might lead to deep new laws that account for the
emergence of such phenomena as cells, ecosystems, and minds.

By and large, the theoreticians have focused their attention on
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biology, and that makes sense. Organisms and their assemblages are
the most complex systems known. They are also self-assembling and
adaptive. Living systems in general, by constructing themselves from
molecule to cell to organism to ecosystem, surely display whatever
deep laws of complexity and emergence lie within our reach.

Complexity theory was born in the 1970s, gathered momentum in
the early 1980s, and was enveloped in controversy by the mid-1990s.
The issues of contention are almost as tangled as the systems the theo-
rists hoped to unravel. I think it possible to cut to the heart of the mat-
ter, as follows. The great majority of scientists, their minds focused
narrowly on well-defined phenomena, do not care about complexity
theory. Many have not yet heard of it. They, the uninvolved, can be ig-
nored, lest all of contemporary science be thought of as a boiling caul-
dron of argument. Those who care can be divided into three camps.
The first comprises a heterogeneous scattering of skeptics. They believe
that brains and rain forests are too complicated ever to be reduced to
elementary processes, let alone reconstituted in a manner that predicts
the whole. Some of the skeptics doubt the existence of deep laws of
complexity, at least any that can be grasped by the human mind.

In the second camp are the fervent advocates, a band of audacious
complexity theorists, exemplified by Stuart Kaufiman (author of The
Origins of Order) and Christopher Langton, who work at the Sante Fe
Institute in New Mexico, unofficial headquarters of the complexity
movement. They believe not only that deep laws exist but that their
discovery is on the near horizon. Some of the essential elements of the
laws, they say, are already emerging from mathematical theories that
use exotic conceptions such as chaos, self-criticality, and adaptive
landscapes. These abstractions bring into vivid focus the way complex
systems might build themselves up, persist for a while, and then disin-
tegrate. Their architects—computer-oriented, abstraction-absorbed,
light on natural history, heavy on nonlinear transformations—think
they smell success. They believe that massive computer-aided simu-
lations, exploring many possible worlds, will reveal the methods and
principles needed to leapfrog conventional science, including most
of contemporary biology, to achieve a comprehensive understanding
of the higher productions of the material world. Their grail is a set of
hoped-for master algorithms that will speed passage from atom to brain
and ecosystem, consistent with reality but requiring far less factual
knowledge than would be needed without the algorithms.
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The third group of scientists, of which I am a reluctant member,
has settled along positions strung between the two extremes of rejec-
tion and unbridled support. I say reluctant, because I would like to be
a true believer: I really am impressed by the sophistication and elan of
the complexity theorists, and my heart is with them. But my mind is
not, at least not yet. I believe with many other centrists that they are on
the right track—but only more or less, maybe, and still far short of suc-
cess. Doubt and dissension on important issues have broken out even
within their own ranks. The basic difficulty, to put the matter plainly, is
an insufficiency of facts. The complexity theorists do not yet have
enough information to carry with them into cyberspace. The postu-
lates they start with clearly need more detail. Their conclusions thus
far are too vague and general to be more than rallying metaphors, and
their abstract conclusions tell us very little that is really new.

Take the "edge of chaos," one of the most frequently cited para-
digms of complexity theory. It starts with the observation that in a sys-
tem containing perfect internal order, such as a crystal, there can be
no further change. At the opposite extreme, in a chaotic system such as
boiling liquid, there is very little order to change. The system that will
evolve the most rapidly must fall between, and more precisely on the
edge of chaos, possessing order but with the parts connected loosely
enough to be easily altered either singly or in small groups.

Kauffman applied the concept to the evolution of life in his NK
model. N is the number of parts in an organism, such as the number of
genes or of amino acids, that contribute to its survival and reproduc-
tion, hence its representation in future generations. K is the number of
parts of such kind (genes or amino acids) in the same organism that af-
fect the contribution of any one of the parts. A gene, for example, does
not act alone to guide the development of a cell. It acts with other
genes, typically in a complicated fashion. KaufFman pointed out that if
genes were completely interconnected in their effects, with K equaling
N, there could be little or no evolution in a population of organisms,
because one thing in the heredity of the organisms cannot be changed
without changing everything. In the extreme opposite case, where
there are no connections among the genes, so that K equals zero, the
population is in evolutionary chaos. If each gene is on its own, the
population of organisms evolves randomly across a near-infinity of
possible gene combinations, never stable in evolutionary time, never
settling on one adaptive type. When connections exist but are very
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few—the edge of chaos—evolving populations can settle on adaptive
peaks but are still capable of evolving with relative ease to other,
nearby adaptive peaks. A species of bird, for example, might shift from
eating seeds to eating insects; a savanna plant might acquire the ability
to grow in the desert. Being on the edge of chaos, Kauffman reasoned,
provides the greatest evolvability. Perhaps species adjust the number of
connections so as to remain in this most fluid of adaptive zones.

Kauffman has spread the NK models to touch on a wide array of
topics in molecular and evolutionary biology. His arguments, like
those of other leading complexity theorists, are original and directed at
important problems. First time around, they sound good. But as an
evolutionary biologist familiar with genetics, I have learned little from
them. While wading through Kauffman's equations and peculiarly
fustian prose, I realized that I already knew most of the results in a
different context. They are essentially a reinvention of the wheel, a re-
creation in a difficult new language of principles already outlined in
the mainstream literature of biology. Unlike the important theories of
physics, the NK formulations do not shift the foundations of thought or
offer predictions in measurable quantities. So far they contain nothing
to take into the field or laboratory.

This personal and possibly unfair reaction to a single example is
not to belittle the ultimate prospects of the complexity theorists. Some
of the elementary concepts they have advanced, most notably chaos
and fractal geometry, have assisted in understanding broad sectors of
the physical world. In ecology, for example, the British biologist and
mathematician Robert May has used realistic difference equations to
derive patterns of population fluctuation of the kinds actually observed
in plants and animals. As the rate of population growth increases, or as
the environment relaxes its control of population growth, the number
of individuals passes from a nearly steady state to a smooth up-and-
down cycle. Then, as growth rate and environmental control change
further, the number of individuals shifts to complex cycles with multi-
ple peaks in time. Finally, the number slides into a chaotic regime,
zigzagging up and down in no discernible pattern. The most interest-
ing feature of chaos in populations is that it can be produced by exactly
defined properties of real organisms. Contrary to previous belief,
chaotic patterns are not necessarily the product of randomly acting
forces of the environment that rock the population up and down. In
this case and in many other complex physical phenomena, chaos
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theory provides an authentically deep principle of nature. It says that
extremely complicated, outwardly indecipherable patterns can be de-
termined by small, measurable changes within the system.

But, again, which systems, which changes? That is the nub of the
problem. None of the elements of complexity theory has anything like
the generality and the fidelity to factual detail we wish from theory.
None has triggered an equivalent cascade of theoretical innovations
and practical applications. What does complexity theory need to be
successful in biology?

C O M P L E X I T Y THEORY N E E D S more empirical information.
Biology can supply it. Three hundred years in the making, having re-
cently been wedded to physics and chemistry, biology is now a mature
science. But its researchers may not require a body of special theory to
master complexity. They have refined reductionism into a high art and
begun to achieve partial syntheses at the level of the molecule and or-
ganelle. Even if complete cells and organisms are still beyond them,
they know they can reconstruct some of the elements one at a time.
They foresee no need for overarching grand explanations as a pre-
requisite for creating artificial life. An organism is a machine, and the
laws of physics and chemistry, most believe, are enough to do the job,
given sufficient time and research funding.

Putting a living cell together will be a moon shot, not an Einstein-
ian revolution of space and time. Complexity in real organisms is be-
ing taken apart swiftly enough to enliven the pages of Nature and
Science each week and drain away the need for conceptual revolution.
A great vaulting revolution may occur, and suddenly, but the busy and
well-fed masses of researchers are not awaiting it in desperate suspense.

The machine the biologists have opened up is a creation of rivet-
ing beauty. At its heart are the nucleic acid codes, which in a typical
vertebrate animal may comprise about 50,000 to 100,000 genes. Each
gene is a string of 2,000 to 3,000 base pairs (genetic letters). Among the
base pairs composing active genes, each triplet (set of three) translates
into an amino acid. The final molecular products of the genes, as tran-
scribed outward through the cell by scores of perfectly orchestrated
chemical reactions, are sequences of amino acids folded into giant pro-
tein molecules. There are about 100,000 kinds of protein in a verte-
brate animal. Where the nucleic acids are the codes, the proteins are



1 0 0 C O N S I L I E N C E

the substance of life, making up half the animal's dry weight. They
give form to the body, hold it together by collagen sinews, move it by
muscle, catalyze all its animating chemical reactions, transport oxygen
to all its parts, arm the immune system, and carry the signals by which
the brain scans the environment and mediates behavior.

The role a protein molecule plays is determined not just by its pri-
mary structure, not just by the sequence of amino acids within it, but
also by its shape. The amino acid string of each kind is folded upon
itself in a precise manner, coiled about like twine and crumpled to-
gether like a piece of wadded paper. The total molecule bears resem-
blance to forms as variable as clouds in the sky. Looking at these forms,
we readily imagine lumpy spheres, donuts, dumbbells, rams' heads,
angels with wings spread, and corkscrews.

The resulting contours of the surface are particularly critical for
the function of enzymes, the proteins that catalyze the body's chem-
istry. Somewhere on the surface is the active site, a pocket or groove
consisting of a few of the amino acids, held in place by the architecture
of the remaining amino acids. Only substrate molecules of a very spe-
cific form can fit the active site and submit to catalysis. As soon as one
docks in the correct alignments, its active site alters shape slightly. The
two molecules bind more closely, like hands clasped in greeting.
Within an instant the substrate molecule is changed chemically and
released. In the embrace of the enzyme sucrase, for example, sucrose
is cleaved into fructose and glucose. Just as swiftly the active site of the
enzyme molecule returns to its original shape, with its chemical struc-
ture unchanged. The productivity of most types of enzyme molecules,
snapping in and out of the active state, is prodigious. A single one can
process a thousand substrate molecules every second.

How to put all these nanometer components and millisecond reac-
tions together into a coherent picture? Biologists are determined to do
it from the ground up, molecule by molecule, and metabolic pathway
by metabolic pathway. They have begun to assemble the data and
mathematical tools needed to model an entire cell. When they suc-
ceed, they will also have reached the level of entire simple organisms,
the single-cell bacteria, archaea, and protists.

Most biologists favor middle-level models in their theory of cell
integration—neither primarily mathematical nor purely descriptive
but instead front-loaded with large amounts of empirical information
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and conceived as genetic networks. The flavor of this state-of-the-art
approach has been nicely captured by two of the researchers, William
Loomis and Paul Sternberg, as follows:

The nodes of such networks are genes or their RNA and protein prod-
ucts. The connections are the regulatory and physical interactions
among the RNAs, proteins, and cis-regulatory DNA sequences of each
gene. Modern molecular genetic techniques have greatly increased
the rate at which genes are being recognized and their primary se-
quences determined. The challenge is to link the genes and their
products into functional pathways, circuits, and networks. Analyses of
regulatory networks (such as those involving signal transduction and
transcriptional regulation cascades) illustrate combinatorial action
that implements, for example, digital logic, analog-digital conver-
sions, cross-talk and insulation, and signal integration. Although the
existence of sophisticated network elements has been suggested by
decades of physiological studies, what is new is the scale and detail be-
coming available for the components. Much of current molecular bi-
ology focuses on identifying new components, defining the regulatory
inputs and outputs of each node, and delineating the physiologically
relevant pathways.

The complexity conceived in this single paragraph exceeds that in
supercomputers, million-part space vehicles, and all the other artifacts
of human technology. Can scientists manage to explain it, and in a mi-
croscopic system to boot? The answer is undoubtedly yes. Yes, for so-
cial reasons if no other. Scientists have been charged with conquering
cancer, genetic disease, and viral infection, all of which are cellular
disorders, and they are massively funded to accomplish these tasks.
They know roughly the way to reach the goals demanded by the pub-
lic, and they will not fail. Science, like art, and as always through his-
tory, follows patronage.

Rapidly improving instrumentation already allows biologists to
probe the interior of living cells and inspect the molecular architec-
ture directly. They are discovering some of the simplicities by which
adaptive systems organize themselves. Among the most notable sim-
plicities are the rules used to fold the flexuous strings of amino acids
into serviceable shapes of protein molecules, and the powered filtering
devices by which membranes admit selected substances in and out of
the cell and organelles. Scientists are also acquiring the computational
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capacity needed to simulate these and even more complex processes.
In 1995 an American team using two linked Intel paragon computers
set a world speed record of 281 billion calculations per second. The
U.S. federal high-performance program has upped the goal to a trillion
calculations per second by the end of the century. By the year 2020,
petacrunchers, capable of reaching a thousand trillion calculations
per second, may be possible, although new technologies and program-
ming methods will be needed to reach that level. At this point brute-
force simulation of cell mechanics, tracking every active molecule and
its web of interactions, should be attainable—even without the simpli-
fying principles envisioned in complexity theory.

Scientists also foresee early solutions to the self-assembly of fin-
ished cells into tissues and whole multicellular organisms. In 1994 the
editors of Science, celebrating the inauguration of developmental
biology by Wilhelm Roux a century earlier, asked one hundred con-
temporary researchers in the field to identify what they considered the
crucial unanswered questions in the discipline. Their responses, in
rank order of attributed importance, were:

1. The molecular mechanisms of tissue and organ development.
2. The connection between development and genetic evolution.
3. The steps by which cells become committed to a particular

fate.
4. The role of cell-to-cell signaling in tissue development.
5. The self-assembly of tissue patterns in the early embryo.
6. The manner in which nerve cells establish their specific con-

nections to create the nerve cord and brain.
7. The means by which cells choose to divide and to die in the

sculpting of tissues and organs.
8. The steps by which the processes controlling transcription (the

transmission of DNA information within the cell) affect the
differentiation of tissues and organs.

Remarkably, the biologists considered research on all of these top-
ics to be in a state of rapid advance, with partial success in at least some
of them close at hand.
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L E T US S U P P O S E that early in the next century the hopes of the
molecular and cellular biologists are fully realized. Suppose further
that the researchers succeed in breaking a human cell down into all its
component parts, track the processes, and accurately model the whole
system from the molecules up. And suppose finally that the develop-
mental biologists, whose focus is on tissues and organs, enjoy similar
success. The stage will then be set for the final assault on the still more
complex systems of mind and behavior. They are, after all, products of
the selfsame kinds of molecules, tissues, and organs.

Let us see how such explanatory power might be acquired. With a
close approximation of organic processes in a few species completed, it
will be possible to infer how life is reproduced and maintained in an
indefinite number of other species. With such an expansion of com-
parative holistic biology, a picture could be drawn of life as it is today,
as it also was in the earliest stages of its evolution, and as it might be on
other planets with different but habitable environments. In visualizing
habitable environments, we will need to be liberal, keeping in mind
that algae grow within rocks in Antarctica and microorganisms thrive
in the boiling water of deep-sea thermal vents.

At some point deep and powerful principles of complexity may
well emerge from the large ensemble of simulations. They will reveal
the algorithms conserved across many levels of organization up to the
most complex systems conceivable. These systems will be self-assem-
bled, sustainable, and constantly changing yet perfectly reproducing.
In other words, they will be living organisms.

At this time, if it comes, and I believe it will come, we will have a
true theory of biology, as opposed to thick descriptions of particular liv-
ing processes that now constitute the science. Its principles will accel-
erate inquiry into mind, behavior, and ecosystems, which are products
of organisms and, by virtue of their extreme complexity, the ultimate
challenge.

So the important questions are, first, do general organizing princi-
ples exist that allow a living organism to be reconstituted in full with-
out recourse to brute force simulation of all its molecules and atoms?
Second, will the same principles apply to mind, behavior, and ecosys-
tems? Third, is there a body of mathematics that will serve as a natural
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language for biology, parallel to the one that works so well for physics?
Fourth, even if the correct principles are discovered, how detailed
must factual information be in order to use those principles in the de-
sired models? In all these matters we see today as through a glass,
darkly. In time, to complete the biblical allusion, we will come face to
face with it all —and perhaps see it clearly. In any case, the search for
answers will test the full powers of the human intellect.



CHAPTER 6

THE MIND

B E L I E F IN T H E intrinsic unity of knowledge—the reality of the
labyrinth—rides ultimately on the hypothesis that every mental
process has a physical grounding and is consistent with the natural sci-
ences. The mind is supremely important to the consilience program
for a reason both elementary and disturbingly profound: Everything
that we know and can ever know about existence is created there.

The loftier forms of such reflection and belief may seem at first to
be the proper domain of philosophy, not science. But history shows
that logic launched from introspection alone lacks thrust, can travel
only so tar, and usually heads in the wrong direction. Much of the his-
tory of modern philosophy, from Descartes and Kant forward, consists
of failed models of the brain. The shortcoming is not the fault of the
philosophers, who have doggedly pushed their methods to the limit,
but a straightforward consequence of the biological evolution of the
brain. All that has been learned empirically about evolution in general
and mental process in particular suggests that the brain is a machine
assembled not to understand itself, but to survive. Because these two
ends are basically different, the mind unaided by factual knowledge
from science sees the world only in little pieces. It throws a spotlight on
those portions of the world it must know in order to live to the next day,
and surrenders the rest to darkness. For thousands of generations peo-
ple lived and reproduced with no need to know how the machinery of
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the brain works. Myth and self-deception, tribal identity and ritual,
more than objective truth, gave them the adaptive edge.

That is why even today people know more about their automobiles
than they do about their own minds—and why the fundamental expla-
nation of mind is an empirical rather than a philosophical or religious
quest. It requires a journey into the brain's interior darkness with pre-
conceptions left behind. The ships that brought us here are to be left
scuttled and burning at the shore.

T H E BRAIN IS a helmet-shaped mass of gray and white tissue about
the size of a grapefruit, one to two quarts in volume, and on aver-
age weighing three pounds (Einstein's brain, for example, was 2.75
pounds). Its surface is wrinkled like that of a cleaning sponge, and its
consistency is custardlike, firm enough to keep from puddling on the
floor of the brain case, soft enough to be scooped out with a spoon.

The brain's true meaning is hidden in its microscopic detail. Its
fluffy mass is an intricately wired system of about a hundred billion
nerve cells, each a few millionths of a meter wide and connected to
other nerve cells by hundreds or thousands of endings. If we could
shrink ourselves to the size of a bacterium and explore the brain's inte-
rior on foot, as philosophers since Leibniz in 1713 have imagined
doing, we might eventually succeed in mapping all the nerve cells and
tracking all the electrical circuits. But we could never thereby under-
stand the whole. Far more information is needed. We need to know
what the electric patterns mean, as well as how the circuits were put to-
gether and, most puzzling of all, for what purpose.

What we know of the heredity and development of the brain shows
them to be almost unimaginably complicated. The human genome
database accumulated to 1995 reveals that the brain's structure is pre-
scribed by at least 3,195 distinctive genes, 50 percent more than for
any other organ or tissue (the total number of genes in the entire
human genome is estimated to be 50,000 to 100,000). The molecular
processes that guide the growth of neurons to their assigned places
have only begun to be deciphered. Overall, the human brain is the
most complex object known in the universe—known, that is, to itself.

It rose by evolution to its present form swiftly, even by the standards
of the generally hurried pace of mammalian phylogeny evident in the
fossil record. Across three million years, from the ancestral man-apes
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of Africa to the earliest anatomically modern Homo sapiens, who lived
about 200,000 years ago, the brain increased in volume four times
over. Much of the growth occurred in the neocortex, the seat of the
higher functions of mind, including, especially, language and its
symbol-based product, culture.

The result was the capacity to take possession of the planet. Ad-
vanced humans, their big spherical skulls teetering precariously on
fragile stems of compacted cervical vertebrae, walked, paddled, and
sailed out of Africa through Europe and Asia and thence to all the re-
maining continents and great archipelagoes except uninhabitable
Antarctica. By 1000 A.D. they reached the outermost islands of the Pa-
cific and Indian Oceans. Only a handful of remote mid-Atlantic is-
lands, including St. Helena and the Azores, remained pristine for a few
centuries longer.

It is, I must acknowledge, unfashionable in academic circles nowa-
days to speak of evolutionary progress. All the more reason to do so. In
fact, the dilemma that has consumed so much ink can be evaporated
with a simple semantic distinction. If we mean by progress the advance
toward a preset goal, such as that composed by intention in the human
mind, then evolution by natural selection, which has no preset goals, is
not progress. But if we mean the production through time of increas-
ingly complex and controlling organisms and societies, in at least some
lines of descent, with regression always a possibility, then evolutionary
progress is an obvious reality. In this second sense, the human attain-
ment of high intelligence and culture ranks as the last of the four great
steps in the overall history of life. They followed one upon the other at
roughly one-billion-year intervals. The first was the beginning of life it-
self, in the form of simple bacteriumlike organisms. Then came the
origin of the complex eukaryotic cell through the assembly of the nu-
cleus and other membrane-enclosed organelles into a tightly orga-
nized unit. With the eukaryotic building block available, the next
advance was the origin of large, multicellular animals such as crus-
taceans and mollusks, whose movements were guided by sense organs
and central nervous systems. Finally, to the grief of most preexisting
life forms, came humanity.

V I R T U A L L Y ALL contemporary scientists and philosophers expert
on the subject agree that the mind, which comprises consciousness



108 C O N S I L I E N C E

and rational process, is the brain at work. They have rejected the mind-
brain dualism of René Descartes, who in Meditationes (1642) con-
cluded that "by the divine power the mind can exist without the body,
and the body without the mind." According to the great philosopher,
the noncorporeal mind and hence the immortal soul repose some-
where in the corporeal and mortal body. Its location, he suggested,
might be the pineal gland, a tiny organ located at the base of the brain.
In this early neurobiological model, the brain receives information
from all over the body and feeds it into the pineal headquarters, where
it is translated somehow into conscious thought. Dualism was conge-
nial to the philosophy and science of Descartes' time, appealing as it
did to the materialistic explanation of the universe while remaining
safely pious. In one form or other, it has persisted into the late twenti-
eth century.

The brain and its satellite glands have now been probed to the
point where no particular site remains that can reasonably be supposed
to harbor a nonphysical mind. The pineal gland, for example, is
known to secrete the hormone melatonin and to assist in regulat-
ing the body's biological clock and daily rhythms. But even as mind-
body dualism is being completely abandoned at long last, in the 1990s,
scientists remain unsure about the precise material basis of mind.
Some are convinced that conscious experience has unique physical
and biological properties that remain to be discovered. A few among
them, archly called the mysterians by their colleagues, believe that
conscious experience is too alien, too complex, or both, ever to be
comprehended.

No doubt, the transcendent difficulty of the subject inspires
this kind of denial. As late as 1970 most scientists thought the concept
of mind a topic best left to philosophers. Now the issue has been joined
where it belongs, at the juncture of biology and psychology. With
the aid of powerful new techniques, researchers have shifted the frame
of discourse to a new way of thinking, expressed in the language of
nerve cells, neurotransmitters, hormone surges, and recurrent neural
networks.

The cutting edge of the endeavor is cognitive neuroscience,
also and more popularly known as the brain sciences, an alliance
formed by neurobiologists, cognitive psychologists, and a new school
of empirically minded philosophers sometimes referred to as neuro-
philosophers. Their research reports are dispatched weekly to premier
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scientific journals, and their theories and impassioned disagreements
fill the pages of such open-commentary periodicals as Behavioral and
Brain Sciences. Many of the popular books and articles they write rank
among the best in contemporary science exposition.

Such traits are the hallmark of the heroic period, or romantic pe-
riod as it is often called, experienced by every successful scientific dis-
cipline during its youth. For a relatively brief interval, usually a decade
or two, rarely more than half a century, researchers are intoxicated
with a mix of the newly discovered and the imaginable unknown. For
the first time the really important questions are asked in a form that
can be answered, thus: What are the cellular events that compose the
mind? Not create the mind—too vague, that expression—but compose
the mind. The pioneers are paradigm hunters. They are risk takers,
who compete with rival theorists for big stakes and are willing to en-
dure painful shake-outs. They bear comparison with explorers of the
sixteenth century, who, having discovered a new coastline, worked
rivers up to the fall line, drew crude maps, and commuted home to
beg for more expeditionary funds. And governmental and private pa-
trons of the brain scientists, like royal geographic commissions of past
centuries, are generous. They know that history can be made by a sin-
gle sighting of coastland, where inland lies virgin land and the future
lineaments of empire.

Call the impulse Western if you wish, call it androcentric, and by
all means dismiss it as colonialist if you feel you must. I think it instead
basic to human nature. Whatever its source, the impulse drives major
scientific advance. During my career I have been privileged to witness
close at hand the heroic periods of molecular biology, plate tectonics
in geology, and the modern synthesis of evolutionary biology. Now it is
the turn of the brain sciences.

T H E EARLY G R O U N D W O R K for the revolution was laid in the
nineteenth century by physicians, who noticed that injuries to certain
parts of the brain result in special kinds of disability. Perhaps the most
famous case was that of Phineas P. Gage, who in 1848 was a young con-
struction foreman in charge of a crew laying railroad track across Ver-
mont. Part of the job was to blast away outcrops of hard rock in order to
straighten out turns in the advancing path. As Gage pressed powder
into a newly drilled hole, a premature explosion fired the iron tamping
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bar like a missile toward his head. It entered his left cheek and exited
the top of his skull, carrying with it a good part of the prefrontal lobe of
his cerebral cortex, then arced away more than a hundred feet before
coming to earth. Gage fell to the ground, miraculously still alive. To
the amazement of all, he was able within minutes to sit up and even
walk with assistance. He never lost consciousness. "Wonderful acci-
dent" was the later headline in the Vermont Mercury. In time his exter-
nal injuries healed, and he retained the ability to speak and reason.
But his personality had changed drastically. Where previously he had
been cheerful, responsible, and well-mannered, a valued employee of
the Rutland & Burlington Railroad, now he was a habitual liar, unreli-
able at work, and given to vagrant, self-destructive behavior. Studies on
other patients with injuries to the same part of the brain over many
years have confirmed the general conclusion suggested by Gage's mis-
fortune: The prefrontal lobe houses centers important for initiative
and emotional balance.

For two centuries the medical archives have filled with such anec-
dotes on the effects of localized brain damage. The data have made it
possible for neurologists to piece together a map of functions per-
formed by different parts of the brain. The injuries, which occur
throughout the brain, include physical traumas, strokes, tumors, infec-
tions, and poisoning. They vary in extent from barely detectable pin-
points to deletions and transections of large parts of the brain.
Depending on location and magnitude, they have multifarious effects
on thought and behavior.

The most celebrated recent case is that of Karen Ann Quinlan. On
April 14, 1975, the young New Jersey woman, while dosed with the
tranquilizer Valium and painkiller drug Darvon, made the mistake of
drinking gin and tonic. Although the combination does not sound
dangerous, it essentially killed Karen Ann Quinlan. She fell into a
coma that lasted until her death from massive infections ten years
later. An autopsy revealed that her brain was largely intact, which ex-
plains why her body survived and even continued its daily cycle of wak-
ing and sleep. It lived on even when Quinlan's parents arranged, in the
midst of national controversy, to have her ventilator removed. The au-
topsy revealed that Quinlan's brain damage was local but very severe:
The thalamus had been obliterated as though burned out with a laser.
Why that particular center deteriorated is unknown. A brain injured
by a heavy blow or certain forms of poisoning usually responds by
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widespread swelling. If the reaction is intense, it presses on centers that
control heartbeat and respiration, shutting down blood circulation and
soon ending in death of the whole body.

The result of thalamus excision alone is brain death, or, more pre-
cisely put, mind death. The thalamus comprises twin egg-shaped
masses of nerve cells near the center of the brain. It functions as a relay
center through which all sensory information other than smell is trans-
mitted to the cerebral cortex, and therefore to the conscious mind.
Even dreams are triggered by impulses that pass through thalamic cir-
cuits. Quinlan's drug accident was the equivalent of blowing up a
power station: All her lights downline went out, and she entered a
sleep from which she had no chance of wakening. Her cerebral cortex
lived on, waiting to be activated. But consciousness, even in dreams,
was no longer possible.

Such research on brain damage, while enormously informative, is
nevertheless dependent on chance occurrence. Over the years it has
been greatly enhanced by experimental brain surgery. Neurosurgeons
routinely keep patients conscious to test their response to electrical
stimulation of the cortex, in order to locate healthy tissue and avoid ex-
cising it. The procedure is not uncomfortable: Brain tissue, while pro-
cessing impulses from all over the body, has no receptors of its own.
Instead of pain, the roving probes evoke a medley of sensations and
muscular contractions. When certain sites on the surface of the cortex
are stimulated, patients experience images, melodies, incoherent
sounds, and a gamut of other impressions. Sometimes they involuntar-
ily move fingers and other body parts.

Beginning with experiments in brain surgery by Wilder Penfield
and other pioneers in the 1920s and 1930s, researchers have mapped
sensory and motor functions over all parts of the cerebral cortex. The
method is nevertheless limited in two important respects. It is not easi-
ly extended beneath the cortex into the dark nether regions of the
brain, and it cannot be used to observe neural activity through time.
To reach those objectives—to create motion pictures of the whole
brain in action—scientists have adopted a broad range of sophisticated
techniques borrowed from physics and chemistry. Since its inception
in the 1970s, brain imaging, as the methods are collectively called, has
followed a trajectory similar to that of microscopy, toward ever finer
resolution in snapshots separated by shrinking intervals of time. The
scientists hope eventually to monitor the activity of entire networks of
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individual nerve cells, both continuously and throughout the living
brain.

G R A N T E D , the brain's machinery remains forbiddingly alien and sci-
entists have traced only a minute fraction of its circuitry. Still, the
major anatomical features of the brain are known, and a great deal has
been learned of their various functions. Before addressing the nature
of mind as a product of these operations, I wish to provide a quick look
at the physical groundwork.

The surest way to grasp complexity in the brain, as in any other bio-
logical system, is to think of it as an engineering problem. What are the
broad principles needed to create a brain from scratch? Whether con-
trived by advance planning or by blind natural selection, the key fea-
tures of architecture can be expected to be very broadly predictable.
Researchers in biomechanics have discovered time and again that or-
ganic structures evolved by natural selection conform to high levels of
efficiency when judged by engineering criteria. And at a more micro-
scopic level, biochemists marvel at the exactitude and power of the en-
zyme molecules controlling the actions of the cells. Like the mills of
God, the processes of evolution grind slowly—yet, as the poet said,
they grind exceeding fine.

So let us spread the specification sheets out and consider the brain
as a solution to a set of physical problems. It is best to start with simple
geometry. Because a huge amount of circuitry is required, and the
wiring elements must be built from living cells, a relatively huge mass
of new tissue needs to be manufactured and housed in the brain case.
The ideal brain case will be spherical or close to it. One compelling
reason is that a sphere has the smallest surface relative to volume of
any geometric form and hence provides the least access to its vulnera-
ble interior. Another reason is that a sphere allows more circuits to be
placed close together. The average length of circuits can thus be mini-
mized, raising the speed of transmission while lowering the energy cost
for their construction and maintenance.

Because the basic units of the brain-machine must be made of
cells, it is best to stretch these elements out into string-shaped forms
that serve simultaneously as receiving stations and coaxial cables. The
dual-purpose cells created by evolution are in fact the neurons, also
called nerve cells or nerve fibers. It is further practical to design the
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neurons so that their main bodies serve as the receiving sites for im-
pulses from other cells. The neurons can send their own signals out
along axons, cablelike extensions of the cell bodies.

For speed, make the transmission an electric discharge by depolari-
zation of the cell membrane. The neurons are then said to "fire." For
accuracy during neuron firing, surround the axons with insulating
sheaths. These in fact exist as white fatty myelin membranes that to-
gether give the brain its light color.

To achieve a higher level of integration, the brain must be very in-
tricately and precisely wired. Given again that its elements are living
cells, the number of neuron connections are best multiplied by grow-
ing threadlike extensions from the tips of the axons, which reach out
and transmit individually to the bodies of many other cells. The dis-
charge of the axon travels to these multiple terminal extensions all the
way to their tips, which then make contact with the receptor cells. The
receptor cells accept some of the tips of the terminal axon branches on
the surface of their main cell bodies. They accept other tips on their
dendrites, which are threadlike receptor branches growing out from
the cell bodies.

Now visualize the entire nerve cell as a miniature squid. From
its body sprouts a cluster of tentacles (the dendrites). One tentacle
(the axon) is much longer than the others, and from its tip it sprouts
more tentacles. The message is received on the body and short ten-
tacles of the squid and travels along the long tentacle to other squids.
The brain comprises the equivalent of one hundred billion squids
linked together.

The cell-to-cell connections—more precisely, the points of con-
nection and the ultramicroscopic spaces separating them—are called
synapses. When an electric discharge reaches a synapse, it induces the
tip of the terminal branch to release a neurotransmitter, a chemical
that either excites an electric discharge in the receiving cell or prevents
one from occurring. Each nerve cell sends signals to hundreds or thou-
sands of other cells through its synapses at the end of its axon, and it re-
ceives input from a similar myriad of synapses on its main cell body
and dendrites. In each instant a nerve cell either fires an impulse along
its axon to other cells or falls silent. Which of the two responses it
makes depends on the summation of the neurotransmissions received
from all the cells that feed stimuli into it.

The activity of the brain as a whole, hence the wakefulness and
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moods experienced by the conscious mind, is profoundly affected by
the levels of the neurotransmitters that wash its trillions of synapses.
Among the most important of the neurotransmitters are acetylcholine
and the amines norepinephrine, serotonin, and dopamine. Others in-
clude the amino acid GABA (gamma aminobutyric acid) and, surpris-
ingly, the elementary gas nitrous oxide. Some neurotransmitters excite
the neurons they contact, while others inhibit them. Still others can
exert either effect depending on the location of the circuit within the
nervous system.

During development of the nervous system in the fetus and in-
fant, the neurons extend their axons and dendrites into the cellular
environment—like growing tentacles of squids. The connections they
make are precisely programmed and guided to their destinations by
chemical cues. Once in place each neuron is poised to play a special
role in signal transmission. Its axon may stretch only a few millionths
of a meter or thousands of times longer. Its dendrites and terminal
axon branches can take any of a number of forms, coming to resemble,
say, the leafless crown of a tree in winter or a dense, feltlike mat. Pos-
sessing the aesthetic inherent to pure function, and riveting to behold,
they invite us to imagine their powers. Concerning them, Santiago
Ramón y Cajal, the great Spanish histologist, wrote of his own expe-
rience, after receiving the 1906 Nobel Prize for his research on the sub-
ject: "Like the entomologist in pursuit of brightly colored butterflies,
my attention hunted, in the flower garden of the gray matter, cells with
delicate and elegant forms, the mysterious butterflies of the soul, the
beatings of whose wings may some day—who knows?—clarify the se-
cret of mental life."

The meaning of the neuron shape, which so pleases the biologist,
is this: Neuron systems are directed networks, receiving and broadcast-
ing signals. They cross-talk with other complexes to form systems of
systems, in places forming a circle, like a snake catching its own tail, to
create reverberating circuits. Each neuron is touched by the terminal
axon branches of many other neurons, established by a kind of demo-
cratic vote whether it is to be active or silent. Using a Morselike code of
staccato firing, the cell sends its own messages outward to others. The
number of connections made by the cell, their pattern of spread, and
the code they use determine the role the cell plays in the overall activi-
ty of the brain.

Now to complete the engineering metaphor. When you're setting
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out to design a hominid brain, it is important to observe another opti-
mum design principle: Information transfer is improved when neuron
circuits filling specialized functions are placed together in clusters. Ex-
amples of such aggregates in the real brain are the sensory relay sta-
tions, integrative centers, memory modules, and emotional control
centers identified thus far by neurobiologists. Nerve cell bodies are
gathered in flat assemblages called layers and rounded ones called nu-
clei. Most are placed at or near the surface of the brain. They are inter-
connected both by their own axons and by intervening neurons that
course through the deeper brain tissues. One result is the gray or light-
brown color of the surface due to the massing of the cell bodies—the
"gray matter" of the brain—and a white color from the myelin sheaths
of axons in the interior of the brain.

Human beings may possess the most voluminous brain in propor-
tion to body size of any large animal species that has ever lived. For a
primate species the human brain is evidently at or close to its physical
limit. If it were much larger in the newborn, the passage of its protect-
ing skull through the birth canal would be dangerous to both mother
and child. Even the adult brain size is mechanically risky: The head is
a fragile, internally liquescent globe balanced on a delicate bone-and-
muscle stem, within which the brain is vulnerable and the mind easily
stunned and disabled. Human beings are innately disposed to avoid
violent physical contact. Because our evolving ancestors traded brute
strength for intelligence, we no longer need to seize and rip enemies
with fanged jaws.

Given this intrinsic limit in brain volume, some way must be
found to fit in the memory banks and higher-order integrating systems
needed to generate conscious thought. The only means available is to
increase surface area: Spread the cells out into a broad sheet and
crumple it up into a ball. The human cerebral cortex is such a sheet
about one thousand square inches in area, packed with millions of cell
bodies per square inch, folded and wadded precisely like an origami
into many winding ridges and fissures, neatly stuffed in turn into the
quart-sized cranial cavity.

W H A T MORE CAN be said of brain structure? If a Divine Engineer
designed it, unconstrained by humanity's biological history, He might
have chosen mortal but angelic beings cast in His own image. They
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would presumably be rational, far-seeing, wise, benevolent, unrebel-
lious, selfless, and guilt-free, and, as such, ready-made stewards of the
beautiful planet bequeathed them. But we are nothing like that. We
have original sin, which makes us better than angels. Whatever good
we possess we have earned, during a long and arduous evolutionary
history. The human brain bears the stamp of 400 million years of trial
and error, traceable by fossils and molecular homology in nearly un-
broken sequence from fish to amphibian to reptile to primitive mam-
mal to our immediate primate forerunners. In the final step the brain
was catapulted to a radically new level, equipped for language and cul-
ture. Because of its ancient pedigree, however, it could not be planted
like a new computer into an empty cranial space. The old brain had
been assembled there as a vehicle of instinct, and remained vital from
one heartbeat to the next as new parts were added. The new brain had
to be jury-rigged in steps within and around the old brain. Otherwise
the organism could not have survived generation by generation. The
result was human nature: genius animated with animal craftiness and
emotion, combining the passion of politics and art with rationality, to
create a new instrument of survival.

Brain scientists have vindicated the evolutionary view of mind.
They have established that passion is inseverably linked to reason.
Emotion is not just a perturbation of reason but a vital part of it. This
chimeric quality of the mind is what makes it so elusive. The hardest
task of brain scientists is to explain the products-tested engineering of
the cortical circuits against the background of the species' deep history.
Beyond the elements of gross anatomy I have just summarized, the hy-
pothetical role of Divine Engineer is not open to them. Unable to de-
duce from first principles the optimum balance of instinct and reason,
they must ferret out the location and function of the brain's governing
circuits one by one. Progress is measured by piecemeal discoveries and
cautious inferences. Here are a few of the most important made by re-
searchers to date:

• The human brain preserves the three primitive divisions found
throughout the vertebrates from fishes to mammals: hindbrain, mid-
brain, and forebrain. The first two together, referred to as the brain
stem, form the swollen posthead on which the massively enlarged fore-
brain rests.
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• The hindbrain comprises in turn the pons, medulla, and cerebel-
lum. Together they regulate breathing, heartbeat, and coordination of
body movements. The midbrain controls sleep and arousal. It also
partly regulates auditory reflexes and perception.

• A major part of the forebrain is composed of the limbic system,
the master traffic-control complex that regulates emotional response as
well as the integration and transfer of sensory information. Its key cen-
ters are the amygdala (emotion), hippocampus (memory, especially
short-term memory), hypothalamus (memory, temperature control,
sexual drive, hunger, and thirst), and thalamus (awareness of tempera-
ture and all other senses except smell, awareness of pain, and the
mediation of some processes of memory).

• The forebrain also includes the cerebral cortex, which has grown
and expanded during evolution to cover the rest of the brain. As the
primary seat of consciousness, it stores and collates information from
the senses. It also directs voluntary motor activity and integrates higher
functions, including speech and motivation.

• The key functions of the three successive divisions—hind- plus
midbrain, limbic system, and cerebral cortex—can be neatly summa-
rized in this sequence: heartbeat, heartstrings, heartless.

• No single part of the forebrain is the site of conscious experience.
Higher levels of mental activity sweep through circuits that embrace a
large part of the forebrain. When we see and speak of color, for exam-
ple, visual information passes from the cones and interneurons of the
retina through the thalamus to the visual cortex at the rear of the brain.
After the information is codified and integrated anew at each step,
through patterns of neuron firing, it then spreads forward to the speech
centers of the lateral cortex. As a result, we first see red and then say
"red." Thinking about the phenomenon consists of adding more and
more connections of pattern and meaning, and thus activating addi-
tional areas of the brain. The more novel and complicated the connec-
tions, the greater the amount of this spreading activation. The better
the connections are learned by such experience, the more they are
put on autopilot. When the same stimulus is applied later, new activa-
tion is diminished and the circuits are more predictable. The pro-
cedure becomes a "habit." In one such inferred pathway of memory
formation, sensory information is conveyed from the cerebral cortex to
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the amygdala and hippocampus, then to the thalamus, then to the pre-
frontal cortex (just behind the brow), and back to the original sensory
regions of the cortex for storage. Along the way codes are interpreted
and altered according to inputs from other parts of the brain.

• Because of the microscopic size of the nerve cells, a large amount
of circuitry can be packed into a very small space. The hypothalamus,
a major relay and control center at the base of the brain, is about the
size of a lima bean. (The nervous systems of animals are even more im-
pressively miniaturized. The entire brains of gnats and other extremely
small insects, which carry instructions for a series of complex instinc-
tive acts, from flight to mating, are barely visible to the naked eye.)

• Disturbance of particular circuits of the human brain often pro-
duce bizarre results. Injuries to certain sites of the undersurface of the
parietal and occipital lobes, which occupy the side and rear of the
cerebral cortex, cause the rare condition called prosopagnosia. The pa-
tient can no longer recognize other persons by their faces, but he can
still remember them by their voices. Just as oddly, he retains the ability
to recognize objects other than faces by sight alone.

• There may be centers in the brain that are especially active in the
organization and perception of free will. One appears to be located
within or at least close to the anterior cingulate sulcus, on the inside of
a fold of the cerebral cortex. Patients who have sustained damage to
the region lose initiative and concern for their own welfare. From one
moment to the next they focus on nothing in particular, yet remain ca-
pable of reasoned responses when pressed.

• Other complex mental operations, while engaging regions over
large parts of the brain, are vulnerable to localized perturbation. Pa-
tients with temporal lobe epilepsy often develop hyperreligiosity, the
tendency to charge all events, large and small, with cosmic signifi-
cance. They are also prone to hypergraphia, a compulsion to express
their visions in an undisciplined stream of poems, letters, or stories.

• The neural pathways used in sensory integration are also highly
specialized. When subjects name pictures of animals during PET
(positron emission tomography) imaging, a method that reveals pat-
terns of nerve-cell firing, their visual cortices light up in the same pat-
tern seen when they sort out subtle differences in the appearance of
objects. When, on the other hand, they silently name pictures of tools,



The Mind 119

neural activity shifts to parts of the cortex concerned with hand move-
ments and action words, such as "write" for pencil.

I HAVE SPOKEN so far about the physical processes that produce
the mind. Now, to come to the heart of the matter, what is the mind?
Brain scientists understandably dance around this question. Wisely,
they rarely commit themselves to a simple declarative definition. Most
believe that the fundamental properties of the elements responsible
for mind—neurons, neurotransmitters, and hormones—are reason-
ably well known. What is lacking is a sufficient grasp of the emergent,
holistic properties of the neuron circuits, and of cognition, the way the
circuits process information to create perception and knowledge. Al-
though dispatches from the research front grow yearly in number and
sophistication, it is hard to judge how much we know in comparison
with what we need to know in order to create a powerful and enduring
theory of mind production by the brain. The grand synthesis could
come quickly, or it could come with painful slowness over a period of
decades.

Still, the experts cannot resist speculation on the essential nature of
mind. While it is very risky to speak of consensus, and while I have no
great trust in my own biases as interpreter, I believe I have been able
to piece together enough of their overlapping opinions to forecast a
probable outline of the eventual theory, as follows.

Mind is a stream of conscious and subconscious experience. It is at
root the coded representation of sensory impressions and the memory
and imagination of sensory impressions. The information composing
it is most likely sorted and retrieved by vector coding, which denotes
direction and magnitude. For example, a particular taste might be
partly classified by the combined activity of nerve cells responding to
different degrees of sweetness, saltiness, and sourness. If the brain were
designed to distinguish ten increments in each of these taste dimen-
sions, the coding could discriminate 10 X 10 X 10, or 1,000 substances.

Consciousness consists of the parallel processing of vast numbers
of such coding networks. Many are linked by the synchronized firing
of the nerve cells at forty cycles per second, allowing the simultaneous
internal mapping of multiple sensory impressions. Some of the im-
pressions are real, fed by ongoing stimulation from outside the nervous
system, while others are recalled from the memory banks of the cortex.
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All together they create scenarios that flow realistically back and forth
through time. The scenarios are a virtual reality. They can either
closely match pieces of the external world or depart indefinitely far
from it. They re-create the past and cast up alternative futures that
serve as choices for future thought and bodily action. The scenarios
comprise dense and finely differentiated patterns in the brain circuits.
When fully open to input from the outside, they correspond well to
all the parts of the environment, including activity of the body parts,
monitored by the sense organs.

Who or what within the brain monitors all this activity? No one.
Nothing. The scenarios are not seen by some other part of the brain.
They just are. Consciousness is the virtual world composed by the sce-
narios. There is not even a Cartesian theater, to use Daniel Dennett's
dismissive phrase, no single locus of the brain where the scenarios are
played out in coherent form. Instead, there are interlacing patterns of
neural activity within and among particular sites throughout the fore-
brain, from cerebral cortex to other specialized centers of cognition
such as the thalamus, amygdala, and hippocampus. There is no single
stream of consciousness in which all information is brought together
by an executive ego. There are instead multiple streams of activity,
some of which contribute momentarily to conscious thought and
then phase out. Consciousness is the massive coupled aggregates of
such participating circuits. The mind is a self-organizing republic of
scenarios that individually germinate, grow, evolve, disappear, and oc-
casionally linger to spawn additional thought and physical activity.

The neural circuits do not turn on and offlike parts of an electrical
grid. In many sectors of the forebrain at least, they are arranged in par-
allel relays stepping from one neuron level to the next, integrating
more and more coded information with each step. The energy of light
striking the retina, to expand the example I gave earlier, is transduced
into patterns of neuron firing. The patterns are relayed through a se-
quence of intermediate neuron systems out of the retinal fields
through the lateral geniculate nuclei of the thalamus back to the pri-
mary visual cortex at the rear of the brain. Cells in the visual cortex fed
by the integrated stimuli sum up the information from different parts
of the retina. They recognize and by their own pattern of firing specify
spots or lines. Further systems of these higher-order cells integrate the
information from multiple feeder cells to map the shape and move-
ment of objects. In ways still not understood, this pattern is coupled
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with simultaneous input from other parts of the brain to create the full
scenarios of consciousness. The biologist S. J. Singer has drily ex-
pressed the matter thus: I link, therefore I am.

Because just to generate consciousness requires an astronomically
large population of cells, the brain is sharply limited in its capacity to
create and hold complex moving imagery. A key measure of that ca-
pacity lies in the distinction made by psychologists between short-term
and long-term memory. Short-term memory is the ready state of the
conscious mind. It composes all of the current and remembered parts
of the virtual scenarios. It can handle only about seven words or other
symbols simultaneously. The brain takes about one second to scan
these symbols fully, and it forgets most of the information within thirty
seconds. Long-term memory takes much longer to acquire, but it has
an almost unlimited capacity, and a large fraction of it is retained
for life. By spreading activation, the conscious mind summons in-
formation from the store of long-term memory and holds it for a brief
interval in short-term memory. During this time it processes the infor-
mation, at a rate of about one symbol per 25 milliseconds, while sce-
narios arising from the information compete for dominance.

Long-term memory recalls specific events by drawing particular
persons, objects, and actions into the conscious mind through a time
sequence. For example, it easily re-creates an Olympic moment: the
lighting of the torch, a running athlete, the cheering of the crowd. It
also re-creates not just moving images and sound but meaning in the
form of linked concepts simultaneously experienced. Fire is con-
nected to hot, red, dangerous, cooked, the passion of sex, and the cre-
ative act, and on out through multitudinous hypertext pathways
selected by context, sometimes building new associations in memory
for future recall. The concepts are the nodes or reference points in
long-term memory. Many are labeled by words in ordinary language,
but others are not. Recall of images from the long-term banks with lit-
tle or no linkage is just memory. Recall with linkages, and especially
when tinged by the resonance of emotional circuits, is remembrance.

The capacity for remembrance by the manipulation of symbols is a
transcendent achievement for an organic machine. It has authored all
of culture. But it still falls far short of the demands placed by the body
on the nervous system. Hundreds of organs must be regulated continu-
ously and precisely; any serious perturbation is followed by illness or
death. A heart forgetful for ten seconds can drop you like a stone. The
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proper functioning of the organs is under the control of hard-wired
autopilots in the brain and spinal cord, whose neuron circuits are our
inheritance from hundreds of millions of years of vertebrate evolution
prior to the origin of human consciousness. The autopilot circuits are
shorter and simpler than those of the higher cerebral centers and only
marginally communicate with them. Only by intense meditative train-
ing can they occasionally be brought under conscious control.

Under automatic control, and specifically through balance of the
antagonistic elements of the autonomic nervous system, pupils of the
eye constrict or dilate, saliva pours out or is contained, the stomach
churns or quietens, the heart pounds or calms, and so on through al-
ternative states in all the organs. The sympathetic nerves of the auto-
nomic nervous system pump the body up for action. They arise from
the middle sections of the spinal cord, and typically regulate target
organs by release of the neurotransmitter norepinephrine. The para-
sympathetic nerves relax the body as a whole while intensifying the
processes of digestion. They rise from the brain stem and lowermost
segment of the spinal cord, and the neurotransmitter they release to
the target organs is acetylcholine—also the agent of sleep.

Reflexes are swift automatic responses mediated by short circuits of
neurons through the spinal cord and lower brain. The most complex is
the startle response, which prepares the body for an imminent blow or
collision. Imagine that you are surprised by a loud noise close by—a
car horn blasts, someone shouts, a dog charges in a fury of barking. You
react without thinking. Your eyes close, your head sags, your mouth
opens, your knees buckle slightly. All are reactions that prepare you for
the violent contact that might follow an instant later. The startle re-
sponse occurs in a split second, faster than the conscious mind can fol-
low, faster than can be imitated by conscious effort even with long
practice.

Automatic responses, true to their primal role, are relatively imper-
vious to the conscious will. This principle of archaism extends even to
the facial expressions that communicate emotion. A spontaneous and
genuine smile, which originates in the limbic system and is emotion-
driven, is unmistakable to the practiced observer. A contrived smile is
constructed from the conscious processes of the cerebrum and is be-
trayed by telltale nuances: a slightly different configuration of facial
muscle contraction and a tendency toward lopsidedness of the upward
curving mouth. A natural smile can be closely imitated by an experi-
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enced actor. It can also be evoked by artificially inducing the appropri-
ate emotion—the basic technique of method acting. In ordinary usage
it is modified deliberately in accordance with local culture, to convey
irony (the pursed smile), restrained politeness (the thin smile), threat
(the wolfish smile), and other refined presentations of self.

Much of the input to the brain does not come from the outside
world but from internal body sensors that monitor the state of respira-
tion, heartbeat, digestion, and other physiological activities. The flood
of "gut feeling" that results is blended with rational thought, feeding it,
and being fed by it through reflexes of internal organs and neuro-
hormonal loops.

As the scenarios of consciousness fly by, driven by stimuli and
drawing upon memories of prior scenarios, they are weighted and
modified by emotion. What is emotion? It is the modification of neural
activity that animates and focuses mental activity. It is created by physi-
ological activity that selects certain streams of information over others,
shifting the body and mind to higher or lower degrees of activity, agi-
tating the circuits that create scenarios, and selecting ones that end in
certain ways. The winning scenarios are those that match goals prepro-
grammed by instinct and the satisfactions of prior experience. Current
experience and memory continually perturb the states of mind and
body. By thought and action the states are then moved backward to the
original condition or forward to conditions conceived in new scenar-
ios. The dynamism of the process provokes labeling by words that de-
note the basic categories of emotion—anger, disgust, fear, pleasure,
surprise. It breaks the categories into many degrees and joins them to
create myriad subtle compounds. Thus we experience feelings that are
variously weak, strong, mixed, and new.

Without the stimulus and guidance of emotion, rational thought
slows and disintegrates. The rational mind does not float above the ir-
rational; it cannot free itself to engage in pure reason. There are pure
theorems in mathematics but no pure thoughts that discover them. In
the brain-in-the-vat fantasy of neurobiological theory and science fic-
tion, the organ in its nutrient bath has been detached from the impedi-
ments of the body and liberated to explore the inner universe of the
mind. But that is not what would ensue in reality. All the evidence
from the brain sciences points in the opposite direction, to a waiting
coffin-bound hell of the wakened dead, where the remembered and
imagined world decays until chaos mercifully grants oblivion.
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Consciousness satisfies emotion by the physical actions it selects in
the midst of turbulent sensation. It is the specialized part of the mind
that creates and sorts scenarios, the means by which the future is
guessed and courses of action chosen. Consciousness is not a remote
command center but part of the system, intimately wired to all the
neural and hormonal circuits regulating physiology. Consciousness
acts and reacts to achieve a dynamic steady state. It perturbs the body
in precise ways with each changing circumstance, as required for well-
being and response to opportunity, and helps return it to the original
condition when challenge and opportunity have been met.

The reciprocity of mind and body can be visualized in the follow-
ing scenario, which I have adapted from an account by the neurologist
Antonio R. Damasio. Imagine that you are strolling along a deserted
city street at night. Your reverie is interrupted by quick footsteps draw-
ing close behind. Your brain focuses instantly and churns out alterna-
tive scenarios —ignore, freeze, turn and confront, or escape. The last
scenario prevails and you act. You run toward a lighted storefront fur-
ther down the street. In the space of a few seconds, the conscious
response triggers automatic changes in your physiology. The cate-
cholamine hormones epinephrine ("adrenaline") and norepinephrine
pour into the bloodstream from the adrenal medulla and travel to all
parts of the body, increasing the basal metabolic rate, breaking down
glycogen in the liver and skeletal muscles to glucose for a quick energy
feed. The heart races. The bronchioles of the lungs dilate to admit
more air. Digestion slows. The bladder and colon prepare to void their
contents, disencumbering the body to prepare for violent action and
possible injury.

A few seconds more pass. Time slows in the crisis: The event
span seems like minutes. Signals arising from all the changes are re-
layed back to the brain by more nerve fibers and the rise of hormone
titers in the bloodstream. As further seconds tick away, the body and
brain shift together in precisely programmed ways. Emotional circuits
of the limbic system kick in—the new scenarios flooding the mind are
charged with fright, then anger that sharply focuses the attention of the
cerebral cortex, closing out all other thought not relevant to imme-
diate survival.

The storefront is reached, the race won. People are inside, the
pursuer is gone. Was the follower really in pursuit? No matter. The re-
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public of bodily systems, informed by reassuring signals from the con-
scious brain, begins its slow stand-down to the original calm state.

Damasio, in depicting the mind holistically in such episodes, has
suggested the existence of two broad categories of emotion. The first,
primary emotion, comprises the responses ordinarily called inborn or
instinctive. Primary emotion requires little conscious activity beyond
the recognition of certain elementary stimuli, the kind that students of
instinctive behavior in animals call releasers—they are said to "re-
lease" the preprogrammed behavior. For human beings such stimuli
include sexual enticement, loud noises, the sudden appearance of
large shapes, the writhing movements of snakes or serpentine objects,
and the particular configurations of pain associated with heart attacks
or broken bones. The primary emotions have been passed down with
little change from the vertebrate forebears of the human line. They are
activated by circuits of the limbic system, among which the amygdala
appears to be the master integrating and relay center.

Secondary emotions arise from personalized events of life. To meet
an old friend, fall in love, win a promotion, or suffer an insult is to fire
the limbic circuits of primary emotion, but only after the highest inte-
grative processes of the cerebral cortex have been engaged. We must
know who is friend or enemy, and why they are behaving a certain way.
By this interpretation, the emperor's rage and poet's rapture are cul-
tural elaborations retrofitted to the same machinery that drives the pre-
human primates. Nature, Damasio observes, "with its tinkerish knack
for economy, did not select independent mechanisms for expressing
primary and secondary emotions. It simply allowed secondary emo-
tions to be expressed by the same channel already prepared to convey
primary emotions."

Ordinary words used to denote emotion and other processes of
mental activity make only a crude fit to the models used by the brain
scientists in their attempts at rigorous explanation. But the ordinary
and conventional conceptions—what some philosophers call folk
psychology—are necessary if we are to make better sense of thousands
of years of literate history, and thereby join the cultures of the past with
those of the future. To that end I offer the following neuroscience-
accented definitions of several of the most important concepts of men-
tal activity.

What we call meaning is the linkage among the neural networks
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created by the spreading excitation that enlarges imagery and engages
emotion. The competitive selection among scenarios is what we call
decision making. The outcome, in terms of the match of the winning
scenario to instinctive or learned favorable states, sets the kind and in-
tensity of subsequent emotion. The persistent form and intensity of
emotions is called mood. The ability of the brain to generate novel sce-
narios and settle on the most effective among them is called creativity.
The persistent production of scenarios lacking reality and survival
value is called insanity.

The explicit material constructions I have put upon mental life
will be disputed by some brain scientists, and reckoned inadequate by
others. That is the unavoidable fate of synthesis. In choosing certain
hypotheses over others, I have tried to serve as an honest broker search-
ing for the gravitational center of opinion, where by and large the sup-
porting data are most persuasive and mutually consistent. To include
all models and hypotheses deserving respect in this tumultuous disci-
pline, and then to clarify the distinctions among them, would require a
full-dress textbook. Undoubtedly events will prove that in places I
chose badly. For that eventuality I apologize now to the slighted scien-
tists, a concession I comfortably make, knowing that the recognition
they deserve and will inevitably receive cannot be blunted by prema-
ture omission on the part of any one observer.

T H E S U B J E C T thus qualified, I will next describe the deeper prob-
lems that must be resolved before the physical basis of mind can be
said to be truly solved. The one universally judged to be the most diffi-
cult of all is the nature of subjective experience. The Australian
philosopher David Chalmers recently put the matter in perspective by
contrasting the "easy problems" of general consciousness with the
"hard problem" of subjective experience. In the first group (easy, I
suppose, in the sense that Mont Blanc is more readily climbed in
beach wear than Everest) are the classical problems of mind research:
how the brain responds to sensory stimuli, how it incorporates informa-
tion into patterns, and how it converts the patterns into words. Each
of these steps of cognition is the subject of vigorous contemporary
research.

The hard problem is more elusive: how physical processes in the
brain addressed in the easy problems give rise to subjective feeling.
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What exactly does it mean when we say we experience a color such as
red or blue? Or experience, in Chalmers' words, "the ineffable sound
of a distant oboe, the agony of an intense pain, the sparkle of happiness
or the meditative quality of a moment lost in thought. All are part of
what I am calling consciousness. It is these phenomena that compose
the real mystery of the mind."

An imaginary experiment proposed by the philosopher Frank
Jackson in 1983 illustrates the supposed unattainability of subjective
thought by the natural sciences. Consider a neurobiologist two cen-
turies hence who understands all the physics of color and all the
brain's circuitry giving rise to color vision. But the scientist (call her
Mary) has never experienced color; she has been cloistered all her life
in a black-and-white room. She does not know what it is like for an-
other person to see red or blue; she cannot imagine how they feel
about color. According to Jackson and Chalmers, it follows that there
are qualities of conscious experience that cannot be deduced from
knowledge of the physical functioning of the brain.

Although it is the nature of philosophers to imagine impasses and
expatiate upon them at book length with schoolmasterish dedication,
the hard problem is conceptually easy to solve. What material descrip-
tion might explain subjective experience? The answer must begin by
conceding that Mary cannot know what it feels like to see color. The
chromatic nuances of a westering sun are not hers to enjoy. And for the
same reason she and all her fellow human beings a fortiori cannot
know how a honeybee feels when it senses magnetism or what an elec-
tric fish thinks as it orients by an electric field. We can translate the en-
ergies of magnetism and electricity into sight and sound, the sensory
modalities we biologically possess. We can read the active neural cir-
cuits of bees and fish by scanning their sense organs and brains. But we
cannot feel as they do—ever. Even the most imaginative and expert
observers cannot think as animals, however they may wish or deceive
themselves otherwise.

But incapacity is not the point. The distinction that illuminates
subjective experience lies elsewhere, in the respective roles of science
and art. Science perceives who can feel blue and other sensations and
who cannot feel them, and explains why that difference exists. Art in
contrast transmits feelings among persons of the same capacity.
In other words, science explains feeling, while art transmits it. The
majority of human beings, unlike Mary, see a full color spectrum, and
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they feel its productions in reverberating pathways through the fore-
brain. The basic patterns are demonstrably similar across all color-
sighted human beings. Variations exist, owing to remembrances that
arise from the personal memories and cultural biases of different peo-
ple. But in theory these variations can also be read in the patterns of
their brain activity. The physical explanations derived from the pat-
terns would be understandable to Mary the confined scientist. She
might say, "Yes, that is the wavelength span classified by others as blue,
and there is the pattern of neural activity by which it is recognized and
named." The explanations would be equally clear to bee and fish
scientists if their species could somehow be raised to human levels of
intelligence.

Art is the means by which people of similar cognition reach out
to others in order to transmit feeling. But how can we know for sure
that art communicates this way with accuracy, that people really, truly
feel the same in the presence of art? We know it intuitively by the
sheer weight of our cumulative responses through the many media of
art. We know it by detailed verbal descriptions of emotion, by critical
analyses, and in fact through data from all the vast, nuanced, and
interlocking armamentaria of the humanities. That vital role in the
sharing of culture is what the humanities are all about. Nevertheless,
fundamental new information will come from science by studying
the dynamic patterns of the sensory and brain systems during epi-
sodes when commonly shared feelings are evoked and experienced
through art.

But surely, skeptics will say, that is impossible. Scientific fact and
art can never be translated one into the other. Such a response is in-
deed the conventional wisdom. But I believe it is wrong. The crucial
link exists: The common properly of science and art is the transmission
of information, and in one sense the respective modes of transmission
in science and art can be made logically equivalent. Imagine the
following experiment: A team of scholars—led perhaps by color-
challenged Mary—has constructed an iconic language from the visual
patterns of brain activity. The result resembles a stream of Chinese
ideograms, each one representing an entity, process, or concept. The
new writing—call it "mind script"—is translated into other languages.
As the fluency of its readers increases, the mind script can be read di-
rectly by brain imaging.

In the silent recesses of the mind, volunteer subjects recount
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episodes, summon adventure in dreams, recite poems, solve equations,
recall melodies, and while they are doing this the fiery play of their
neuronal circuitry is made visible by the techniques of neurobiology.
The observer reads the script unfolding not as ink on paper but as elec-
tric patterns in live tissue. At least some of the thinker's subjective
experience—his feeling—is transferred. The observer reflects, he
laughs or weeps. And from his own mind patterns he is able to transmit
the subjective responses back. The two brains are linked by perception
of brain activity.

Whether seated across from one another at a table, or alone in
separate rooms or even in separate cities, the communicants can per-
form feats that resemble extrasensory perception (ESP). But only su-
perficially. The first thinker glances at a playing card he holds cupped
in his hand. With no clue other than the neural imagery to guide him,
the second thinker reads the face of the card. The first thinker reads a
novel; the second thinker follows the narrative.

Accurate transmission of the mind script depends as much as con-
ventional language does on the commonality of the users' culture.
When the overlap is slight, the script may be limited in use to a hun-
dred characters; when extensive, the lexicon can expand to thousands.
At its most efficient, the script transmits the tones and flourishes in-
digenous to particular cultures and individual minds.

Mind script would resemble Chinese calligraphy, not only a
medium employed for the communication of factual and conceptual
information, but also one of the great art forms of Eastern civilization.
The ideograms contain subtle variations with aesthetic and other sub-
jective meanings of their own shared by writer and reader. Of this
property the Sinologist Simon Leys has written, "The silk or paper
used for calligraphy has an absorbent quality: the lightest touch of the
brush, the slightest drop of ink, registers at once—irretrievably and in-
delibly. The brush acts like a seismograph of the mind, answering
every pressure, every turn of the wrist. Like painting, Chinese calligra-
phy addresses the eye and is an art of space; like music, it unfolds in
time; like dance, it develops a dynamic sequence of movements, pul-
sating in rhythm."

A N OLD IMPASSE nonetheless remains: If the mind is bound by the
laws of physics, and if it can conceivably be read like calligraphy, how
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can there be free will? I do not mean free will in the trivial sense, the
ability to choose one's thoughts and behavior free of the will of others
and the rest of the world all around. I mean, instead, freedom from the
constraints imposed by the physiochemical states of one's own body
and mind. In the naturalistic view, free will in this deeper sense is the
outcome of competition among the scenarios that compose the con-
scious mind. The dominant scenarios are those that rouse the emotion
circuits and engage them to greatest effect during reverie. They ener-
gize and focus the mind as a whole and direct the body in particular
courses of action. The self is the entity that seems to make such
choices. But what is the self?

The self is not an ineffable being living apart within the brain.
Rather, it is the key dramatic character of the scenarios. It must exist,
and play on center stage, because the senses are located in the body
and the body creates the mind to represent the governance of all con-
scious actions. The self and body are therefore inseparably fused: The
self, despite the illusion of its independence created in the scenarios,
cannot exist apart from the body, and the body cannot survive for long
without the self. So close is this union that it is almost impossible to en-
vision souls in heaven and hell without at least the fantastical equiva-
lent of corporeal existence. Even Christ, we have been instructed, and
Mary soon afterward, ascended to heaven in bodies—supernal in
quality, but bodies nonetheless. If the naturalistic view of mind is cor-
rect, as all the empirical evidence suggests, and if there is also such a
thing as the soul, theology has a new Mystery to solve. The soul is
immaterial, this Mystery goes, it exists apart from the mind, yet it
cannot be separated from the body.

The self, an actor in a perpetually changing drama, lacks full com-
mand of its own actions. It does not make decisions solely by con-
scious, purely rational choice. Much of the computation in decision
making is unconscious—strings dancing the puppet ego. Circuits and
determining molecular processes exist outside conscious thought.
They consolidate certain memories and delete others, bias connec-
tions and analogies, and reinforce the neurohormonal loops that regu-
late subsequent emotional response. Before the curtain is drawn and
the play unfolds, the stage has already been partly set and much of the
script written.

The hidden preparation of mental activity gives the illusion of free
will. We make decisions for reasons we often sense only vaguely, and
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seldom if ever understand fully. Ignorance of this kind is conceived by
the conscious mind as uncertainty to be resolved; hence freedom of
choice is ensured. An omniscient mind with total commitment to pure
reason and fixed goals would lack free will. Even the gods, who grant
that freedom to men and show displeasure when they choose foolishly,
avoid assuming such nightmarish power.

Free will as a side product of illusion would seem to be free will
enough to drive human progress and offer happiness. Shall we leave it
at that? No, we cannot. The philosophers won't let us. They will say:
Suppose that with the aid of science we knew all the hidden processes
in detail. Would it then be correct to claim that the mind of a particu-
lar individual is predictable, and therefore truly, fundamentally deter-
mined and lacking in free will? We must concede that much in
principle, but only in the following, very peculiar sense. If within the
interval of a microsecond the active networks composing the thought
were known down to every neuron, molecule, and ion, their exact state
in the next microsecond might be predicted. But to pursue this line of
reasoning into the ordinary realm of conscious thought is futile in
pragmatic terms, for this reason: If the operations of a brain are to be
seized and mastered, they must also be altered. In addition, the princi-
ples of mathematical chaos hold. The body and brain comprise noisy
legions of cells, shifting microscopically in discordant patterns that
unaided consciousness cannot even begin to imagine. The cells are
bombarded every instant by outside stimuli unknowable by human in-
telligence in advance. Any one of the events can entrain a cascade of
microscopic episodes leading to new neural patterns. The computer
needed to track the consequences would have to be of stupendous pro-
portions, with operations conceivably far more complex than those of
the thinking brain itself. Furthermore, scenarios of the mind are all
but infinite in detail, their content evolving in accordance with the
unique history and physiology of the individual. How are we to feed
that into a computer?

So there can be no simple determinism of human thought, at least
not in obedience to causation in the way physical laws describe the
motion of bodies and the atomic assembly of molecules. Because the
individual mind cannot be fully known and predicted, the self can go
on passionately believing in its own free will. And that is a fortunate
circumstance. Confidence in free will is biologically adaptive. With-
out it the mind, imprisoned by fatalism, would slow and deteriorate.
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Thus in organismic time and space, in every operational sense that ap-
plies to the knowable self, the mind does have free will.

F I N A L L Y , given that conscious experience is a physical and not a
supernatural phenomenon, might it be possible to create an artificial
human mind? 1 believe the answer to this philosophically troubling
question to be yes in principle, but no in practice, at least not as a
prospect for many decades or even centuries to come.

Descartes, in first conceiving the question over three centuries ago,
declared artificial human intelligence to be impossible. Two ab-
solutely certain criteria, he said, would always distinguish the machine
from a real mind. It could never "modify its phrases to reply to the
sense of whatever was said in its presence, as even the most stupid men
can do," and it could never "behave in all the occurrences of life as our
reason makes us behave." The test was recast in operational terms by
the English mathematician Alan Turing in 1950. In the Turing test, as
it is now generally called, a human interpreter is invited to ask any
question of a hidden computer. All he is told is that either another per-
son or a computer will answer. If, after a respectable period of time,
the questioner is unable to tell whether the interlocutor is human or
machine, he loses the game; and the mind of the machine is accorded
human status. Mortimer Adler, the American philosopher and educa-
tor, proposed essentially the same criterion in order to challenge not
just the feasibility of humanoids but also the entire philosophy of ma-
terialism. We cannot accept a thoroughly material basis for human ex-
istence, he said, until such an artificial being is created. Turing
thought the humanoid could be built within a few years. Adler, a de-
vout Christian, arrived at the same conclusion as Descartes: No such
machine will ever be possible.

Scientists, when told something is impossible, as a habit set out to
do it. It is not, however, their purpose to search for the ultimate mean-
ing of existence in their experiments. Their response to cosmic inquiry
is most likely to be: "What you suggest is not a productive question."
Their occupation is instead exploration of the universe in concrete
steps, one at a time. Their greatest reward is occasionally to reach the
summit of some improbable peak and from there, like Keats' Cortez at
Darien, look in "wild surmise" upon the vastness beyond. In their
ethos it is better to have begun a great journey than to have finished it,
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better to make a seminal discovery than to put the final touches on a
theory.

The scientific field of artificial intelligence, AI for short, was inau-
gurated in the 1950s hard upon the invention of the first electronic
computers. It is defined by its practitioners as the study of computation
needed for intelligent behavior and the attempt to duplicate that be-
havior using computers. A half century of work has yielded some im-
pressive results. Programs are available that recognize objects and
faces from a few select features and at different angles, drawing on
rules of geometric symmetry in the manner of human cognition. Oth-
ers can translate languages, albeit crudely, or generalize and classify
novel objects on the basis of cumulative experience—much in the
manner of the human mind.

Some programs can scan and choose options for particular courses
of action according to preselected goals. In 1996 Deep Blue, an ad-
vanced chess-playing computer, earned grand master status by nar-
rowly losing a six-game match to Gary Kasparov, the reigning human
world champion. Deep Blue works by brute force, using thirty-two
microprocessors to examine two hundred million chess positions each
second. It finally lost because it lacked Kasparov's ability to assess an
opponent's weakness and plan long-term strategy based in part on de-
ception. In 1997 a reprogrammed and improved Deep Blue narrowly
defeated Kasparov: the first game to Kasparov, the second to Deep
Blue, then three ties and the final game to Deep Blue.

The search is on for quantum advances in the simulation of all do-
mains of human thought. In evolutionary computation, AI program-
mers have incorporated an organismlike procedure in the evolution of
design. They provide the computers with a range of options in solving
problems, then let them select and modify the available procedures to
be followed. By this means the machines have come to resemble bac-
teria and other simple one-celled organisms. A truly Darwinian twist
can be added by placing elements in the machines that mutate at ran-
dom to change the available procedures. The programs then compete
to solve problems, such as gaining access to food and space. Which
mutated programs will be born and which among the neonates will
succeed are not always predictable, so the "species" of machines as a
whole can evolve in ways not anticipated by the human designer. It is
within the reach of computer scientists to create mutable robots that
travel about the laboratory, learn and classify real resources, and thwart
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other robots in attaining their goals. At this level their programs would
be close to the instinctive repertories not of bacteria but of simple
multicellular animals such as flatworms and snails. In fifty years the
computer scientists—if successful—will have traversed the equivalent
of hundreds of millions of years of organic evolution.

But for all that advance, no AI enthusiast claims to have a road map
from flatworm instinct to the human mind. How might such an im-
mense gap be closed? There are two schools of thought. One, repre-
sented by Rodney Brooks of the Massachusetts Institute of Technology,
takes a bottom-up approach. In this version, the designers would fol-
low the Darwinian robot model to higher and higher levels, gaining
new insights and elaborating technology along the way. It is possible
that in time, humanoid capability might emerge. The other approach
is top-down. Favored by Marvin Minsky, a founding father of AI and
colleague of Brooks at MIT, it concentrates directly on the highest-
order phenomena of learning and intelligence as they might be con-
ceived and built into a machine without intervening evolutionary
steps.

In the teeth of all pessimistic assessments of human limitation
likely to be raised, human genius is unpredictable and capable of stun-
ning advances. In the near future a capacity for at least a crude simula-
tion of the human mind might be attained, comprising a level of brain
sciences sophisticated enough to understand the basic operations of
the mind fully, with computer technology advanced enough to imitate
it. We might wake up one morning to find such a triumph announced
in the New York Times, perhaps along with a generic cure for cancer or
the discovery of living organisms on Mars. But I seriously doubt that
any such event will ever occur, and I believe a great majority of AI ex-
perts are inclined to agree. There are two reasons, which can be called
respectively the functional obstacle and the evolutionary obstacle.

The functional obstacle is the overwhelming complexity of inputs
of information to and through the human mind. Rational thought
emerges from continuous exchanges between body and brain through
nerve discharges and blood-borne flow of hormones, influenced in
turn by emotional controls that regulate mental set, attention, and the
selection of goals. In order to duplicate the mind in a machine, it will
not be nearly enough to perfect the brain sciences and AI technology,
because the simulation pioneers must also invent and install an en-
tirely new form of computation—artificial emotion, or AE.
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The second, or evolutionary, obstacle to the creation of a hu-
manoid mind is the unique genetic history of the human species.
Generic human nature—the psychic unity of mankind—is the prod-
uct of millions of years of evolution in environments now mostly for-
gotten. Without detailed attention to the hereditary blueprint of
human nature, the simulated mind might be awesome in power, but it
would be more nearly that of some alien visitor, not of a human.

And even if the blueprint were known, and even if it could be fol-
lowed, it would serve only as a beginning. To be human, the artificial
mind must imitate that of an individual person, with its memory banks
filled by a lifetime's experience—visual, auditory, chemoreceptive,
tactile, and kinesthetic, all freighted with nuances of emotion. And so-
cial: There must be intellectual and emotional exposure to countless
human contacts. And with these memories, there must be meaning,
the expansive connections made to each and every word and bit of sen-
sory information given the programs. Without all these tasks com-
pleted, the artificial mind is fated to fail Turing's test. Any human jury
could tear away the pretense of the machine in minutes. Either that, or
certifiably commit it to a psychiatric institution.



CHAPTER 7

FROM GENES TO CULTURE

T H E NATURAL S C I E N C E S have constructed a webwork of causal
explanation that runs all the way from quantum physics to the brain
sciences and evolutionary biology. There are gaps in this fabric of un-
known breadth, and many of the strands composing it are as delicate as
spider's silk. Predictive syntheses, the ultimate goal of science, are still
in an early stage, and especially so in biology. Yet I think it fair to say
that enough is known to justify confidence in the principle of universal
rational consilience across all the natural sciences.

The explanatory network now touches the edge of culture itself. It
has reached the boundary that separates the natural sciences on one
side from the humanities and humanistic social sciences on the other.
Granted, for most scholars the two domains, commonly called the sci-
entific and literary cultures, still have a look of permanence about
them. From Apollonian law to Dionysian spirit, prose to poetry, left
cortical hemisphere to right, the line between the two domains can be
easily crossed back and forth, but no one knows how to translate the
tongue of one into that of the other. Should we even try? I believe so,
and for the best of reasons: The goal is both important and attainable.
The time has come to reassess the boundary.

Even if that perception is disputed—and it will be—few can deny
that the division between the two cultures is a perennial source of mis-
understanding and conflict. "This polarisation is sheer loss to us all,"
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wrote C. P. Snow in his defining 1959 essay The Two Cultures and the
Scientific Revolution. "To us as people, and to our society. It is at the
same time practical and intellectual and creative loss."

The polarization promotes, for one thing, the perpetual recycling
of the nature-nurture controversy, spinning off mostly sterile debates
on gender, sexual preferences, ethnicity, and human nature itself. The
root cause of the problem is as obvious today as it was when Snow ru-
minated on it at Christ College high table: the overspecialization of
the educated elite. Public intellectuals, and trailing close behind them
the media professionals, have been trained almost without exception
in the social sciences and humanities. They consider human nature to
be their province and have difficulty conceiving the relevance of the
natural sciences to social behavior and policy. Natural scientists,
whose expertise is diced into narrow compartments with little connec-
tion to human affairs, are indeed ill prepared to engage the same sub-
jects. What does a biochemist know of legal theory and the China
trade? It is not enough to repeat the old nostrum that all scholars, nat-
ural and social scientists and humanists alike, are animated by a com-
mon creative spirit. They are indeed creative siblings, but they lack a
common language.

There is only one way to unite the great branches of learning and
end the culture wars. It is to view the boundary between the scientific
and literary cultures not as a territorial line but as a broad and mostly
unexplored terrain awaiting cooperative entry from both sides. The
misunderstandings arise from ignorance of the terrain, not from a
fundamental difference in mentality. The two cultures share the fol-
lowing challenge. We know that virtually all of human behavior is
transmitted by culture. We also know that biology has an important
effect on the origin of culture and its transmission. The question re-
maining is how biology and culture interact, and in particular how
they interact across all societies to create the commonalities of hu-
man nature. What, in final analysis, joins the deep, mostly genetic his-
tory of the species as a whole to the more recent cultural histories of
its far-flung societies? That, in my opinion, is the nub of the relation-
ship between the two cultures. It can be stated as a problem to be
solved, the central problem of the social sciences and the humanities,
and simultaneously one of the great remaining problems of the natural
sciences.

At the present time no one has a solution. But in the sense that no
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one in 1842 knew the true cause of evolution and in 1952 no one knew
the nature of the genetic code, the way to solve the problem may lie
within our grasp. A few researchers, and I am one of them, even think
they know the approximate form the answer will take. From diverse
vantage points in biology, psychology, and anthropology, they have
conceived a process called gene-culture coevolution. In essence, the
conception observes, first, that to genetic evolution the human lineage
has added the parallel track of cultural evolution, and, second, that the
two forms of evolution are linked. I believe the majority of contributors
to the theory during the past twenty years would agree to the following
outline of its principles:

Culture is created by the communal mind, and each mind in turn is
the product of the genetically structured human brain. Genes and cul-
ture are therefore inseverably linked. But the linkage is flexible, to a de-
gree still mostly unmeasured. The linkage is also tortuous: Genes
prescribe epigenetic rules, which are the neural pathways and regulari-
ties in cognitive development by which the individual mind assembles it-
self. The mind grows from birth to death by absorbing parts of the
existing culture available to it, with selections guided through epigenetic
rules inherited by the individual brain.

To visualize gene-culture coevolution more concretely, consider
the example of snakes and dream serpents, which I used earlier to
argue the plausibility of complete consilience. The innate tendency to
react with both fear and fascination toward snakes is the epigenetic
rule. The culture draws on that fear and fascination to create
metaphors and narratives. The process is thus:

As part of gene-culture coevolution, culture is reconstructed each
generation collectively in the minds of individuals. When oral tradition
is supplemented by writing and art, culture can grow indefinitely large
and it can even skip generations. But the fundamental biasing influence
of the epigenetic rules, being genetic and ineradicable, stays constant.

Hence the prominence of dream serpents in the legends and art of
the Amazonian shamans enriches their culture across generations
under the guidance of the serpentine epigenetic rule.

Some individuals inherit epigenetic rules enabling them to survive
and reproduce better in the surrounding environment and culture than
individuals who lack those rules, or at least possess them in weaker va-
lence. By this means, over many generations, the more successful epige-
netic rules have spread through the population along with the genes that
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prescribe the rules. As a consequence the human species has evolved ge-
netically by natural selection in behavior, just as it has in the anatomy
and physiology of the brain.

Poisonous snakes have been an important source of mortality in al-
most all societies throughout human evolution. Close attention to
them, enhanced by dream serpents and the symbols of culture, un-
doubtedly improves the chances of survival.

The nature of the genetic leash and the role of culture can now be
better understood, as follows. Certain cultural norms also survive and re-
produce better than competing norms, causing culture to evolve in a
track parallel to and usually much faster than genetic evolution. The
quicker the pace of cultural evolution, the looser the connection between
genes and culture, although the connection is never completely broken.
Culture allows a rapid adjustment to changes in the environment
through finely tuned adaptations invented and transmitted without cor-
respondingly precise genetic prescription. In this respect human beings
differ fundamentally from all other animal species.

Finally, to complete the example of gene-culture coevolution, the
frequency with which dream serpents and serpent symbols inhabit a
culture is seen to be adjusted to the abundance of real poisonous
snakes in the environment. But owing to the power of fear and fascina-
tion given them by the epigenetic rule, they easily acquire additional
mythic meaning; they serve in different cultures variously as healers,
messengers, demons, and gods.

Gene-culture coevolution is a special extension of the more gen-
eral process of evolution by natural selection. Biologists generally
agree that the primary force behind evolution in human beings and all
other organisms is natural selection. That is what created Homo sapi-
ens during the five or six million years after the ancestral hominid
species split off from a primitive chimpanzeelike stock. Evolution by
natural selection is not an idle hypothesis. The genetic variation on
which selection acts is well understood in principle all the way down
to the molecular level. "Evolution watchers" among field biologists
have monitored evolution by natural selection, generation by genera-
tion, in natural populations of animals and plants. The result can often
be reproduced in the laboratory, even up to the creation of new
species, for example by hybridization and the breeding of reproduc-
tively isolated strains. The manner in which traits of anatomy, physi-
ology, and behavior adapt organisms to their environment has been
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massively documented. The fossil hominid record, from man-apes to
modern humans, while still lacking many details, is solid in main out-
line, with a well established chronology.

In simplest terms, evolution by natural selection proceeds, as the
French biologist Jacques Monod once put it (rephrasing Democritus),
by chance and necessity. Different forms of the same gene, called al-
leles, originate by mutations, which are random changes in the long
sequences of DNA (deoxyribonucleic acid) that compose the gene. In
addition to such point-by-point scrambling of the DNA, new mixes of
alleles are created each generation by the recombining processes of
sexual reproduction. The alleles that enhance survival and reproduc-
tion of the carrier organisms spread through the population, while
those that do not, disappear. Chance mutations are the raw material of
evolution. Environmental challenge, deciding which mutants and
their combinations will survive, is the necessity that molds us further
from this protean genetic clay.

If given enough generations, mutations and recombination can
generate a nearly infinite amount of hereditary variation among indi-
viduals in a population. For example, if even a mere thousand genes
out of the fifty thousand to a hundred thousand in the human genome
were to exist in two forms in the population, the number of genetic
combinations conceivable is 10500, more than all the atoms in the visi-
ble universe. So except for identical siblings the probability that any
two human beings share identical genes, or have ever shared them
throughout the history of the hominid line, is vanishingly small.

With each generation the chromosomes and genes of the parents
are scrambled to produce new mixes. But this perpetual shearing and
reconfiguration does not of itself cause evolution. The consistent guid-
ing force is natural selection. Genes that confer higher survival and
reproductive success on the organisms bearing them, through the pre-
scribed traits of anatomy, physiology, and behavior, increase in the
population from one generation to the next. Those that do not, de-
crease. Similarly, populations or even entire species with higher sur-
vival and reproductive success prevail over competing populations or
species, to the same general end in evolution.

Such is the impersonal force that evidently made us what we are
today. All of biology, from molecular to evolutionary, points that way.
At the risk of seeming defensive, I am obliged to acknowledge that
many people, some very well educated, prefer special creation as an
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explanation for the origin of life. According to a poll conducted by the
National Opinion Research Center in 1994, 23 percent of Americans
reject the idea of human evolution, and a third more are undecided.
This pattern is unlikely to change radically in the years immediately
ahead. Because I was raised in a predominantly antievolutionist cul-
ture in the Protestant southern United States, I am inclined to be em-
pathetic to these feelings, and conciliatory. Anything is possible, it can
be said, if you believe in miracles. Perhaps God did create all organ-
isms, including human beings, in finished form, in one stroke, and
maybe it all happened several thousand years ago. But if that is true,
He also salted the earth with false evidence in such endless and exquis-
ite detail, and so thoroughly from pole to pole, as to make us conclude
first that life evolved, and second that the process took billions of years.
Surely Scripture tells us He would not do that. The Prime Mover of
the Old and New Testaments is variously loving, magisterial, denying,
thunderously angry, and mysterious, but never tricky.

Virtually all biologists closely familiar with the details find the evi-
dence for human evolution compelling, and give natural selection the
commanding role. There is at least one other force, however, that must
be mentioned in any account of evolution. By chance alone, the biolo-
gists agree, substitutions are occurring through long stretches of time
in some of the DNA letters and the proteins they encode. The continu-
ity of change is often smooth enough to measure the age of different
evolving lines of organisms. But this genetic drift, as it is called, adds
very little to evolution at the level of cells, organisms, and societies.
The reason is that the mutants involved in drift have proven to be neu-
tral, or nearly so: They have little or no effect on the higher levels of
biological organization manifest in cells and organisms.

TO G E N E T I C E V O L U T I O N , putting the matter as concisely as pos-
sible, natural selection has added the parallel track of cultural evolu-
tion, and the two forms of evolution are somehow linked. We are
trapped, we sometimes think, for ultimate good or evil, not just by our
genes but also by our culture. What precisely is this superorganism,
this strange creature called culture? To anthropologists, who have ana-
lyzed thousands of examples, should go the privilege of response. For
them, a culture is the total way of life of a discrete society—its religion,
myths, art, technology, sports, and all the other systematic knowledge
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transmitted across generations. In 1952 Alfred Kroeber and Clyde
Kluckhohn melded 164 prior definitions pertaining to all cultures into
one, as follows: "Culture is a product; is historical; includes ideas, pat-
terns, and values; is selective; is learned; is based upon symbols; and is
an abstraction from behavior and the products of behavior." As Kroe-
ber had earlier declared, it is also holistic, "an accommodation of dis-
crete parts, largely inflowing parts, into a more or less workable fit."
Among the parts are artifacts, but these physical objects have no signifi-
cance except when addressed as concepts in living minds.

In the extreme nurturist view, which has prevailed in social theory
for most of the twentieth century, culture has departed from the genes
and become a thing unto itself. Possessing a life of its own, growing like
wildfire ignited by the strike of a match, it has acquired emergent prop-
erties no longer connected to the genetic and psychological processes
that initiated it. Hence, omnis cultura ex cultura. All culture comes
from culture.

Whether that metaphor is accepted or not, the undeniable truth
is that each society creates culture and is created by it. Through con-
stant grooming, decorating, exchange of gifts, sharing of food and fer-
mented beverages, music, and storytelling, the symbolic communal
life of the mind takes form, unifying the group into a dreamworld that
masters the external reality into which the group has been thrust,
whether in forest, grassland, desert, ice field, or city, spinning from it
the webs of moral consensus and ritual that bind each tribal member
to the common fate.

Culture is constructed with language that is productive, comprising
arbitrary words and symbols invented purely to convey information. In
this respect Homo sapiens is unique. Animals have communication
systems that are sometimes impressively sophisticated, but they neither
invent them nor teach them to others. With a few exceptions, such
as bird song dialects, they are instinctive, hence unchanging across
generations. The waggle dance of the honeybee and the odor trails of
ants contain symbolic elements, but the performances and meanings
are tightly prescribed by genes and cannot be altered by learning.

Among animals true linguistic capacity is most closely approached
by the great apes. Chimpanzees and gorillas can learn the meanings of
arbitrary symbols when trained to use signaling keyboards. Their
champion is Kanzi, a bonobo, or pygmy chimpanzee (Pan paniscus),
arguably the smartest animal ever observed in captivity. I met this pri-
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mate genius when he was a precocious youngster at the Yerkes Re-
gional Primate Center of Emory University in Atlanta. He had been
studied intensively since birth by Sue Savage-Rumbaugh and her col-
leagues. As I played games and shared a cup of grape juice with him, I
was more than a bit disoriented by his general demeanor, which I
found uncannily close to that of a human two-year-old. More than a
decade later, as I write, the adult Kanzi has acquired a large vocabu-
lary, with which he signals his wishes and intentions on a picture-
symbol keyboard. He constructs sentences that are lexically if not
grammatically correct. On one occasion, for example, Ice water go
("Bring me some ice water") got him the drink. He has even managed
to pick up about 150 spoken English words spontaneously, listening to
conversation among humans, without the kind of training needed by
border collies and other smart breeds of dogs to go through their many
tricks. On another occasion Savage-Rumbaugh, pointing to a compan-
ion chimpanzee nearby, said, "Kanzi, if you give Austin your mask, I'll
let you have some of Austin's cereal." Kanzi promptly gave Austin the
mask and pointed to the cereal box. He has acted upon words in a fo-
cused and specific manner too frequently for the connection to be due
to chance alone. Even so, Kanzi uses only words and symbols supplied
him by human beings. His linguistic powers have not yet risen to the
level of early human childhood.

Bonobos and other great apes possess high levels of intelligence by
animal standards but lack the singular human capacity to invent rather
than merely to use symbolic language. It is further true that common
chimpanzees are humanlike in guile and deception, the animal mas-
ters of "Machiavellian intelligence." As Frans de Waal and his fellow
primatologists have observed in the African wild and the Arnhem zoo
in the Netherlands, they form and break coalitions, manipulate
friends, and outwit enemies. Their intentions are conveyed by voiced
signals and postures, body movements, facial expressions, and the
bristling of fur. But in spite of the great advantage a productive,
humanlike language would bestow, chimpanzees never create any-
thing resembling it, or any other form of free-ranging symbolic
language.

In fact, the great apes are completely silent most of the time. The
primatologist Allen Gardner described his experience in Tanzania as
follows: "A group of ten wild chimpanzees of assorted ages and sexes
feeding peacefully in a fig tree at Gombe may make so little sound that
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an inexperienced observer passing below can altogether fail to detect
them."

Homo sapiens, by contrast, can rightfully be called the babbling
ape. Humans communicate vocally all the time; it is far easier to start
them talking than to shut them up. They begin in infancy during ex-
changes with adults, who urge them on with the slow, vowel-heavy,
emotionally exaggerated singsong called motherese. Left alone, they
continue with "crib speech," composed of squeaks, coos, and nonsense
monosyllables, which evolve over a few months into a complex play of
words and phrases. These early verbal repertories, conforming more or
less to adult vocabularies, are repeated ad nauseam, modified, and
combined in experimental mixtures. By the age of four the average
child has mastered syntax. By six, in the United States at least, he has a
vocabulary of about fourteen thousand words. In contrast, young bono-
bos play and experiment freely with movements and sounds and some-
times with symbols, but so far progress toward the Kanzi level depends
on the rich linguistic environment provided by human trainers.

Even if the great apes lack true language, is it possible they possess
culture? From evidence in the field it appears they do, and many ex-
pert observers have so concluded. Wild chimps regularly invent and
use tools. And the particular kinds of artifacts they invent, just as in
human culture, are often limited to local populations. Where one
group breaks nuts open with a rock, another cracks them against tree
trunks. Where some groups use twigs to fish ants and termites from the
nests for food, others do not. Among those that fish, a minority first
peel the bark off the twigs. One chimp group has been observed using
long hooked branches to pull down branches of fig trees to obtain fruit.

It is natural to conclude from such observations that chimpanzees
have the rudiments of culture, and to suppose that their capability dif-
fers from human culture by degree alone. But that perception needs to
be accepted with caution: Chimpanzee inventions may not be culture
in any sense. The still scanty evidence on the subject suggests that
while chimps pick up the use of a tool more quickly when they see oth-
ers using one, they seldom imitate the precise movements employed
or show any clear sign of understanding the purpose of the activity.
Some observers have gone so far as to claim that they are merely stirred
into greater activity by watching others. This kind of response, which
zoologists call social facilitation, is common in many kinds of social
animals, from ants to birds and mammals. Although the evidence is in-
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conclusive, social facilitation alone, combined with trial-and-error ma-
nipulation of materials conveniently at hand, might guide the chimps
to tool-using behavior in the free-ranging African populations.

Human infants, on the other hand, do engage in precise imitation
and with astonishing precocity. As early as forty minutes after birth, to
cite the ultimate example, they stick out their tongues and move their
heads from side to side in close concert with adults. By twelve days
they imitate complex facial expressions and hand gestures. By two
years they can be verbally instructed in the use of simple tools.

In summary, the language instinct consists of precise mimicry,
compulsive loquacity, near-automatic mastery of syntax, and the swift
acquisition of a large vocabulary. The instinct is a diagnostic and evi-
dently unique human trait, based upon a mental power beyond the
reach of any animal species, and it is the precondition for true culture.
To learn how language originated during evolution would be a discov-
ery of surpassing importance. Unfortunately, the evidences of behavior
rarely fossilize. All the millennia of campsite chattering and gesticula-
tion, and with them all the linguistic steps up from our chimplike an-
cestors, have vanished without trace.

What paleontologists have instead are fossil bones, which tell of
the downward migration and lengthening of the voice box, as well as
possible changes in the linguistic regions of the brain impressed upon
the inner cranial case. They also have steadily improving evidence of
the evolution of artifacts, from the controlled use of fire 450,000 years
ago, presumably by the ancestral species Homo erectus, to the con-
struction of well-wrought tools by early Homo sapiens 250,000 years
ago in Kenya, then elaborate spearheads and daggers 160,000 years
later in the Congo, and finally elaborate painting and the accouter-
ments of ritual 30,000 and 20,000 years ago in southern Europe.

This pace in the evolution of artifactual culture is intriguing. We
know that the modern Homo sapiens brain was anatomically fully
formed by no later than 100,000 years before the present. From that
time forward the material culture at first evolved slowly, later ex-
panded, and then exploded. It passed from a handful of stone and
bone tools at the beginning of the interval to agricultural fields and vil-
lages at the 90 percent mark, and then—in a virtual eyeblink—to
prodigiously elaborate technologies (example: five million patents so
far in the United States alone). In essence, cultural evolution has fol-
lowed an exponential trajectory. It leaves us with a mystery: When did



146 C O N S I L I E N C E

symbolic language arise, and exactly how did it ignite the exponentia-
tion of cultural evolution?

TOO BAD, but this great puzzle of human paleontology seems insol-
uble, at least for the time being. To pick up the trail of gene-culture co-
evolution, it is better to defer reconstruction of the prehistoric record
and proceed to the production of culture by the contemporary human
brain. The next best approach, I believe, is to search for the basic unit
of culture. Although no such element has yet been identified, at least
to the general satisfaction of experts, its existence and some of its char-
acteristics can be reasonably inferred.

Such a focus may seem at first contrived and artificial, but it has
many worthy precedents. The great success of the natural sciences has
been achieved substantially by the reduction of each physical phe-
nomenon to its constituent elements, followed by the use of the ele-
ments to reconstitute the holistic properties of the phenomenon.
Advances in the chemistry of macromolecules, for example, led to the
exact characterization of genes, and the study of population biology
based on genes has refined our understanding of biological species.

What then, if anything, is the basic unit of culture? Why should it
be supposed even to exist? Consider first the distinction made by the
Canadian neuroscientist Endel Tulving in 1972 between episodic and
semantic memory. Episodic memory recalls the direct perception of
people and other concrete entities through time, like images seen in a
motion picture. Semantic memory, on the other hand, recalls mean-
ing by the connection of objects and ideas to other objects and ideas,
either directly by their images held in episodic memory or by the sym-
bols denoting the images. Of course, semantic memory originates in
episodes and almost invariably causes the brain to recall other epi-
sodes. But the brain has a strong tendency to condense repeated
episodes of a kind into concepts, which are then represented by sym-
bols. Thus, "Proceed to the airport this way" yields to a silhouette of an
airplane and arrow, and "This substance is poisonous" becomes a skull
and crossbones on the side of a container.

With the two forms of memory distinguished, the next step in the
search for the unit of culture is to envision concepts as "nodes," or ref-
erence points, in semantic memory that ultimately can be associated
with neural activity in the brain. Concepts and their symbols are usu-
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ally labeled by words. Complex information is thus organized and
transmitted by language composed of words. Nodes are almost always
linked to other nodes, so that to recall one node is to summon others.
This linkage, with all the emotional coloring pulled up with it, is the
essence of what we refer to as meaning. The linkage of nodes is assem-
bled as a hierarchy to organize information with more and more
meaning. "Hound," "hare" and "chasing" are nodes, each symbolizing
collectively a class of more or less similar images. A hound chasing a
hare is called a proposition, the next order of complexity in informa-
tion. The higher order above the proposition is the schema. A typical
schema is Ovid's telling of Apollo's courtship of Daphne, like an un-
stoppable hound in pursuit of an unattainable hare, wherein the
dilemma is resolved when Daphne, the hare and a concept, turns into
a laurel tree, another concept reached by a proposition.

I have faith that the unstoppable neuroscientists will encounter no
such dilemma. In due course they will capture the physical basis of
mental concepts through the mapping of neural activity patterns.
They already have direct evidence of "spreading activation" of differ-
ent parts of the brain during memory search. In the prevailing view of
the researchers, new information is classified and stored in a similar
manner. When new episodes and concepts are added to memory, they
are processed by a spreading search through the limbic and cortical
systems, which establishes links with previously created nodes. The
nodes are not spatially isolated centers connected to other isolated cen-
ters. They are typically complex circuits of large numbers of nerve cells
deployed over wide, overlapping areas of the brain.

Suppose, for example, you are handed an unfamiliar piece of fruit.
You automatically classify it by its physical appearance, smell, taste,
and the circumstances under which it is given. A large amount of in-
formation is activated within seconds, not just the comparison of the
fruit in hand with other kinds but also the emotional feelings, recollec-
tions of previous discoveries of similar nature, and memories of dietary
customs that seem appropriate. The fruit—all its characteristics com-
pounded—is given a name. Consider the durian of Southeast Asia, re-
garded by aficionados as the greatest of all tropical fruits. It looks like
a spiny grapefruit, tastes sweet with a transient custardlike nuance,
and when held away from the mouth smells like a sewer. The experi-
ence of a single piece establishes, I assure you, the concept "durian"
for a lifetime.
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The natural elements of culture can be reasonably supposed to be
the hierarchically arranged components of semantic memory, en-
coded by discrete neural circuits awaiting identification. The notion of
a culture unit, the most basic element of all, has been around for over
thirty years, and has been dubbed by different authors variously as
mnemotype, idea, idene, meme, sociogene, concept, culturgen, and
culture type. The one label that has caught on the most, and for which
I now vote to be winner, is meme, introduced by Richard Dawkins in
his influential work The Selfish Gene in 1976.

The definition of meme I suggest is nevertheless more focused and
somewhat different from that of Dawkins. It is the one posed by the
theoretical biologist Charles J. Lumsden and myself in 1981, when we
outlined the first full theory of gene-culture coevolution. We recom-
mended that the unit of culture—now called meme—be the same as
the node of semantic memory and its correlates in brain activity. The
level of the node, whether concept (the simplest recognizable unit),
proposition, or schema, determines the complexity of the idea, behav-
ior, or artifact that it helps to sustain in the culture at large.

I realize that with advances in the neurosciences and psychology
the notion of node-as-meme, and perhaps even the distinction be-
tween episodic and semantic memory, are likely to give way to more
sophisticated and complex taxonomies. I realize also that the assign-
ment of the unit of culture to neuroscience might seem at first an
attempt to short-circuit semiotics, the formal study of all forms of com-
munication. That objection would be unjustified. My purpose in this
exposition is the opposite, to establish the plausibility of the central
program of consilience, in this instance the causal connections be-
tween semiotics and biology. If the connections can be established
empirically, then future discoveries concerning the nodes of semantic
memory will correspondingly sharpen the definition of memes. Such
an advance will enrich, not replace, semiotics.

I CONCEDE that the very expression "genes to culture," as the con-
ceptual keystone of the bridge between science and the humanities,
has an ethereal feel to it. How can anyone presume to speak of a gene
that prescribes culture? The answer is that no serious scientist ever has.
The web of causal events comprising gene-culture coevolution is more
complicated—and immensely more interesting. Thousands of genes
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prescribe the brain, the sensory system, and all the other physiological
processes that interact with the physical and social environment to pro-
duce the holistic properties of mind and culture. Through natural se-
lection, the environment ultimately selects which genes will do the
prescribing.

For its implications throughout biology and the social sciences, no
subject is intellectually more important. All biologists speak of the
interaction between heredity and environment. They do not, except in
laboratory shorthand, speak of a gene "causing" a particular behavior,
and they never mean it literally. That would make no more sense than
its converse, the idea of behavior arising from culture without the in-
tervention of brain activity. The accepted explanation of causation
from genes to culture, as from genes to any other product of life, is not
heredity alone. It is not environment alone. It is interaction between
the two.

Of course it is interaction. But we need more information about
interaction in order to encompass gene-culture coevolution. The cen-
tral clarifying concept of interactionism is the norm of reaction. The
idea is easily grasped as follows. Choose a species of organism, whether
animal, plant, or microorganism. Select either one gene or a group of
genes that act together to affect a particular trait. Then list all the envi-
ronments in which the species can survive. The different environ-
ments may or may not cause variation in the trait prescribed by the
selected gene or group of genes. The total variation in the trait in all
the survivable environments is the norm of reaction of that gene or
group of genes in that species.

The textbook case of a norm of reaction is leaf shape in the arrow-
leaf, an amphibious plant. When an individual of the species grows on
the land, its leaves resemble arrowheads. When it grows in shallow
water, the leaves at the surface are shaped like lily pads; and when sub-
merged in deeper water, the leaves develop as eelgrasslike ribbons that
sway back and forth in the surrounding current. No known genetic dif-
ferences among the plants underlie this extraordinary variation. The
three basic types are variations in the expression of the same group of
genes caused by different environments. Together they compose the
norm of reaction of the genes prescribing leaf form. They embrace, in
other words, the full variation in expression of the genes in all known
survivable environments.

When some of the variation within a species is due to differences
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in genes possessed by separate members of the species, and not just dif-
ferent environments, norms of reaction can still in principle be de-
fined for each of the genes or set of genes in turn. The relation of
variation in a trait to variation in genes and their norms of reaction is il-
lustrated by human body weight. There is abundant evidence that
body form is influenced by heredity. A person genetically predisposed
to obesity by heredity can diet to moderate slimness, although he is
prone to slide back when off the diet. A hereditarily slender person, on
the other hand, is likely to stay that way, and only persistent overeating
or endocrine imbalance can push him into obesity. The relevant genes
of the two individuals have different norms of reaction. They produce
different results when both individuals occupy identical environ-
ments, including diet and exercise. The more familiar way to express
the matter is in reverse, noting that hereditarily distinct individuals re-
quire different environments, in particular different diets and regimes
of exercise, in order to produce the same result.

The same kind of interaction between genes and environment
occurs in every category of human biology, including social behavior.
In his important 1996 work Born to Rebel, the American social his-
torian Frank J. Sulloway has demonstrated that people respond power-
fully during personality development to the order in which they were
born and thus the roles they assume in family dynamics. Later-borns,
who identify least with the roles and beliefs of the parents, tend to be-
come more innovative and accepting of political and scientific revolu-
tions than do first-borns. As a result they have, on average, contributed
more than first-borns have to cultural change throughout history.
They do it by gravitating toward independent, often rebellious roles,
first within the family and then within society at large. Because first-
and later-borns do not differ genetically in any way correlated with
their birth order, the genes influencing development can be said to
spread their effects among various niches available in the environ-
ment. The birth-order effect documented by Sulloway is their norm of
reaction.

In some categories of biology, such as the most elementary molec-
ular processes and properties of gross anatomy, almost everyone has
the same geries affecting traits in these categories and hence the same
norms of reaction. Long ago in geological time, when the truly univer-
sal traits were evolving, there probably was variation in the prescribing
genes, but natural selection has since narrowed the variation almost to
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zero. All primates, for example, have ten fingers and ten toes, and
there is virtually no variation due to environment; so the norm of reac-
tion is exactly the single state, often fingers and ten toes. In most cate-
gories, however, people differ genetically to a considerable degree,
even in traits consistent enough to be regarded as cultural universals.
In order to make the most of the variation, to cultivate health and tal-
ent and realize human potential, it is necessary to understand the roles
of both heredity and environment.

By environment I do not mean merely the immediate circum-
stances in which people find themselves. A snapshot will not suffice.
The required meaning is that used by developmental biologists and
psychologists. It is nothing less than the myriad influences that shape
body and mind step by step throughout every stage of life.

Because human beings cannot be bred and reared under con-
trolled conditions like animals, information about the interaction of
genes and environment comes hard. Relatively few genes affecting be-
havior (some of which I will describe later) have been located on chro-
mosomes, and the exact pathways of development they influence have
seldom been traced. In the interim the preferred measure of interac-
tion is heritability, the percentage of variation in the trait due to hered-
ity. Heritability does not apply to individuals; it is used only for
populations. It is incongruous to say, "This marathoner's athletic abil-
ity is 20 percent due to his genes and 80 percent to his environment." It
is correct to make a statement such as, to use an imaginary example,
"Twenty percent of the variation in performance of Kenyan marathon-
ers is due to their heredity and 80 percent to their environment." For
the reader who would like more precise definitions of heritability and
variance, the measure of variation used by statisticians and geneticists,
I will add them here:

Heritability, minus mathematical refinements, is estimated as follows.
In a sample of individuals from the population, measure the trait in a
standardized way, say aerobic performance on a treadmill to represent
endurance. Take the variation in the measure among the individuals
in the sample, and estimate the amount of the variation due to heredi-
ty. That fraction is the heritability. The measure of variation used is
the variance. To get it, first take the average score obtained from indi-
viduals in the sample. Subtract each individual's score in turn from
the average and square the difference. The variance is the average of
all the squared differences.
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The principal method of estimating the fraction of variation due to
the genes—the heritability—is by studies of twins. Identical twins,
which have exactly the same genes, are compared with fraternal twins,
which on average share only the same number of genes as the number
shared by siblings born at different times. Fraternal twins are consis-
tently less alike than identical twins, and the difference between pairs
of fraternal twins and pairs of identical twins serves as an approximate
measure of the contribution of heredity to the overall variation in the
trait. The method can be considerably enhanced by studies of those
special pairs of identical twins who were separated in infancy and
adopted by different families, thus possessing the same heredity but
reared in different environments. It is further improved by multiple
correlation studies, in which the key environmental influences are
identified and their contributions to the overall variation individually
assessed.

Heritability has been a standard measure for decades in plant
and animal breeding. It has gained recent controversial attention for
its human applications through The Bell Curve, the 1994 book by
Richard J. Herrnstein and Charles Murray, and other popular works
on the heredity of intelligence and personality. The measure has con-
siderable merit, and in fact is the backbone of human behavioral
genetics. But it contains oddities that deserve close attention with ref-
erence to the consilience between genetics and the social sciences.
The first is the peculiar twist called "genotype-environment correla-
tion," which serves to increase human diversity beyond the ambit of its
immediate biological origins. The twist works as follows. People do not
merely select roles suited to their native talents and personalities. They
also gravitate to environments that reward their hereditary inclina-
tions. Their parents, who possess similar inborn traits, are also likely to
create a family atmosphere nurturing development in the same direc-
tion. The genes, in other words, help to create a particular environ-
ment in which they will find greater expression than would otherwise
occur. The overall result is a greater divergence of roles within soci-
eties due to the interaction of genes and environment. For example, a
musically gifted child, receiving encouragement from adults, may take
up an instrument early and spend long hours practicing. His class-
mate, innately thrill-seeking, persistently impulsive and aggressive, is
drawn to fast cars. The first child grows up to be a professional musi-
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cian, the second (if he stays out of trouble) a successful racing-car
driver. The hereditary differences in talent and personality between
the classmates may be small, but their effects have been amplified by
the diverging pathways into which they were guided by the differences.
To put genotype-environment correlation in a phrase, heritability
measured at the level of biology reacts with the environment to in-
crease heritability measured at the level of behavior.

Understanding genotype-environment correlation clarifies a sec-
ond principle of the relation of genes to culture. There is no gene for
playing the piano well, or even a particular "Rubinstein gene" for play-
ing it extremely well. There is instead a large ensemble of genes whose
effects enhance manual dexterity, creativity, emotive expression, focus,
attention span, and control of pitch, rhythm, and timbre. All of these
together compose the special human ability that the American psy-
chologist Howard Gardner calls musical intelligence. The combina-
tion also inclines the gifted child to seize the right opportunity at the
right time. He tries a musical instrument, likely provided by musically
gifted parents, is then reinforced by deserved praise, repeats, is rein-
forced again, and soon embraces what is to be the central preoccupa-
tion of his life.

Another important peculiarity of heritability is its flexibility. By
simply changing the environment, the percentage of variation due to
heredity can be increased or decreased. Scores for heritability in IQ
and measurable personality traits in white Americans, a segment of
population typically chosen for convenience and in order to increase
statistical reliability by making the sample more uniform, mostly fall
around the 50 percent mark, at least closer to it than to zero or
100 percent.

Do we wish to change these numbers? I think not, at least not as a
primary goal. Imagine the result if a society became truly egalitarian,
so that all children were raised in nearly identical circumstances and
encouraged to enter any occupation they chose within reach of their
abilities. Variation in environment would thus be drastically reduced,
while the original innate abilities and personality traits endured. Heri-
tability in such a society would increase. Any socioeconomic class divi-
sions that persisted would come to reflect heredity as never before.

Suppose instead that all children were tested for ability at an early
age and put on educational tracks that reflected their scores, with the
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aim of directing them to occupations most appropriate to their gifts.
Environmental variation in this Brave New World would rise and in-
nate ability would stay the same. If the scores and hence environments
reflected the genes, heritability would increase. Finally, imagine a so-
ciety with the reverse policy: uniformity of outcome is valued above all
else. Gifted children are discouraged and slow children provided with
intensive personal training in an effort to bring everyone to the same
level in abilities and achievement. Because a wide range of tailored
environments is required to approach this goal, heritability would fall.

These idealized societies are posed not to recommend any one of
them—all have a totalitarian stench —but to clarify the social meaning
of this important phase of genetic research. Heritability is a sound
measure of the influence of genes on variation in existing environ-
ments. It is invaluable in establishing the presence of the genes in the
first place. Until the 1960s, for example, schizophrenia was thought to
be a result of what parents, especially mothers, do to their children in
the first three years of their lives. Until the 1970s autism was also
thought to be an environmental disorder. Now, thanks to heritability
studies, we know that in both disabilities genes play a significant role.
In the reverse direction, alcoholism was once assumed to be largely
inherited, so much so that careful heritability studies were not con-
ducted until the 1990s. Now we know that alcoholism is only moder-
ately heritable in males and scarcely at all in females.

Still, except for the rare behavioral conditions approaching total
genetic determination, heritabilities are at best risky predictors of per-
sonal capacity in existing and future environments. The examples I
have cited also illustrate the danger of using them as measures of the
worth of either individuals or societies. The message from geneticists
to intellectuals and policy-makers is this: Choose the society you want
to promote, then prepare to live with its heritabilities. Never favor the
reverse, of promoting social policies just to change heritabilities. For
best results, cultivate individuals, not groups.

I HAVE PUT these ideas from genetics in play so as to clarify the vex-
ing differences between nurturists and hereditarians, and to try to
establish a common ground between them. Until that much is accom-
plished, the search for consilience risks being sidetracked by endless
ideological bickering, with adversaries who promote different political
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and social agendas talking past one another. Nurturists traditionally
emphasize the contributions of the environment to behavior, while
hereditarians emphasize the genes. (Nurturists are sometimes called
environmentalists, but that label has been preempted by protectors of
the environment; and hereditarians cannot be called naturists, unless
they hold their conferences in the nude.) Redefined with the more
precise concepts of genetics, nurturists can now be seen to believe that
human behavioral genes have very broad norms of reaction, while
hereditarians think the norms are relatively narrow. In this sense the
difference between the two opinions is thus one of degree, not of kind.
It becomes a matter that can be settled and agreed upon empirically,
should the adversaries agree to take an objective approach.

Nurturists have also traditionally thought that the heritability of in-
telligence and personality traits is low, while hereditarians have con-
sidered it to be high. That disagreement has been largely resolved. In
contemporary Caucasians of Europe and the United States at least,
heritability is usually in mid-range, with its exact value varying from
one trait to another.

Nurturists think that culture is held on a very long genetic leash, if
held at all, so that the cultures of different societies can diverge from
one another indefinitely. Hereditarians believe the leash is short, caus-
ing cultures to evolve major features in common. This problem is
technically less tractable than the first two, but it is also empirical in
nature, and in principle can be solved. I will take it up again shortly,
and give several examples that illustrate how a resolution can in fact be
reached.

There is already at least some common ground to build upon. Nur-
turists and hereditarians generally agree that almost all the differences
between cultures are likely to be the product of history and environ-
ment. While individuals within a particular society vary greatly in be-
havioral genes, the differences mostly wash out statistically between
societies. The culture of the Kalahari hunter-gatherers is very distinct
from that of Parisians, but the differences between them are primarily
a result of divergence in history and environment, and are not genetic
in origin.

T H E C L A R I F I C A T I O N OF norms of reaction and heritability, while
admittedly a bit technical and dry, is the crucial first step toward
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unbraiding the roles of heredity and environment in human behavior,
and hence important for the attainment of consilience of biology with
the social sciences. The logical next step is the location of the genes
that affect behavior. Once genes have been mapped on chromosomes
and their pathways of expression identified, their interaction with the
environment can be more precisely traced. When many such inter-
actions have been defined, the whole can be braided back again to at-
tempt a more complete picture of mental development.

The state of the art in human behavioral genetics, including its still
formidable difficulties in gene mapping, is illustrated by the study of
schizophrenia. This most common of psychoses afflicts just under 1
percent of people in populations around the world. The symptoms of
schizophrenia are highly variable from person to person. But they
share one diagnostic trait: mental activity that consistently breaks with
reality. In some cases the patient believes he is a great personage (the
Messiah is a popular choice) or the target of a clever and pervasive
conspiracy. In others, he hallucinates voices or visions, often bizarre, as
in a dream while fully awake.

In 1995 independent groups of scientists achieved three break-
throughs while probing the physical origins of schizophrenia. Neuro-
biologists at the University of California in Irvine discovered that
during fetal development some nerve cells in the prefrontal cortex of
future schizophrenics fail to communicate with other cells required
for normal exchanges with the rest of the brain. In particular, the cells
are unable to manufacture messenger RNA molecules that guide syn-
thesis of the neurotransmitter GABA, or gamma aminobutyric acid.
With GABA missing, the nerve cells cannot function, even though
they look normal. In some manner still unknown, the impairment pro-
motes internal mental constructions with no connection to external
stimuli or ordinary rational thought. The brain creates a world of its
own, as though closed off in sleep.

In the same year a second team from Cornell University and two
medical research centers in England reported the first direct observa-
tion of brain activity in hallucinating schizophrenic patients. Using
positron emission tomography (PET) imaging, the investigators moni-
tored active sites in the cortex and limbic systems of patients during pe-
riods of both normal and psychotic activity. In one case, they watched
a male patient's brain light up while (according to his testimony) dis-
embodied heads rolled through his mind barking orders. The region
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responsible for the most abnormal events is the anterior cingulate cor-
tex, a region thought to regulate other portions of the cerebral cortex.
Its malfunction evidently diminishes the integration of external infor-
mation and provokes erratic, dreamlike confabulation by the wakened
brain.

What is the ultimate cause of schizophrenia? For years data from
twin and family-history studies have suggested that the malfunction
has at least a partially genetic origin. Early attempts to locate the re-
sponsible genes misfired; particular chromosomes were tentatively
identified as sites of schizophrenia genes, but then further studies
failed to duplicate the results. In 1995, four independent research
groups, using advanced chromosome mapping techniques on large
samples of subjects, placed at least one gene responsible for schizo-
phrenia on the short arm of chromosome 6. (Humans have 22 pairs of
chromosomes in addition to the sex chromosomes X and Y; each of the
pairs of chromosomes is arbitrarily assigned a different number for easy
reference.) Two other groups failed to confirm the result, but as I write
two years later the weight of evidence from the four combined positive
tests has led to wide acceptance of their conclusion as to the probable
placement of at least one of the schizophrenia genes.

These recent advances and others have cleared the way toward an
eventual understanding, not merely of one of the most important men-
tal diseases but of a complex piece of human behavior. Although the
behavior can in no way be called normal, it affects the evolution of cul-
ture. From the delusions and visions of madmen have come some of
the world's despotisms, religious cults, and great works of art. The codi-
fied responses of societies to extreme strangeness have furthermore
been part of the culture of the many societies that regard schizophren-
ics as either blessed by gods or inhabited by demons.

But surely, you may respond, culture is still based mainly on nor-
mal responses, not insanity. Why has so little progress been made on
love, altruism, competitiveness, and other elements of everyday social
behavior? The answer lies in the pragmatic bias of genetic research.
Geneticists who study inheritance and development first look for big
effects caused by single mutations, those easy to detect and analyze. In
the classical period of Mendelian genetics, for example, they began
with instantly recognizable traits, such as vestigial wings in drosophila
fruit flies and wrinkled seed coats in garden peas. It so happens that big
mutations are also harmful mutations, for the same reason that large
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random changes in an automobile engine are more likely to stall it
than small random changes. Big mutations almost always reduce sur-
vival rates and reproductive capacity. Much of pioneering human ge-
netics has therefore been medical genetics, as exemplified by the
studies of schizophrenia.

The practical value of the approach is beyond question. The use of
large effects has been parlayed many times into important advances in
medical research. Over 1,200 physical and psychological disorders have
been tied to single genes. They range (alphabetically) from Aarskog-
Scott syndrome to Zellweger syndrome. The result is the OGOD prin-
ciple: One Gene, One Disease. So successful is the OGOD approach
that researchers joke about the Disease of the Month reported in scien-
tific journals and mainstream media. Consider this diverse set of exam-
ples: color blindness, cystic fibrosis, hemophilia, Huntington's chorea,
hypercholesterolemia, Lesch-Nyhan syndrome, retinoblastoma, sickle-
cell anemia. And so pervasive is the evidence of the origin of patholo-
gies in single and multiple gene deviations—even cigarette smoking
has a discernible heritability—that biomedical scientists like to quote
the maxim that "all disease is genetic."

Researchers and practicing physicians are especially pleased with
the OGOD discoveries, because a single gene mutation invariably has
a biochemical signature that can be used to simplify diagnosis. Be-
cause the signature is a defect somewhere in the sequence of molecu-
lar events entrained by transcription off the affected gene, it can often
be disclosed with a simple biochemical test. Hope also rises that ge-
netic disease can be corrected with magic-bullet therapy, by which one
elegant and noninvasive procedure corrects the biochemical defect
and erases the symptoms of the disease.

For all its early success, however, the OGOD principle can be pro-
foundly misleading when applied to human behavior. While it is true
that a mutation in a single gene often causes a significant change in a
trait, it does not at all follow that the gene determines the organ or
process affected. Typically, many genes contribute to the prescription
of each complex biological phenomenon. How many? For that kind of
information it is necessary to turn from human beings to the house
mouse, which, being a prime laboratory animal with a short life span,
is genetically the best known of all the mammals. Even here knowl-
edge is sketchy. In the mouse, genes contributing to the texture of the
hairs and skin are known from no fewer than seventy-two chromosome
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sites. At least forty-one other genes have variants that cause defects in
the organ of balance in the inner ear, resulting in abnormal head shak-
ing and circling behavior.

The complexity of mouse heredity is a clue to the difficulties still
facing human genetics. Whole organs and processes, as well as nar-
rowly defined features within them, are commonly prescribed by en-
sembles of genes, each of which occupies a different array of positions
on the chromosomes. The difference in skin pigmentation between
people of African and European ancestry is believed to be determined
by three to six such "polygenes." The estimates for this and other such
systems may be on the low side. In addition to the more potent genes,
which are easier to detect, there can be many others that contribute
small portions of the variation observed and thus remain undiscovered.

It follows that a mutation in any one of the polygenes might pro-
duce a large, overriding OGOD effect, or it may prescribe a much
smaller quantitative deviation from the average. The common occur-
rence of mutations of the second type is one reason that genes pre-
disposing the development of chronic depression, manic-depressive
syndrome, and other disorders have proven so elusive. Clinical depres-
sion in Ireland, for example, may have at least a partially different
gene-based predisposition from clinical depression in Denmark. In
such a case, careful research in one laboratory that locates a gene site
on one chromosome will fail to find confirmation by equally careful
research conducted in a second laboratory.

Subtle differences in environment can also distort the classic pat-
terns of Mendelian inheritance. One common effect is the condition
called incomplete penetrance. The trait appears in one person but not
another, even though both possess the same enabling genes. When
one identical twin develops schizophrenia, for example, the chance
that the other twin will follow suit is only 50 percent, despite the fact
that exactly the same genes are found in both. Another consequence is
variable expressivity. Those who develop schizophrenia have it in
greatly varying form and intensity.

To summarize, human behavioral genetics provides one of the cru-
cial links in the track from genes to culture. The discipline is still in its
infancy, and hampered by formidable theoretical and technical diffi-
culties. Its principal methods are classical twin studies and family-tree
analysis, gene mapping, and, most recently, DNA sequence identifica-
tion. These approaches have so far been but crudely joined. As their
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synthesis proceeds and is supplemented by studies of psychological de-
velopment, a clearer picture of the foundations of human nature will
emerge.

M E A N W H I L E , what we know or (to be completely forthright) what
we think we know, about the hereditary basis of human nature can be
expressed by linking together three determining levels of biological or-
ganization. I will present them from the top down, in a sequence that
begins with the universals of culture, proceeds to epigenetic rules of
social behavior, and ends in a second look at behavioral genetics.

In a classic 1945 compendium, the American anthropologist
George P. Murdock listed the universals of culture, which he defined
as the social behaviors and institutions recorded in the Human Rela-
tions Area Files for every one of the hundreds of societies studied to
that time. There are sixty-seven universals in the list: age-grading, ath-
letic sports, bodily adornment, calendar, cleanliness training, commu-
nity organization, cooking, cooperative labor, cosmology, courtship,
dancing, decorative art, divination, division of labor, dream interpre-
tation, education, eschatology, ethics, ethno-botany, etiquette, faith
healing, family feasting, fire-making, folklore, food taboos, funeral
rites, games, gestures, gift-giving, government, greetings, hair styles,
hospitality, housing, hygiene, incest taboos, inheritance rules, jok-
ing, kin groups, kinship nomenclature, language, law, luck supersti-
tions, magic, marriage, mealtimes, medicine, obstetrics, penal sanc-
tions, personal names, population policy, postnatal care, pregnancy
usages, property rights, propitiation of supernatural beings, puberty
customs, religious ritual, residence rules, sexual restrictions, soul
concepts, status differentiation, surgery, tool-making, trade, visiting,
weather control, and weaving.

It is tempting to dismiss these traits as not truly diagnostic for
human beings, not really genetic, but inevitable in the evolution of
any species that attains complex societies based on high intelligence
and complex language, regardless of their hereditary predispositions.
But that interpretation is easily refuted. Imagine a termite species that
evolved a civilization from the social level of a living species. Take for
the purpose the mound-building termites Macrotermes bellicosus of
Africa, whose citylike nests beneath the soil each contain millions of
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inhabitants. Elevate the basic qualities of their social organization in
their present-day insectile condition to a culture that is guided, as in
human culture, by heredity-based epigenetic rules. The "termite na-
ture" at the foundation of this hexapod civilization would include
celibacy and nonreproduction by the workers, the exchange of symbi-
otic bacteria by the eating of one another's feces, the use of chemical
secretions (pheromones) to communicate, and the routine cannibal-
ism of shed skins and dead or injured family members. I have com-
posed the following state-of-the-colony speech for a termite leader to
deliver to the multitude, in her attempt to reinforce the supertermite
ethical code:

Ever since our ancestors, the macrotermitine termites, achieved ten-
kilogram weight and larger brains during their rapid evolution through
the late Tertiary Period, and learned to write with pheromonal script,
termitic scholarship has elevated and refined ethical philosophy. It is
now possible to express the imperatives of moral behavior with preci-
sion. These imperatives are self-evident and universal. They are the very
essence of termitity. They include the love of darkness and of the deep,
saprophytic, basidiomycetic penetralia of the soil; the centrality of
colony life amidst the richness of war and trade with other colonies; the
sanctity of the physiological caste system; the evil of personal rights (the
colony is ALL!); our deep love for the royal siblings allowed to repro-
duce; the joy of chemical song; the aesthetic pleasure and deep social
satisfaction of eating feces from nestmates' anuses after the shedding
of our skins; and the ecstasy of cannibalism and surrender of our own
bodies when we are sick or injured (it is more blessed to be eaten than
to eat).

F U R T H E R E V I D E N C E of human cultural universals is the dual ori-
gin of civilization in the Old and New Worlds, evolved in mutual isola-
tion yet remarkably convergent in broad detail. The second part of
"the grand experiment" began twelve thousand or more years ago,
when the New World was invaded by nomadic tribes from Siberia.
The colonists were at that time Paleolithic hunter-gatherers who most
likely lived in groups of a hundred or fewer. In the centuries to follow
they spread south through the length of the New World, from the Arc-
tic tundra to the icy forests of Tierra del Fuego ten thousand miles
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distant, splitting as they went into local tribes that adapted to each of
the land environments they encountered. Along the way, here and
there, some of the societies evolved into chiefdoms and imperial states
remarkably similar in their basic structure to those in the Old World.

In 1940 the American archaeologist Alfred V. Kidder, a pioneer stu-
dent of early North American settlements and Mayan cities, summa-
rized the independent histories of civilization in the Old and New
Worlds to make the case for a hereditary human nature. In both hemi-
spheres, he said, people started from the same base as stone-age primi-
tives. First they brought wild plants under cultivation, allowing their
populations to increase and form villages. While this was happening
they elaborated social groupings and evolved sophisticated arts and re-
ligions, with priests and rulers receiving special powers from the gods.
They invented pottery, and wove plant fibers and wool into cloth.
They domesticated local wild animals for food and transport. They
worked metal into tools and ornaments, first gold and copper, then
bronze, the harder alloy of copper and tin. They invented writing and
used it to record their myths, wars, and noble lineages. They created
hereditary classes for their nobles, priests, warriors, craftsmen, and
peasants. And, Kidder pointed out, "In the New World as well as in the
Old, priesthoods grew and, allying themselves with temporal powers,
or becoming rulers in their own right, reared to their gods vast temples
adorned with painting and sculpture. The priests and chiefs provided
for themselves elaborate tombs richly stocked for the future life. In po-
litical history it is the same. In both hemispheres group joined group to
form tribes; coalitions and conquests brought preeminence; empires
grew and assumed the paraphernalia of glory."

I M P R E S S I V E AS the universals may be, it is still risky to use them as
evidence of the linkage between genes and culture. While the cate-
gories listed occur too consistently to be due to chance alone, their
finer details differ widely among societies within and between the
hemispheres. The hallmarks of civilization are moreover too scattered
and recent in origin to have been genetically evolved and somehow
carried around the world by hunter-gatherers. It would be absurd to
speak of particular genes that prescribe agriculture, writing, the priest-
hood, and monumental tombs.

In my own writings, from On Human Nature in 1978 forward, I
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have argued that the etiology of culture wends its way tortuously from
the genes through the brain and senses to learning and social behavior.
What we inherit are neurobiological traits that cause us to see the
world in a particular way and to learn certain behaviors in preference
to other behaviors. The genetically inherited traits are not memes, not
units of culture, but rather the propensity to invent and transmit cer-
tain kinds of these elements of memory in preference to others.

As early as 1972 Martin Seligman and other psychologists had
defined the bias in development precisely. They called it "prepared
learning." By this concept they meant that animals and humans are in-
nately prepared to learn certain behaviors, while being counter-
prepared against—that is, predisposed to avoid—others. The many
documented examples of prepared learning form a subclass of epige-
netic rules. As recognized in biology, epigenetic rules comprise the full
range of inherited regularities of development in anatomy, physiology,
cognition, and behavior. They are the algorithms of growth and differ-
entiation that create a fully functioning organism.

A second productive insight, contributed by Sociobiology, is that
prepared learning of social behavior, like all other classes of epigenesis,
is usually adaptive: It confers Darwinian fitness on organisms by im-
proving their survival and reproduction. The adaptiveness of the epige-
netic rules of human behavior is not the exclusive result of either
biology or culture. It arises from subtle manifestations of both. One of
the most efficient ways to study the epigenetic rules of human social
behavior is by methods of conventional psychology, informed by the
principles of evolutionary process. For this reason the scientists con-
centrating on the subject often call themselves evolutionary psycholo-
gists. Theirs is a hybrid discipline, drawn from both Sociobiology—the
systematic study of the biological basis of social behavior in all kinds of
organisms, including humans—and psychology, the systematic study
of the basis of human behavior. Given our growing understanding of
gene-culture coevolution, however, and in the interest of simplicity,
clarity, and—on occasion—intellectual courage in the face of ideolog-
ical hostility, evolutionary psychology is best regarded as identical to
human Sociobiology.

IN T H E 1970S, as I stressed in my early syntheses, altruism was the
central problem of Sociobiology in both animals and humans. That



164 C O N S I L I E N C E

challenge has now been largely met by successful theory and empiri-
cal research. In the 1990s attention is beginning to shift in human
Sociobiology to gene-culture coevolution. In this new phase of re-
search, the definition of epigenetic rules is the best means to make im-
portant advances in the understanding of human nature. Such an
emphasis seems logically inescapable. The linkage between genes and
culture is to be found in the sense organs and programs of the brain.
Until this process is better known and taken into account, mathemati-
cal models of genetic evolution and cultural evolution will have very
limited value.

The epigenetic rules, I believe, operate, like emotion, at two levels.
Primary epigenetic rules are the automatic processes that extend from
the filtering and coding of stimuli in the sense organs all the way to
perception of the stimuli by the brain. The entire sequence is influ-
enced by previous experience only to a minor degree, if at all. Sec-
ondary epigenetic rules are regularities in the integration of large
amounts of information. Drawing from selected fragments of percep-
tion, memory, and emotional coloring, secondary epigenetic rules
lead the mind to predisposed decisions through the choice of certain
memes and overt responses over others. The division between the two
classes of epigenetic rules is subjective, made for convenience only. In-
termediate levels of complexity exist, because more complex primary
rules grade into simpler secondary rules.

All of the senses impose primary epigenetic rules. Among the most
basic properties of such rules is the breaking of otherwise continuous
sensations into discrete units. From birth, for example, the cones of
the retina and the neurons of the lateral geniculate nuclei of the thala-
mus classify visible light of differing wavelengths into four basic colors.
In similar manner, the hearing apparatus of both children and adults
automatically divides continuous speech sounds into phonemes. Se-
ries of sounds that run smoothly from ba to ga are not heard as a con-
tinuum but either as ba or ga; the same is true of the transition from
v to s.

An infant begins life with other built-in acoustic responses that
shape later communication and social existence. The newborn can
distinguish innately between noise and tone. By four months the in-
fant prefers harmonious tones, sometimes reacting to out-of-tune notes
with a facial expression of disgust, the same, it turns out, as elicited by a
drop of lemon juice on the tongue. The newborn's response to a loud
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sound is the Moro reflex: If on its back, the infant first extends its arms
forward, brings them slowly together as though in embrace, emits a
cry, and then gradually relaxes. In four to six weeks the Moro reflex is
replaced by the startle response, which, as I described earlier, is the
most complex of the reflexes and lasts for the remainder of life. Within
a fraction of a second after an unexpected loud noise is heard, the eyes
close, the mouth opens, the head drops, the shoulders and arms sag,
the knees buckle slightly. Altogether, the body is positioned as though
to absorb a coming blow.

Some preferences in chemical taste also begin at or shortly after
birth. Newborns prefer sugar solutions over plain water and in the fol-
lowing fixed order: sucrose, fructose, lactose, glucose. They reject sub-
stances that are acid, salty, or bitter, responding to each with the
distinctive facial expressions they will use for the rest of their lives.

The primary epigenetic rules gear the human sensory system to
process mostly audiovisual information. The predilection is in contrast
to that of the vast majority of animal species, which depend mostly on
smell and taste. The human audiovisual bias is reflected by the dispro-
portionate weighting of vocabulary. In languages around the world,
from English and Japanese to Zulu and Teton Lakota, two-thirds to
three-fourths of all the words describing sensory impressions refer to
hearing and vision. The remaining minority of words are divided
among the other senses, including smell, taste, and touch, as well as
sensitivity to temperature, humidity, and electrical fields.

Audiovisual bias also marks the primary epigenetic rules that estab-
lish social bonds in infancy and early childhood. Experiments have
shown that within ten minutes after birth, infants fixate more on nor-
mal facial designs drawn on posters than on abnormal designs. After
two days, they prefer to gaze at their mother rather than other, un-
known women. Other experiments have revealed an equally remark-
able ability to distinguish their mother's voice from voices of other
women. For their part, mothers need only a brief contact to distinguish
the cry of their newborns, as well as their personal body odor.

The face is the chief arena of visual nonlinguistic communication
and the secondary epigenetic rules that bias their psychological devel-
opment. A few facial expressions have invariant meaning throughout
the human species, even though they are modified in different cul-
tures to express particular nuances. In a classic experiment to test
the universality of the phenomenon, Paul Ekman of the University of
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California at San Francisco photographed Americans as they acted out
fear, loathing, anger, surprise, and happiness. He also photographed
New Guinea highland tribesmen from recently contacted villages as
they told stories in which similar feelings were evoked. When individ-
uals were then shown the portraits from the other culture, they inter-
preted the facial expressions with an accuracy greater than 80 percent.

Within the face the mouth is the principal instrument of visual
communication. The smile in particular is a rich site of secondary epi-
genetic rules. Psychologists and anthropologists have discovered sub-
stantial degrees of similar programmed development in the uses of
smiling across cultures. The expression is first displayed by infants be-
tween the ages of two and four months. It invariably attracts an abun-
dance of affection from attending adults. Environment has little
influence on the maturation of smiling. The infants of the !Kung, a
hunter-gatherer people of South Africa's Kalahari desert, are nurtured
under very different conditions from those in America and Europe.
They are delivered by their mothers without assistance or anesthetic,
kept in almost constant physical contact with adults, nursed several
times an hour, and trained rigorously at the earliest possible age to sit,
stand, and walk. Yet their smile is identical in form to that of American
and European infants, appears at the same time, and serves the same
social function. Smiling also appears on schedule in deaf-blind chil-
dren and even in thalidomide-deformed children who are not only
deaf and blind but also crippled so badly they cannot touch their own
faces.

Throughout life smiling is used primarily to signal friendliness and
approval, and beyond that to indicate a general sense of pleasure. Each
culture molds its meaning into nuances determined by the exact form
and the context in which it is displayed. Smiling can be turned into
irony and light mockery, or to conceal embarrassment. But even in
such cases its messages span only a tiny fraction of those transmitted by
all facial expressions taken together.

At the highest levels of mental activity complex secondary epige-
netic rules are followed in the process called reification: the telescop-
ing of ideas and complex phenomena into simpler concepts, which
are then compared with familiar objects and activities. The Dusun of
Borneo—to take one of countless examples from the archives of an-
thropology—reify each house into a "body" possessing arms, a head, a
belly, legs, and other parts. It is believed to "stand" properly only if
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aligned in a certain direction; it is thought to be "upside down" if built
on the slope of a hill. In other dimensions the house is classified as fat
or skinny, young or old and worn-out. All its interior details are in-
vested with intense meaning. Every room and piece of furniture is con-
nected to calendric rituals and magical and social beliefs.

Reification is the quick and easy mental algorithm that creates
order in a world otherwise overwhelming in flux and detail. One of its
manifestations is the dyadic instinct, the proneness to use two-part clas-
sifications in treating socially important arrays. Societies everywhere
break people into in-group versus out-group, child versus adult, kin
versus nonkin, married versus single, and activities into sacred and pro-
fane, good and evil. They fortify the boundaries of each division with
taboo and ritual. To change from one division to the other requires ini-
tiation ceremonies, weddings, blessings, ordinations, and other rites of
passage that mark every culture.

The French anthropologist Claude Lévi-Strauss and other writers
of the "structuralist" school he helped found have suggested that the
binary instinct is governed by the interaction of inborn rules. They
posit oppositions such as man:woman, endogamy:exogamy, and
earth:heaven as contradictions in the mind that must be met and re-
solved, often by mythic narrative. Thus the concept of life necessitates
the concept of death, which is resolved by the myth of death serving as
the gateway to eternal life. Binary oppositions, in the full-dress struc-
turalist version, are linked still further into complex combinations by
which cultures are assembled into integrated wholes.

The structuralist approach is potentially consistent with the pic-
ture of mind and culture emerging from natural sciences and biologi-
cal anthropology, but it has been weakened by disagreements within
the ranks of the structuralists themselves concerning the best methods
of analysis. Their problem is not the basic conception, insofar as I have
been able to understand the massive and diffuse literature, but its lack
of a realistic connection to biology and cognitive psychology. That
may yet be achieved, with potentially fruitful results.

NOW TO T H E next step in the search for human nature, the genetic
basis of the epigenetic rules. What is that basis, and how much varia-
tion is there in the prescribing genes? As a cautionary prelude to an an-
swer, let me again stress the limitations of the genetics of human
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behavior as a whole. Human behavior genetics is an infant field of
study and still vulnerable to ideologues who would be unkind to it
in pursuit of their personal agendas. In only one level of analysis, the
estimation of heritability, can it be said to be an advanced scientific
discipline. With sophisticated statistical techniques, geneticists have
calculated the proportionate contributions of genes across a large array
of traits in sensory physiology, brain function, personality, and intelli-
gence. They have arrived at this important conclusion: Variation in
virtually every aspect of human behavior is heritable to some degree,
and thus in some manner influenced by differences in genes among
people. The finding should come as no surprise. It is equally true of be-
havior in all animal species that have been studied to date.

But the measurement of heritability does not identify particular
genes. Nor does it provide us with a hint of the intricate pathways of
physiological development leading from the genes to the epigenetic
rules. The principal weakness of contemporary human behavioral ge-
netics and human Sociobiology is that only a small number of the rele-
vant genes and epigenetic rules have been identified. This is not to
deny that many others exist—quite the contrary—only that they have
not yet been identified and pinpointed in genetic maps. The reason is
that human behavioral genetics is technically very difficult at this
level.

The paucity of examples has another, heightened consequence.
Because both the genes affecting epigenetic rules and the rules them-
selves are usually searched out independently by different teams of re-
searchers, matches between genes and epigenetic rules are even rarer.
They come to light mostly by sheer luck. Suppose, at a guess, that 1
percent of the relevant genes and 10 percent of the epigenetic rules
have been discovered up to the present time. The number of matches
would be as few as the multiple of the two percentages, in this case one
tenth of 1 percent. The scarcity of matches is less a failing, however,
than an opportunity for scientific discovery waiting to be seized. It is
precisely in this domain, on the frontier between biology and the so-
cial sciences, that some of the most significant progress in studies of
human behavior can be expected to occur.

Among the known gene mutations affecting complex behavior is
one that causes dyslexia, a reading disorder produced by impairment of
the ability to interpret spatial relationships. Another reduces perfor-
mance on three psychological tests of spatial ability but not on three



From Genes to Culture 169

other tests that measure verbal skill, speed at perception, and memory.
Genes affecting personality have also been discovered. A mutation in-
ducing outbursts of aggressive behavior, still known only in a single
Dutch family, has been located on the X chromosome. It evidently
causes a deficiency in the enzyme monoamine oxidase, needed to
break down neurotransmitters that regulate the fight-or-flight response.
Because the neurotransmitters accumulate as a result of this deviation,
the brain remains keyed up, prepared to respond violently to low levels
of stress. A more normal variant of personality is brought about by a
"novelty-seeking gene," which alters the brain's response to the neuro-
transmitter dopamine. Persons possessing the gene when given stan-
dard tests are found to be more impulsive, curiosity-prone, and fickle.
The molecules of the gene and the protein receptor it helps prescribe
are longer in molecular length than the unmutated forms. They are
also widespread, having been detected in different ethnic groups both
in Israel and in the United States (but not in a Finnish group). A vari-
ety of other gene variants have been discovered that change the metab-
olism and activity of neurotransmitters, but their effects on behavior
await investigation.

I do not mean to suggest by citing these examples that it is only
necessary to discover and list genes one by one in order to establish the
genetic basis of human behavior. The mapping of genes is just the be-
ginning. Most traits, including even the simplest elements of intelli-
gence and cognition, are influenced by polygenes, which are multiple
genes spread across different chromosome sites and acting in concert.
In some cases polygenes simply add their effects, so that more genes of
a certain array means more of the product—more of a transmitter, say,
or a higher concentration of skin pigment. Such additive inheritance,
as it is called, typically produces a bell-shaped curve in the distribution
of the trait in the population as a whole. Other polygenes add up until
they reach a certain threshold number, at which point the trait
emerges for the first time. Diabetes and some mental disorders appear
to belong to this class. Finally, polygenes can interact epistatically:
The presence of a gene at one chromosome site suppresses the action
of a gene at another chromosome site. Brain wave patterns as revealed
in electroencephalograms (EEGs) are an example of a neurological
phenomenon inherited in this manner.

Finally, to complicate matters further, there is pleiotropy, the pre-
scription of multiple effects by a single gene. A classic human example
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of pleiotropy is provided by the mutant gene that causes phenylke-
tonuria, the symptoms of which include an excess of the amino acid
phenylalanine, a deficiency of tyrosine, abnormal metabolic products
of phenylalanine, darkening of the urine, lightening of hair color, toxic
damage to the central nervous system, and—mental retardation.

The pathways from the genes to the traits they prescribe may seem
overwhelmingly convoluted. Still, they can be deciphered. A large part
of future human biology will consist of tracing the development of
body and mind they influence. In the first two decades of the coming
century, if current research stays on track, we will see the complete se-
quencing of the human genome and a mapping of most of the genes.
Furthermore, the modes of inheritance are scientifically manageable.
The number of polygenes controlling individual behavioral traits is fi-
nite, with those responsible for most of the variation often being fewer
than ten. The multiple effects of single genes are also finite. They
will be defined more fully as molecular biologists trace the cascades
of chemical reactions entrained by groups of genes, and as neuro-
scientists map the patterns of brain activity that are among the final
products of these reactions.

For the immediate future the genetics of human behavior will
travel behind two spearheads. The first is research on the heredity of
mental disorders, and the second is research on gender difference and
sexual preference. Both classes are favored by strong public interest
and have the further advantage of entailing processes that are well
marked, hence relatively easily isolated and measured. They fit a cardi-
nal principle in the conduct of scientific research: Find a paradigm for
which you can raise money and attack with every method of analysis at
your disposal.

Gender differences are an especially productive paradigm, even
though politically controversial. They are already richly described in
the psychological and anthropological literature. Their biological
foundations are partly known, having been documented in the corpus
callosum and other brain structures; in patterns of brain activity;
in smell, taste, and other senses; in spatial and verbal ability; and in
innate play behavior during childhood. The hormones that mediate
the divergence of the sexes, resulting in statistical differences with
overlap in these various traits, are relatively well understood. The
major gene that triggers their ultimate manufacture during fetal and
childhood development has been located on the Y chromosome. It is
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called Sry, for sex-determining region of Y. In its absence, when the in-
dividual has two X chromosomes rather than an X and Y, the fetal go-
nads develop into ovaries, with all the consequences that follow in
endocrine and psychophysiological development. These facts may not
satisfy everyone's ideological yearning, but they illustrate in yet an-
other way that, whether we like it or not, Homo sapiens is a biological
species.

TO T H I S P O I N T I have traced most of the steps of gene-culture co-
evolution, circling from genes to culture and back around to genes, as
evidence allows. These steps can be summed up very briefly as follows:

Genes prescribe epigenetic rules, which are the regularities of sensory
perception and mental development that animate and channel the ac-
quisition of culture.

Culture helps to determine which of the prescribing genes survive
and multiply from one generation to the next.

Successful new genes alter the epigenetic rules of populations.
The altered epigenetic rules change the direction and effectiveness of

the channels of cultural acquisition.
The final step in this series is the most crucial and contentious. It

is embodied in the problem of the genetic leash. Throughout pre-
history, particularly up to a hundred thousand years ago, by which
time the modern Homo sapiens brain had evolved, genetic and cul-
tural evolution were closely coupled. With the advent of Neolithic
societies, and especially the rise of civilizations, cultural evolution
sprinted ahead at a pace that left genetic evolution standing still by
comparison. So, in this last exponential phase, how far apart did the
epigenetic rules allow different cultures to diverge? How tight was the
genetic leash? That is the key question, and it is possible to give only a
partial answer.

In general, the epigenetic rules are strong enough to be visibly con-
straining. They have left an indelible stamp on the behavior of people
in even the most sophisticated societies. But to a degree that may prove
discomfiting to a diehard hereditarian, cultures have dispersed widely
in their evolution under the epigenetic rules so far studied. Particular
features of culture have sometimes emerged that reduce Darwinian fit-
ness, at least for a time. Culture can indeed run wild for a while, and
even destroy the individuals that foster it.
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T H E B E S T WAY to express our still very imperfect knowledge of the
transition from the epigenetic rules to cultural diversity is to describe
real cases. I will offer two such examples, one relatively simple, the
other complex.

The simple first. If all verbal communication were stripped away,
we would still be left with a rich paralanguage that communicates
most of our basic needs: body odors, blushing and other telltale re-
flexes, facial expressions, postures, gesticulations, and nonverbal vocal-
izations, all of which, in various combinations and often without
conscious intent, compose a veritable dictionary of mood and inten-
tion. They are our primate heritage, having likely persisted with little
change since before the origin of language. Although the signals differ
in detail from one culture to the next, they contain invariant elements
that reveal their ancient genetic origin. For example:

• Anstrostenol is a male pheromone concentrated in perspiration
and fresh urine. Perceived variously as musk or sandalwood, it changes
sexual attraction and warmth of mood during social contacts.

• To touch another is a form of greeting regulated by the following
innate rules: Touch strangers of the same sex on the arms only, spread-
ing to other parts of the body as familiarity increases, the more so
for intimates of the opposite sex.

• Dilation of the pupils is a positive response to others, and one es-
pecially prominent in women.

• Pushing the tongue out and spitting are aggressive displays of re-
jection; flicking the tongue around the lips is a social invitation, used
most commonly during flirtation.

• Closing the eyes and wrinkling the nose is another universal sign
of rejection.

• Opening the mouth while pulling down the corners of the mouth
to expose the lower teeth is to threaten with contempt.

These and other nonverbal signals are ideal subjects for under-
standing the coevolution of genes and culture. A great deal is already
known of their anatomy and physiology; and their genetic prescription



From Genes to Culture 173

and controlling brain activity are likely to prove simple in comparison
with verbal communication. The variation in meaning of each signal
in turn caused by cultural evolution can be observed by its multiple
uses across many societies. Each signal has its own amount of such
variation, its own flexibility and resulting scatter of nuance across the
cultures of the world. Put another way, each set of genes prescribing
the basic structure of particular signals has its own norm of reaction.

The culture of nonverbal signals awaits study from this compara-
tive viewpoint. An instinctive case of moderate dispersion is that of eye-
brow flashing, one of many examples provided by the pioneering
German ethologist Irenäus Eibl-Eibesfeldt. When a person's attention
is caught, he opens his eyes widely to improve vision. When he is
surprised, he opens his eyes very widely, while lifting the eyebrows
conspicuously. Eyebrow lifting has been universally ritualized, pre-
sumably by genetic prescription, into eyebrow flashing, a signal that
invites social contact. By ritualization is meant the evolution of a
movement with a function in one context, in this case eye opening and
eyebrow lifting, into a conspicuous, stereotyped form, in this case eye-
brow flashing used for communication. That is the genetic part of the
gene-culture coevolution. Eyebrow flashing has also been subjected to
moderate dispersion of meaning across societies by the cultural part of
gene-culture coevolution. In different societies and contexts it is com-
bined with other forms of body language to signal greeting, flirtation,
approval, request for confirmation, thanking, or emphasis of a verbal
message. In Polynesia it is used as a factual "yes."

The second case of gene-culture coevolution I wish to present, be-
cause it is the most thoroughly researched of the more complex exam-
ples to date, is color vocabulary. Scientists have traced it all the way
from the genes that prescribe color perception to the final expression
of color perception in language.

Color does not exist in nature. At least, it does not exist in nature in
the form we think we see. Visible light consists of continuously varying
wavelength, with no intrinsic color in it. Color vision is imposed on
this variation by the photosensitive cone cells of the retina and the con-
necting nerve cells of the brain. It begins when light energy is ab-
sorbed by three different pigments in the cone cells, which biologists
have labeled blue, green, or red cells according to the photosensitive
pigments they contain. The molecular reaction triggered by the light
energy is transduced into electrical signals that are relayed to the
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retinal ganglion cells forming the optic nerve. Here the wavelength in-
formation is recombined to yield signals distributed along two axes.
The brain later interprets one axis as green to red and the other as blue
to yellow, with yellow defined as a mixture of green and red. A particu-
lar ganglion cell, for example, may be excited by input from red cones
and inhibited by input from green cones. How strong an electric signal
it then transmits tells the brain how much red or green the retina is re-
ceiving. Collective information of this kind from vast numbers of
cones and mediating ganglion cells is passed back into the brain,
across the optic chiasma to the lateral geniculate nuclei of the thala-
mus, which are masses of nerve cells composing a relay station near
the center of the brain, and finally into arrays of cells in the primary vi-
sual cortex at the extreme rear of the brain.

Within milliseconds the visual information, now color-coded,
spreads out to different parts of the brain. How the brain responds de-
pends on the input of other kinds of information and the memories
they summon. The patterns invoked by many such combinations, for
example, may cause the person to think words denoting the patterns,
such as: "This is the American flag; its colors are red, white, and blue."
Keep the following comparison in mind when pondering the seeming
obviousness of human nature: An insect flying by would perceive dif-
ferent wavelengths, and break them into different colors or none at all,
depending on its species, and if somehow it could speak, its words
would be hard to translate into our own. Its flag would be very different
from our flag, thanks to its insect (as opposed to human) nature.

The chemistry of the three cone pigments—the amino acids of
which they are composed and the shapes into which their chains are
folded—is known. So is the chemistry of the DNA in the genes on the
X chromosome that prescribe them, as well as the chemistry of the mu-
tations in the genes that cause color blindness.

So, by inherited and reasonably well understood molecular pro-
cesses the human sensory system and brain break the continuously
varying wavelengths of visible light into the array of more or less dis-
crete units we call the color spectrum. The array is arbitrary in an ulti-
mately biological sense; it is only one of many arrays that might have
evolved over the past millions of years. But it is not arbitrary in a cul-
tural sense: Having evolved genetically, it cannot be altered by learn-
ing or fiat. All of human culture involving color is derived from this
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unitary process. As a biological phenomenon color perception exists in
contrast to the perception of light intensity, the other primary quality
of visible light. When we vary the intensity of light gradually, say by
moving a dimmer switch smoothly up or down, we perceive the
change as the continuous process it truly is. But if we use monochro-
matic light—one wavelength only—and change that wavelength grad-
ually, the continuity is not perceived. What we see, in going from the
short-wavelength end to the long-wavelength end, is first a broad band
of blue (at least one more or less perceived as that color), then green,
then yellow, and finally red.

The creation of color vocabularies worldwide is biased by this
same biological constraint. In a famous experiment performed in the
1960s at the University of California at Berkeley, Brent Berlin and Paul
Kay tested the constraint in native speakers of twenty languages, in-
cluding Arabic, Bulgarian, Cantonese, Catalan, Hebrew, Ibibio, Thai,
Tzeltal, and Urdu. The volunteers were asked to describe their color
vocabulary in a direct and precise manner. They were shown a Mun-
sell array, a spread of chips varying across the color spectrum from left
to right, and in brightness from the bottom to the top, and asked to
place each of the principal color terms of their language on the chips
closest to the meaning of the words. Even though the terms vary strik-
ingly from one language to the next in origin and sound, the speakers
placed them into clusters on the array that correspond, at least approx-
imately, to the principal colors blue, green, yellow, and red.

The intensity of the learning bias was strikingly revealed by an ex-
periment conducted on color perception during the late 1960s by
Eleanor Rosch, also of the University of California at Berkeley. In look-
ing for "natural categories" of cognition, Rosch exploited the fact that
the Dani people of New Guinea have no words to denote color; they
speak only of mili (roughly, "dark") and mola ("light"). Rosch consid-
ered the following question: If Dani adults set out to learn a color vo-
cabulary, would they do so more readily if the color terms correspond
to the principal innate hues? In other words, would cultural innova-
tion be channeled to some extent by the innate genetic constraints?
Rosch divided 68 volunteer Dani men into two groups. She taught one
a series of newly invented color terms placed on the principal hue
categories of the array (blue, green, yellow, red), where most of the nat-
ural vocabularies of other cultures are located. She taught a second
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group of Dani men a series of new terms placed off center, away from
the main clusters formed by other languages. The first group of volun-
teers, following the "natural" propensities of color perception, learned
about twice as quickly as those given the competing, less natural color
terms. They also selected these terms more readily when allowed a
choice.

Now comes the question that must be answered to complete the
transit from genes to culture. Given the genetic basis of color vision
and its general effect on color vocabulary, how great has been the dis-
persion of the vocabularies among different cultures? We have at least
a partial answer. A few societies are relatively unconcerned with color.
They get along with a rudimentary classification. Others make many
fine distinctions in hue and intensity within each of the basic colors.
They have spaced their vocabularies out.

Has the spacing out been random? Evidently not. In later investi-
gations, Berlin and Kay observed that each society uses from two to
eleven basic color terms, which are focal points spread across the four
elementary color blocks perceived in the Munsell array. The full com-
plement (to use the English-language terminology) is black, white,
red, yellow, green, blue, brown, purple, pink, orange, and gray. The
Dani language, for example, uses only two of the terms, the English
language all eleven. In passing from societies with simple classifica-
tions to those with complicated classifications, the combinations of
basic color terms as a rule grow in a hierarchical fashion, as follows:

Languages with only two basic color terms use them to distinguish
black and white.

Languages with only three terms have words for black, white, and
red.

Languages with only four terms have words for black, white, red,
and either green or yellow.

Languages with only five terms have words for black, white, red,
green, and yellow.

Languages with only six terms have words for black, white, red,
green, yellow, and blue.

Languages with only seven terms have words for black, white, red,
green, yellow, blue, and brown.

No such precedence occurs among the remaining four basic col-
ors, purple, pink, orange, and gray, when these have been added on
top of the first seven.



From Genes to Culture 177

If basic color terms were combined at random, which is clearly not
the case, human color vocabularies would be drawn helter-skelter
from among a mathematically possible 2,036 possibilities. The Berlin-
Kay progression suggests that for the most part they are drawn from
only twenty-two.

At one level, the twenty-two combinations of basic terms are the
dispersion of memes, or cultural units, generated by the epigenetic
rules of color vision and semantic memory. In simple language, our
genes prescribe that we see different wavelengths of light a certain way.
Our additional propensity to break the world into units and label them
with words causes us to accumulate up to eleven basic color units in a
particular order.

That, however, is not the end of the story. The human mind is
much too subtle and productive to stop at eleven words that specify dif-
ferent wavelengths. As the British linguist John Lyons has pointed out,
the recognition of a color in the brain does not necessarily lead to a
term that denotes only the light wavelength. Color terms are often
invented to include other qualities as well, particularly texture, lumi-
nosity, freshness, and indelibility. In Hanun6o, a Malayo-Polynesian
language of the Philippines, malatuy means a brown, wet, shiny sur-
face, the kind seen in freshly cut bamboo, while marara is a yellowish,
hardened surface, as in aged bamboo. English-language speakers are
prone to translate malatuy as "brown" and marara as "yellow," but they
would capture only part of the meaning and perhaps the less important
part. Similarly, chloros in ancient Greek is usually translated as simply
"green" in English, but its original meaning was apparently the fresh-
ness or moistness of green foliage.

The brain constantly searches for meaning, for connections be-
tween objects and qualities that cross-cut the senses and provide infor-
mation about external existence. We penetrate that world through the
constraining portals of the epigenetic rules. As shown in the elemen-
tary cases of paralanguage and color vocabulary, culture has risen from
the genes and forever bears their stamp. With the invention of
metaphor and new meaning, it has at the same time acquired a life of
its own. In order to grasp the human condition, both the genes and
culture must be understood, not separately in the traditional manner
of science and the humanities, but together, in recognition of the reali-
ties of human evolution.



CHAPTER 8

THE FITNESS

OF HUMAN NATURE

W H A T IS human nature? It is not the genes, which prescribe it, or
culture, its ultimate product. Rather, human nature is something else
for which we have only begun to find ready expression. It is the epige-
netic rules, the hereditary regularities of mental development that bias
cultural evolution in one direction as opposed to another, and thus
connect the genes to culture.

Human nature is still an elusive concept because our understand-
ing of the epigenetic rules composing it is rudimentary. The rules I
have used as examples in previous chapters are no more than frag-
ments cut from the vast mental landscape. Yet, coming from so many
behavioral categories, they offer persuasive testimony of the existence
of a genetically based human nature. Consider the variety of examples
so far reviewed: the hallucinatory properties of dreams, the mesmeriz-
ing fear of snakes, phoneme construction, elementary preferences in
the sense of taste, details of mother-infant bonding, the basic facial ex-
pressions, the reification of concepts, the personalization of inanimate
objects, and the tendency to split continuously varying objects and
processes into two discrete classes. One more rule in particular, the
breaking of light into the colors of the rainbow, has been placed within
a causal sequence running all the way from the genes to the invention
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of vocabulary. It serves as a prototype for future research aimed at
bridging science and the humanities.

Some epigenetic rules, including color vision, are primate traits
tens of millions of years old. Others, such as the neural mechanisms of
language, are uniquely human and possibly date back no more than
several hundred thousand years. The search for human nature can be
viewed as the archaeology of the epigenetic rules. It is destined to be a
vital part of future interdisciplinary research.

In gene-culture coevolution as now conceived by biologists and so-
cial scientists, causal events ripple out from the genes to the cells to
tissues and thence to brain and behavior. By interaction with the phys-
ical environment and preexisting culture, they bias further evolution
of the culture. But this sequence—composing what the genes do to
culture by way of epigenesis—is only half the circle. The other half is
what culture does to the genes. The question posed by the second half
of the coevolutionary circle is how culture helps to select the mutating
and recombining genes that underlie human nature.

By expressing gene-culture coevolution in such a simple manner, I
have no wish either to overwork the metaphor of the selfish gene or to
minimize the creative powers of the mind. After all, the genes prescrib-
ing the epigenetic rules of brain and behavior are only segments of
giant molecules. They feel nothing, care for nothing, intend nothing.
Their role is simply to trigger the sequences of chemical reactions
within the highly structured fertilized cell that orchestrate epigenesis.
Their writ extends to the levels of molecule, cell, and organ. This early
stage of epigenesis, consisting of a series of sequential physicochemical
reactions, culminates in the self-assembly of the sensory system and
brain. Only then, when the organism is completed, does mental activi-
ty appear as an emergent process. The brain is a product of the very
highest levels of biological order, which are constrained by epigenetic
rules implicit in the organism's anatomy and physiology. Working in
a chaotic flood of environmental stimuli, it sees and listens, learns,
plans its own future. By that means the brain determines the fate of the
genes that prescribed it. Across evolutionary time, the aggregate choices
of many brains determine the Darwinian fate of everything human—
the genes, the epigenetic rules, the communicating minds, and the
culture.

Brains that choose wisely possess superior Darwinian fitness,
meaning that statistically they survive longer and leave more offspring
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than brains that choose badly. That generalization by itself, commonly
telescoped into the phrase "survival of the fittest," sounds like a tautol-
ogy—the fit survive and those who survive are fit—yet it expresses a
powerful generative process well documented in nature. During hun-
dreds of millennia of Paleolithic history, the genes prescribing certain
human epigenetic rules increased and spread at the expense of others
through the species by means of natural selection. By that laborious
process human nature assembled itself.

What is truly unique about human evolution, as opposed say to
chimpanzee or wolf evolution, is that a large part of the environment
shaping it has been cultural. Therefore, construction of a special envi-
ronment is what culture does to the behavioral genes. Members of past
generations who used their culture to best advantage, like foragers
gleaning food from a surrounding forest, enjoyed the greatest Darwin-
ian advantage. During prehistory their genes multiplied, changing
brain circuitry and behavior traits bit by bit to construct human nature
as it exists today. Historical accident played a role in the assembly, and
there were many particular expressions of the epigenetic rules that
proved self-destructive. But by and large, natural selection, sustained
and averaged over long periods of time, was the driving force of human
evolution. Human nature is adaptive, or at least was at the time of its
genetic origin.

Gene-culture coevolution may seem to create a paradox: At the
same time that culture arises from human action, human action arises
from culture. The contradiction evaporates, however, if we compare
the human condition with the simpler form of reciprocity between
environment and behavior widespread in the animal kingdom. Afri-
can elephants, while consuming the vegetation of large numbers of
trees and shrubs, create the open woodlands in which they thrive. Ter-
mites, swarming at their feet, consume leftover dead vegetation and
build tightly sealed nests from soil and their own excrement, creating
moist, high-carbon-dioxide microclimates to which—no surprise—
their physiology is closely adapted. To view human beings evolving
among elephants and termites in the same habitat during the Pleis-
tocene Epoch, we need only replace environment in part with culture.
While it is true that culture, strictly defined as complex socially
learned behavior, is evidently limited to humans, and as a conse-
quence the reciprocity between genes and culture-as-environment is
also unique, the underlying principle is the same. There is nothing
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contradictory in saying that culture arises from human action while
human action arises from culture.

The general biological imagery of the origin of human nature has
repelled some writers, including a few of the most discerning scholars
in the social sciences and humanities. They are, I am sure, mistaken.
They misunderstand gene-culture coevolution, confusing it with rigid
genetic determinism, the discredited idea that genes dictate particular
forms of culture. I believe reasonable concerns can be dispelled by the
following argument. Genes do not specify elaborate conventions such
as totemism, elder councils, and religious ceremonies. To the best of
my knowledge no serious scientist or humanities scholar has ever sug-
gested such a thing. Instead, complexes of gene-based epigenetic rules
predispose people to invent and adopt such conventions. If the epige-
netic rules are powerful enough, they cause the behaviors they affect to
evolve convergently across a great many societies. The conventions—
evolved by culture, biased by epigenetic rules—are then spoken of as
the cultural universals. Rare cultural forms are also possible under the
same scenario. The whole matter can be expressed another way by re-
verting to the imagery of developmental genetics. The norm of reac-
tion of the underwriting genes is greatly narrowed in the case of a
cultural universal; in other words, there are few if any environments
available to human beings in which the cultural convention does not
arise. In contrast, genes that spawn many rare conventions in response
to changing environments, thus expanding cultural diversity, are those
with broader norms of reaction.

Genetic evolution might have gone the other way by eliminating
epigenetic bias altogether, expanding the norm of reaction of the pre-
scribing genes to indefinite degree, and thus causing cultural diversity
to explode. That is a theoretical possibility, but the existence of such a
phenomenon does not imply that culture can be cut loose from the
human genome. It means only that the prescriptive genes can design
the brain to learn and respond with equal alacrity to any experience.
Bias-free learning, if it exists, is not an erasure of gene-culture coevolu-
tion but an extremely specialized product of it, based on a very pecu-
liar kind of epigenetic rule. For the time being, however, the argument
is moot, because no example of bias-free mental development has yet
been discovered. Some degree of epigenetic bias has been demon-
strated in every one of the small number of cultural categories thus far
tested for the presence or absence of such bias.
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The swiftness of cultural evolution in historical times may by itself
seem to imply that humanity has slipped its genetic instructions, or
somehow suppressed them. But that is an illusion. The ancient genes
and the epigenetic rules of behavior they ordain remain comfortably
in place. For most of the evolutionary history of Homo sapiens and its
antecedent species Homo habilis, Homo erectus, and Homo ergaster,
cultural evolution was slow enough to remain tightly coupled to ge-
netic evolution. Both culture and the genes underlying human nature
were probably genetically fit throughout that time. For tens of thou-
sands of years during the Pleistocene Epoch the evolution of artifacts
remained nearly static, and presumably so did the basic social organi-
zation of the hunter-gatherer bands using them. There was time
enough, as one millennium passed into another, for the genes and epi-
genetic rules to evolve in concert with culture. By Upper Paleolithic
times, however, from about 40,000 to 10,000 years before the present,
the tempo of cultural evolution quickened. During the ensuing Neo-
lithic agricultural advance, the pace accelerated dramatically. Accord-
ing to the theory of population genetics, most of the change was far too
fast to be tracked closely by genetic evolution. But there is no evidence
that the Paleolithic genes simply disappeared during this "creative rev-
olution." They stayed in place and continued to prescribe the founda-
tional rules of human nature. If they could not keep up with culture,
neither could culture expunge them. For better or worse they carried
human nature into the chaos of modern history.

TO TAKE behavioral genes into account therefore seems a prudent
step when assessing human behavior. Sociobiology (or Darwinian an-
thropology, or evolutionary psychology, or whatever more politically
acceptable term one chooses to call it) offers a key link in the attempt
to explain the biological foundation of human nature. By asking ques-
tions framed in evolutionary theory, it has already steered research in
anthropology and psychology in new directions. Its major research
strategy in human studies has been to work from the first principles of
population genetics and reproductive biology to predict the forms of
social behavior that confer the greatest Darwinian fitness. The predic-
tions are then tested with data taken from ethnographic archives and
historical records, as well as from fresh field studies explicitly designed
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for the purpose. Some of the tests are conducted on preliterate and
other traditional societies, whose conservative social practices are
likely to resemble most closely those of Paleolithic ancestors. A very
few societies in Australia, New Guinea, and South America in fact still
have stone-age cultures, which is why anthropologists find them espe-
cially interesting. Other tests are conducted with data from modern so-
cieties, where fast-evolving cultural norms may no longer be optimally
fit. In all these studies a full array of analytic techniques is brought to
bear. They include multiple competing hypotheses, mathematical
models, statistical analysis, and even the reconstruction of the histories
of memes and cultural conventions by the same quantitative proce-
dures used to trace the evolution of genes and species.

In the past quarter-century, human Sociobiology has grown into a
large and technically complex subject. Nevertheless, it is possible to
reduce its primary evolutionary principles to some basic categories,
which I will now briefly summarize.

Kin selection is the natural selection of genes based on their effects
on individuals carrying them plus the effects the presence of the genes
has on all the genetic relatives of the individuals, including parents,
children, siblings, cousins, and others who still live and are capable ei-
ther of reproducing or of affecting the reproduction of blood relatives.
Kin selection is especially important in the origin of altruistic behav-
ior. Consider two sisters, who share half their genes by virtue of having
the same father and mother. One sacrifices her life, or at least remains
childless, in order to help her sister. As a result the sister raises more
than twice as many children as she would have otherwise. Since half of
her genes are identical to those of her generous sister, the loss in ge-
netic fitness is more than made up by the altruistic nature of the sacri-
fice. If such actions are predisposed by genes and occur commonly,
the genes can spread through the population, even though they in-
duce individuals to surrender personal advantage.

From this simple premise and elaborations of it have come a
wealth of predictions about patterns of altruism, patriotism, ethnicity,
inheritance rules, adoption practices, and infanticide. Many are novel,
and most have held up well under testing.

Parental investment is behavior toward offspring that increases the
fitness of the latter at the cost of the parent's ability to invest in other
offspring. The different patterns of investment have consequences for
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the fitness of the genes that predispose individuals to select the pat-
terns. Choose one, and you leave more offspring; choose another, and
you leave fewer offspring. The idea has given rise to a biologically
based "family theory," spinning off new insights on sex ratios, marriage
contracts, parent-offspring conflict, grief at the loss of a child, child
abuse, and infanticide. I will take up family theory again in the next
chapter, in order to illustrate more fully the relevance of evolutionary
reasoning for the social sciences.

Mating strategy is influenced by the cardinal fact that women have
more at stake in sexual activity than men, because of the limited age
span in which they can reproduce and the heavy investment required
of them with each child conceived. One egg, to put the matter in ele-
mental terms, is hugely more valuable than a single sperm, which
must compete with millions of other sperm for the egg. The achieve-
ment of pregnancy closes off further breeding opportunity of the
mother for a substantial fraction of her remaining reproductive life,
whereas the father has the physical capacity to inseminate another
woman almost immediately. With considerable success, the nuances
of this concept have been used by scientists to predict patterns of mate
choice and courtship, relative degrees of sexual permissiveness, pater-
nity anxiety, treatment of women as resources, and polygyny (multiple
wives, which in the past at least has been an accepted arrangement in
three-quarters of societies around the world). The optimum sexual in-
stinct of men, to put the matter in the now familiar formula of popular
literature, is to be assertive and ruttish, while that of women is to be
coy and selective. Men are expected to be more drawn than women to
pornography and prostitution. And in courtship, men are predicted
to stress exclusive sexual access and guarantees of paternity, while
women consistently emphasize commitment of resources and mate-
rial security.

Status is central to all complex mammal societies, humanity
included. To say that people generally seek status, whether by rank,
class, or wealth, is to sum up a large part of the catalogue of human so-
cial behavior. In traditional societies genetic fitness of individuals is
generally but not universally correlated with status. In chiefdoms and
despotic states especially, dominant males have easy access to multiple
women and produce more children, often in spectacular dispropor-
tion. Throughout history, despots (absolute rulers with arbitrary pow-
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ers of life and death over their subjects) commanded access to hun-
dreds or even thousands of women. Some states used explicit rules of
distribution, as in Inca Peru, where by law petty chiefs were given
seven women, governors of a hundred people eight, leaders of a thou-
sand people fifteen, and lords and kings no fewer than seven hundred.
Commoners took what was left over. The fathering of children was
commensurately lopsided. In modern industrial states, the relation-
ship between status and genetic fitness is more ambiguous. The data
show that high male status is correlated with greater longevity and
copulation with more women, but not necessarily the fathering of
more children.

Territorial expansion and defense by tribes and their modern
equivalents the nation states is a cultural universal. The contribution
to survival and future reproductive potential, especially of tribal lead-
ers, is overwhelming, and so is the warlike imperative of tribal defense.
"Our country!" declared Commodore Stephen Decatur, hard-fighting
hero of the War of 1812, "may she always be right; but our country, right
or wrong." (Personal aggressiveness has its Darwinian limits, however;
Decatur was killed in a duel in 1820.)

Biologists have determined that territoriality is not unavoidable
during social evolution. It is apparently entirely absent in many ani-
mal species. The territorial instinct arises during evolution when
some vital resource serves as a "density-dependent factor." That is, the
growth of population density is slowed incrementally by an increasing
shortage of food, water, nest sites, or the entire local terrain available to
individuals searching for these resources. Death rates increase or birth
rates decrease, or both, until the two rates come more or less into bal-
ance and population density levels off. Under such circumstances
animal species tend to evolve territorial behavior. The theoretical ex-
planation is that individuals hereditarily predisposed to defend private
resources for themselves and their social group pass more genes on to
the next generation.

In contrast, the growth of other species is not leveled off by limiting
resources but by rising amounts of emigration, disease, or predation.
When such alternative density-dependent factors are paramount, and
resource control is therefore not required, territorial defense usually
does not evolve as a hereditary response.

Humanity is decidedly a territorial species. Since the control of
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limiting resources has been a matter of life and death through millen-
nia of evolutionary time, territorial aggression is widespread and reac-
tion to it often murderous. It is comforting to say that war, being
cultural in origin, can be avoided. Unfortunately, that bit of conven-
tional wisdom is only a half truth. It is more nearly correct—and far
more prudent—to say that war arises from both genes and culture and
can best be avoided by a thorough understanding of the manner in
which these two modes of heredity interact within different historical
contexts.

Contractual agreement so thoroughly pervades human social be-
havior, virtually like the air we breathe, that it attracts no special
notice—until it goes bad. Yet it deserves focused scientific research for
the following reason. All mammals, including humans, form societies
based on a conjunction of selfish interests. Unlike the worker castes of
ants and other social insects, they resist committing their bodies and
services to the common good. Rather, they devote their energies to
their own welfare and that of close kin. For mammals, social life is a
contrivance to enhance personal survival and reproductive success. As
a consequence, societies of nonhuman mammalian species are far less
organized than the insect societies. They depend on a combination of
dominance hierarchies, rapidly shifting alliances, and blood ties.
Human beings have loosened this constraint and improved social
organization by extending kinshiplike ties to others through long-term
contracts.

Contract formation is more than a cultural universal. It is a human
trait as characteristic of our species as language and abstract thought,
having been constructed from both instinct and high intelligence.
Thanks to ground-breaking experiments by the psychologists Leda
Cosmides and John Tooby at the University of California at Santa Bar-
bara, we know that contract formation is not simply the product of a
single rational faculty that operates equally across all agreements made
among bargaining parties. Instead, one capacity, the detection of
cheating, is developed to exceptional levels of sharpness and rapid cal-
culation. Cheater detection stands out in acuity from mere error de-
tection and the assessment of altruistic intent on the part of others. It is
furthermore triggered as a computation procedure only when the cost
and benefits of a social contract are specified. More than error, more
than good deeds, and more even than the margin of profit, the pos-
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sibility of cheating by others attracts attention. It excites emotion and
serves as the principal source of hostile gossip and moralistic aggres-
sion by which the integrity of the political economy is maintained.

T H E G E N E T I C F I T N E S S hypothesis—that the most widely distrib-
uted traits of culture confer Darwinian advantage on the genes that
predispose them—has been reasonably well borne out by the evi-
dence. Widely distributed traits are usually adaptive, and their exis-
tence accords with the first principles of evolution by natural selection.
It is further true that by and large people behave in their daily lives as
though somehow guided, whether consciously or unconsciously, by
these first principles. The value of the genetic fitness hypothesis lies in
the insights concerning human nature it provides and the productive
new directions in scholarly research it has stimulated.

There are nonetheless many weaknesses in the genetic fitness hy-
pothesis. For the most part the flaws are due not to contradictory evi-
dence but to a scarcity of relevant information. Because human
behavioral genetics is still in its infancy, there is a near-absence of di-
rect links between particular genes and behavior underlying the uni-
versal culture traits. The observed fit between theory and fact is based
mostly on statistical correlation. One of the rare exceptions, described
in the previous chapter, is the connection successfully made between
the genetics and vocabulary of color vision.

The epigenetic rules that guide behavioral development are also
largely unexplored, and as a result the exact nature of gene-culture co-
evolution can in most cases only be guessed. It makes all the difference
in the world whether epigenetic rules are rigid, specialized functions
of the brain, and thus resemble animal instinct, or whether they are
more generalized rational algorithms that function across a wide range
of behavioral categories. The evidence to date shows that both kinds of
epigenetic rules, narrow and broad, exist. For example, the use of the
smile is narrowly channeled by one set of rules, while territorial re-
sponse is broadly channeled by another. But until such rules are better
documented and disentangled, along with the manner in which they
guide mental development, it will be difficult to account for the wide
cultural variation that occurs in a majority of behavioral categories.

These shortcomings in behavioral genetics and development are
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conceptual, technical, and deep. But they are ultimately solvable. Un-
less new evidence commands otherwise, trust is wisely placed in the
natural consilience of the disciplines now addressing the connection
between heredity and culture, even if support for it is accumulating
slowly and in bits and pieces. The resolution of the difficulties awaits
the further expansion of biology and its coalescence with psychology
and anthropology.

T H E C A T E G O R Y O F human behavior that provides the fullest test
of the genetic fitness hypothesis to date is incest avoidance. A large
amount of information concerning the phenomenon has become
available at different levels of biology and culture. The behavior itself
is universal, or nearly so. It is also relatively clear-cut in expression.
Sexual activity in all societies is relatively uncommon between siblings
and between parents and their offspring; children produced by such
activity are rare; and long-term unions made with the consensual pur-
pose of having such children are almost nonexistent.

The current explanation of incest avoidance, which combines ge-
netic and cultural evolution, is a straightforward sociobiological exer-
cise. Inbreeding at the level of siblings and parents and children yields
a high percentage of offspring with genetic defects. Humans tend to
avoid this risk by unconscious obedience to the following epigenetic
rule: If a boy and girl are brought together before one or the other is
thirty months of age and then raised in close domestic proximity—use
the same potty, so to speak—they are devoid of later sexual interest in
each other, and the very thought of it arouses an acute aversion. This
emotional incapacity, fortified in many societies by a rational under-
standing of the consequence of inbreeding, has led to the cultural in-
cest taboos, which prohibit incest by custom and law.

The risk of defective children from incest—inbreeding depression
as it is called by geneticists—is now well understood. On average, each
person carries somewhere on his twenty-three pairs of chromosomes
two sites that contain recessive lethal genes. The sites can be almost
anywhere on the chromosomes. They also differ in exact number and
location from one person to the next. Only one of the two homologous
chromosomes in the affected pair carries lethals at the site; the other
homologous chromosome carries a normal gene, which overrides the
effects of the lethal gene. The reason is the lethality itself. When both
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chromosomes carry a lethal gene at a particular site, the fetus is
aborted or the child dies in infancy.

Consider a woman with a lethal gene at one such site. If she is im-
pregnated by her brother, and if their parents themselves are unre-
lated, her child has one chance in eight of dying as a fetus or as an
infant. If she has lethal genes at two such sites, her child has about one
chance in four of dying. There exist in addition a horde of other reces-
sive genes that cause crippling anatomical and mental defects. The
total effect is that early mortality of children born of incest is about
twice that of outbred children, and among those that survive, genetic
defects such as dwarfism, heart deformities, severe mental retardation,
deaf-mutism, enlargement of the colon, and urinary tract abnormali-
ties are ten times more common.

The destructive consequence of incest is a general phenomenon
not just in humans but also in plants and animals. Almost all species
vulnerable to moderate or severe inbreeding depression use some bio-
logically programmed method to avoid incest. Among the apes, mon-
keys, and other nonhuman primates the method is two-layered. First,
among all nineteen social species whose mating patterns have been
studied, young individuals tend to practice the equivalent of human
exogamy: Before reaching full adult size they leave the group in which
they were born and join another. In the lemurs of Madagascar and in
the majority of monkey species from both the Old and New Worlds, it
is the males who emigrate. In red colobus monkeys, hamadryas ba-
boons, gorillas, and chimpanzees of Africa, the females leave. In
howler monkeys of Central and South America, both sexes depart.
The restless young of these diverse primate species are not driven out
of the group by aggressive adults. Their departure appears to be en-
tirely voluntary.

Whatever its ultimate evolutionary origin, and however else it af-
fects reproductive success, the emigration of young primates prior to
reaching full sexual maturity greatly reduces the potential for inbreed-
ing. But the barrier against inbreeding is reinforced by a second line of
resistance. This is the avoidance of sexual activity by even those indi-
viduals who remain with their natal group. In all the social nonhuman
primate species whose sexual development has been carefully studied,
including marmosets and tamarins of South America, Asian ma-
caques, baboons, and chimpanzees, both adult males and females dis-
play the "Westermarck effect": They spurn individuals with whom
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they were closely associated in early life. Mothers and sons almost
never copulate, and brothers and sisters kept together mate much less
frequently than do more distantly related individuals.

This elemental response was discovered, not in monkeys and apes,
but in human beings, by the Finnish anthropologist Edward A. Wester-
marck and first reported in his 1891 masterwork The History of Human
Marriage. The existence of the phenomenon has gained increasing
support from many sources in the intervening years. None is more per-
suasive than the study of "minor marriages" in Taiwan by Arthur P.
Wolf of Stanford University. Minor marriages, formerly widespread in
southern China, are those in which unrelated infant girls are adopted
by families, raised with the biological sons in an ordinary brother-sister
relationship, and later married to the sons. The motivation for the
practice appears to be to insure partners for sons when an unbalanced
sex ratio and economic prosperity combine to create a highly competi-
tive marriage market.

Across four decades, from 1957 to 1995, Wolf studied the histories of
14,200 Taiwanese women contracted for minor marriage during the
late nineteenth and early twentieth centuries. The statistics were sup-
plemented by personal interviews with many of these "little daughters-
in-law," or sim-pua, as they are known in the Hokkien language, as well
as with their friends and relatives.

What Wolf had hit upon was a controlled—if unintended—experi-
ment in the psychological origins of a major piece of human social be-
havior. The sim-pua and their husbands were not biologically related,
thus taking away all of the conceivable factors due to close genetic
similarity. Yet they were raised in a proximity as intimate as that experi-
enced by brothers and sisters in Taiwanese households.

The results unequivocally favor the Westermarck hypothesis.
When the future wife was adopted before thirty months of age, she
usually resisted later marriage with her de facto brother. The parents
often had to coerce the couple to consummate the marriage, in some
cases by threat of physical punishment. The marriages ended in di-
vorce three times more often than "major marriages" in the same com-
munities. They produced nearly 40 percent fewer children, and a third
of the women were reported to have committed adultery, as opposed to
about 10 percent of wives in major marriages.

In a meticulous series of cross-analyses, Wolf identified the key in-
hibiting factor as close coexistence during the first thirty months of life
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of either or both of the partners. The longer and closer the association
during this critical period, the stronger the later effect. Wolfs data
allow the reduction or elimination of other imaginable factors that
might have played a role, including the experience of adoption, finan-
cial status of the host family, health, age at marriage, sibling rivalry,
and the natural aversion to incest that could have arisen from confus-
ing the pair with true, genetic siblings.

A parallel unintended experiment has been performed in Israeli
kibbutzim, where children are raised in crèches as closely as broth-
ers and sisters in conventional families. The anthropologist Joseph
Shepher and his co-workers reported in 1971 that among 2,769 mar-
riages of young adults reared in this environment, none was between
members of the same kibbutz peer group who had lived together since
birth. There was not even a single known case of heterosexual activity,
despite the fact that the kibbutz adults were not especially opposed
to it.

From these examples, and a great deal of additional anecdotal
evidence gleaned from other societies, it is evident that the human
brain is programmed to follow a simple rule of thumb: Have no sexual
interest in those whom you knew intimately during the earliest years of
your life.

The Westermarck effect is also consistent with the principle of
graded effect in psychology. The evidence from across many societies
shows that the more intimate the association during the critical period
of early childhood, the less likely is it that heterosexual activity will
occur. Hence mother-son incest, which is inhibited by the intense
bonding during the infancy of the son, is by far the rarest kind. Next in
scarcity is sibling incest, then sexual abuse of girls by their biological
fathers (I say abuse because consent is seldom given freely by the
daughters), and finally sexual abuse of girls by their stepfathers.

Yet, while the evidence makes a tidy and persuasive picture, we are
still far from a full explanation of incest avoidance. There is no conclu-
sive proof that the Westermarck effect originated from genetic evolu-
tion by natural selection. Certainly all the signs point that way. Incest
avoidance diminishes inbreeding and thereby increases the produc-
tion of healthy offspring. Given even a small amount of genetic varia-
bility in sexual responsiveness to childhood associates, the differences
in fitness based on it would have been strong enough, in population
genetics theory at least, to spread the Westermarck effect throughout
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the population from a very low incidence to widespread occurrence in
as few as ten generations. Further evidence is the occurrence of the ef-
fect in other primates, including our closest living relatives the chim-
panzees, where it is unquestionably genetic, not cultural, in origin.
Still, no attempt has been made to measure heritability in the human
response or to discover the genes underwriting it.

A second shortcoming on the research front is that we do not know
the exact psychological source of the Westermarck effect. The stimuli
from childmates that trigger the inhibition have not been pinpointed.
It is not known whether they occur during play, eating together, un-
avoidable aggressive exchanges, or other events more subtle and per-
haps only subliminally sensed. The critical stimuli could be anything,
large or small, visual, auditory, or olfactory, and not necessarily under-
stood in any ordinary adult sense. The essence of instinct as inter-
preted by biologists is that it is evoked by simple cues that need only be
associated in real life with the object to which it is directed. A scent or
a single touch at a critical moment can unleash complex behavior, or
inhibit it.

A further complication in the story of human incest avoidance is
the existence of a third barrier, incest taboos, the culturally transmitted
sets of rules that prohibit sexual activity among very close relatives.
Many societies permit or even encourage marriages between first
cousins, especially when the bonding serves group cohesion and con-
solidates wealth, but forbid it between siblings and half siblings.

The taboos, being conscious inventions and not simple instinctive
responses, vary enormously in detail from one society to the next. In
many cultures they are interwoven with the strictures of kinship classi-
fication and exogamous marriage contracts. In preliterate societies
incest is commonly thought to be connected with cannibalism, vam-
pirism, and malign witchcraft, each of which is punishable on its own
account. Modern societies enact laws to discourage incest. During the
Commonwealth and Protectorate period of England, from 1650 to the
Restoration a decade later, it was punishable by death. In Scotland
until 1887, it was nominally a capital offense, although transgressions
seldom drew more than life imprisonment. In the United States incest
has been generally treated as a felony punishable by fine, imprison-
ment, or both. The sexual abuse of children is considered all the more
abhorrent when it is in addition incestuous.
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History, as ever true for human mores generally, records excep-
tions. Societies with some degree of permissiveness have included the
Incas, Hawaiians, Thais, ancient Egyptians, Nicole (Uganda), Bunyoro
(Uganda), Ganda (Uganda), Zande (Sudan), and Dahomeyans of
West Africa. In each case the practice is (or in most instances was, hav-
ing been discontinued) surrounded by ritual and limited to royalty or
other groups of high status. In all the incestuous arrangements the
male also consorted with other women, fathering outbred children in
addition to "pure" progeny. The ruling families are or were patrilineal.
The strategy yielding maximum genetic fitness for a high-ranking male
is to mate with his own sister, producing children who share with him
75 percent of their genes by common descent, instead of the usual 50
percent, and also to mate with women who are genetically unrelated
and more likely to give birth to normal children. Less easily explained
are the common and well-documented cases of brother-sister mar-
riages among commoners in Roman Egypt, from about 30 B.C. to A.D.
324. Papyrus texts from the period reveal beyond reasonable doubt
that at least some of the siblings engaged in full and unabashed sexual
relations.

Incest taboos have led us, once again, to the borderland between
the natural and social sciences. The question they raise is as follows:
What is the relation between the Westermarck effect, which is biologi-
cal, and the incest taboos, which are cultural?

The issue can be drawn more sharply by distinguishing the two
principal hypotheses that compete for the explanation of human incest
avoidance. The first is Westermarck's, which I will now summarize in
updated language: People avoid incest because of a hereditary epige-
netic rule of human nature that they have translated into taboos. The
opposing hypothesis is that of Sigmund Freud. There is no Wester-
marck effect, the great theoretician insisted when he learned of it. Just
the opposite: Heterosexual lust among members of the same family is
primal and compelling, and not forestalled by any instinctive inhibi-
tion. In order to prevent such incest, and the consequent disastrous rip-
ping apart of family bonds, societies invent taboos. One result, which
Freud developed as part of his grand scheme for psychology, is the
Oedipus complex, the unresolved desire of a son for sexual gratifica-
tion with his mother and his simultaneous hatred for the father, who is
seen as a rival. "The first choice of object in mankind," he wrote in
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1917, "is regularly an incestuous one, directed to the mother and sister
of men, and the most stringent prohibitions are required to prevent
this sustained infantile tendency from being carried into effect."

Labeling the idea of the Westermarck effect "preposterous," Freud
carried the day from the very start. The findings of psychoanalysis, he
asserted, make the phenomenon untenable. He also drew heavily on a
rebuttal by James Frazer, the British anthropologist, classicist, and au-
thor of The Golden Bough. If the Westermarck effect really existed,
Frazer reasoned, no taboos would be required. "It is not easy to see
why any deep human instinct should need to be reinforced by law."
That logic prevailed in textbooks and scholarly reviews for most of the
rest of the twentieth century.

Westermarck's response to Frazer was simple, equally logical, and
supported by growing amounts of evidence, but ignored in the tri-
umphant onrush of psychoanalytic theory. Individual humans, Wester-
marck said, reason as follows: I am sexually indifferent to my parents
and siblings. Yet occasionally I wonder what it would be like to have sex
with them. The thought is repugnant! Incest is forced and unnatural. It
would alter or break other bonds I have formed with them and must
maintain on a day-to-day basis for my own welfare. Incest by others is
by extension also repugnant to my mind, and evidently to that of others
too, and so the rare cases in which it occurs should be condemned as
immoral.

Reasonable as that explanation may be, and supported by evi-
dence, it is nevertheless easy to see why Freud and a host of other in-
fluential social theorists reacted so vehemently to the Westermarck
effect. It imperiled a foundation piece of modernist thought, calling
into question what had come to be regarded as a major intellectual
advance of the era. Wolf has expressed the difficulty with precision:
"Freud saw all too clearly that if Westermarck was right, he was
wrong. The possibility that early childhood association suppressed
sexual attraction had to be denied lest the basis of the Oedipus com-
plex crumble and with it his conception of personality dynamics, his
explanation of neuroses, and his grand view of the origins of law, art,
and civilization."

The Westermarck effect rocks other boats as well. There is the mat-
ter of whether social regulation in general exists to repress human na-
ture or to express it. And from that comes the not so trivial question of
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what incest taboos imply about the origins of morality. Orthodox social
theory holds that morality is largely a convention of obligation and
duty constructed from mode and custom. The alternative view, fa-
vored by Westermarck in his writings on ethics, is that moral concepts
are derived from innate emotions.

In the clash of ethical theory at least, the matter of incest avoidance
can be settled empirically. Either Westermarck or Freud was factually
right. The evidence now leans strongly to Westermarck. Yet there is
more to incest taboos than the mere grafting of cultural conventions
onto personal preference. It is also possible for people to observe the
effects of inbreeding directly. They are capable of recognizing in at
least a vague way that deformed children are a frequent product of in-
cestuous unions. William H. Durham, a colleague of Arthur Wolfs at
Stanford University, searched the ethnographic records of sixty soci-
eties chosen at random from around the world for references to any
form of understanding of the consequences of incest. He found that
twenty showed some degree of such awareness. The Tlingit Amerindi-
ans of the Pacific Northwest, for example, grasped in a straightforward
manner that defective children are often produced from matings of
very close kin. Other societies not only knew that much, but also devel-
oped folk theories to explain it. The Lapps of Scandinavia spoke of
"bad blood" created by incest. The Tikopian Polynesians thought that
mara, the doom generated by partners in incest, is transmitted to their
young. The Kapauku of New Guinea, in a similar theory, believed that
the act of incest causes a deterioration of the vital substances of the
transgressors, which is then passed on to their children. The Toradja of
Sulawesi, Indonesia, were more cosmic in their interpretation. They
said that whenever people mate who have certain conflicting charac-
teristics, as between close kin, nature is thrown into confusion.

Curiously, while fifty-six of Durham's sixty societies had incest mo-
tifs in one or more of their myths, only five contained accounts of evil
effects. A somewhat larger number ascribed beneficial results, in par-
ticular the creation of giants and heroes. But even here incest was
viewed as something special if not abnormal.

In summary, the factual picture emerging from research on
human incest avoidance is one of multiple, successive barriers. Up
front is the Westermarck effect, the ancient sexual desensitization
found in all other primates thus far, and thus likely to be universal in
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humans. Next there is the dispersal of the young at sexual maturity,
also a universal primate trait, manifested in humans by adolescent rest-
lessness and the formal practices of exogamous marriage. The deeper
psychological motivations of the dispersal behaviors and the epige-
netic rules composing them remain unknown. Finally, there are the
cultural incest taboos, which enhance the Westermarck effect and dis-
persal. The taboos seem likely to have arisen from the Westermarck ef-
fect but also, in a minority of societies, from a direct perception of the
destructive effects of inbreeding.

By translating the Westermarck effect into incest taboos, humans
appear to pass from pure instinct to pure rational choice. But do they
really? What is rational choice anyway? I suggest that rational choice is
the casting about among alternative mental scenarios to hit upon the
ones which, in a given context, satisfy the strongest epigenetic rules. It
is these rules and this hierarchy of their relative strengths by which
human beings have successfully survived and reproduced for hun-
dreds of millennia. The incest avoidance case may illustrate the man-
ner in which the coevolution of genes and culture has woven not just
part but all of the rich fabric of human social behavior.



CHAPTER 9

THE SOCIAL SCIENCES

P E O P L E E X P E C T from the social sciences—anthropology, sociol-
ogy, economics, and political science—the knowledge to understand
their lives and control their future. They want the power to predict, not
the preordained unfolding of events, which does not exist, but what
will happen if society selects one course of action over another.

Political life and the economy are already pivoted upon the pre-
sumed existence of such a predictive capacity. The social sciences are
striving to achieve it, and to do so largely without linkage to the natural
sciences. How well are they doing on their own? Not very well, consid-
ering their track record in comparison with the resources placed at
their command.

The current status of the social sciences can be put in perspective
by comparing them with the medical sciences. Both have been en-
trusted with big, urgent problems. Medical scientists are paid, for ex-
ample, to cure cancer, correct genetic birth defects, and repair severed
nerve cords. Social scientists are expected to tell us how to moderate
ethnic conflict, convert developing countries into prosperous democ-
racies, and optimize world trade. In both spheres the problems have
been intractably complex, partly because the root causes are poorly
understood.

The medical sciences are nevertheless progressing dramatically.
Breakthroughs have been achieved in basic research and others are
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expected at any time, perhaps leading to more and more noninvasive,
magic-bullet cures. Excitement runs high through global information
networks connecting thousands of well-funded research groups.
Neurobiologists, virologists, and molecular geneticists understand and
encourage one another even as they compete in the race for discovery.

There is also progress in the social sciences, but it is much slower,
and not at all animated by the same information flow and optimistic
spirit. Cooperation is sluggish at best; even genuine discoveries are
often obscured by bitter ideological disputes. For the most part, anthro-
pologists, economists, sociologists, and political scientists fail to under-
stand and encourage one another.

The crucial difference between the two domains is consilience:
The medical sciences have it and the social sciences do not. Medical
scientists build upon a coherent foundation of molecular and cell
biology. They pursue elements of health and illness all the way down
to the level of biophysical chemistry. The success of their individual
projects depends on the fidelity of their experimental design to funda-
mental principles, which the researchers endeavor to make consistent
across all levels of biological organization from the whole organism
down, step by step, to the molecule.

Social scientists, like medical scientists, have a vast store of factual
information and an arsenal of sophisticated statistical techniques for
its analysis. They are intellectually capable. Many of their leading
thinkers will tell you, if asked, that all is well, that the disciplines are on
track—sort of, more or less. Still, it is obvious to even casual inspection
that the efforts of social scientists are snarled by disunity and a failure of
vision. And the reasons for the confusion are becoming increasingly
clear. Social scientists by and large spurn the idea of the hierarchical
ordering of knowledge that unites and drives the natural sciences. Split
into independent cadres, they stress precision in words within their
specialty but seldom speak the same technical language from one
specialty to the next. A great many even enjoy the resulting overall
atmosphere of chaos, mistaking it for creative ferment. Some favor par-
tisan social activism, directing theory into the service of their personal
political philosophies. In past decades, social scientists have endorsed
Marxism-Leninism, or—as much as the misguided biologists who usu-
ally receive the blame—the worst excesses of Social Darwinism. Today
various factions favor ideological positions ranging from laissez-faire
capitalism to radical socialism, while a few promote versions of post-
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modernist relativism that question the very idea of objective knowl-
edge itself.

They are easily shackled by tribal loyalty. Much of what passes for
social theory is still in thrall to the original grand masters—a bad sign,
given the principle that progress in a scientific discipline can be mea-
sured by how quickly its founders are forgotten. Simon Blackburn, in
The Oxford Dictionary of Philosophy, provides an instructive example:
"The tradition of semiotics that follows Saussure is sometimes referred
to as semiology. Confusingly, in the work of Kristeva, the term is appro-
priated for the nonrational effluxes of the infantile part of the self."
And so on through the byways of critical theory, functionalism, histori-
cism, antihistoricism, structuralism, poststructuralism, and—if the
mind is not steeled to resist—thence into the pits of Marxism and
psychoanalytic theory where so much of academia disappeared in the
twentieth century.

Each of these enterprises has contributed something to under-
standing the human condition. The best of the insights, if pieced to-
gether, explain the broad sweep of social behavior, at least in the same
elementary sense that preliterate creation myths explain the universe,
that is, with conviction and a certain internal consistency. But never—
I do not think that too strong a word—have social scientists been able
to embed their narratives in the physical realities of human biology
and psychology, even though it is surely there and not some astral
plane from which culture has arisen.

I grant that a large measure of humility is in order for any critic.
Everyone knows that the social sciences are hypercomplex. They are
inherently far more difficult than physics and chemistry, and as a result
they, not physics and chemistry, should be called the hard sciences.
They just seem easier, because we can talk with other human beings
but not with photons, gluons, and sulfide radicals. Consequently, too
many social-science textbooks are a scandal of banality.

Such is the paradox of the social sciences. Familiarity bestows
comfort, and comfort breeds carelessness and error. Most people
believe they know how they themselves think, how others think too,
and even how institutions evolve. But they are wrong. Their under-
standing is based on folk psychology, the grasp of human nature by
common sense—defined (by Einstein) as everything learned to the
age of eighteen—shot through with misconceptions, and only slightly
advanced over ideas employed by the Greek philosophers. Advanced
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social theorists, including those who spin out sophisticated mathemati-
cal models, are equally happy with folk psychology. As a rule they
ignore the findings of scientific psychology and biology. That is part
of the reason, for example, why social scientists overestimated the
strength of communist rule and underestimated the strength of ethnic
hostility. They were genuinely startled when the Soviet empire col-
lapsed, popping the cap off the superpower pressure cooker, and were
surprised again when one result of this release of energies was the
breakout of ethnic strife and nationalistic wars in the spheres of dimin-
ished Russian influence. The theorists have consistently misjudged
Muslim fundamentalism, which is religion inflamed by ethnicity. At
home in America, they not only failed to foresee the collapse of the
welfare state, but still cannot agree on its causes. In short, social scien-
tists as a whole have paid little attention to the foundations of human
nature, and they have had almost no interest in its deep origins.

The social sciences are hampered in this last regard by the residue
of strong historical precedent. Ignorance of the natural sciences by de-
sign was a strategy fashioned by the founders, most notably Emile
Durkheim, Karl Marx, Franz Boas, and Sigmund Freud, and their im-
mediate followers. They aimed to isolate their nascent disciplines from
the foundational sciences of biology and psychology, which at the in-
ception of the social sciences were in any case too primitive to be of
clear relevance. This stance was fruitful at first. It allowed scholars to
search widely for patterns in culture and social organization unencum-
bered by the patronage of the natural sciences, and to compose such
laws of social action as the prima facie evidence demanded. But once
the pioneering era ended, the theorists were mistaken not to include
biology and psychology. It was no longer a virtue to avoid the roots of
human nature.

The theorists were inhibited from probing in that direction by an-
other problem endemic to the social sciences: political ideology. Its ef-
fects have been especially clear in American anthropology. Franz
Boas, aided by his famous students Ruth Benedict and Margaret
Mead, led a crusade against what they perceived (correctly) to be the
eugenics and racism implicit in Social Darwinism. With caution swept
aside by moral zeal, they turned opposition into the new ideology of
cultural relativism. The logic of the ideology, still shared in varying de-
gree by most professional anthropologists, can be expressed as follows:
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It is wrong to suppose that "civilized" peoples are the winners over
"primitive" peoples in a Darwinian struggle for existence, hence supe-
rior; it is wrong to think that the differences between them are due to
their genes rather than a product of historical circumstance. Further-
more, culture is wondrously complex and tuned to the environment in
which it has evolved. Therefore, it is misleading to think of cultures as
evolving from a lower to a higher status, and it is wrong to entertain bio-
logical explanations of cultural diversity.

Believing it a virtue to declare that all cultures are equal but in dif-
ferent ways, Boas and other influential anthropologists nailed their flag
of cultural relativism to the mast. During the 1960s and 1970s this sci-
entific belief lent strength in the United States and other Western
societies to political multiculturalism. Also known as identity politics,
it holds that ethnics, women, and homosexuals possess subcultures de-
serving equal standing with those of the "majority," even if the doctrine
demotes the idea of a unifying national culture. The United States
motto, E pluribus unum, "out of the many, one," was turned around to
"out of the one, many"; and those who wished it so asked this question
with a good measure of reasonableness: What can be wrong with iden-
tity politics if it increases the civil rights of individuals? Many anthro-
pologists, their instincts fortified by humanitarian purpose, grew
stronger in their support of cultural relativism while stiffening their op-
position to biology in any guise.

So, no biology. The reasoning then came full circle with a twist
that must have brought a smile to the little gods of irony. Where cul-
tural relativism had been initiated to negate belief in hereditary behav-
ioral differences among ethnic groups—undeniably an unproven and
ideologically dangerous conception—it was then turned against the
idea of a unified human nature grounded in heredity. A great conun-
drum of the human condition was created: If neither culture nor a
hereditary human nature, what unites humanity? The question cannot
be just left hanging, for if ethical standards are molded by culture, and
cultures are endlessly diverse and equivalent, what disqualifies theoc-
racy, for example, or colonialism? Or child labor, torture, and slavery?

IN C O N F U S E D R E S P O N S E to the question, anthropology is today
breaking into two cultures of its own, different but equal (of course) in
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merit. The biological anthropologists attempt to explain culture as ul-
timately a product of the genetic history of humanity, renewed each
generation by the decisions of individuals influenced by that history. In
sharp contrast, the cultural anthropologists, descendants of Boas, see
culture as a higher-order phenomenon largely free of genetic history
and diverging from one society to the next virtually without limit. The
view of the biological anthropologists can be likened to the film series
Star Wars, whose aliens have different physical anatomies but are
rather disconcertingly united by an unshakable human nature. The
view of the cultural anthropologists is more that of the film Invasion of
the Body Snatchers, whose protagonists take human form but retain
their alien natures. (The film that got it right is Independence Day: If
not human, it correctly suggests, everything is alien.)

The schismatic state of contemporary anthropology is illustrated
by the resolution passed by officers of the American Anthropological
Association in 1994, affirming on the one hand an "abiding commit-
ment to biological and cultural variation" and on the other hand a "re-
fusal to biologize or otherwise essentialize diversity." No way was
spelled out to reconcile the two contradictory goals.

How then is diversity to be addressed within anthropology? In the
absence of a common search for consilient explanation, there is no so-
lution. The schism between the two camps will continue to deepen.
While biological anthropologists increasingly focus on heredity and re-
constructions of human evolution, cultural anthropologists will drift
farther away from the natural sciences. To an increasing degree they
already align their scholarship with the humanities, analyzing each
culture—say, Kwakiutl, Yanomamo, Kapauku, Japanese—as a unique
entity. They see culture overall as neither predictable nor even defin-
able by laws derived from the natural sciences. Some have gone so far
as to adopt the extreme postmodernist view that science is just another
way of thinking, one respectable intellectual subculture in the com-
pany of many.

C O N T E M P O R A R Y S O C I O L O G Y STANDS even farther apart from
the natural sciences than anthropology. As generally practiced, it can
be defined as the anthropology of complex societies, especially those to
which sociologists themselves belong. Anthropology can be conversely
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defined as the sociology of simpler, more remote societies, those to
which anthropologists do not belong. Where a representative socio-
logical topic is the relationship of family income to American divorce
rates, a typical anthropological topic is Sudanese bridewealth.

Much of modern sociology features exact measurement and statis-
tical analysis. But apart from scattered heretics, among the most out-
spoken of whom are Pierre L. van den Berghe of the University of
Washington, Lee Ellis of Minot State University, Joseph Lopreato of
the University of Texas, and Walter L. Wallace of Princeton University,
academic sociologists have remained clustered near the nonbiological
end of the culture studies spectrum. Many are, in Ellis' expression,
biophobic—fearful of biology and determined to avoid it. Even psy-
chology is treated gingerly. James S. Coleman of the University of
Chicago, a distinguished and influential mainstream theorist profi-
cient in the analytic methods of the natural sciences, could say (in
1990) that "the principal task of the social sciences is the explanation of
social phenomena, not the behavior of single individuals. In isolated
cases the social phenomenon may derive directly, through summa-
tion, from the behavior of individuals, but more often this is not so.
Consequently, the focus must be on the social system whose behavior
is to be explained. This may be as small as a dyad or as large as a society
or even a world system, but the essential requirement is that the ex-
planatory focus be on the system as a unit, not on the individuals or
other components which make it up."

To appreciate how far removed Coleman's research strategy is from
that of the natural sciences, substitute organism for system, cell for in-
dividual, and molecules for other components, and his statement be-
comes, "the essential requirement is that the explanatory focus be on
the organism as a unit, not on the cell or molecules which make it up."
Biology would have remained stuck around 1850 with such a flat per-
spective. Instead, biology is a science that traces causation across many
levels of organization, from brain and ecosystem down to atom. There
is no obvious reason why sociology should not have a similar orienta-
tion, guided by a vision sweeping from society to neuron.

A century after the publication of Durkheim's manifesto The Rules
of Sociological Method (1894), which helped set the ground rules, the
narrowly stratal approach of the discipline to the study of industrial-
ized societies remains nearly unchanged. Robert Nisbet of Columbia
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University, in a revealing interpretation of classical sociology, sees the
field as having originated more as an art form than as a science, how-
ever grand in conception. Nisbet cites Herbert Read's preferred goal of
great art as not just the satisfaction of personal needs, or even the rep-
resentation of philosophical or religious ideas, but the creation of a
synthetic and internally consistent world through images that "tell us
something about the universe, something about nature, about man, or
about the artist himself."

Sociology did not, in Nisbet's view, grow as a logical extension of
the natural sciences, the course its prophets had foretold in the late
Enlightenment. Rather it was created whole from the master themes
of the Western ethos, among them individualism, freedom, social
order, and progressive change. Much of the classic literature of
sociology, Nisbet observed, comprises well-wrought vistas of social,
economic, and political life in nineteenth- and early-twentieth-century
Western Europe. "What Tocqueville and Marx, and then Toennies,
Weber, Durkheim, and Simmel, gave us in their greatest works, rang-
ing from Democracy in America and Capital to Toennies on Gemein-
schaft und Gesellschaft or Simmel on Metropolis, is a series of
landscapes, each as distinctive and compelling as any to be found
among the greater novels or paintings of their age." The dominant
tropes of modern sociology, from community and authority to status
and sacrament and finally alienation, have grown luxuriantly in this
humanistic soil.

Sociology's chimeric origin, from bits and pieces of science and
the humanities, is the reason it remains today the stronghold of the
Standard Social Science Model (SSSM), the sovereign doctrine of
twentieth-century social theory. The SSSM views culture as a complex
system of symbols and meanings that mold individual minds and social
institutions. That much is obviously true. But the SSSM also sees cul-
ture as an independent phenomenon irreducible to elements of biolo-
gy and psychology, thus the product of environment and historical
antecedents.

In purest form the Standard Social Science Model turns the intui-
tively obvious sequence of causation upside down: Human minds do
not create culture but are themselves the product of culture. This rea-
soning is based, once again, on the slighting or outright denial of a bio-
logically based human nature. Its polar opposite is the doctrine of
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genetic determinism, the belief that human behavior is fixed in the
genes, and that its most destructive properties, such as racism, war, and
class division, are consequently inevitable. Genetic determinism, pro-
ponents of the strong form of the SSSM say, must be resisted not only
because it is factually incorrect but because it is morally wrong.

To be fair, I have never met a biologist who believes in genetic de-
terminism as just defined. Conversely, although the extreme form of
the SSSM was widely held among serious scholars in the social sci-
ences twenty years ago, today it is rare. Still, the clash of antipodean
views is a staple of popular culture, and it is unfortunately perpetuated
by journalists and college teachers. When the matter is drawn this way,
scholars spring to their archaic defensive postures. Confusion contin-
ues to reign, and angry emotions flare.

E N O U G H ! A century of misunderstanding, the drawn-out Verdun
and Somme of Western intellectual history, has run its exhausting
course, and the culture wars are an old game turned stale. It is time to
call a truce and forge an alliance. Within the broad middle ground
between the strong versions of the Standard Social Science Model
and genetic determinism, the social sciences are intrinsically com-
patible with the natural sciences. The two great branches of learning
will benefit to the extent that their modes of causal explanation are
made consistent.

The first step in the approach to consilience is to recognize that
while the social sciences are truly science, when pursued descriptively
and analytically, social theory is not yet true theory. The social sciences
possess the same general traits as the natural sciences in the early,
natural-history or mostly descriptive period of their historical develop-
ment. From a rich data base they have ordered and classified social
phenomena. They have discovered unsuspected patterns of com-
munal behavior and successfully traced interactions of history and
cultural evolution. But they have not yet crafted a web of causal expla-
nation that successfully cuts down through the levels of organization
from society to mind and brain. Failing to probe this far, they lack what
can be called a true scientific theory. Consequently, even though they
often speak of "theory" and, moreover, address the same species and
the same level of organization, they remain disunited.
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One frequently encountered word for natural history in the social
sciences is hermeneutics. In its original, restricted usage the expres-
sion, drawn from the Greek hermēneutikós ("skilled in interpreta-
tion"), means the close analysis and interpretation of texts, and
especially of the Old and New Testaments. Writers in the social sci-
ences and humanities have expanded it to embrace the systematic
exploration of social relations and culture, in which each topic is ex-
amined by many scholars of differing viewpoints and cultures. Sound
hermeneutics usually takes long periods of time, even entire scholarly
generations. Because experiments can seldom be conducted on
human relationships, social scientists judge such studies partly by the
fullness of the descriptions and analysis, and partly by the reputations
of the experts addressing the subject and the degree of consensus they
reach. In recent years they have come increasingly to expect statistical
treatments of precisely measured replicate samples, wherever circum-
stances allow this adoption of the standard procedure of the natural
sciences.

All these criteria also mark the best of natural history as it is still
practiced through large sectors of biology, geology, and other branches
of the natural sciences. A respect for fine analysis of factual informa-
tion by trained intellects is what the social and natural sciences have in
common. In this sense the hermeneutics of Balinese religion is com-
parable to the natural history of the Balinese bird fauna.

But if natural history by whatever name is the foundation of all the
sciences, why is it not yet theory? The main reason is that it includes
little effort to explain phenomena by webs of causation across adjacent
levels of organization. The analysis is lateral, not vertical. In the Bali-
nese examples, natural history travels widely through culture, but not
from brain to mind to culture, and it travels across many bird species
but not from individual bird to species to ecosystem. Natural history
generates scientific theory when it links the best available knowledge
across the organizational levels. It creates rigorous scientific theory
when scholars propose competing and verifiable hypotheses that cap-
ture all of the plausible events operating across the different levels.

If social scientists choose to select rigorous theory as their ultimate
goal, as have the natural scientists, they will succeed to the extent they
traverse broad stretches of time and space. That means nothing less
than aligning their explanations with those of the natural sciences. It
also means avoiding, except at cocktail time, playful definitions of the
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kind proposed by the distinguished philosopher Richard Rorty, who
has contrasted hermeneutics with epistemology, the systematic theory
of knowledge: "We will be epistemological when we understand per-
fectly well what is happening but want to codify it in order to extend, or
strengthen, or teach, or 'ground' it. We must be hermeneutical where
we do not understand what is happening but are honest enough to
admit it.. .." In Rorty's proposal, hermeneutics is not the name for a
discipline or a program of research, as I have recognized it, but "an ex-
pression of hope that the cultural space left by the demise of episte-
mology will not be filled—that our culture should become one in
which the demand for constraint and confrontation is no longer felt."
Discourse among scholars, in short, can proceed without worrying
about consilience. About rigor too, it would seem. Although this con-
cession is welcomed by postmodernist scholars, it is a premature sur-
render that would drain much of the power and joy from scholarly
inquiry. Creativity in research can occur unexpectedly in any form of
inquiry, of course, but to resist linking discoveries by causal explana-
tion is to diminish their credibility. It waves aside the synthetic scien-
tific method, demonstrably the most powerful instrument hitherto
created by the human mind. Lazily, it devalues intellect.

P R E C I S E L Y WHAT FORM mightthe union between the social and
natural sciences take? Consider four disciplines in a stack encompass-
ing successively larger spans of space and time, as they might be de-
scribed by their practitioners.

The sociologist says, with justifiable pride, "We are interested in
the here and now, the fine analysis of life in particular complex socie-
ties, and cause and effect across recent history. We stand close to the
fine details, and we ourselves are often part of it, literally swimming in
the details. From our perspective variation in human social behavior
seems enormous, perhaps indefinitely plastic."

The anthropologist responds. "Yes, that's true as far as it goes. But
let's stand back and look again. Consider: We anthropologists study
thousands of cultures, many preliterate and nonindustrial, and the
variation we record is even greater than that encountered by the
sociologists. But I grant it is far from infinite in possible range. We have
observed clear limits and patterns within them. The information from
so many separate experiments in cultural evolution, those conducted
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separately for many centuries, may allow us to formulate laws of
human social action."

The primatologist, impatient, joins in. "True enough, comparative
information about simple and complex societies is the bone and sinew
of the social sciences. Still, your conceptions need to be put in an even
broader perspective. The variation in human behavior is enormous,
but it doesn't begin to encompass all the social arrangements we have
discovered in the apes, monkeys, and other primates, which were cre-
ated not by millennia but by fifty million years of evolution. It's there,
among the more than one hundred species genetically closest to hu-
manity, that we should look for the principles of social evolution if we
are to understand the origins of culture."

The sociobiologist adds, "Yes, the key is perspective. So why not
make it really wide? My discipline, which has been developed jointly
by biologists and social scientists, examines the biological basis of so-
cial behavior in all kinds of organisms. I know that the very idea of a
biological influence on human behavior in particular has been contro-
versial, especially in the political arena, but consider this. Human be-
ings may be unique in degree of behavioral plasticity, and they may be
alone in the possession of language, self-awareness, and foresighted-
ness, but all of the known human systems taken together form only a
small subset of those displayed by the thousands of living species of
highly social insects and vertebrates. If we hope to create a true science
of social behavior, we will need to trace the divergent evolution of
these groups of organisms, through a time scale of hundreds of mil-
lions of years. It is also useful to recognize that human social behavior
originated ultimately through biological evolution."

Each discipline of the social sciences rules comfortably within its
own chosen domain of space and time so long as it stays largely oblivi-
ous of the others. But from the lack of a true social theory comes the
debilitating failure of the social sciences to communicate with the nat-
ural sciences and even with one another. If the social and natural sci-
ences are to be united, the disciplines of both need to be defined by the
scales of time and space they individually encompass and not just by
subject matter as in past practice, and then they need to be connected.

A convergence has in fact begun. The natural sciences, by their
own swift expansion in subject matter during the past several decades,
are drawing close to the social sciences. Four bridges across the divide
are in place. The first is cognitive neuroscience, or the brain sciences,
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with elements of cognitive psychology, whose practitioners analyze the
physical basis of mental activity and aim to solve the mystery of con-
scious thought. The second is human behavioral genetics, now in the
early stages of teasing apart the hereditary basis of the process, includ-
ing the biasing influence of the genes on mental development. The
third bridging discipline is evolutionary biology, including the hybrid
offspring Sociobiology, whose researchers have set out to explain the
hereditary origins of social behavior. The fourth is the environmental
sciences. The connection of the last field to social theory may at first
seem tenuous, but is not. The natural environment is the theater in
which the human species evolved and to which its physiology and be-
havior are finely adapted. Neither human biology nor the social sci-
ences can make full sense until their world views take account of that
unyielding framework.

I T IS N O T D I F F I C U L T to visualize how the stepping-stones be-
tween the natural and social sciences might be arranged and traversed.
Consider a particular macrosocial event such as the decay of families
in the American inner city, the implosion of rural populations into
Mexico City, or middle-class resistance to the prospective introduction
of euro currency in France. Social scientists addressing such issues
start at the level of conventional analysis. They bring order to the facts,
quantifying them in tables, graphs, and statistical interpretations. They
examine the historical background. They draw comparison with simi-
lar phenomena in other places, examine the constraints and biases of
the surrounding culture, and determine whether the genre to which
the event belongs is widespread or instead unique to that time and
place. From all this information they intuit the causes of the event and
they ask: What does the event mean, will it continue, will it occur
again?

Most present-day social scientists stop there, and write their reports.
With consilient theory, however, future analysts will probe more
deeply and finish with greater understanding and predictive power.
In the ideal scenario during the decades to come, they will factor
in the principles of psychology, and especially social psychology. By
these last two words I do not mean the intuition of a single person or a
team, however gifted, or folk beliefs about human behavior, however
emotionally satisfying. I mean full knowledge from a mature, exact
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discipline of psychology. In short, the subject usually ignored by social
scientists.

From this point forward let me suggest a full scenario of consilient
research. Our future analysts understand very well how social behavior
arises from the summation of individual emotion and intention within
designated environments. They know how individual behavior in turn
originates from the intersection of biology and environment. Their
grasp of cultural change is enhanced by insights from evolutionary bi-
ology, which interpret the species-wide properties of human behavior
as products of genetic evolution. They are careful how they express
that idea—avoiding the assumption that genes prescribe behavior in
a simple one-on-one manner. Instead, the analysts use a more sophis-
ticated formula that conveys the same meaning more accurately:
Behavior is guided by epigenetic rules.

Epigenesis, originally a biological concept, means the develop-
ment of an organism under the joint influence of heredity and envi-
ronment. Epigenetic rules, to summarize very briefly my account in
the previous two chapters, are innate operations in the sensory system
and brain. They are rules of thumb that allow organisms to find rapid
solutions to problems encountered in the environment. They pre-
dispose individuals to view the world in a particular innate way and
automatically to make certain choices as opposed to others. With epi-
genetic rules, we see a rainbow in four basic colors and not in a contin-
uum of light frequencies. We avoid mating with a sibling, speak in
grammatically coherent sentences, smile at friends, and when alone
fear strangers in first encounters. Typically emotion-driven, epigenetic
rules in all categories of behavior direct the individual toward those
relatively quick and accurate responses most likely to ensure survival
and reproduction. But they leave open the potential generation of an
immense array of cultural variations and combinations. Sometimes,
especially in complex societies, they no longer contribute to health
and well-being. The behavior they direct can go awry and militate
against the best interests of the individual and society.

At this point my imagined analysts, by plumbing the irrational in
human affairs, will have traced an Ariadne's thread of causal explana-
tion from historical phenomena to the brain sciences and genetics;
hence they will have bridged the divide between the social and natural
sciences. Such is the optimistic forecast shared nowadays by a small
number of scholars on both sides of the divide. It is opposed by at least
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an equal number of critics who find it philosophically flawed, or if not
flawed at least technically too difficult ever to achieve. All my instincts
tell me it will happen. If the union can be achieved, the social sciences
will span a wider scale of time and space and harvest an abundance of
new ideas. Union is the best way for the social sciences to gain in pre-
dictive power.

HOW TO EXPAND the scale of time and space? There are many po-
tential entries across the whole range of human behavior, including
those entailing art and ethics that I will take up in succeeding chap-
ters. For one immediately relevant to the social sciences, consider the
fundamental theory of the family, developed during the past thirty
years by evolutionary biologists and psychologists. In 1995 Stephen T.
Emlen of Cornell University completed a reworking of the theory with
special reference to cooperation and conflict between parents to their
grown offspring who form social groups. The basic assumption is evo-
lution by natural selection: Cooperation and conflict have evolved as
instincts because they improve the survival and reproduction of the in-
dividuals displaying them. The data Emlen used to expand the as-
sumption, and to test the theory built from it, were drawn from studies
by many independent investigators of over one hundred species of
birds and mammals around the world.

The patterns predicted by the theory were by and large closely
matched by the evidence. Although the data were drawn exclusively
from the instinctive behavior of animals, the relevance of the patterns
to core themes in the social sciences and humanities will become
quickly obvious:

In birds and nonhuman mammals, families are basically unstable,
but the least so in those controlling high-quality resources. Dynasties, in
which one genetic lineage persists over many generations, arise in territo-
ries permanently rich in resources.

The closer the genetic relationships of the family members, as for ex-
ample father-to-son as opposed to uncle-to-nephew, the higher the degree
of cooperation.

Due to this cooperativeness and the general instinctive avoidance of
incest, the closer the genetic relationship of the family members, the
lower the frequency of sexual conflict.

How closely family members are related also affects forms of conflict
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and commitment. Breeding males invest less in offspring when paternity
is uncertain. If the family consists of a single conjugal pair, and one of
the parents is lost, the opposite-sex offspring compete with the surviving
parent for breeder status. When the father dies, for example, a still fe-
cund mother is likely to enter into conflict with her son over the status of
a mate he may newly acquire, and a son is likely to discourage his
mother from establishing a new sexual relationship.

One general result of this pattern of conflict and commitment is that
stepfamilies are less stable than biologically intact families. Stepparents
invest less in existing offspring than biological parents. In many species
they kill current young if such action speeds the success of their own re-
production. This is especially likely when the stepparent belongs to the
dominant sex.

Reproduction within a family (using mates acquired from the out-
side) is increasingly shared when there is an improvement in the alterna-
tive option for subordinate members to disperse and start families of their
own. Such forbearance is greatest of all when the members are geneti-
cally very close, and when the cooperating individuals are siblings rather
than parents and offspring.

In applying this documented theory to humans, it is of course ever
prudent to remain aware of the massive intervention of cultural
change. The resulting variation of conventions is sometimes great
enough to include the bizarre and perverse—what else can we call the
former eating of the kuru-ridden brains of dead relatives by the Fore
people of New Guinea, which condemned them unknowingly to a
fatal disease? But experience in behavior such as incest avoidance has
shown that the hard instincts of animals are translatable into epige-
netic rules of human behavior. Like ancient settlement mounds on the
Euphrates plain awaiting the archaeologist's spade, they are where the
long history of a culture is most efficiently sought. The practical role of
evolutionary theory is to point to the most likely location of the epige-
netic rules.

T H E E N T E R P R I S E W I T H I N the social sciences best poised to
bridge the gap to the natural sciences, the one that most resembles
them in style and self-confidence, is economics. This discipline, forti-
fied with mathematical models, garlanded annually by its own Nobel
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Memorial Prize in Economic Science, and rewarded with power in
business and government, deserves the title often given it, Queen of
the Social Sciences. But its similarity to "real" science is often superfi-
cial and has been purchased at a steep intellectual price.

The potential and price of economic theory can be most clearly
understood against a historical background. Jürg Niehans, in his mag-
isterial work A History of Economic Theory, recognizes three periods in
the evolution of mainstream economics. In the Classical Era of the
eighteenth and early nineteenth centuries the founding fathers, in-
cluding Adam Smith, David Ricardo, and Thomas Malthus, envi-
sioned the economy as a closed system of circulating income. Driven
by supply and demand, the economy controls the world's resources
and converts them to beneficial ends. The central postulate of free-
market economics was introduced during this period by Adam Smith.
According to his conception of the invisible hand, individual produc-
ers and consumers will, when freed to pursue their own best interests,
propel the economy forward and thereby work to the best interests of
the society as a whole.

In the Marginalist Era, which began around 1830 and peaked
some forty years later, the focus shifted toward the properties of the in-
visible hand. The imagined inner workings of the economy were bro-
ken down into individual decisions by those agents—persons, firms,
governments—whose activities could be examined with the aid of
mathematical models. Within the framework of abstract, physicslike
theory, the analysts could then manipulate the economy as a virtual
world, assessing and predicting the effects of shifting levels of produc-
tion and consumption. Differential calculus was employed to evaluate
economic change as the consequence of very small, hence "marginal"
shifts in production and consumption. With growing or declining
scarcity and demand, each unit of new production —say of gold, oil, or
housing—correspondingly rises or falls in price. In aggregate, these
shifts, working through complex webs of exchange, drive the economy
either toward or away from steady states in supply and demand.

Thus was constructed the foundation of microeconomics, which
purports to plot economic change in exact measures: marginal cost,
the increase in total cost incurred by the production of one additional
unit of product; marginal product, the growth in total output from one
additional unit of productive input; marginal revenue, the growth of
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total revenue from the sale of a unit of output; and marginal utility, the
satisfaction added by the consumption of a unit of production. In the
manner of the natural sciences, the models of marginalist economics
allow the variables to change alone or in combination while holding
the remainder constant. When played skillfully, the models make a
tidy picture. The macroanalysis of the Classical Era was then com-
bined with the analytic microanalysis of the Marginalist Era, most in-
fluentially by Alfred Marshall in his 1890 Principles of Economics. The
result, in the phrase coined by Thorstein Veblen in 1900, was neoclas-
sical economics.

Neoclassical economics is what we have today, but there was one
more overlapping period, the Era of Model Building, that brought it to
fruition. Beginning in the 1930s, theorists added linear programming,
game theory, and other powerful mathematical and statistical tech-
niques in their efforts to simulate the economic world in ever finer de-
tail. Invigorated by the sense of their own exactitude, they continued to
return to the themes of equilibria and perturbations from equilibria.
They specified, as faithfully as they could, supply and demand, im-
pulses of firms and consumers, competition, market fluctuations and
failures, and the optimal uses of labor and resources.

The cutting edge of economic theory today remains the equilib-
rium models of neoclassical theory. The emphasis is always on rigor.
Analysts heartily agree with Paul Samuelson, one of the most influen-
tial economists of the twentieth century, that "economics focuses on
concepts that actually can be measured."

Therein lie the strengths and weaknesses of present-day economic
theory. Because its strengths have already been abundantly celebrated
by legions of textbook writers and journalists, let me dwell on the
weaknesses. They can be summarized in two labels: Newtonian and
hermetic. Newtonian, because economic theorists aspire to find sim-
ple, general laws that cover all possible economic arrangements. Uni-
versality is a logical and worthy goal, except that the innate traits of
human behavior ensure that only a minute set of such arrangements is
probable or even possible. Just as the fundamental laws of physics can-
not be used alone to build an airplane, the general constructions of
equilibrium theory cannot be used alone to visualize an optimal or
even stable economic order. The models also fall short because they
are hermetic—that is, sealed off from the complexities of human be-
havior and the constraints imposed by the environment. As a result,
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economic theorists, despite the undoubted genius of many, have en-
joyed few successes in predicting the economic future, and they have
suffered many embarrassing failures.

Among the successes are partial stabilizations of a few national
economies. In the United States the Federal Reserve Board now has
enough knowledge and legal power to regulate the flow of money and
prevent—we trust!—the economy from spinning into catastrophic in-
flations and depressions. On another front, the driving force of techno-
logical innovation on growth is reasonably well understood, at least
roughly and in retrospect. On yet another, capital-asset pricing models
have a major influence on Wall Street.

We are better off if the economists speak than if they remain silent.
But the theorists cannot answer definitively most of the key macro-
economic questions that concern society, including the optimal
amount of fiscal regulation, future income distribution within and be-
tween nations, optimal population growth and distribution, long-term
financial security of individual citizens, the roles of soil, water, biodi-
versity, and other exhaustible and diminishing resources, and the
strength of "externalities" such as the deteriorating global environ-
ment. The world economy is a ship speeding through uncharted wa-
ters strewn with dangerous shoals. There is no general agreement on
how it works. The esteem that economists enjoy arises not so much
from their record of successes as from the fact that business and gov-
ernment have nowhere else to turn.

This is not to say that economists would do better to abandon
mathematical models in favor of intuition and description. The great
merit of models, at least in the natural sciences, is that they force inves-
tigators to provide unambiguous definitions of units, such as atoms and
genes, as well as processes, such as movement and change. When well
conceived, a model leaves no doubt about its assumptions. It lists the
important factors and offers educated guesses about their interaction.
Within this self-imposed framework, the investigator makes predic-
tions about the real world, and the more precise the prediction, the
better. He thus puts the product of his thinking on the line by exposing
it to evidential proof or disproof. There is nothing in science more
provocative than a cleanly defined and surprising prediction, and
nothing held in higher regard than such a prediction confirmed in
detail.

To this end, scientists look for four qualities in theory generally and
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mathematical models in particular. The first is parsimony: the fewer
the units and processes used to account for the phenomenon, the bet-
ter. Because of the success of parsimony in the physical sciences, we
do not today need an imaginary substance called phlogiston to explain
the combustion of firewood, or nonexistent ether to fill the void of
space. The second quality is generality: the greater the range of phe-
nomena covered by the model, the more likely it is to be true. In
reagent chemistry the periodic table precludes a separate theory for
each element and compound. One theory works exactly for all.

Next is consilience. Units and processes of a discipline that con-
form with solidly verified knowledge in other disciplines have proven
consistently superior in theory and practice to units and processes that
do not conform. That is why, in every scrap of data from every level of
biology, from the chemistry of DNA to the dating of fossils, it has been
the case that organic evolution by natural selection beats Creationism.
God may exist, He may be delighted with what we are up to on this
minor planet, but His fine hand is not needed to explain the bio-
sphere. And finally, drawing from all of the above virtues, the definitive
quality of good theory is predictiveness. Those theories endure that are
precise in the predictions they make across many phenomena and
whose predictions are easiest to test by observation and experiment.

Before evaluating economic theory by these criteria, I think it only
fair to assess a branch of biology with a comparable level of technical
difficulty. Population genetics addresses the frequencies and distribu-
tions of genes and other hereditary units within entire populations (an
example of a population is all the members of a species of fish inhabit-
ing a lake). Population genetics, having accumulated, like economic
theory, a vast encyclopedia of models and equations, is arguably the
most respected discipline within evolutionary biology. Its Ur-model is
the Hardy-Weinberg principle, or "law," a simple probability formula
based on elementary Mendelian genetics. The Hardy-Weinberg prin-
ciple tells us that if in a sexually reproducing population there are two
forms, or alleles, of the same gene, say each prescribing a different
blood type or ear shape, and if we know the percentages of the two al-
leles in the population, we can accurately predict the percentages of
individuals possessing different pairs of the alleles. Conversely, from
the known percentage of just one such pair, we can at once state the
percentage of the alleles for the whole population. Here is an example
to show how it works. The earlobe in different people either hangs free
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or is attached to the side of the head, and the difference is due to two
forms of the same gene. Call the free earlobe allele A and the attached
earlobe allele a. Free earlobe is dominant over attached earlobe. Then
all individuals in the population have one or the other of the three fol-
lowing combinations:

AA, free earlobe
Aa, free earlobe
aa, attached earlobe

Following convention in genetics, the frequency (ranging from o to
1.0, that is, zero to 100 percent) of A is labeled p, and the frequency of a
is labeled q. The Hardy-Weinberg principle is the consequence of
Mendelian heredity and the randomness with which an allele in an
egg is matched with an allele in a sperm at fertilization. It is written as
a simple binomial expansion, since by definition p + q = 1.0 and
therefore (p + q)2 = (1.0)2 = 1.0, and therefore

P + q = (P + q)2 = p2 + 2pq + q2 = 1.0,

where p2 is the frequency of AA, 2pq the frequency of Aa, and q2 the
frequency of aa. The rationale of the formula is the following: There
is p chance that an egg contains A, and p chance that the sperm fer-
tilizing it is also A, so there is p2 chance (hence, frequency) that the
individual created is AA, and so on through pq and q2. Suppose that
16 percent (the frequency is 0.16) of the members of a population have
an attached earlobe, in other words, their two alleles are aa. Then
the Hardy-Weinberg formula predicts that 40 percent (0.4, the square
root of 0.16) of the alleles in the population are a, and 60 percent A.
It also predicts that 36 percent (0.36, or 0.60 X 0.60) of the individu-
als have the combination AA, and 48 percent (0.48, or 2 X 0.4 X 0.6)
have Aa.

There are some large conditions attached to the use of the Hardy-
Weinberg formula in the real world. But these are not crippling. In-
stead, they are what make H-W interesting and even more useful. The
simple H-W predictions will be exactly correct if natural selection does
not favor one of the gene combinations over the others, if all the mem-
bers of the population mate at random, and if the population is infi-
nitely large. The first two conditions are improbable and the third
impossible. In order to get closer to reality, biological theorists "relax"
these restrictions one at a time, and then in various combinations. For
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example, they reduce the number of imagined organisms from infinite
to the numbers actually found in real populations, usually somewhere
from ten to a million, according to species. They then take into ac-
count chance variation in the gene frequencies from one generation to
the next. The smaller the population, the greater the variation. The
same principle dictates that if a sample of one million unbiased coins
are flipped in repeated trials, the result will almost always be very close
to half heads, half tails, whereas if only ten coins are flipped at a time,
an exact split will be obtained only occasionally; and in one in an aver-
age 512 trials all the coins will be either all heads or all tails.

Now think of sexual reproduction as the equivalent of coin
flipping, and each generation as a new coin-flipping trial. The change
in gene frequency from one generation to the next by chance is evolu-
tion by genetic drift. In populations with a hundred individuals or
fewer, genetic drift can be a potent force. Its rate can be precisely de-
scribed by statistical measures that tell us about the fate of large
samples of populations of the same size. These measures reveal that
the main effect of genetic drift is to reduce variation by eliminating
some of the gene forms. That, combined with the randomness of
the change, means that genetic drift is a far less creative process than
natural selection.

As natural selection is added to the models, it reduces the impact
of genetic drift while driving the gene frequencies in one direction or
another at predictable velocities. Population geneticists make their
models still more complex and presumably closer to nature in various
ways. For example, they decree mating to be nonrandom, or break
populations into fragments that continue to exchange migrants, or
arrange for constellations of genes rather than single genes to prescribe
the character traits.

The models of population geneticists yield exact predictions in the
virtual worlds bounded by the assumptions selected for evaluation.
They can often be matched by carefully managed populations of ani-
mals and plants in the laboratory. They are notoriously poor, however,
at predicting evolution in nature. The flaw is not in the internal logic
of the theory but in the unpredictability of nature itself. The environ-
ment constantly shifts, altering the values of the parameters that
geneticists put into their models. Climatic change and weather catas-
trophes break up some populations while freeing others to expand and
coalesce. New predators and competitors invade as old ones retreat.
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Disease sweeps the habitats. Traditional food sources vanish and new
ones appear.

Evolutionary biologists, like weather forecasters, are confounded
by the turbulence of the real world. They have had some success in
predicting changes in small ensembles of genes and traits over a few
generations. They can explain retrospectively many of the major twists
and turns of long-term evolution from the fossil record and from the
logical reconstruction of family trees of living species. But rarely have
they been able to predict future events with any degree of accuracy.
They have equal difficulty retrodicting past events—that is, predicting
the occurrence of such past events before a search is made for traces of
the events and reconstructions are performed. They are unlikely to do
so until ecology and the other environmental sciences have suffi-
ciently matured to become predictive themselves and thus provide the
full and exact context in which evolution occurs.

Economics, at the cutting edge of the social sciences, shares the
same difficulties as population genetics and the environmental sci-
ences. It is battered by "exogenous shocks," all the unaccountable
events of history and environmental change that push the parameter
values up and down. That alone limits the accuracy of economic pre-
dictions. Except in the most general and statistical terms, economic
models cannot forecast the onset of bull and bear markets, or the
decades-long cycles triggered by war and technological innovation.
They cannot tell us whether tax cuts or national deficit reduction is the
more effective in raising per capita income, or how economic growth
will affect income distribution.

Economic theory is impeded by a second, equally fundamental
difficulty. Unlike population genetics and the environmental sciences,
it lacks a solid foundation of units and processes. It has not acquired or
even attempted serious consilience with the natural sciences. All ana-
lysts understand that the broad patterns of economic process originate
in some fashion or other from vast numbers of decisions made by
human beings, whether as individuals or as members of firms and gov-
ernmental agencies. The most sophisticated models of economic
theory attempt to translate such microeconomic behavior into the
larger aggregate measures and patterns broadly defined as "the econ-
omy." In economics and in the remainder of the social sciences as
well, the translation from individual to aggregate behavior is the key
analytic problem. Yet in these disciplines the exact nature and sources
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of individual behavior are rarely considered. Instead, the knowledge
used by the modelers is that of folk psychology, based mostly on com-
mon perception and unaided intuition, and folk psychology has al-
ready been pushed way past its limit.

The flaw is not fatal. Economic theory is not Ptolemaic, not so
structurally defective that a revolution in conception is needed. The
most advanced of the micro-to-macro models are on the right track.
But the theorists have unnecessarily handicapped themselves by clos-
ing off their theory from serious biology and psychology, comprising
principles drawn from close description, experiments, and statistical
analysis. They have done so, I believe, in order to avoid entanglement
in the formidable complexities of these foundation sciences. Their
strategy has been to solve the micro-to-macro problem with the fewest
possible assumptions at the micro level. In other words, they have car-
ried parsimony too far. Economic theories also aim to create models
of the widest possible application, often crafting abstractions so ex-
treme as to represent little more than exercises in applied mathemat-
ics. That is generality carried too far. The result of such stringency is a
body of theory that is internally consistent but little else. Although eco-
nomics, in my opinion, is headed in the right direction and provides
the wedge behind which social theory will wisely follow, it is still
mostly irrelevant.

The strengths and weaknesses of economic theory are illustrated in
the work of Gary S. Becker of the University of Chicago, awarded the
1992 Nobel Prize in Economic Science for "having extended the do-
main of economic theory to aspects of human behavior which had pre-
viously been dealt with —if at all—by other social science disciplines
such as sociology, demography, and criminology." What Becker ac-
complished was to cut more deeply than previous economists into the
sources of human preferences. He recognized that most of economic
reasoning is based on the implicit assumption that people are driven
by basic biological needs for food, shelter, and recreation. But there
are other incentives, he said, such as the type of housing and furniture,
the restaurants, and forms of leisure they prefer, that lie outside the
elemental imperatives. All these choices and more depend on varia-
tions in personal experience and social forces beyond individual con-
trol. If human behavior is to be explained fully, the utility of the
choices (that is, their value perceived by the consumer) must be en-
tered into economics models.



The Social Sciences 221

The inviolable assumption of Becker's thinking is the principle of
rational choice. Introduced by earlier economists as the keystone
of quantitative modeling, it says simply that people maximize their sat-
isfaction by acts based on calculation. Economic models using this
conception had been largely limited to utility based on narrow self-
interest. Becker urged his fellow economists to broaden their vista to
include the subject matter of the other social sciences. They should
consider desires that are variously altruistic, loyal, spiteful, and maso-
chistic. These too, he argued, are forces that govern rational choice.

Extending the reach of formal models, Becker and other econo-
mists of like mind have addressed with greater confidence some of in-
dustrial society's most vexing problems. Turning to criminology, they
have recommended methods of optimal deterrence—economic of
course—for different classes of offense, from capital crimes and armed
robbery to embezzlement, tax evasion, and the breaking of laws that
regulate business and environmental protection. Venturing into soci-
ology, they have assessed the impact of racial discrimination on pro-
duction and unemployment, and of economic class on marital choice.
In public health, they have analyzed the effects of legalization and tax
loads on the use of cigarettes and controlled substances.

Their models contain elegant graphical representations and ana-
lytic solutions to theoretical problems of equilibria. Yet seen through
the established principles of the behavioral sciences, they are simplis-
tic and often misleading. The choices in personal behavior reduce to a
small number of options, such as whether to smoke or not, to marry
within the same socioeconomic class or not, to risk committing a
crime, or to move to a same-race neighborhood. The predictions con-
sist of "more of this, less of that" and they approximate thresholds at
which trends will commence, taper off, or reverse direction. Typically
the predictions arise from the commonsense intuitions of the modeler,
that is, from folk psychology, and following a series of formal analytical
steps, confirm commonsense beliefs. We are told in crisp technical
language that a permanent increase in the price of cigarettes reduces
consumption from the outset more than a temporary increase, that in
order to preserve their wealth the rich take measures to avoid meeting
and falling in love with the poor, that people gain satisfaction from
going to already popular restaurants even if competitors are as good in
price and cuisine, and so forth. Seldom are the premises of such mod-
els examined closely. Seldom are their conclusions tested to any depth
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with quantitative field data. Their appeal is in the chrome and roar of
the engine, not the velocity or destination.

The goal of psychologically oriented analysts such as Becker, as
well as Jack Hirshleifer, Thomas Schelling, Amartya Sen, George
Stigler, and others of similar interests, is to strengthen microeconomics
and draw from it more accurate predictions of macroeconomic behav-
ior. That, of course, is admirable. To advance much further, however,
they and other social scientists will have to cross the boundary between
the social and natural sciences and trade with the biologists and psy-
chologists they find on the other side. Just as, in his Nobel Lecture,
Becker stated that his contribution was "to pry economists away from
narrow assumptions about self-interest," the next step is for economists
to free themselves completely, at long last, from the Standard Social
Science Model of behavior and take seriously the biological and
psychological foundations of human nature. Amazingly, despite over-
whelming evidence against it, the great majority still cling to the view
that aside from meeting basic biological needs, people in modern soci-
eties make choices, in Becker's words, that "depend on childhood,
social interactions, and cultural influences." Not, apparently, the
hereditary epigenetic rules of human nature. The impoverishing con-
sequence of this view has been the acceptance of folk psychology in
even the most ingenious models.

TO I N F U S E P S Y C H O L O G Y and biology into economic and other
social theory, which can only be to its advantage, means teasing out
and examining microscopically the delicate concepts of utility, by ask-
ing why people ultimately lean toward certain choices, and being so
predisposed, why and under what circumstances they act upon them.
Beyond this task lies the micro-to-macro problem, the ensemble of
processes by which the mass of individual decisions are translated into
social patterns. And beyond that, framed by a still wider scale of space
and time, is the coevolution problem, the means by which biologi-
cal evolution influences culture, and the reverse. Together these
domains—human nature, micro-to-macro transition, and the coevolu-
tion of genes and culture—require the full traverse from the social sci-
ences to psychology and thence to the brain sciences and genetics.

The evidence from scattered studies in psychology and biology
already suggest certain generalizations about utility:
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• The categories of choice, the major activities in moment-by-
moment thought and behavior, are epistatic: Needs and opportunities
in one category alter the strength of others. The rank order in domi-
nance among categories such as sex, status protection, and play ap-
pears to be genetically programmed.

• Some needs and opportunities are not just epistatic but pre-
emptive. Conditions such as drug addiction and sexual possessiveness
can hijack emotions to focus on unitary goals so powerful as to virtu-
ally delete activities in many other categories.

• Rational calculation is based on surges of competing emotions,
whose interplay is resolved by an interaction of hereditary and envi-
ronmental factors. Incest avoidance, for example, is underlaid by a
strong hereditary epigenetic rule. It can be reinforced by cultural
taboos or overcome by special, increasingly well understood personal
experiences.

• Rational calculation is often unselfish. For complex, still poorly
understood reasons, some of the most powerful emotions are patriot-
ism and altruism. It remains a surprising fact that a substantial percent-
age of people are willing at a moment's notice to risk their lives to save
those of strangers.

• Choices are group-dependent; that much is obvious. But what is
less well known is that the power of peer influence varies strikingly
from category to category of behavior. Clothing style, for example, is
almost wholly dependent on peer influences, while incest avoidance is
largely independent. Do these differences have a genetic basis and
thus an evolutionary history? Probably they do, and it is time to start ex-
amining them for this possibility more carefully.

• Decision-making is shaped category by category by epigenetic
rules, which are the innate propensities to learn certain options in the
first place and then to select particular ones among them. On average
many of the propensities differ according to age and gender.

The psychobiological subtlety of decision-making is nicely illus-
trated by the r-K continuum of reproductive strategies. When re-
sources are few and unstable, people tend to adopt an r strategy,
preferring many children to insure that at least a few will survive.
When resources are abundant and stable, they lean toward a K strat-
egy, in which fewer, "high-quality" offspring are carefully protected
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and educated for entry at an upper socioeconomic level. (The symbol r
refers in demography to the rate of population growth, which rises with
the r strategy; and the symbol K to the carrying capacity of the environ-
ment, the size at which population growth ceases.) Overlying the r-K
continuum is the general tendency of socially powerful males to ac-
quire multiple women of reproductive age, thereby boosting their Dar-
winian edge.

T H E F U L L U N D E R S T A N D I N G of utility will come from biology
and psychology by reduction to the elements of human behavior fol-
lowed by bottom-up synthesis, not from the social sciences by top-
down inference and guesswork based on intuitive knowledge. It is in
biology and psychology that economists and other social scientists will
find the premises needed to fashion more predictive models, just as it
was in physics and chemistry that researchers found premises that up-
graded biology.

The performance of future social theory also depends on a
psychobiological understanding of the process of reason itself. At pres-
ent the dominant mode of explanation is the aforementioned rational
choice theory. First conceived in economics, then spread to political
science and other disciplines, its central conception is that above all
else human beings are rational in their actions. They examine as best
they can all the pertinent factors and weigh the likely outcome of fol-
lowing each potential choice in turn. They add in cost and benefit-
investment, risk, and emotional and material return—before deciding.
The preferred option is that which maximizes utility.

This is not an adequate picture of how people think. The human
brain is not a very swift calculator, and most decisions have to be made
rather quickly, in complex settings and with incomplete information.
So the question of importance in rational choice theory is, how much
information is enough? In other words, at what point do people stop re-
flecting and make up their minds? One simple strategy that provides a
cut-off point is "satisficing," a Scottish term that combines "satisfying"
and "sufficing." Introduced to psychology in 1957 by Herbert Simon,
an economist at Carnegie Mellon University, satisficing means taking
the first satisfactory choice encountered out of those perceived and rea-
sonably available in the short term, as opposed to visualizing the opti-
mum choice in advance and searching until it is found. A young man
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ready for marriage is more likely, by satisficing, to propose to the most
attractive prospect among the available women of his acquaintance
than to search at length for a preconceived ideal mate.

An alternative to this and other conceptions of traditional rational
choice is that people follow rules of thumb, known more technically as
"heuristics." The idea was first advanced by the American psycholo-
gists Daniel Kahneman and Amos Tversky in 1974. Rather than calcu-
late costs and benefits, people act upon simple cues and heuristics that
work most of the time. By this means the complex tasks of assessing
probabilities and predicting outcomes are reduced to a few judgmen-
tal operations.

Usually heuristics work, and save a great deal of time and energy,
but in many situations they lead to large systematic error. An example
is the heuristic used in rapid arithmetical calculation and known as
"anchoring." You can see how it works by comparing the two sets of
multiplied numbers below for five seconds and guessing the products:

8X7X6X5X4X3X2X1
1X2X3X4X5X6X7X8

Most people give the top row the higher value, even though the two
sets of numbers are identical. Reading left to right, they anchor their
guess on the first numbers encountered. They also underestimate
both. High school students tested by Kahneman and Tversky averaged
2,250 for the upper row and 512 for the lower, whereas the correct an-
swer for both is 40,320.

Here is an example of a systematically inaccurate heuristic in the
realm of probability. A majority of people, watching a coin being
tossed, believe that the following sequence of six alternating heads and
tails,

H-T-H-T-T-H

is more likely to occur than one with the same elements repeated in
groups, such as

H-H-H-T-T-T

In fact, both are equally probable.
Why are such consistent errors made by minds that can be trained

to grasp calculus and statistics? The correct answer may lie in genetic
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evolution: Over thousands of generations the brain evolved to handle
simple numbers and proportions but not complex problems requiring
abstract quantitative reasoning. The heuristics illustrated by the two
examples above are therefore folk mathematics. Although their solu-
tions are skewed in attempts at complex formal calculation, they may
work very well in real life, where most first impressions accurately pre-
figure events to follow.

The same explanation fits other odd mistakes made by heuristics.
For example, a familiar dish with a different taste is likely to be passed
over, even though the ingredients are demonstrably fresh and whole-
some. Following a plane crash, many intercity travelers switch to auto-
mobiles, even though they know the fatality rate per passenger mile is
much higher on the road. Irrational choices yes, but perhaps obedient
to the superordinate heuristic of risk aversion, which can be translated
in these two examples as follows: Take no chances whatsoever with
food poisoning, and stay away from places where others have been re-
cently killed, regardless of what the mathematical laws of probability
tell you.

Further research may reveal that the brain sometimes operates as a
computerlike optimizer and sometimes as a quick decision-maker
ruled by powerful and inborn heuristics. Whatever the mix, rational
choice theory, though still the light and the way to many social theo-
rists, is a subject of controversy within psychology. It is too dependent,
critics say, on analogies with computer algorithms and abstract opti-
mality solutions. It pays too little attention to the properties of the real
brain, which is a stone-age organ evolved over hundreds of millennia
and only recently thrust into the alien environment of industrialized
society. It is thus inconsistent with the evidence of how people in pre-
literate cultures reason and have likely reasoned throughout evolution-
ary time. These qualities have been summarized by C. R. Hallpike in
The Foundations of Primitive Thought, as follows: intuitive and dog-
matic, bound up with specific emotional relationships rather than
physical causality, preoccupied with essences and metamorphosis,
opaque to logical abstraction or arrays of the hypothetically possible,
prone to use language for social interaction rather than as a conceptual
tool, limited in quantification mostly to rough images of frequency and
rarity, and inclined to view mind as stemming partly from the environ-
ment and able to project back out into it, so that words become entities
with power unto themselves.
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It will be at once apparent, and should be a working premise of
economists and other social scientists, that the same preliterate traits
are commonplace in citizens of modern industrial societies. They are
intensified among cult members, the deeply religious, and the less
educated. They permeate and enrich the metaphors of art. They are,
like it or not, part of modern civilization. Systematic logico-deductive
thought, which is very much a specialized product of Western cul-
ture, comes hard on the other hand, and is still rare. While perfecting
it we will be wise, I think, to discipline the old ways of thought but
never to abandon them, never to forget that as part of adaptive human
nature they conducted us alive and fecund all the way to the pres-
ent age.

T H E M A G N I T U D E OF the technical problems facing the social the-
orists in particular is, I readily concede, extremely daunting. Some
philosophers of science have thrown up their hands, declaring that the
borderlands between the natural and social sciences are too complex
to be mastered by contemporary imagination and may lie forever be-
yond reach. Questioning the very idea of consilience from biology
to culture, they point to the nonlinearity of the viable equations, to
second- and third-order interactions of factors, to stochasticity, and to
all the other monsters that dwelleth in the Great Maelstrom Sea, and
they sigh, No hope, no hope. But that is what philosophers are sup-
posed to do. Their task is to define and explain the limits of science in
the larger scheme of things, where the full dimensions of rational
process are better left to—well, philosophers. For them to concede that
science has no intellectual limits would be unseemly; it would be un-
professional. Their misgivings lend strength to that dwindling number
of social theorists who wish to keep the borders of their dominions
sealed and the study of culture unroiled by the dreams of biology.

Scientists themselves are fortunately not so bound. If past genera-
tions had been so deeply reflective and humble before the unknown,
our comprehension of the universe would have stopped growing in the
sixteenth century. The chastening sting of the philosopher's tongue is
needed but should be taken with the antidote of self-assurance, and
never allowed to be fatal. It is the opposite conviction, blind faith if
you prefer, that has propelled science and technology into the modern
age. Bear in mind that the original Enlightenment died within
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philosophy but not within science. The more pessimistic philosophers
may be right about the social sciences, of course, but it is better to press
on as if they were wrong. There is only one way to find out. The more
forbidding the task, the greater the prize for those who dare to under-
take it.



CHAPTER 10

THE ARTS AND

THEIR INTERPRETATION

I N MANY R E S P E C T S , the most interesting challenge to consilient
explanation is the transit from science to the arts. By the latter I mean
the creative arts, the personal productions of literature, visual arts,
drama, music, and dance marked by those qualities which for lack of
better words (and better words may never be coined) we call the true
and beautiful.

The arts are sometimes taken to mean all the humanities, which
include not only the creative arts but also, following the recommenda-
tions of the 1979-80 Commission on the Humanities, the core subjects
of history, philosophy, languages, and comparative literature, plus
jurisprudence, the comparative study of religions, and "those aspects
of the social sciences which have humanistic content and employ hu-
manistic methods." Nevertheless, the arts in the primary and intui-
tively creative sense, ars gratia artis, remain the definition most widely
and usefully employed.

Reflection leads us to two questions about the arts: where they
come from, in both history and personal experience, and how their
essential qualities of truth and beauty are to be described through ordi-
nary language. These matters are the central concern of interpreta-
tion, the scholarly analysis and criticism of the arts. Interpretation is
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itself partly an art, since it expresses not just the factual expertise of the
critic but also his character and aesthetic judgment. When of high
quality, criticism can be as inspired and idiosyncratic as the work it ad-
dresses. Further, as I now hope to show, it can also be part of science,
and science part of it. Interpretation will be the more powerful when
braided together from history, biography, personal confession—and
science.

The profane word now having been spoken on hallowed ground, a
quick disclaimer is in order. While it is true that science advances by
reducing phenomena to their working elements—by dissecting brains
into neurons, for example, and neurons into molecules—it does not
aim to diminish the integrity of the whole. On the contrary, synthesis
of the elements to re-create their original assembly is the other half of
scientific procedure. In fact, it is the ultimate goal of science.

Nor is there any reason to suppose that the arts will decline as sci-
ence flourishes. They are not, as suggested recently by the distin-
guished literary critic George Steiner, in a twilight, past high noon in
Western civilization, thus unlikely to witness the reappearance of a
Dante, a Michelangelo, or a Mozart. I can conceive of no intrinsic
limit to future originality and brilliance in the arts as the consequence
of the reductionist understanding of the creative process in the arts and
science. On the contrary, an alliance is overdue, and can be achieved
through the medium of interpretation. Neither science nor the arts
can be complete without combining their separate strengths. Science
needs the intuition and metaphorical power of the arts, and the
arts need the fresh blood of science.

Scholars in the humanities should lift the anathema placed on re-
ductionism. Scientists are not conquistadors out to melt the Inca gold.
Science is free and the arts are free, and as I argued in the earlier ac-
count of mind, the two domains, despite the similarities in their crea-
tive spirit, have radically different goals and methods. The key to the
exchange between them is not hybridization, not some unpleasantly
self-conscious form of scientific art or artistic science, but reinvigora-
tion of interpretation with the knowledge of science and its proprietary
sense of the future. Interpretation is the logical channel of consilient
explanation between science and the arts.
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F O R A P R O M I S I N G EXAMPLE out of many that might be chosen,
consider the episode in Paradise Lost—Book IV, when, in a riveting
narrative, Milton sends Satan to Eden. Upon arrival the arch-felon and
grand thief leaps a barrier of impenetrable bramble and a high wall
and settles "like a cormorant" in the branches of the Tree of Life. He
waits for the fall of night, when he can enter the dreams of innocent
Eve. Milton now unleashes his imaginative powers to tell us what hu-
manity is about to lose. All around the roosting schemer is the environ-
ment designed by God to aesthetic perfection: "Crisped brooks, rolling
on orient pearl and sands of gold" descend to "a lake, that to the
fringed bank with myrtle crowned her crystal mirror holds." All
through the blessed oasis grow "flowers of all hue and without thorn
the rose."

Milton, though now blind, has retained a fine sense of biophilia,
the innate pleasure from living abundance and diversity, particularly
as manifested by the human impulse to imitate Nature with gardens.
But he is far from satisfied with the mere dream of natural harmony. In
eight lines of astonishing symphonic power he tries to capture the
mythic core of paradise:

Not that fair field
Of Enna, where Proserpin gathering flowers,
Herself a fairer flower, by gloomy Dis
Was gathered, which cost Ceres all that pain
To seek her through the world, nor that sweet grove
Of Daphne, by Orontes and the inspired
Castalian spring, might with this Paradise
Of Eden strive.

How can anyone hope to express Creation's heart at the dawn of time?
Milton tries. He summons archetypes that have descended undimin-
ished from ancient Greece and Rome to his own time, and thereafter
to ours. They are of a kind, as I will suggest later, that are also innate
to the human mental process. He shadows beauty with a hint of trag-
edy, giving us the untrammeled and fertile world awaiting corruption.
He transforms the beauty of the garden into that of a young woman,
Proserpine, about to be seized and taken away to the underworld
by the god Dis. She, as Nature's beauty, will be concealed in darkness
because of conflict between gods. Ceres, Proserpine's mother and
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goddess of agriculture, turns in grief from her duties and the world
plunges into famine. The passion of Apollo for beautiful Daphne is
unrequited; in order to escape she turns into a tree, a laurel, in a gar-
den of her own.

Milton means to play on the emotions of readers of his own time,
the seventeenth century, when Hellenic mythology was second nature
to the educated mind. He counterposes emotions to magnify their
force. Beauty clashes with darkness, freedom with fate, passion with
denial. Building tension, he leads us through lesser paradises to arrive,
suddenly, at the mystical prototype of Eden. In yet another well-
grounded artifice, reliance on authority, Milton chooses allusions not
to his own time, not for example to Cromwell and Charles II and the
Restoration, from which he himself has narrowly escaped death (he
had championed revolution and the Commonwealth), but to ancient
texts of another civilization, ancient Greece and Rome, robust enough
to have survived in remembrance across centuries. He conveys by their
use that what we are not told, we must know nevertheless to be true.

The defining quality of the arts is the expression of the human con-
dition by mood and feeling, calling into play all the senses, evoking
both order and disorder. From where then does the ability to create art
arise? Not cold logic based on fact. Not God's guidance of Milton's
thoughts, as the poet himself believed. Nor is there any evidence of a
unique spark that ignites such genius as is evident in Paradise Lost. Ex-
periments using brain imaging, for example, have failed to disclose sin-
gular neurobiological traits in musically gifted people. Instead, they
show engagement of a broader area of the same parts of the brain used
by those less able. History supports this incremental hypothesis. Be-
hind Shakespeare, Leonardo, Mozart, and others in the foremost rank
are a vast legion whose realized powers form a descending continuum
to those who are merely competent. What the masters of the Western
canon, and those of other high cultures, possessed in common was a
combination of exceptional knowledge, technical skill, originality,
sensitivity to detail, ambition, boldness, and drive.

They were obsessed; they burned within. But they also had an in-
tuitive grasp of inborn human nature accurate enough to select com-
manding images from the mostly inferior thoughts that stream through
the minds of all of us. The talent they wielded may have been only in-
crementally greater, but their creations appeared to others to be quali-
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tatively new. They acquired enough influence and longevity to trans-
late into lasting fame, not by magic, not by divine benefaction, but by
a quantitative edge in powers shared in smaller degree with those
less gifted. They gathered enough lifting speed to soar above the
rest.

Artistic inspiration common to everyone in varying degree rises
from the artesian wells of human nature. Its creations are meant to
be delivered directly to the sensibilities of the beholder without ana-
lytic explanation. Creativity is therefore humanistic in the fullest
sense. Works of enduring value are those truest to these origins. It fol-
lows that even the greatest works of art might be understood funda-
mentally with knowledge of the biologically evolved epigenetic rules
that guided them.

T H I S IS N O T the prevailing view of the arts. Academic theorists
have paid little attention to biology; consilience is not in their vocabu-
lary. To varying degrees they have been more influenced by post-
modernism, the competing hypothesis that denies the existence of a
universal human nature. Applied to literary criticism, the extreme
manifestation of postmodernism is the deconstructive philosophy for-
mulated most provocatively by Jacques Derrida and Paul de Man. In
this view, truth is relative and personal. Each person creates his own
inner world by acceptance or rejection of endlessly shifting linguistic
signs. There is no privileged point, no lodestar, to guide literary intelli-
gence. And given that science is just another way of looking at the
world, there is no scientifically constructible map of human nature
from which the deep meaning of texts can be drawn. There is only un-
limited opportunity for the reader to invent interpretations and com-
mentaries out of the world he himself constructs. "The author is dead"
is a favorite maxim of the deconstructionists.

Deconstructionist scholars search instead for contradictions and
ambiguities. They conceive and analyze what is left out by the author.
The missing elements allow for personalized commentary in the post-
modernist style. Postmodernists who add political ideology to the mix
also regard the traditional literary canon as little more than a collection
confirming the world view of ruling groups, and in particular that of
Western white males.
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The postmodernist hypothesis does not conform well to the evi-
dence. It is blissfully free of existing information on how the mind
works. Yet there is surely some reason for the popularity of post-
modernism other than a love of chaos. If the competing biolog-
ical approach is correct, its widespread appeal must be rooted in
human nature. Postmodernism in the arts is more than a School of
Resentment—Harold Bloom's indictment in The Western Canon —
and more than the eunuch's spite, to borrow a phrase from Alexander
Pope, and it is sustained by more than the pathetic reverence com-
monly given Gallic obscurantism by American academics. There is
also a surge of revolutionary spirit in postmodernism, generated by the
real —not deconstructed—fact that large segments of the population,
most notably women, have unique talents and emotional lives that
have been relatively neglected for centuries, and are only now begin-
ning to find full expression within the mainstream culture.

If we are to believe evidence from the biological and behavioral
sciences gathered especially during the past quarter century, women
differ genetically from men in ways other than reproductive anatomy.
In aggregate, on average, with wide statistical overlap, and in many
venues of social experience, they speak with a different voice. Today it
is being heard loud and clear. But I do not read the welcome triumph
of feminism, social, economic, and creative, as a brief for post-
modernism. The advance, while opening new avenues of expression
and liberating deep pools of talent, has not exploded human nature
into little pieces. Instead, it has set the stage for a fuller exploration of
the universal traits that unite humanity.

Looked at with a different perspective, postmodernism can also be
viewed as one extreme in an historical oscillation in literary world
view. The great American critic Edmund Wilson noted, in 1926, that
Western literature seems "obliged to vibrate" in emphasis between the
two poles of neoclassicism and romanticism. Conceived very broadly,
the cycle can first be picked up in the Enlightenment with Pope,
Racine, and other poets who drew on the scientists' vision of an orderly
world. They were replaced in public esteem by the rebellious roman-
tic poets of the nineteenth century, who yielded in turn to Flaubert
and others returning to rational order, who gave way to a flow in the
opposite direction as embodied in the modernist writings of the
French Symbolists, including Mallarme and Valery, and of their
British peers Yeats, Joyce, and Eliot. Because each of the extremes
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proved ultimately "unbearable" as a reigning fashion, Wilson said, it
guaranteed reversion toward the opposite pole.

The same mood swing can be seen in recent, post-Wilsonian liter-
ary criticism. Earlier in this century scholars stressed the personal ex-
periences of the authors and the history of their times. In the 1950s the
New Critics insisted on drawing out the full meaning of the text, with-
out much concern for the personal history of the author. They agreed
with Joseph Conrad's famous dictum that a work of art "should carry its
justification in every line." In the 1980s the New Critics quite suddenly
gave way to the postmodernists, who argued the opposite approach.
Search, they said, for what the text does not control, and explain the
entirety as a social construction on the part of the author. Their stance
has been summarized in a pointed manner by the poet and critic Fred-
erick Turner, as follows: Artists and poets should dismiss the con-
straints of Nature even in a time of ecological crisis, ignore science,
abandon the forms and disciplines of the arts and hence their own cul-
ture's shamanic tradition, turn away from the idea of a universal
human nature, and, having freed themselves from such stifling con-
finement, favor snideness and rage over hope and other uplifting emo-
tions. According to Turner, a reversal in fashion is already beginning.
"The tradition of Homer, Dante, Leonardo, Shakespeare, Beethoven,
and Goethe is not dead. It is growing up in the cracks of the postmod-
ern concrete."

Edmund Wilson hoped for a damping of this perpetual cycle in
the arts, which he considered a peculiar affliction of the modern mind.
Favoring synthesis in principle, he wrote of his admiration for Bertrand
Russell and Alfred North Whitehead, the two great culture unifiers of
the first half of the twentieth century. We envy the classics, he said, for
the equilibrium they appear to have achieved. "Regularity and logic in
Sophocles do not exclude either tenderness or violence; and, in Virgil,
the sort of thing that Flaubert can do; the exact objective reproduction
of things does not exclude the sort of thing that Wordsworth and Shel-
ley can do, the mysterious, the fluid, the pathetic, and the vague." I
like to think that Edmund Wilson would have been favorable to the
idea of consilience.

C A N T H E O P P O S E D Apollonian and Dionysian impulses, cool rea-
son against passionate abandonment, which drive the mood swings of
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the arts and criticism, be reconciled? This is, I believe, an empirical
question. Its answer depends on the existence or nonexistence of an in-
born human nature. The evidence accumulated to date leaves little
room for doubt. Human nature exists, and it is both deep and highly
structured.

If that much is granted, the relation of science to interpretation of
the arts can be made clearer, as follows. Interpretation has multiple
dimensions, namely history, biography, linguistics, and aesthetic judg-
ment. At the foundation of them all lie the material processes of the
human mind. Theoretically inclined critics of the past have tried
many avenues into that subterranean realm, including most promi-
nently psychoanalysis and postmodernist solipsism. These approaches,
which are guided largely by unaided intuition about the way the brain
works, have fared badly. In the absence of a compass based on sound
material knowledge, they make too many wrong turns into blind ends.
If the brain is ever to be charted, and an enduring theory of the arts
created as part of the enterprise, it will be by stepwise and consilient
contributions from the brain sciences, psychology, and evolutionary
biology. And if during this process the creative mind is to be under-
stood, it will need collaboration between scientists and humanities
scholars.

The collaboration, now in its early stages, is likely to conclude that
innovation is a concrete biological process founded upon an intricacy
of nerve circuitry and neurotransmitter release. It is not the outpouring
of symbols by an all-purpose generator or any conjuration therein by
ethereal agents. To fathom the origin of innovation in the arts will
make a great deal of difference in the way we interpret its creations.
The natural sciences have begun to form a picture of the mind, in-
cluding some of the elements of the creative process itself. Although
they are still considerably far from the ultimate goal, they cannot help
in the end but strengthen interpretation of the arts.

Charles Lumsden and I reached this conclusion in the early 1980s
while developing the full theory of gene-culture coevolution, de-
scribed earlier. A similar position has been reached from different di-
rections by a small but growing circle of artists and theorists of the arts,
among whom the more prominent have been Joseph Carroll, Brett
Cooke, Ellen Dissanayake, Walter Koch, Robert Storey, and Frederick
Turner. Some of these scholars refer to their approach as biopoetics or
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bioaesthetics. The analyses have been independently bolstered by
Irenäus Eibl-Eibesfeldt, the German ethologist, in his global studies of
human instinct; by the American anthropologists Robin Fox and Lio-
nel Tiger in their accounts of ritual and folklore; and by numerous re-
searchers in Artificial Intelligence, whose work on artistic innovation is
summarized (to take one excellent exposition) by Margaret Boden in
The Creative Mind.

The body of the research to date can be fitted together into the fol-
lowing narrative of coevolution of genes and culture:

• During human evolution there was time enough for natural selec-
tion to shape the processes of innovation. For thousands of generations,
sufficient for genetic changes in the brain and sensory and endocrine
systems, variation among people in thought and behavior caused per-
sonal differences in survival and reproductive success.

• The variation was to some degree heritable. Individuals differed
then, as they do today, not just in what they learned from their culture
but also in their hereditary propensity to learn certain things and to re-
spond by statistical preponderance in particular ways.

• Genetic evolution inevitably ensued. Natural selection, favoring
some of the gene ensembles over others, molded the epigenetic rules,
which are the inherited regularities of mental development that com-
pose human nature. Among the most ancient epigenetic rules I have
described to this point are the Westermarck effect, which inhibits in-
cest, and the natural aversion to snakes. Those of more recent origin,
perhaps no more than a hundred thousand years ago, include the swift
programmed steps by which children acquire language and, we may
reasonably presume, some of the creative processes of the arts as well.

• Universals or near-universals emerged in the evolution of culture.
Because of differences in strength among the underlying epigenetic
rules, certain thoughts and behavior are more effective than others in
the emotional responses they cause and the frequency with which they
intrude on reverie and creative thought. They bias cultural evolution
toward the invention of archetypes, the widely recurring abstractions
and core narratives that are dominant themes in the arts. Examples of
archetypes I have already mentioned are Oedipean tragedy (violating
the Westermarck effect) and the serpent images of myth and religion.
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• The arts are innately focused toward certain forms and themes but
are otherwise freely constructed. The archetypes spawn legions of
metaphors that compose not only a large part of the arts but also of or-
dinary communication. Metaphors, the consequence of spreading ac-
tivation of the brain during learning, are the building blocks of creative
thought. They connect and synergistically strengthen different spheres
of memory.

G E N E - C U L T U R E C O E V O L U T I O N I S , I believe, the underlying
process by which the brain evolved and the arts originated. It is the
conceivable means most consistent with the joint findings of the brain
sciences, psychology, and evolutionary biology. Still, direct evidence
with reference to the arts is slender. It is possible that new discoveries
concerning the brain and evolution will yet change the picture funda-
mentally. Such is the nature of science. The uncertainty makes the
search for the alignment of science and the humanities all the more in-
teresting a prospect.

This much can be said with confidence, however: The growing
evidence of an overall structured and powerful human nature, chan-
neling development of the mind, favors a more traditionalist view of
the arts. The arts are not solely shaped by errant genius out of historical
circumstances and idiosyncratic personal experience. The roots of
their inspiration date back in deep history to the genetic origins of the
human brain, and are permanent.

While biology has an important part to play in scholarly interpreta-
tion, the creative arts themselves can never be locked in by this or any
other discipline of science. The reason is that the exclusive role of the
arts is the transmission of the intricate details of human experience by
artifice to intensify aesthetic and emotional response. Works of art
communicate feeling directly from mind to mind, with no intent to ex-
plain why the impact occurs. In this defining quality, the arts are the
antithesis of science.

When addressing human behavior, science is coarse-grained and
encompassing, as opposed to the arts, which are fine-grained and inter-
stitial. That is, science aims to create principles and use them in
human biology to define the diagnostic qualities of the species; the arts
use fine details to flesh out and make strikingly clear by implication
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those same qualities. Works of art that prove enduring are intensely hu-
manistic. Born in the imagination of individuals, they nevertheless
touch upon what was universally endowed by human evolution. Even
when, as part of fantasy, they imagine worlds that cannot possibly exist,
they stay anchored to their human origins. As Kurt Vonnegut, Jr., mas-
ter fantasist, once pointed out, the arts place humanity in the center of
the universe, whether we belong there or not.

Several special powers were granted the arts by the genetic evo-
lution of the brain. First is the ability to generate metaphors with
ease and move them fluidly from one context to another. Consider
the technical language of the arts themselves. A plot first meant a
physical site and building plan, then the stage director's plot or block-
ing plan, then the action or story blocked out. In the sixteenth cen-
tury a frontispiece was a decorated front of a building, then the title
page of a book ornamented with a figure, usually the allegorical re-
presentation of a building, and finally the illustrated page that pre-
cedes the title page. A stanza, which in Italian is a public room or
resting place, has been appropriated in English to mean the roomlike
set of four or more lines separated typographically from other simi-
lar sets.

In both the arts and sciences the programmed brain seeks ele-
gance, which is the parsimonious and evocative description of pattern
to make sense out of a confusion of detail. Edward Rothstein, a critic
trained in both mathematics and music, compares their creative
processes:

We begin with objects that look dissimilar. We compare, find patterns,
analogies with what we already know. We distance ourselves and cre-
ate abstractions, laws, systems, using transformations, mappings, and
metaphors. This is how mathematics grows increasingly abstract and
powerful; it is how music obtains much of its power, with grand struc-
tures glowing out of small details. This form of comprehension under-
lies much of Western thought. We pursue knowledge that is universal
in its perspective but its powers are grounded in the particular. We use
principles that are shared but reveal details that are distinct.

Now compare that insight with the following independent account
of creativity in the physical sciences. The writer is Hideki Yukawa, who
spent his career working on the nuclear binding forces of the atom,
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making discoveries for which he became the first Japanese to receive
the Nobel Prize in physics.

Suppose there is something which a person cannot understand. He
happens to notice the similarity of this something to some other thing
which he understands quite well. By comparing them he may come to
understand the thing which he could not understand up to that mo-
ment. If his understanding turns out to be appropriate and nobody
else has ever come to such an understanding, he can claim that his
thinking was really creative.

The arts, like the sciences, start in the real world. They then reach
out to all possible worlds, and finally to all conceivable worlds.
Throughout they project the human presence on everything in the
universe. Given the power of metaphor, perhaps the arts began with
what may be called the "Picasso effect." The artist is reported by his
photographer and chronicler Brassaï to have said in 1943: "If it oc-
curred to man to create his own images, it's because he discovered
them all around him, almost formed, already within his grasp. He saw
them in a bone, in the irregular surfaces of cavern walls, in a piece of
wood. One form might suggest a woman, another a bison, and still
another the head of a demon." They may have come that route by per-
ception of what Gregory Bateson and Tyler Volk have called metapat-
terns, those circles, spheres, borders and centers, binaries, layers,
cycles, breaks, and other geometric configurations that occur repeat-
edly in nature and provide easily recognized clues to the identity of
more complicated objects.

It was a short step not just to see but to re-create images on rock
walls with charcoal lines or by etchings on stone, bone, and wood. The
first faltering steps were attempts to stimulate and thereby humanize
external Nature. The art historian Vincent Scully has observed that in
early historical times, people constructed sacred buildings to resemble
mountains, rivers, and animals. By so doing they hoped to draw upon
the powers of the environment. The greatest ceremonial site of pre-
Columbian America, in Scully's opinion, is Teotihuacán in central
Mexico. "There the Avenue of the Dead runs directly to the base of the
Temple of the Moon, behind which rises the mountain that is called
Tenan ('Our Lady of Stone'). That mountain, running with springs, is
basically pyramidal and shaped and notched in the center. And the
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temple imitates the mountain's shape, intensifies it, clarifies it, geo-
metricizes it, and therefore makes it more potent, as if to draw water
down from the mountain to the fields below."

Imitate, make it geometrical, intensify: That is not a bad three-part
formula for the driving pulse of the arts as a whole. Somehow innova-
tors know how it all is to be done. They select images from nature that
are emotionally and aesthetically potent. In the course of history, as
techniques grew more sophisticated, the artists projected feelings back
out to nature. Those in architecture and the visual arts created designs
based on the idealized features of the human body and what they
imagined to be gods modeled from the human body. Supplication,
reverence, love, grief, triumph, and majesty, all emotion-charged con-
structions of the human mind, were captured as abstract images and
forced onto both living and inanimate landscapes.

Artists, while free-ranging in the details selected, generally remain
faithful to the innate universals of aesthetics. In his 1905-08 variations
of The Farm Weltevreden at Duivendrecht, the young Piet Mondrian
depicted a row of spindly trees in front of a shadowy house. The spac-
ing of the tree trunks seems intuitively right, the redundancy in the
canopy lacework is close to what (as I will describe shortly) modern
EEG monitoring suggests is most arousing to the brain. The arrange-
ment of open space and water nearby are those that recent psychologi-
cal studies have revealed to be innately among the most attractive out
of all such possible arrangements. Unaware of these neurobiological
correlates, probably uncaring even if he had been told, Mondrian re-
peated the tree-row theme many times over a ten-year period as he felt
his way toward new forms of expression. With the influences of Ver-
meer and van Gogh put well behind him, he discovered and experi-
mented with cubism. In Study of Trees II (1913) the canopies of several
trees are brought forward, dominating fences and other skeletonized
and unfocused structures, yet all still balanced in composition and
close to optimally complex by measure of brain arousal. Other varia-
tions of the same period increasingly abstract the whole into a maze-
like configuration of reticulate lines. The interspaces capture patterns
of light and color that change from one compartment to the next. The
overall effect is not unlike that of a mottled sky viewed upward through
a woodland canopy. Other subjects, including buildings, dunes, piers,
and the sea, are similarly transformed. In the end Mondrian attained
the pure abstract designs for which he was to be celebrated: "nothing
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human, nothing specific," as he put it. In this sense he liberated his art.
But it is not truly free, and I doubt that inwardly he ever wished it to be.
It stays true to the ancient hereditary ground rules that define the
human aesthetic.

We do not see in the evolution of Mondrian a localized production
of Western culture. The same process was at work in the confluence of
Asian art and writing. Chinese characters were invented three thou-
sand years ago as crude pictographs resembling the objects they repre-
sent. The sun and moon, mountains and rivers, people and animals,
dwellings and utensils are all instantly recognizable today in the an-
cient Chinese script. They too approach the optimum level of com-
plexity by EEG standards. Over centuries the characters evolved into
the elegant karayo calligraphy of standard script. An early version of
karayo, after its introduction to Japan, gave rise to new forms, includ-
ing the flowing wayo script unique to that country. As in Western cal-
ligraphy and the ornamental initial letters of medieval hand scripts, art
imposed on the written word its own aesthetic standards.

BY I N T U I T I O N A L O N E , and a sensibility that does not submit easi-
ly to formulas, artists and writers know how to evoke emotional and
aesthetic response. Adding one artifice to another, obedient to the dic-
tum ars est celare artem, it is art to conceal art, they steer us away from
explanations of their productions. As Louis Armstrong is reported to
have said about jazz: If you have to ask, you'll never know. Scientists,
in contrast, try to know. They are anxious to tell you everything, and to
make it all clear. But they must respectfully wait until the curtain falls
or the book covers close.

The arts are eternally discursive. They seek maximum effect with
novel imagery. And imagery that burns itself into the memory, so that
when recalled it retains some of its original impact. Among examples I
especially appreciate is the perfect opening of Nabokov's pedophilic
novel. Lo-lee-ta: the tip of the tongue taking a trip of three steps down
the palate to tap, at three, on the teeth. Lo. Lee. Ta. Thus with anatomi-
cal accuracy, alliterative r-sounds, and poetic meter Nabokov drenches
the name, the book title, and the plot in sensuality.

Surprise, wit, and originality characterize the memorable use of
metaphor. In another genre, the poet Elizabeth Spires tells us about a
theological lesson given by a nun at St. Joseph's Elementary School in
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Circleville, Ohio, on a snowy winter morning. The subject was escha-
tology for beginners.

How long will those lost souls pay for their sins? For all eternity. Eter-
nity. How can we, at eleven years old, she must be thinking, possibly
be able to conceive of just how long eternity is? Imagine the largest
mountain in the world, made of solid rock. Once every hundred years, a
bird flies past, the tip of its wing brushing lightly against the mountain-
top. Eternity is as long as it would take for the bird's wing to wear the
mountain down to nothing. Ever after, I connect hell and eternity not
with fire and flames, but with something cold and unchanging, a
snowy tundra overshadowed by a huge granite mountain that casts a
pall over the landscape.

W H A T CAN WE truly know about the creative powers of the human
mind? The explanation of their material basis will be found at the
juncture of science and the humanities. The first premise of the scien-
tific contribution is that Homo sapiens is a biological species born of
natural selection in a biotically rich environment. Its corollary is that
the epigenetic rules affecting the human brain were shaped during ge-
netic evolution by the needs of Paleolithic people in this environment.

The premise and corollary have the following consequence. Cul-
ture, rising from the productions of many minds that interlace and re-
inforce one another over many generations, expands like a growing
organism into a universe of seemingly infinite possibility. But not all di-
rections are equally likely. Before the scientific revolution, every cul-
ture was sharply circumscribed by the primitive state of that culture's
empirical knowledge. The culture evolved under the local influence
of climate, water distribution, and food resources. Less obviously, its
growth was profoundly affected by human nature.

Which brings us back to the arts. The epigenetic rules of human
nature bias innovation, learning, and choice. They are gravitational
centers that pull the development of mind in certain directions and
away from others. Arriving at the centers, artists, composers, and writ-
ers over the centuries have built archetypes, the themes most pre-
dictably expressed in original works of art.

Although recognizable through their repeated occurrence, arche-
types cannot be easily defined by a simple combination of generic
traits. They are better understood with examples, collected into groups
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that share the same prominent features. This method—called defini-
tion by specification—works well in elementary biological classifica-
tion, even when the essential nature of the species as a category
remains disputed. In myth and fiction as few as two dozen such subjec-
tive groupings cover most of the archetypes usually identified as such.
Some of the most frequently cited are the following.

In the beginning, the people are created by gods, or the mating of
giants, or the clash of titans; in any case, they begin as special beings at
the center of the world.

The tribe emigrates to a promised land (or Arcadia, or the Secret
Valley, or the New World).

The tribe meets the forces of evil in a desperate battle for survival;
it triumphs against heavy odds.

The hero descends to hell, or is exiled to wilderness, or experiences
an iliad in a distant land; he returns in an odyssey against all odds past
fearsome obstacles along the way, to complete his destiny.

The world ends in apocalypse, by flood, fire, alien conquerors, or
avenging gods; it is restored by a band of heroic survivors.

A source of great power is found in the tree of life, the river of
life, philosopher's stone, sacred incantation, forbidden ritual, secret
formula.

The nurturing woman is apotheosized as the Great Goddess, the
Great Mother, Holy Woman, Divine Queen, Mother Earth, Gaia.

The seer has special knowledge and powers of mind, available to
those worthy to receive it; he is the wise old man or woman, the holy
man, the magician, the great shaman.

The Virgin has the power of purity, is the vessel of sacred strength,
must be protected at all costs, and perhaps surrendered up to propitiate
the gods or demonic forces.

Female sexual awakening is bestowed by the unicorn, the gentle
beast, the powerful stranger, the magical kiss.

The Trickster disturbs established order and liberates passion as
the god of wine, king of the carnival, eternal youth, clown, jester,
clever fool.

A monster threatens humanity, appearing as the serpent demon
(Satan writhing at the bottom of hell), dragon, gorgon, golem, vampire.
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IF T H E ARTS are steered by inborn rules of mental development,
they are end products not just of conventional history but also of ge-
netic evolution. The question remains: Were the genetic guides mere
byproducts—epiphenomena—of that evolution, or were they adapta-
tions that directly improved survival and reproduction? And if adapta-
tions, what exactly were the advantages conferred? The answers, some
scholars believe, can be found in artifacts preserved from the dawn of
art. They can be tested further with knowledge of the artifacts and cus-
toms of present-day hunter-gatherers.

This is the picture of the origin of the arts that appears to be
emerging. The most distinctive qualities of the human species are ex-
tremely high intelligence, language, culture, and reliance on long-
term social contracts. In combination they gave early Homo sapiens a
decisive edge over all competing animal species, but they also exacted
a price we continue to pay, composed of the shocking recognition of
the self, of the finiteness of personal existence, and of the chaos of the
environment.

These revelations, not disobedience to the gods, are what drove
humankind from paradise. Homo sapiens is the only species to suffer
psychological exile. All animals, while capable of some degree of spe-
cialized learning, are instinct-driven, guided by simple cues from the
environment that trigger complex behavior patterns. The great apes
have the power of self-recognition, but there is no evidence that they
can reflect on their own birth and eventual death. Or on the meaning
of existence—the complexity of the universe means nothing to them.
They and other animals are exquisitely adapted to just those parts of
the environment on which their lives depend, and they pay little or no
attention to the rest.

The dominating influence that spawned the arts was the need to
impose order on the confusion caused by intelligence. In the era prior
to mental expansion, the ancestral prehuman populations evolved like
any other animal species. They lived by instinctive responses that
sustained survival and reproductive success. When Homo-level intelli-
gence was attained, it widened that advantage by processing informa-
tion well beyond the releaser cues. It permitted flexibility of response
and the creation of mental scenarios that reached to distant places and
far into the future. The evolving brain, nevertheless, could not convert
to general intelligence alone; it could not turn into an all-purpose
computer. So in the course of evolution the animal instincts of survival
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and reproduction were transformed into the epigenetic algorithms of
human nature. It was necessary to keep in place these inborn programs
for the rapid acquisition of language, sexual conduct, and other
processes of mental development. Had the algorithms been erased, the
species would have faced extinction. The reason is that the lifetime of
an individual human being is not long enough to sort out experiences
by means of generalized, unchanneled learning. Yet the algorithms
were jerry-built: They worked adequately but not superbly well. Be-
cause of the slowness of natural selection, which requires tens or hun-
dreds of generations to substitute new genes for old, there was not
enough time for human heredity to cope with the vastness of new con-
tingent possibilities revealed by high intelligence. Algorithms could be
built, but they weren't numerous and precise enough to respond auto-
matically and optimally to every possible event.

The arts filled the gap. Early humans invented them in an attempt
to express and control through magic the abundance of the environ-
ment, the power of solidarity, and other forces in their lives that mat-
tered most to survival and reproduction. The arts were the means by
which these forces could be ritualized and expressed in a new, simu-
lated reality. They drew consistency from their faithfulness to human
nature, to the emotion-guided epigenetic rules—the algorithms — of
mental development. They achieved that fidelity by selecting the most
evocative words, images, and rhythms, conforming to the emotional
guides of the epigenetic rules, making the right moves. The arts still
perform this primal function, and in much the same ancient way.
Their quality is measured by their humanness, by the precision of their
adherence to human nature. To an overwhelming degree that is what
we mean when we speak of the true and beautiful in the arts.

A B O U T THIRTY T H O U S A N D YEARS AGO Homo sapiens used
the visual arts to bring the representation of large animals into shelters.
Some of the oldest and most sophisticated of such works are the wall
paintings, engravings, and sculptures found in caverns of the southern
half of Ice Age Europe. More than two hundred such caverns contain-
ing thousands of images have been found during the past century in
Italy, Switzerland, France, and Spain. The most recently discovered,
and oldest of all, is the spectacularly painted cave at Chauvet, in the
valley of the Ardeche River, a tributary of the Rhone. Chemical tests
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have established the age of the art at 32,410 ± 720 years. The youngest
cave galleries are Magdalenian paintings, etchings, and sculptures cre-
ated as recently as ten thousand years before the present, near the
dawn of the Neolithic era.

The best of the animal drawings are accurate and beautiful even by
exacting modern standards. They are rendered with clean, sweeping
lines, some of which are shaded to one side as though to convey three-
dimensionality. They present a veritable field guide to the largest
mammals of the region, from lion to mammoth, bear to horse, rhinoc-
eros to bison, most of which are now extinct. The figures are more
than abstract images. Some are clearly male or female, of different
ages. A few of the females are swollen with young. Some wear recog-
nizable winter or summer pelages. At Chauvet two rampant male rhi-
noceros lock horns in battle.

Given the antiquity of Chauvet and the scarcity of even older
representational art, it is tempting to conclude that the skills of the cav-
ern artists emerged quickly, perhaps within a few generations. But that
would be premature. On the basis of genetic and fossil evidence, it ap-
pears that anatomically modern Homo sapiens evolved in Africa by
about two hundred thousand years before the present, and entered Eu-
rope as recently as fifty thousand years ago. In the succeeding interval,
up to the time of the Chauvet paintings, they slowly displaced the Ne-
anderthal people, now considered by some anthropologists to be a dis-
tinct human species. It is reasonable to suppose that during this era,
and before occupying the particular cave sites that today harbor the
oldest known works, the artists improved their techniques and style on
surfaces now lost. Many of the early paintings might have been applied
to outdoor rock walls, a practice still followed by hunter-gatherers in
Australia and southern Africa, and as a result failed to survive the harsh
climate of Ice Age Europe.

It may never be known whether European cavern art sprang full-
blown or was perfected in small steps across millennia, but at least we
have strong hints as to why it was created. A number of the examples, as
many as 28 percent at Cosques near Marseilles, for example, are de-
picted with arrows or spears flying about the bodies of the animals. A
bison at Lascaux has been eviscerated by a spear that enters its anus
and emerges through its genitals. The simplest and most persuasive ex-
planation for the embellishment is the one proposed in the early 1900s
by Abbé Breuil, the pioneer explorer and interpreter of European
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Paleolithic art. It is hunting magic, he said, the belief that by re-
creating animals and killing their images, the hunters will more readily
overcome real prey when the chase begins outdoors.

Art is magic: That has a modern ring, for as we often hear, the pur-
pose of the arts is enchantment. Breuil's hypothesis is supported by an
intriguing piece of additional evidence, the repeated depiction of the
same animal species on the same rock-surface panels. In one case,
chemical tests indicate that the portraits were drawn centuries apart.
Duplicates are also commonly drawn—or in some cases etched on
bone fragments—on top of the original. Rhinoceros horns are repli-
cated, mammoths bear multiple head domes, lions have two or three
complete heads. Although we will never be able to read the minds of
the artists, it is a fair guess that they meant the images to be reborn with
each duplication in order to serve the purpose of new rituals. Those
rituals might have been part of full-blown ceremonies, accompanied
by early forms of music and dancing. Flutes made of bone have been
discovered in the caves, in good enough condition to be cleaned and
played, and the paintings themselves are consistently located in places
where the acoustics are excellent.

Hunting sorcery of one form or another has survived in hunter-
gatherer societies to the present time. It is a form of sympathetic magic,
an expression of the near-universal belief among prescientific peoples
that the manipulation of symbols and images can influence the objects
they represent. Sticking pins in dolls and other practices of malign
voodoo are among the most familiar examples from popular culture.
Most religious rituals contain elements of sympathetic magic. Chil-
dren selected for sacrifice to Tlaloc, the Aztec god of rain and light-
ning, were first forced to shed tears, in order to bring raindrops to the
Valley of Mexico. Christian baptism takes away the sins of the world.
To be cleansed, to be born again, you must be washed in the blood of
the Lamb.

Belief in astrology and extrasensory perception, particularly psy-
chokinesis, is built from similar elements in the sorcerer's toolkit. The
near-universal faith in sympathetic magic of one form or another is
easily explained. In a bewildering and threatening world, people reach
out for power by any means they can find. Combining art with sympa-
thetic magic is a quite natural way to make that attempt.

In opposition to the hunting magic hypothesis it can be argued
that the cave art images served the much simpler purpose of instruct-
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ing the young. Perhaps it was indeed only a prehistoric Peterson's Field
Guide to the Large Mammals of Pleistocene Europe. But with no more
than a dozen species to learn, it remains unclear why the portraits were
drawn repetitively on the same panels. Or why the skills of hunting
could not have been better learned by adolescent apprentices when
they accompanied their elders in the field—the method used by
hunter-gatherer people today.

The magic hypothesis of animal art is reinforced by other forms of
behavior displayed by extant stone-age people. Their hunters are in-
tensely preoccupied with the lives of the big animals around them, es-
pecially mammals that can be killed only by tracking or ambush. They
are less concerned with smaller species, such as hares and porcupines,
that can be snared or dug from burrows. They often impute to their
large prey the possession of minds and special powers that project their
own fierce human desires. The animals they kill they sometimes propi-
tiate with ceremony. Hunters of many cultures collect skulls, claws,
and skins as trophies to memorialize their own prowess. The totemic
animals, invested with supernatural qualities and honored with rever-
ential art, are then used as symbols to bind members of the clan to-
gether. Their spirits preside over celebrations of victory, and see the
people through the dark hours of defeat. They remind each individual
of the existence of something greater than himself, something immor-
tal of which he is a part. The totems enforce moderation in dispute,
and they soften dissension within the tribe. They are sources of real
power. It is not surprising to find that among the few well-rendered
human beings in Ice Age art are shamans wearing headgear of stag
antlers or the head of a bird or lion. It seems logical that gods in the
form of animals ruled the ancient civilizations of the Fertile Crescent
and Mesoamerica. Such effects of sympathetic magic radiate out. Not
just hunter-gatherer bands but also groups and nations at the level of
high civilization are prone to adopt animal species as totems to reflect
the qualities they most value in themselves. American football fans,
having at last found a way to form their own Paleolithic tribes, cheer
for the Detroit Lions, Miami Dolphins, and Chicago Bears.

T H E B I O L O G I C A L O R I G IN ofthe arts is a working hypothesis, de-
pendent on the reality of the epigenetic rules and the archetypes they
generate. It has been constructed in the spirit of the natural sciences,
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and as such is meant to be testable, vulnerable, and consilient with the
rest of biology.

So how then is the hypothesis to be tested? One way is to predict
from evolutionary theory the themes and underlying epigenetic rules
most likely to be encountered in the arts. We know that such near-
universal themes do exist, and in fact form the scaffolding of most
works of fiction and the visual arts. Their generality is the reason Holly-
wood plays well in Singapore, and why Nobel Prizes in Literature are
given to Africans and Asians as well as to Europeans. What we do not
understand very well is why this is so, why processes of mental devel-
opment direct attention so consistently toward certain images and nar-
ratives. Evolutionary theory is a potentially powerful means of
predicting the underlying epigenetic rules and understanding their
origins in genetic history.

Earlier I described one important example of the evolutionary ap-
proach, in studies that address incest avoidance and taboos. The in-
born inhibitory responses causing these phenomena have reverberated
in myth and the arts throughout recorded history. Other responses that
can connect biological theory to the arts are parent-infant bonding,
family cooperation and conflict, and territorial aggression and defense.

A second, wholly different means of discovering epigenetic rules
affecting the arts is simply to scan directly for them with methods from
the neurosciences and cognitive psychology. In a pioneering study of
"bioaesthetics" published in 1973, the Belgian psychologist Gerda
Smets asked subjects to view abstract designs of varying degrees of
complexity while she recorded changes in their brain wave patterns.
To register arousal she used the desynchronization of alpha waves, a
standard neurobiological measure. In general, the more the alpha
waves are desynchronized, the greater the psychological arousal sub-
jectively reported by subjects. Smets made a surprising discovery. She
found a sharp peak of brain response when the redundancy—repeti-
tiveness of elements—in the designs was about 20 percent. This is the
equivalent amount of order found variously in a simple maze, in two
complete turns of a logarithmic spiral, or in a cross with asymmetrical
arms. The 20 percent redundancy effect appears to be innate. New-
born infants gaze longest at drawings with about the same amount of
order.

What does this epigenetic rule have to do with aesthetics and art?
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The connection is closer than may be immediately apparent. Smets'
high-arousal figures, even though generated by a computer, have an
intriguing resemblance to abstract designs used worldwide in friezes,
grillwork, logos, colophons, and flag designs. They are also close in
order and complexity to the pictographs of written Chinese, Japanese,
Thai, Tamil, Bengali, and other Asian languages of diverse origin, as
well as the glyphs of the ancient Egyptians and Mayans. Finally, it
seems likely that some of the most esteemed products of modern ab-
stract art fall near the same optimal level of order, as illustrated in
Mondrian's oeuvre. Although this connection of neurobiology to the
arts is tenuous, it offers a promising cue to the aesthetic instinct, one
that has not to my knowledge been explored systematically by either
scientists or interpreters of the arts.

Analyzing the beauty of a young woman's face is another way to
scan directly for epigenetic rules relevant to aesthetics. For more than
a century it has been known that photographic composites of many
faces blended together are considered more attractive than most of the
individual faces viewed separately. The phenomenon has led to the be-
lief that ideal facial beauty is simply the average condition for the
population as a whole. That entirely reasonable conclusion turns out
to be only half true. In 1994 new studies revealed that a blend of indi-
vidual faces considered attractive at the outset is rated higher than a
blend of all the faces without prior selection. In other words, an aver-
age face is attractive but not optimally attractive. Certain dimensions
of the face are evidently given more weight in evaluation than others.
The analyses then produced a real surprise. When the critical dimen-
sions were identified and exaggerated in artificially modified com-
posites, attractiveness rose still more. Both Caucasian and Japanese
female faces had this effect on young British and Japanese subjects of
both sexes. The features thought most attractive are relatively high
cheek bones, a thin jaw, large eyes relative to the size of the face, and a
slightly shorter rather than longer distance between mouth and chin
and between nose and chin.

Only a small percentage of young women fall at or close to the av-
erage. That is to be expected in a genetically diverse species whose pre-
cise combinations of features are created anew within and between
families of every generation. What is more puzzling is the divergence
of the optimum from the average. Few women—extremely few in
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fact—approach it. If the perception of facial beauty resulted in the
higher survival and reproductive success of the most beautiful conceiv-
able, then the most beautiful should be at or close to the average
within the population. Such is the expected result of stabilizing nat-
ural selection: Deviations from the optimum dimensions in any direc-
tion are disfavored, and the optimum is sustained as the norm through
evolutionary time.

The explanation for the rarity of great beauty may be (and I con-
tinue to speculate) the behavioral phenomenon known as the super-
normal stimulus. Widespread among animal species, it is the
preference during communication for signals that exaggerate the
norms even if they rarely if ever occur in nature. An instructive exam-
ple is female attractiveness in the silver-washed fritillary, a silver-dap-
pled orange butterfly found in woodland clearings from western
Europe to Japan. During the breeding season males instinctively rec-
ognize females of their own species by their unique color and flight
movements. They chase them, but they are not what the males really
prefer. Researchers found that they could attract male fritillaries with
plastic replicas whose wings are flapped mechanically. To their sur-
prise, they also learned that males turn from real females and fly to-
ward the models that have the biggest, brightest, and most rapidly
moving wings. No such fritillary super-female exists in the species' nat-
ural environment.

Males of the silver-washed fritillary appear to have evolved to pre-
fer the strongest expression of certain stimuli they encounter, with no
upper limit. The phenomenon is widespread in the animal kingdom.
While experimenting with anole lizards of the West Indies a few years
ago, I found that males display enthusiastically to photographs of other
members of the same species, even though the images are the size of
a small automobile. Other researchers have learned that herring gulls
ignore their own eggs when presented with appropriately painted
wooden models so large they cannot even climb on top of them.

In the real world the supernormal response works because the
monstrous forms created by experimenters do not exist, and the ani-
mals can safely follow an epigenetic rule expressible as follows: "Take
the largest (or brightest or most conspicuously moving) individual you
find." Female fritillaries cannot be gigantic insects with brilliant
whirring wings. Such creatures could not locate enough food to get
through the caterpillar stage and survive in the Eurasian woodlands. In
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parallel manner, women with large eyes and delicate features may
have less robust health, especially during the rigors of childbearing,
than those closer to the population average. But at the same time—
and this could be the adaptive significance—they present physical
cues of youth, virginity, and the prospect of a long reproductive period.

The off-center optimum of female attractiveness is no more pecu-
liar than most of the rest of human social behavior. The entire beauty
industry can be interpreted as the manufacture of supernormal stimu-
li. Eyelid shadow and mascara enlarge the eyes, lipstick fills out and
brightens the lips, rouge brings a permanent blush to the cheeks, pan-
cake makeup smoothes and reshapes the face toward the innate ideal,
fingernail paint adds blood circulation to the hands, and teasing and
tinting render the hair full-bodied and youthful. All these touches do
more than imitate the natural physiological signs of youth and fecun-
dity. They go beyond the average normal.

The same principle is true for body adornment of all kinds in men
and women. Clothing and emblems project vigor and advertise status.
Thousands of years before artists painted animals and costumed
shamans on the cave walls of Europe, people were fastening beads
onto clothing and piercing belts and headbands with carnivore teeth.
Such evidence indicates that the original canvas of the visual arts was
the human body itself.

Ellen Dissanayake, an American historian of aesthetics, suggests
that the primal role of the arts is and always has been to "make special"
particular features of humans, animals, and the inanimate environ-
ment. Such features, as illustrated by feminine beauty, are the ones to-
ward which human attention is already biologically predisposed. They
are among the best places to search for the epigenetic rules of mental
development.

T H E ARTS, while creating order and meaning from the seeming
chaos of daily existence, also nourish our craving for the mystical. We
are drawn to the shadowy forms that drift in and out of the subcon-
scious. We dream of the insoluble, of unattainably distant places and
times. Why should we so love the unknown? The reason may be the
Paleolithic environment in which the brain evolved. In our emotions,
I believe, we are still there. As a naturalist, I use an explicit geographic
imagery in reveries of this formative world.
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At the center of our world is home ground. In the center of the cen-
ter are shelters backed against a rock wall. From the shelters radiate
well-traveled paths where every tree and rock is familiar. Beyond lies op-
portunity for expansion and riches. Down a river, through a wooded cor-
ridor lining the opposite shore, are campsites in grassy places where
game and food plants are seasonally abundant. Such opportunities
are balanced by risk. We might lose our way on a too-distant foray. A
storm can catch us. Neighboring people—poisoners, cannibals, not fully
human—will either trade or attack; we can only guess their intentions.
In any case they are an impassable barrier. On the other side is the rim
of the world, perhaps glimpsed as a mountain front, or a drop toward
the sea. Anything could be out there: dragons, demons, gods, paradise,
eternal life. Our ancestors came from there. Spirits we know live closer
by, and at fall of night are on the move. So much is intangible and
strange! We know a little, enough to survive, but all the rest of the world
is a mystery.

What is this mystery we find so attractive? It is not a mere puzzle
waiting to be solved. It is far more than that, something still too amor-
phous, too poorly understood to be broken down into puzzles. Our
minds travel easily—eagerly!—from the familiar and tangible to the
mystic realm. Today the entire planet has become home ground.
Global information networks are its radiating trails. But the mystic
realm has not vanished; it has just retreated, first from the foreground
and then from the distant mountains. Now we look for it in the stars, in
the unknowable future, in the still teasing possibility of the super-
natural. Both the known and the unknown, the two worlds of our an-
cestors, nourish the human spirit. Their muses, science and the arts,
whisper: Follow us, explore, find out.

I N T R Y I N G to comprehend this aura of the ancestral mind, we are
not entirely dependent on introspection and fantasy. Anthropologists
have carefully studied bands of contemporary hunter-gatherers whose
lifeways appear to resemble those of our common Paleolithic fore-
bears. In recording languages, daily activities, and conversations, the
researchers have drawn reasonable inferences concerning the thought
processes of their subjects.

One such account has been provided by Louis Liebenberg on the
San-speaking "Bushman" hunter-gatherers of the central Kalahari,
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more particularly the Ju/wasi (or !Kung), /Gwi, and !Xo of Botswana
and Namibia. He has drawn on his own researches and those of other
anthropologists, most prominently Richard B. Lee and George B. Sil-
berbauer, to record the vanishing culture of these remarkable people.

The Kalahari bands, in order to live on the sparse resources of the
desert, must plan and act very carefully. Knowledge of the local terrain
and of seasonal ecology is particularly important. The bands under-
stand that the distribution of water resources within their territory is
most important of all. In Liebenberg's words:

During the rainy season they live at temporary pools in the midst of
nut forests. Only the most palatable and abundant foods that are the
least distance from water are collected. As time goes on they have to
travel further and further to collect food. They usually occupy a camp
for a period of weeks or months and eat their way out of it. During the
dry season, groups are based at permanent waterholes. They eat out an
increasing radius of desirable foods, and as the water-food distances in-
crease the subsistence effort increases.

The Kalahari bands are experts on local geography and the many
plants and animals on which their lives depend. Plant gatherers,
usually women but also men on their way home from unsuccess-
ful hunts, use knowledge of the botanical communities to pinpoint
edible species. They are conservationists by way of necessity. Lieben-
berg continues:

They avoid stripping an area of a species, leaving a residue so that
regeneration is not imperiled. Locally scarce specimens are not ex-
ploited even when these are found while gathering other species.

The hunters are also equally expert on the details of animal life.
Their skills at tracking large animals depend on this knowledge.

When fresh spoor is found, hunters will estimate its age and how fast
the animal was moving to decide whether it is worth following up. In
thick bush, where there may be no clear footprints, or on hard ground,
where only scuff marks may be evident, trackers may not be able to
identify the animal. When this happens they will have to follow the
trail, looking for signs such as disturbed vegetation and scuff marks,
until clear footprints are found. They will reconstruct what the animal
was doing and predict where it was going.
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In the Kalahari, as throughout all of the hunter-gatherer world for
countless millennia, the hunt holds a central place in the social life of
the band.

In storytelling around the campfire at night men give graphic descrip-
tions of hunts of the recent and distant past. To find animals requires
all the information on their movements that can be gained from
others' observations and the hunter's own interpretation of signs.
Hunters will spend many hours discussing the habits and movements
of animals.

The life of the Kalahari band, optimally comprising fifty to seventy
members, is intensely communal and cooperative. Because the group
must move several times a year with all their possessions on their backs,
individuals accumulate few material goods not essential to survival.

Ownership is limited to an individual's clothing, a man's weapons
and implements and a woman's household goods. The band's territory
and all its assets are not owned individually but communally, by the
whole band.

To hold the group together, decorum and reciprocity are strictly
observed.

While hunting is an important activity in hunter-gatherer subsistence,
successful hunters, who may naturally be pleased with themselves, are
expected to show humility and gentleness. To the Ju/wasi, for exam-
ple, announcing a kill is a sign of anogance and is strongly discour-
aged. Many good hunters do no hunting for weeks or months at a
time. After a run of successful hunts a hunter will stop hunting in
order to give other men the chance to reciprocate.

While the Kalahari hunters are close students of animal beha-
vior, they are thoroughly anthropomorphic in their interpretation.
They strain to enter the minds of the animals they track. They imag-
ine, they project thoughts directly to the world around them, and they
analogize.

Animal behaviour is perceived as rational and directed by motives
based on values (or the negation of those values) that are either held
by the hunter-gatherers themselves or by people known to them. The
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behaviour of animals is seen by the /Gwi as bound by the natural order
of N!adima (God). Each species is perceived to have characteristic be-
haviour, which is governed by its kxodzi (customs), and each has its
particular kxwisa (speech, language). Animals are believed to have ac-
quired special capabilities by means of rational thought.

Knowing the belief of preliterate people in the equivalency of the
material and immaterial worlds, and of rational and irrational explana-
tion, it is easy to see how they invent narrative forms loaded with myths
and totems. The acceptance of mystery is central to their lives.

The /Gwi believe that some species possess knowledge that transcends
that of humans. The bateleur eagle is believed to know when a hunter
will be successful and will hover over him, thereby acting as an omen
of sure success. Some steenbok are thought to have a magical means
of protecting themselves from a hunter's arrows, while the duiker is
believed to practice sorcery against its animal enemies and even
against conspecific rivals. Baboons, because of their legendary love of
trickery and teasing, are believed to eavesdrop on hunters and to pass
on their plans to the intended prey animals.

The world that preliterate humans factually perceive is only a
small fragment of the full natural world. Thus by necessity the primi-
tive mind is continuously tuned to mystery. For the Kalahari and other
contemporary hunter-gatherers the experience of daily life grades im-
perceptibly into their magical surroundings. Spirits dwell in trees and
rocks, animals think, and human thought projects outward from the
body with a physical force.

We are all still primitives compared to what we might become.
Hunter-gatherers and college-educated urbanites alike are aware of
fewer than one in a thousand of the kinds of organisms—plants, ani-
mals, and microorganisms—that sustain the ecosystems around them.
They know very little about the real biological and physical forces that
create air, water, and soil. Even the most able naturalist can trace no
more than a faint outline of an ecosystem to which he has devoted a
lifetime of study.

Yet the great gaps in knowledge are beginning to be filled. That is
the strength of cumulative science in a literate world. People learn and
forget, they die, and even the strongest institutions they erect deterio-
rate, but knowledge continues to expand globally while passing from
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one generation to the next. Any trained person can retrieve and aug-
ment any part of it. By this means all the species of organisms in
ecosystems such as the Kalahari Desert will eventually come to be
known. They will be given scientific names. Their place in the food
web will be discovered, their anatomy and physiology penetrated to the
level of cell and molecule, the instinctive behavior of the animals re-
duced to neuron circuitry, then to neurotransmitters and ion ex-
change. If the history of biology is a guide, all the facts will prove
consilient. The explanations can be joined in space from molecule to
ecosystem, and in time from microsecond to millennium.

With consilient explanation, the units at different levels of biologi-
cal organization can be reassembled. Among them will be whole
plants and animals as we normally see them—not as collections of
molecules in biochemical time, too small and fast-changing to be visi-
ble to the unaided eye, not as whole populations living in the slow mo-
tion of ecological time, but as individual plants and animals confined
to the sliver of organismic time where human consciousness, being or-
ganismic itself, is forced to exist.

Returning to that narrow sliver after the science-led grand tour of
space-time, we arrive home in the world for which the evolution of the
brain prepared us. Now, with science and the arts combined, we have
it all.

Poet in my heart, walk with me across the mysterious land. We can
still be hunters in the million-year dreamtime. Our minds are filled with
calculation and emotion. We are aesthetes tense with anxiety. Once
again the bateleur eagle wheels above our heads, trying to tell us some-
thing we overlooked, something we forgot. How can we be sure that ea-
gles never speak, that everything can be known about this land? Nearby
is spoor of the elusive duiker leading into the scrub: Shall we follow?
Magic enters the mind seductively, like a drug in the veins. Accepting its
emotive power, we know something important about human nature. And
something important intellectually—that in expanded space-time the
fiery circle of science and the arts can be closed.

Within the larger scale, the archaic world of myth and passion is
perceived as it truly is, across the full range of cause and effect. Every
contour of the terrain, every plant and animal living in it, and the
human intellect that masters them all, can be understood more com-
pletely as a physical entity. Yet in so doing we have not abandoned the
instinctual world of our ancestors. By focusing on the peculiarly
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human niche in the continuum, we can if we wish (and we so desper-
ately wish) inhabit the productions of art with the same sense of beauty
and mystery that seized us at the beginning. No barrier stands between
the material world of science and the sensibilities of the hunter and
the poet.



CHAPTER 11

ETHICS AND RELIGION

C E N T U R I E S O F D E B A T E on the origin of ethics come down to
this: Either ethical precepts, such as justice and human rights, are in-
dependent of human experience or else they are human inventions.
The distinction is more than an exercise for academic philosophers.
The choice between the assumptions makes all the difference in the
way we view ourselves as a species. It measures the authority of reli-
gion, and it determines the conduct of moral reasoning.

The two assumptions in competition are like islands in a sea of
chaos, immovable, as different as life and death, matter and the void.
Which is correct cannot be learned by pure logic; for the present only
a leap of faith will take you from one to the other. But the true answer
will eventually be reached by the accumulation of objective evidence.
Moral reasoning, I believe, is at every level intrinsically consilient with
the natural sciences.

Every thoughtful person has an opinion on which of the premises
is correct. But the split is not, as popularly supposed, between religious
believers and secularists. It is between transcendentalists, those who
think that moral guidelines exist outside the human mind, and empiri-
cists, who think them contrivances of the mind. The choice between
religious or nonreligious conviction and the choice between ethically
transcendentalist or empiricist conviction are cross-cutting decisions



CHAPTER 10

THE ARTS AND

THEIR INTERPRETATION

I N MANY R E S P E C T S , the most interesting challenge to consilient
explanation is the transit from science to the arts. By the latter I mean
the creative arts, the personal productions of literature, visual arts,
drama, music, and dance marked by those qualities which for lack of
better words (and better words may never be coined) we call the true
and beautiful.

The arts are sometimes taken to mean all the humanities, which
include not only the creative arts but also, following the recommenda-
tions of the 1979-80 Commission on the Humanities, the core subjects
of history, philosophy, languages, and comparative literature, plus
jurisprudence, the comparative study of religions, and "those aspects
of the social sciences which have humanistic content and employ hu-
manistic methods." Nevertheless, the arts in the primary and intui-
tively creative sense, ars gratia artis, remain the definition most widely
and usefully employed.

Reflection leads us to two questions about the arts: where they
come from, in both history and personal experience, and how their
essential qualities of truth and beauty are to be described through ordi-
nary language. These matters are the central concern of interpreta-
tion, the scholarly analysis and criticism of the arts. Interpretation is



262 C O N S I L I E N C E

So compelling are such fruits of natural law theory, especially
when the deity is also invoked, that they may seem to place the tran-
scendentalist assumption beyond question. But to its noble successes
must be added appalling failures. It has been perverted many times in
the past, used for example to argue passionately for colonial conquest,
slavery, and genocide. Nor was any great war ever fought without each
side thinking its cause transcendentally sacred in some manner or
other. "Oh how we hate one another," observed Cardinal Newman,
"for the love of God."

So perhaps we can do better, by taking empiricism more seriously.
Ethics, in the empiricist view, is conduct favored consistently enough
throughout a society to be expressed as a code of principles. It is driven
by hereditary predispositions in mental development—the "moral sen-
timents" of the Enlightenment philosophers—causing broad conver-
gence across cultures, while reaching precise form in each culture
according to historical circumstance. The codes, whether judged by
outsiders as good or evil, play an important role in determining which
cultures flourish, and which decline.

The importance of the empiricist view is its emphasis on objective
knowledge. Because the success of an ethical code depends on how
wisely it interprets the moral sentiments, those who frame it should
know how the brain works, and how the mind develops. The success of
ethics also depends on the accurate prediction of the consequence of
particular actions as opposed to others, especially in cases of moral am-
biguity. That too takes a great deal of knowledge consilient with the
natural and social sciences.

The empiricist argument, then, is that by exploring the biological
roots of moral behavior, and explaining their material origins and bi-
ases, we should be able to fashion a wiser and more enduring ethical
consensus than has gone before. The current expansion of scientific
inquiry into the deeper processes of human thought makes this ven-
ture feasible.

The choice between transcendentalism and empiricism will be
the coming century's version of the struggle for men's souls. Moral rea-
soning will either remain centered in idioms of theology and philoso-
phy, where it is now, or it will shift toward science-based material
analysis. Where it settles will depend on which world view is proved
correct, or at least which is more widely perceived to be correct.
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T H E T I M E HAS C O M E to turn the cards face up. Ethicists, scholars
who specialize in moral reasoning, are not prone to declare themselves
on the foundations of ethics, or to admit fallibility. Rarely do you see
an argument that opens with the simple statement: This is my starting
point, and it could be wrong. Ethicists instead favor a fretful passage
from the particular into the ambiguous, or the reverse, vagueness into
hard cases. I suspect that almost all are transcendentalists at heart, but
they rarely say so in simple declarative sentences. One cannot blame
them very much; it is difficult to explain the ineffable, and they evi-
dently do not wish to suffer the indignity of having their personal
beliefs clearly understood. So by and large they steer around the foun-
dation issue altogether.

That said, I will of course try to be plain about my own position: I
am an empiricist. On religion I lean toward deism but consider its
proof largely a problem in astrophysics. The existence of a cosmologi-
cal God who created the universe (as envisioned by deism) is possible,
and may eventually be settled, perhaps by forms of material evidence
not yet imagined. Or the matter may be forever beyond human reach.
In contrast, and of far greater importance to humanity, the existence of
a biological God, one who directs organic evolution and intervenes in
human affairs (as envisioned by theism) is increasingly contravened by
biology and the brain sciences.

The same evidence, I believe, favors a purely material origin of
ethics, and it meets the criterion of consilience: Causal explanations of
brain activity and evolution, while imperfect, already cover the most
facts known about moral behavior with the greatest accuracy and the
smallest number of freestanding assumptions. While this conception is
relativistic, in other words dependent on personal viewpoint, it need
not be irresponsibly so. If evolved carefully, it can lead more directly
and safely to stable moral codes than transcendentalism, which is also,
when you think about it, ultimately relativistic.

And yes—lest I forget—I may be wrong.
In order to sharpen the distinction between transcendentalism and

empiricism, I have constructed a debate between defenders of the two
world views. To add passionate conviction, I have also made the tran-
scendentalist a theist, and the empiricist a skeptic. And to be as fair as
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possible, I have drawn their arguments from the most closely reasoned
sources in theology and philosophy of which I am aware.

T H E TRANSCENDENTALIST

"Before taking up ethics, let me affirm the logic of theism, because if
the existence of a law-giving God is conceded, the origin of ethics is in-
stantly settled. So please consider carefully the following argument in
favor of theism.

"I challenge your rejection of theism on your own empiricist
grounds. How can you ever hope to disprove the existence of a per-
sonal God? How can you explain away the three thousand years of
spiritual testimony from the followers of Judaism, Christianity, and
Islam? Hundreds of millions of people, including a large percentage of
the educated citizens of industrialized countries, know there is an un-
seen sentient power guiding their lives. The testimony is overwhelm-
ing. According to recent polls, nine in ten Americans believe in a
personal God who can answer prayers and perform miracles. One in
five has experienced His presence and guidance at least once during
the year previous to the poll. How can science, the underwriting disci-
pline of ethical empiricism, dismiss such widespread testimony?

"The nucleus of the scientific method, we are constantly re-
minded, is the rejection of certain propositions in favor of others in
strict conformity to fact-based logic. Where are the facts that require
the rejection of a personal God? It isn't enough to say that the idea is
unnecessary to explain the physical world, at least as scientists under-
stand it. Too much is at stake for theism to be dismissed with that flip of
the hand. The burden of proof is on you, not on those who believe in a
divine presence.

"Looked at in proper perspective, God subsumes science, science
does not subsume God. Scientists collect data on certain subjects and
build hypotheses to explain them. In order to extend the reach of ob-
jective knowledge as far as they can, they provisionally accept some hy-
potheses while discarding others. That knowledge, however, can cover
only part of reality. Scientific research in particular is not designed to
explore all of the wondrous varieties of human mental experience.
The idea of God, in contrast, has the capacity to explain everything,
not just measurable phenomena, but phenomena personally felt and
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subliminally sensed, including revelations that can be communicated
solely through spiritual channels. Why should all mental experience
be visible in PET scans? Unlike science, the idea of God is concerned
with more than the material world given us to explore. It opens our
minds to what lies outside that world. It instructs us to reach out to the
mysteries that are comprehensible through faith alone.

"Confine your thoughts to the material world if you wish. Others
know that God encompasses the ultimate causes of the Creation.
Where do the laws of nature come from if not a power higher than the
laws themselves? Science offers no answer to that sovereign question of
theology. Put another way, why is there something rather than noth-
ing? The ultimate meaning of existence lies beyond the rational grasp
of human beings, and therefore outside the province of science.

"Are you also a pragmatist? There is an urgently practical reason
for belief in ethical precepts ordained by a supreme being. To deny
such an origin, to assume that moral codes are exclusively man-made,
is a dangerous creed. As Dostoyevsky's Grand Inquisitor observed, all
things are permitted when there is no ruling hand of God, and free-
dom turns to misery. In support of that caveat we have nothing less
than the authority of the original Enlightenment thinkers themselves.
Virtually all believed in a God who created the universe, and many
were devout Christians to boot. Almost none was willing to abandon
ethics to secular materialism. John Locke said that 'those who deny
the existence of the Deity are not to be tolerated at all. Promises,
covenants and oaths, which are the bonds of human society, can have
no hold upon or sanctity for an atheist; for the taking away of God,
even only in thought, dissolves all.' Robert Hooke, a great physicist of
the seventeenth century, in composing a brief on the newly created
Royal Society, wisely cautioned that the purpose of this quintessential
Enlightenment organization should be 'To improve the knowledge
of naturall things, and all useful Arts, Manufactures, Mechanick
practises, Engynes and Inventions by Experiments—(not meddling
with Divinity, Metaphysics, Moralls, Politicks, Grammar, Rhetorick or
Logick).'

"These sentiments are just as prevalent among leading thinkers of
the modern era, as well as a large minority of working scientists. They
are reinforced by queasiness over the idea of organic evolution as es-
poused by Darwin. This keystone of empiricism presumes to reduce
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the Creation to the products of random mutations and environmental
circumstance. Even George Bernard Shaw, an avowed atheist, re-
sponded to Darwinism with despair. He condemned its fatalism and
the demoting of beauty, intelligence, honor, and aspiration to an ab-
stract notion of blindly assembled matter. Many writers have sug-
gested, not unfairly in my opinion, that such a sterile view of life,
which reduces human beings to little more than intelligent animals,
gave intellectual justification to the genocidal horrors of Nazism and
communism.

"So surely there is something wrong with the reigning theory of
evolution. Even if some form of genetic change occurs within species
in the manner proclaimed by the new Darwinism, the full, stupendous
complexity of modern organisms could not have been created by blind
chance alone. Time and again in the history of science new evidence
has overturned prevailing theories. Why are scientists so anxious to
stay with autonomous evolution and to discount the possibility of an
intelligent design instead? It is all very curious. Design would seem to
be a simpler explanation than the random self-assembly of millions of
kinds of organisms.

"Finally, theism gains compelling force in the case of the human
mind and—I won't shrink from saying it—the immortal soul. Little
wonder that a quarter or more of Americans reject totally the idea of
any kind of human evolution, even in anatomy and physiology. Sci-
ence pushed too far is science arrogant. Let it keep its proper place, as
the God-given gift to understand His physical dominion."

T H E E M P I R I C I S T

"I'll begin by freely acknowledging that religion has an overwhelming
attraction for the human mind, and that religious conviction is largely
beneficent. Religion rises from the innermost coils of the human
spirit. It nourishes love, devotion, and, above all, hope. People hunger
for the assurance it offers. I can think of nothing more emotionally
compelling than the Christian doctrine that God incarnated himself
in testimony of the sacredness of all human life, even of the slave, and
that he died and rose again in promise of eternal life for everyone.

"But religious belief has another, destructive side, equaling the
worst excesses of materialism. An estimated one hundred thousand be-
lief systems have existed in history, and many have fostered ethnic and
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tribal wars. Each of the three great Western religions in particular ex-
panded at one time or another in symbiosis with military aggression.
Islam, which means 'submission,' was imposed by force of arms on
large portions of the Middle East, Mediterranean perimeter, and
southern Asia. Christianity dominated the New World as much by
colonial expansion as by spiritual grace. It benefited from a historical
accident: Europe, having been blocked to the East by the Muslim
Arabs, turned west to occupy the Americas, whereupon the cross ac-
companied the sword in one campaign of enslavement and genocide
after another.

"The Christian rulers had an instructive example to follow in the
early history of Judaism. If we are to believe the Old Testament, the Is-
raelites were ordered by God to wipe the promised land clean of hea-
then. 'Of these peoples which the LORD your God gives you as an
inheritance, you shall let nothing that breathes remain alive, but you
shall utterly destroy them: the Hittite and the Amorite and the
Canaanite and the Perizzite and the Hivite and the Jebusite, as the
LORD your God has commanded you,' thus reports Deuteronomy,
20:16-17. Over a hundred cities were consumed by fire and death, be-
ginning with Joshua's campaign against Jericho and ending with
David's assault on the ancient Jebusite stronghold of Jerusalem.

"I bring up these historical facts not to cast aspersions on present-
day faiths but rather to cast light on their material origins and those of
the ethical systems they sponsor. All great civilizations were spread by
conquest, and among their chief beneficiaries were the religions vali-
dating them. No doubt membership in state-sponsored religions has
always been deeply satisfying in many psychological dimensions, and
spiritual wisdom has evolved to moderate the more barbaric tenets
obeyed in the days of conquest. But every major religion today is a win-
ner in the Darwinian struggle waged among cultures, and none ever
flourished by tolerating its rivals. The swiftest road to success has al-
ways been sponsorship by a conquering state.

"To be fair, let me now put the matter of cause and effect straight.
Religious exclusion and bigotry arise from tribalism, the belief in the
innate superiority and special status of the in-group. Tribalism cannot
be blamed on religion. The same causal sequence gave rise to totalitar-
ian ideologies. The pagan corpus mysticum of Nazism and the class-
warfare doctrine of Marxism-Leninism, both essentially dogmas of
religions without God, were put to the service of tribalism, not the
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reverse. Neither would have been so fervently embraced if their devo-
tees had not thought themselves chosen people, virtuous in their mis-
sion, surrounded by wicked enemies, and conquerors by right of blood
and destiny. Mary Wollstonecraft correctly said, of male domination
but extensible to all human behavior, 'No man chooses evil because it
is evil; he only mistakes it for happiness, which is the good he seeks.'

"Conquest by a tribe requires that its members make sacrifices to
the interests of the group, especially during conflict with competing
groups. That is simply the expression of a primal rule of social life
throughout the animal kingdom. It arises when loss of personal advan-
tage by submission to the needs of the group is more than offset by gain
in personal advantage due to the resulting success of the group. The
human corollary is that selfish, prosperous people belonging to losing
religions and ideologies are replaced by selfless, poor members of win-
ning religions and ideologies. A better life later on, either an earthly
paradise or resurrection in heaven, is the promised reward that cul-
tures invent to justify the subordinating imperative of social existence.
Repeated from one generation to the next, submission to the group
and its moral codes is solidified in official doctrine and personal belief.
But it is not ordained by God or plucked from the air as self-evident
truth. It evolves as a necessary device of survival in social organisms.

"The most dangerous of devotions, in my opinion, is the one en-
demic to Christianity: I was not born to be of this world. With a second
life waiting, suffering can be endured—especially in other people.
The natural environment can be used up. Enemies of the faith can be
savaged and suicidal martyrdom praised.

"Is it all an illusion? Well, I hesitate to call it that or, worse, a noble
lie, the harsh phrase sometimes used by skeptics, but one has to admit
that the objective evidence supporting it is not strong. No statistical
proofs exist that prayer reduces illness and mortality, except perhaps
through a psychogenic enhancement of the immune system; if it were
otherwise the whole world would pray continuously. When two armies
blessed by priests clash, one still loses. And when the martyr's righteous
forebrain is exploded by the executioner's bullet and his mind disinte-
grates, what then? Can we safely assume that all those millions of
neural circuits will be reconstituted in an immaterial state, so that the
conscious mind carries on?

"The smart money in eschatology is on Blaise Pascal's wager: Live
well but accept the faith. If there is an afterlife, the seventeenth-
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century French philosopher reasoned, the believer has a ticket to par-
adise and the best of both worlds. 'If I lost,' Pascal wrote, 'I would have
lost little; if I won I would have gained eternal life.' Now think like an
empiricist for a moment Consider the wisdom of turning the wager
around as follows: If fear and hope and reason dictate that you must
accept the faith, do so, but treat this world as if there is none other.

"I know true believers will be scandalized by this line of argument.
Their wrath falls on outspoken heretics, who are considered at best
troublemakers and at worst traitors to the social order. But no evidence
has been adduced that nonbelievers are less law-abiding or productive
citizens than believers of the same socioeconomic class, or that they
face death less bravely. A 1996 survey of American scientists (to take
one respectable segment of society) revealed that 46 percent are athe-
ists and 14 percent doubters or agnostics. Only 36 percent expressed a
desire for immortality, and most of those only moderately so; 64 per-
cent claimed no desire at all.

"True character arises from a deeper well than religion. It is the in-
ternalization of the moral principles of a society, augmented by those
tenets personally chosen by the individual, strong enough to endure
through trials of solitude and adversity. The principles are fitted to-
gether into what we call integrity, literally the integrated self, wherein
personal decisions feel good and true. Character is in turn the endur-
ing source of virtue. It stands by itself and excites admiration in others.
It is not obedience to authority, and while it is often consistent with
and reinforced by religious belief, it is not piety.

"Nor is science the enemy. It is the accumulation of humanity's or-
ganized, objective knowledge, the first medium devised able to unite
people everywhere in common understanding. It favors no tribe or re-
ligion. It is the base of a truly democratic and global culture.

'You say that science cannot explain spiritual phenomena. Why
not? The brain sciences are making important advances in the analysis
of complex operations of the mind. There is no apparent reason why
they cannot in time provide a material account of the emotions and ra-
tiocination that compose spiritual thought.

"You ask where ethical precepts come from if not divine revelation.
Consider the alternative empiricist hypothesis, that piecepts and reli-
gious faith are entirely material products of the mind. For more than a
thousand generations they have increased the survival and reproduc-
tive success of those who conformed to tribal faiths. There was more
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than enough time for epigenetic rules—hereditary biases of mental
development—to evolve that generate moral and religious sentiments.
Indoctrinability became an instinct.

"Ethical codes are precepts reached by consensus under the guid-
ance of the innate rules of mental development. Religion is the en-
semble of mythic narratives that explain the origin of a people, their
destiny, and why they are obliged to subscribe to particular rituals and
moral codes. Ethical and religious beliefs are created from the bottom
up, from people to their culture. They do not come from the top down,
from God or other nonmaterial source to the people by way of culture.

"Which hypothesis, transcendentalist or empiricist, fits the objec-
tive evidence best? The empiricist, by a wide margin. To the extent that
this view is accepted, more emphasis in moral reasoning will be placed
on social choice, and less on religious and ideological authority.

"Such a shift has in fact been occurring in Western cultures since
the Enlightenment, but the pace has been very slow. Part of the reason
is a gross insufficiency of knowledge needed to judge the full conse-
quences of our moral decisions, especially for the long term, say a
decade or more. We have learned a great deal about ourselves and the
world in which we live, but need a great deal more to be fully wise.
There is a temptation at every great crisis to yield to transcendental
authority, and perhaps that is better for a while. We are still indoctrin-
able, we still are easily god-struck.

"Resistance to empiricism is also due to a purely emotional short-
coming of the mode of reasoning it promotes: It is bloodless. People
need more than reason. They need the poetry of affirmation, they
crave an authority greater than themselves at rites of passage and other
moments of high seriousness. A majority desperately wish for the im-
mortality the rituals seem to underwrite.

"Great ceremonies summon the history of a people in solemn re-
membrance. They showcase the sacred symbols. That is the endur-
ing value of ceremony, which in all high civilizations has historically
assumed a mostly religious form. Sacred symbols infiltrate the very
bones of culture. They will take centuries to replace, if ever.

"So I may surprise you by granting this much: It would be a sorry
day if we abandoned our venerated sacral traditions. It would be a
tragic misreading of history to expunge under God from the American
Pledge of Allegiance. Whether atheists or true believers, let oaths be
taken with hand on the Bible, and may we continue to hear So help me
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God. Call upon priests and ministers and rabbis to bless civil ceremony
with prayer, and by all means let us bow our heads in communal re-
spect. Recognize that when introits and invocations prickle the skin we
are in the presence of poetry, and the soul of the tribe, something that
will outlive the particularities of sectarian belief, and perhaps belief in
God itself.

"But to share reverence is not to surrender the precious self and ob-
scure the true nature of the human race. We should not forget who we
are. Our strength is in truth and knowledge and character, under what-
ever sign. Judaeo-Christians are told by Holy Scripture that pride goeth
before destruction. I disagree; it's the reverse: Destruction goeth before
pride. Empiricism has turned everything around in the formula. It has
destroyed the giddying theory that we are special beings placed by a
deity in the center of the universe in order to serve as the summit of
Creation for the glory of the gods. We can be proud as a species be-
cause, having discovered that we are alone, we owe the gods very little.
Humility is better shown to our fellow humans and the rest of life on
this planet, on whom all hope really depends. And if any gods are pay-
ing attention, surely we have earned their admiration by making that
discovery and setting out alone to accomplish the best of which we are
capable."

T H E A R G U M E N T OF the empiricist, to repeat my earlier confes-
sion, is my own. It is far from novel, having roots that go back to Aris-
totle's Nicomachean Ethics and, in the beginning of the modern era, to
David Hume's A Treatise of Human Nature (1739-40). The first clear
evolutionary elaboration of it was by Darwin in The Descent of Man
(1871).

The argument of the religious transcendentalist, on the other
hand, is the one I first learned as a child in the Christian faith. I have
reflected on it repeatedly since, and am by intellect and temperament
bound to respect its ancient traditions.

It is also the case that religious transcendentalism is bolstered by
secular transcendentalism, with which it has fundamental similari-
ties. Immanuel Kant, judged by history the greatest of secular philoso-
phers, addressed moral reasoning very much as a theologian. Human
beings, he argued, are independent moral agents with a wholly free
will capable of obeying or breaking moral law: "There is in man a



272 C O N S I L I E N C E

power of self-determination, independent of any coercion through
sensuous impulses." Our minds are subject to a categorical imperative,
he said, of what our actions ought to be. The imperative is a good in it-
self alone, apart from all other considerations, and it can be recognized
by this rule: "Act only on that maxim through which you wish also it
become a universal law." Most important, and transcendental, ought
has no place in nature. Nature, Kant said, is a system of cause and ef-
fect, while moral choice is a matter of free will, for which there is no
cause and effect. In making moral choices, in rising above mere in-
stinct, human beings transcend the realm of nature and enter a realm
of freedom that belongs to them exclusively as rational creatures.

Now this formulation has a comforting feel to it, but it makes no
sense at all in terms of either material or imaginable entities, which is
why Kant, even apart from his tortured prose, is so hard to understand.
Sometimes a concept is baffling not because it is profound but be-
cause it is wrong. It does not accord, we know now, with the evidence
of how the brain works.

In Principia Ethica (1903) G. E. Moore, the founder of modern
ethical philosophy, essentially agreed with Kant. Moral reasoning in
his view cannot dip into psychology and the social sciences in order to
locate ethical principles, because they yield only a causal picture and
fail to illuminate the basis of moral justification. So to pass from the
factual is to the normative ought commits a basic error of logic, which
Moore called the naturalistic fallacy. John Rawls, in A Theory of Justice
(1971), once again traveled the transcendental road. He offered the
very plausible premise that justice be defined as fairness, which is to be
accepted as an intrinsic good. It is the imperative we would follow if
we had no starting information about our own status in life. But in
making such an assumption, Rawls ventured no thought on where the
human brain comes from or how it works. He offered no evidence that
justice-as-fairness is consistent with human nature, hence practicable
as a blanket premise. Probably it is, but how can we know except by
blind trial-and-error?

I find it hard to believe that had Kant, Moore, and Rawls known
modern biology and experimental psychology they would have rea-
soned as they did. Yet as this century closes, transcendentalism re-
mains firm in the hearts not just of religious believers but also of
countless scholars in the social sciences and humanities who, like
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Moore and Rawls before them, have chosen to insulate their thinking
from the natural sciences.

Many philosophers will respond by saying, But wait! What are you
saying? Ethicists don't need that kind of information. You really can't
pass from is to ought. You are not allowed to describe a genetic predis-
position and suppose that because it is part of human nature, it is
somehow transformed into an ethical precept. We must put moral
reasoning in a special category, and use transcendental guidelines as
required.

No, we do not have to put moral reasoning in a special category,
and use transcendental premises, because the posing of the naturalis-
tic fallacy is itself a fallacy. For if ought is not is, what is? To translate is
into ought makes sense if we attend to the objective meaning of ethical
precepts. They are very unlikely to be ethereal messages outside hu-
manity awaiting revelation, or independent truths vibrating in a non-
material dimension of the mind. They are more likely to be physical
products of the brain and culture. From the consilient perspective of
the natural sciences, they are no more than principles of the social
contract hardened into rules and dictates, the behavioral codes that
members of a society fervently wish others to follow and are willing to
accept themselves for the common good. Precepts are the extreme in a
scale of agreements that range from casual assent to public sentiment
to law to that part of the canon considered unalterable and sacred. The
scale applied to adultery might read as follows:

Let's not go further; it doesn't feel right, and it would lead to trouble.
(We probably ought not.)

Adultery not only causes feelings of guilt, it is generally disapproved
of by society, so these are other reasons to avoid it. (We ought not.)

Adultery isn't just disapproved of, it's against the law. (We almost
certainly ought not.)

God commands that we avoid this mortal sin. (We absolutely
ought not.)

In transcendental thinking the chain of causation runs downward
from the given ought in religion or natural law through jurisprudence
to education and finally to individual choice. The argument from tran-
scendentalism takes the following general form: There is a supreme
principle, either divine or intrinsic in the order of nature, and we will be
wise to learn about it and find the means to conform to it. Thus John
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Rawls opens A Theory of Justice with a proposition he regards as irrevo-
cable: "In a just society the liberties of equal citizenship are taken as
settled; the rights secured by justice are not subject to political bargain-
ing or to the calculus of social interests." As many critiques have made
clear, that premise can lead to many unhappy consequences when ap-
plied to the real world, including the tightening of social control and
decline of personal initiative. A very different premise therefore is sug-
gested by Robert Nozick in Anarchy, State, and Utopia (1974): "Indi-
viduals 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 that they raise the question of what, if anything, the state
and its officials may do." Rawls would point us toward egalitarianism
regulated by the state, Nozick toward libertarianism in a minimalist
state.

The empiricist view in contrast, searching for an origin of ethical
reasoning that can be objectively studied, reverses the chain of causa-
tion. The individual is seen as predisposed biologically to make certain
choices. By cultural evolution some of the choices are hardened into
precepts, then laws, and if the predisposition or coercion is strong
enough, a belief in the command of God or the natural order of the
universe. The general empiricist principle takes this form: Strong in-
nate feeling and historical experience cause certain actions to be pre-
ferred; we have experienced them, and weighed their consequences, and
agree to conform with codes that express them. Let us take an oath upon
the codes, invest our personal honor in them, and suffer punishment for
their violation. The empiricist view concedes that moral codes are de-
vised to conform to some drives of human nature and to suppress oth-
ers. Ought is not the translation of human nature but of the public
will, which can be made increasingly wise and stable through the
understanding of the needs and pitfalls of human nature. It recognizes
that the strength of commitment can wane as a result of new knowl-
edge and experience, with the result that certain rules may be de-
sacralized, old laws rescinded, and behavior that was once prohibited
freed. It also recognizes that for the same reason new moral codes may
need to be devised, with the potential in time of being made sacred.

I F T H E E M P I R I C I S T W O R L D VIEW is correct, ought is just
shorthand for one kind of factual statement, a word that denotes what
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society first chose (or was coerced) to do, and then codified. The natu-
ralistic fallacy is thereby reduced to the naturalistic dilemma. The so-
lution of the dilemma is not difficult. It is this: Ought is the product of
a material process. The solution points the way to an objective grasp of
the origin of ethics.

A few investigators are now embarked on just such a founda-
tional inquiry. Most agree that ethical codes have arisen by evolution
through the interplay of biology and culture. In a sense they are reviv-
ing the idea of moral sentiments developed in the eighteenth century
by the British empiricists Francis Hutcheson, David Hume, and Adam
Smith.

By moral sentiments is now meant moral instincts as defined by
the modern behavioral sciences, subject to judgment according to
their consequences. The sentiments are thus derived from epigenetic
rules, hereditary biases in mental development, usually conditioned
by emotion, that influence concepts and decisions made from them.
The primary origin of the moral instincts is the dynamic relation be-
tween cooperation and defection. The essential ingredient for the
molding of the instincts during genetic evolution in any species is in-
telligence high enough to judge and manipulate the tension generated
by the dynamism. That level of intelligence allows the building of
complex mental scenarios well into the future, as I described in the
earlier chapter on the mind. It occurs, so far as known, only in human
beings and perhaps their closest relatives among the higher apes.

A way of envisioning the hypothetical earliest stages of moral evo-
lution is provided by game theory, particularly the solutions to the fa-
mous Prisoner's Dilemma. Consider the following typical scenario of
the Dilemma. Two gang members have been arrested for murder and
are being questioned separately. The evidence against them is strong
but not compelling. The first gang member believes that if he turns
state's witness, he will be granted immunity and his partner will be sen-
tenced to life in prison. But he is also aware that his partner has the
same option. That is the dilemma. Will the two gang members inde-
pendently defect so that both take the hard fall? They will not, because
they agreed in advance to remain silent if caught. By doing so, both
hope to be convicted on a lesser charge or escape punishment alto-
gether. Criminal gangs have turned this principle of calculation into
an ethical precept: Never rat on another member; always be a stand-up
guy. Honor does exist among thieves. If we view the gang as a society of
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sorts, the code is the same as that of a captive soldier in wartime
obliged to give only name, rank, and serial number.

In one form or another, comparable dilemmas that are solvable by
cooperation occur constantly and everywhere in daily life. The payoff
is variously money, status, power, sex, access, comfort, and health.
Most of these proximate rewards are converted into the universal bot-
tom line of Darwinian genetic fitness: greater longevity and a secure,
growing family.

And so it has likely always been. Imagine a Paleolithic hunter
band, say composed of five men. One hunter considers breaking away
from the others to look for an antelope on his own. If successful he will
gain a large quantity of meat and hide, five times greater than if he
stays with the band and they are successful. But he knows from experi-
ence that his chances of success alone are very low, much less than the
chances of a band of five working together. In addition, whether suc-
cessful alone or not, he will suffer animosity from the others for lessen-
ing their own prospects. By custom the band members remain
together and share the animals they kill equitably. So the hunter stays.
He also observes good manners while doing so, especially if he is the
one who makes the kill. Boastful pride is condemned because it rips
the delicate web of reciprocity.

Now suppose that human propensities to cooperate or defect are
heritable: Some members are innately more cooperative, others less
so. In this respect moral aptitude would simply be like almost all other
mental traits studied to date. Among traits with documented herita-
bility, those closest to moral aptitude are empathy to the distress of
others and certain processes of attachment between infants and their
caregivers. To the heritability of moral aptitude add the abundant evi-
dence of history that cooperative individuals generally survive longer
and leave more offspring. It is to be expected that in the course of evo-
lutionary history, genes predisposing people toward cooperative behav-
ior would have come to predominate in the human population as a
whole.

Such a process repeated through thousands of generations in-
evitably gave birth to the moral sentiments. With the exception of
stone psychopaths (if any truly exist), these instincts are vividly experi-
enced by every person variously as conscience, self-respect, remorse,
empathy, shame, humility, and moral outrage. They bias cultural
evolution toward the conventions that express the universal moral
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codes of honor, patriotism, altruism, justice, compassion, mercy, and
redemption.

The dark side to the inborn propensity to moral behavior is xeno-
phobia. Because personal familiarity and common interest are vital in
social transactions, moral sentiments evolved to be selective. And so it
has ever been, and so it will ever be. People give trust to strangers with
effort, and true compassion is a commodity in chronically short supply.
Tribes cooperate only through carefully defined treaties and other con-
ventions. They are quick to imagine themselves victims of conspiracies
by competing groups, and they are prone to dehumanize and murder
their rivals during periods of severe conflict. They cement their own
group loyalties by means of sacred symbols and ceremonies. Their
mythologies are filled with epic victories over menacing enemies.

The complementary instincts of morality and tribalism are easily
manipulated. Civilization has made them more so. Only ten thousand
years ago, a tick in geological time, when the agricultural revolution
began in the Middle East, in China, and in Mesoamerica, populations
increased in density tenfold over those of hunter-gatherer societies.
Families settled on small plots of land, villages proliferated, and labor
was finely divided as a growing minority of the populace specialized as
craftsmen, traders, and soldiers. The rising agricultural societies, egali-
tarian at first, became hierarchical. As chiefdoms and then states
thrived on agricultural surpluses, hereditary rulers and priestly castes
took power. The old ethical codes were transformed into coercive
regulations, always to the advantage of the ruling classes. About this
time the idea of law-giving gods originated. Their commands lent the
ethical codes overpowering authority, once again—no surprise—to
the favor of the rulers.

Because of the technical difficulty of analyzing such phenomena
in an objective manner, and because people resist biological explana-
tions of their higher cortical functions in the first place, very little
progress has been made in the biological exploration of the moral sen-
timents. Even so, it is an astonishing circumstance that the study of
ethics has advanced so little since the nineteenth century. As a result
the most distinguishing and vital qualities of the human species re-
main a blank space on the scientific map. I think it an error to pivot dis-
cussions of ethics upon the free-standing assumptions of contemporary
philosophers who have evidently never given thought to the evolution-
ary origin and material functioning of the human brain. In no other
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domain of the humanities is a union with the natural sciences more ur-
gently needed.

When the ethical dimension of human nature is at last fully
opened to such exploration, the innate epigenetic rules of moral rea-
soning will probably not prove to be aggregated into simple instincts
such as bonding, cooperativeness, or altruism. Instead, the rules most
probably will turn out to be an ensemble of many algorithms whose
interlocking activities guide the mind across a landscape of nuanced
moods and choices.

Such a prestructured mental world may at first seem too compli-
cated to have been created by autonomous genetic evolution alone.
But all the evidence of biology suggests that just this process was
enough to spawn the millions of species of life surrounding us. Each
kind of animal is furthermore guided through its life cycle by unique
and often elaborate sets of instinctual algorithms, many of which are
beginning to yield to genetic and neurobiological analyses. With all
these examples before us, it is not unreasonable to conclude that
human behavior originated the same way.

M E A N W H I L E , the melanges of moral reasoning employed by mod-
ern societies are, to put the matter simply, a mess. They are chimeras,
composed of odd parts stuck together. Paleolithic egalitarian and trib-
alistic instincts are still firmly installed. As part of the genetic founda-
tion of human nature, they cannot be replaced. In some cases, such as
quick hostility to strangers and competing groups, they have become
generally ill-adapted and persistently dangerous. Above the fundamen-
tal instincts rise superstructures of arguments and rules that accommo-
date the novel institutions created by cultural evolution. These
accommodations, which reflect the attempt to maintain order and fur-
ther tribal interests, have been too volatile to track by genetic evolu-
tion; they are not yet in the genes.

Little wonder, then, that ethics is the most publicly contested of all
philosophical enterprises. Or that political science, which at founda-
tion is primarily the study of applied ethics, is so frequently problem-
atic. Neither is informed by anything that would be recognizable as
authentic theory in the natural sciences. Both ethics and political sci-
ence lack a foundation of verifiable knowledge of human nature suffi-
cient to produce cause-and-effect predictions and sound judgments
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based on them. Surely it will be prudent to pay closer attention to the
deep springs of ethical behavior. The greatest void in knowledge in
such a venture is the biology of the moral sentiments. In time this sub-
ject can be understood, I believe, by paying attention to the following
topics.

• The definition of the moral sentiments: first by precise descriptions
from experimental psychology, then by analysis of the underlying
neural and endocrine responses.

• The genetics of the moral sentiments: most easily approached
through measurements of the heritability of the psychological and
physiological processes of ethical behavior, and eventually, with diffi-
culty, by identification of the prescribing genes.

• The development of the moral sentiments as products of the inter-
actions of genes and environment. The research is most effective when
conducted at two levels: the histories of ethical systems as part of the
emergence of different cultures, and the cognitive development of in-
dividuals living in a variety of cultures. Such investigations are already
well along in anthropology and psychology. In the future they will be
augmented by contributions from biology.

• The deep history of the moral sentiments: why they exist in the first
place, presumably by their contributions to survival and reproductive
success during the long periods of prehistoric time in which they ge-
netically evolved.

From a convergence of these several approaches, the true origin
and meaning of ethical behavior may come into focus. If so, a more
certain measure can then be taken of the strengths and flexibility of
the epigenetic rules composing the various moral sentiments. From
that knowledge, it should be possible to adapt the ancient moral senti-
ments more wisely to the swiftly changing conditions of modern life
into which, willy-nilly and largely in ignorance, we have plunged
ourselves.

Then new answers might be found for the truly important ques-
tions of moral reasoning. How can the moral instincts be ranked?
Which are best subdued and to what degree, which validated by law
and symbol? How can precepts be left open to appeal under extraordi-
nary circumstances? In the new understanding can be located the
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most effective means for reaching consensus. No one can guess the
form the agreements will take. The process, however, can be predicted
with assurance. It will be democratic, weakening the clash of rival reli-
gions and ideologies. History is moving decisively in that direction,
and people are by nature too bright and too contentious to abide any-
thing else. And the pace can be confidently predicted: Change will
come slowly, across generations, because old beliefs die hard even
when demonstrably false.

T H E SAME R E A S O N I N G that aligns ethical philosophy with sci-
ence can also inform the study of religion. Religions are analogous to
superorganisms. They have a life cycle. They are born, they grow, they
compete, they reproduce, and, in the fullness of time, most die. In
each of these phases religions reflect the human organisms that nour-
ish them. They express a primary rule of human existence, that what-
ever is necessary to sustain life is also ultimately biological.

Successful religions typically begin as cults, which then increase in
power and inclusiveness until they achieve tolerance outside the circle
of believers. At the core of each religion is a creation myth, which ex-
plains how the world began and how the chosen people—those sub-
scribing to the belief system—arrived at its center. There is often
a mystery, a set of secret instructions and formulas available only to
hierophants who have worked their way to a higher state of enlighten-
ment. The medieval Jewish cabala, the trigradal system of Free-
masonry, and the carvings on Australian Aboriginal spirit sticks are
examples of such arcana. Power radiates from the center, gathering
converts and binding followers to the group. Sacred places are desig-
nated where the gods can be importuned, rites observed, and miracles
witnessed.

The devotees of the religion compete as a tribe with those of other
religions. They harshly resist the dismissal of their beliefs by rivals.
They venerate self-sacrifice in defense of the religion.

The tribalistic roots of religion and those of moral reasoning are
similar and may be identical. Religious rites, as evidenced by burial
ceremonies, are very old. In the late Paleolithic period of Europe and
the Middle East, it appears that bodies were sometimes placed in shal-
low graves sprinkled with ochre or blossoms, and it is easy to imagine
ceremonies performed there that invoked spirits and gods. But, as
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theoretical deduction and the evidence suggest, the primitive ele-
ments of moral behavior are far older than Paleolithic ritual. Religion
arose on an ethical foundation, and it has probably always been used
in one manner or another to justify moral codes.

The formidable influence of the religious drive is based on far
more, however, than just the validation of morals. A great subter-
ranean river of the mind, it gathers strength from a broad spread of
tributary emotions. Foremost among them is the survival instinct.
"Fear," as the Roman poet Lucretius said, "was the first thing on earth
to make gods." Our conscious minds hunger for a permanent exis-
tence. If we cannot have everlasting life of the body, then absorption
into some immortal whole will serve. Anything will serve, as long as it
gives the individual meaning and somehow stretches into eternity that
swift passage of the mind and spirit lamented by St. Augustine as the
short day of time.

The understanding and control of life is another source of religious
power. Doctrine draws on the same creative springs as science and the
arts, its aim being the extraction of order from the mysteries of the ma-
terial world. To explain the meaning of life it spins mythic narratives of
the tribal history, populating the cosmos with protective spirits and
gods. The existence of the supernatural, if accepted, testifies to the ex-
istence of that other world so desperately desired.

Religion is also empowered mightily by its principal ally, tribalism.
The shamans and priests implore us, in somber cadence, Trust in the
sacred rituals, become part of the immortal force, you are one of us. As
your life unfolds, each step has mystic significance that we who love you
will mark with a solemn rite of passage, the last to be performed when
you enter that second world free of pain and fear.

If the religious mythos did not exist in a culture, it would be
quickly invented, and in fact it has been everywhere, thousands of
times through history. Such inevitability is the mark of instinctual be-
havior in any species. That is, even when learned, it is guided toward
certain states by emotion-driven rules of mental development. To call
religion instinctive is not to suppose any particular part of its mythos is
untrue, only that its sources run deeper than ordinary habit and are in
fact hereditary, urged into birth through biases in mental development
encoded in the genes.

I have argued in previous chapters that such biases are to be ex-
pected as a usual consequence of the brain's genetic evolution. The
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logic applies to religious behavior, with the added twist of tribalism.
There is a hereditary selective advantage to membership in a powerful
group united by devout belief and purpose. Even when individuals
subordinate themselves and risk death in common cause, their genes
are more likely to be transmitted to the next generation than are those
of competing groups who lack equivalent resolve.

The mathematical models of population genetics suggest the fol-
lowing rule in the evolutionary origin of such altruism. If the reduc-
tion of survival and reproduction of individuals due to genes for
altruism is more than offset by the increased probability of survival of
the group due to the altruism, the altruism genes will rise in frequency
throughout the entire population of competing groups. Put as con-
cisely as possible: The individual pays, his genes and tribe gain, altru-
ism spreads.

L E T ME NOW S U G G E S T a still deeper significance of the empiri-
cist theory of the origin of ethics and religion. If empiricism is dis-
proved, and transcendentalism is compellingly upheld, the discovery
would be quite simply the most consequential in human history. That
is the burden laid upon biology as it draws close to the humanities. If
the objective evidence accumulated by biology upholds empiricism,
consilience succeeds in the most problematic domains of human be-
havior and is likely to apply everywhere. But if the evidence contra-
dicts empiricism in any part, universal consilience fails and the
division between science and the humanities will remain permanent
all the way to their foundations.

The matter is still far from resolved. But empiricism, as I have ar-
gued, is well supported thus far in the case of ethics. The objective evi-
dence for or against it in religion is weaker, but at least still consistent
with biology. For example, the emotions that accompany religious ec-
stasy clearly have a neurobiological source. At least one form of brain
disorder is associated with hyperreligiosity, in which cosmic signifi-
cance is given to almost everything, including trivial everyday events.
Overall it is possible to imagine the biological construction of a mind
with religious beliefs, although that alone does not dismiss transcen-
dentalism or prove the beliefs themselves to be untrue.

Equally important, much if not all religious behavior could have
arisen from evolution by natural selection. The theory fits—crudely.
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The behavior includes at least some aspects of belief in gods. Propitia-
tion and sacrifice, which are near-universals of religious practice, are
acts of submission to a dominant being. They are one kind of a domi-
nance hierarchy, which is a general trait of organized mammalian so-
cieties. Like humans, animals use elaborate signals to advertise and
maintain their rank in the hierarchy. The details vary among species
but also have consistent similarities across the board, as the following
two examples will illustrate.

In packs of wolves the dominant animal walks erect and "proud,"
stiff-legged, deliberately paced, with head, tail, and ears up, and stares
freely and casually at others. In the presence of rivals, the dominant
animal bristles its pelt while curling its lips to show teeth, and it takes
first choice in food and space. A subordinate uses opposite signals. It
turns away from the dominant individual while lowering its head, ears,
and tail, and it keeps its fur sleeked and teeth covered. It grovels and
slinks, and yields food and space when challenged.

In troops of rhesus monkeys, the alpha male of the troop is remark-
ably similar in mannerisms to a dominant wolf. He keeps his head and
tail up, walks in a deliberate, "regal" manner while casually staring at
others. He climbs nearby objects to maintain height above his rivals.
When challenged he stares hard at the opponent with mouth open—
signaling aggression, not surprise—and sometimes slaps the ground
with open palms to signal his readiness to attack. The male or female
subordinate affects a furtive walk, holding its head and tail down, turn-
ing away from the alpha and other higher-ranked individuals. It keeps
its mouth shut except for a fear grimace, and when challenged makes a
cringing retreat. It yields space and food and, in the case of males, es-
trous females.

My point is the following. Behavioral scientists from another
planet would notice immediately the semiotic resemblance between
animal submissive behavior on the one hand and human obeisance to
religious and civil authority on the other. They would point out that
the most elaborate rites of obeisance are directed at the gods, the
hyperdominant if invisible members of the human group. And they
would conclude, correctly, that in baseline social behavior, not just in
anatomy, Homo sapiens has only recently diverged in evolution from a
nonhuman primate stock.

Countless studies of animal species, with instinctive behavior un-
obscured by cultural elaboration, have shown that membership in
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dominance orders pays off in survival and lifetime reproductive suc-
cess. That is true not just for the dominant individuals, but for the sub-
ordinates as well. Membership in either class gives animals better
protection against enemies and better access to food, shelter, and
mates than does solitary existence. Furthermore, subordination in the
group is not necessarily permanent. Dominant individuals weaken and
die, and as a result some of the underlings advance in rank and appro-
priate more resources.

It would be surprising to find that modern humans had man-
aged to erase the old mammalian genetic programs and devise other
means of distributing power. All the evidence suggests that they have
not. True to their primate heritage, people are easily seduced by con-
fident, charismatic leaders, especially males. That predisposition is
strongest in religious organizations. Cults form around such leaders.
Their power grows if they can persuasively claim special access to the
supremely dominant, typically male figure of God. As cults evolve into
religions, the image of the supreme being is reinforced by myth and
liturgy. In time the authority of the founders and their successors is
graven in sacred texts. Unruly subordinates, known as "blasphemers,"
are squashed.

The symbol-forming human mind, however, never stays satisfied
with raw apish feeling in any emotional realm. It strives to build cul-
tures that are maximally rewarding in every dimension. In religion
there is ritual and prayer to contact the supreme being directly, conso-
lation from coreligionists to soften otherwise unbearable grief, expla-
nations of the unexplainable, and the oceanic sense of communion
with the larger whole that otherwise surpasses understanding.

Communion is the key, and hope rising from it eternal; out of the
dark night of the soul there is the prospect of a spiritual journey to the
light. For a special few the journey can be taken in this life. The mind
reflects in certain ways in order to reach ever higher levels of enlight-
enment until finally, when no further progress is possible, it enters a
mystical union with the whole. Within the great religions, such en-
lightenment is expressed by the Hindu samadhi, Buddhist Zen satori,
Sufi fana, Taoist wu-wei, and Pentecostal Christian rebirth. Something
like it is also experienced by hallucinating preliterate shamans. What
all these celebrants evidently feel (as I once felt to some degree as a re-
born evangelical) is hard to put in words, but Willa Cather came as
close as possible in a single sentence. "That is happiness," her fictional
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narrator says in My Ántonia, "to be dissolved into something complete
and great."

Of course that is happiness, to find the godhead, or to enter the
wholeness of Nature, or otherwise to grasp and hold on to something
ineffable, beautiful, and eternal. Millions seek it. They feel otherwise
lost, adrift in a life without ultimate meaning. Their predicament is
summarized in an insurance advertisement of 1997: The year is 1999.
You are dead. What do you do now? They enter established religions,
succumb to cults, dabble in New Age nostrums. They push The Celes-
tine Prophecy and other junk attempts at enlightenment onto the best-
seller lists.

Perhaps, as I believe, it can all eventually be explained as brain
circuitry and deep, genetic history. But this is not a subject that even
the most hardened empiricist should presume to trivialize. The idea
of the mystical union is an authentic part of the human spirit. It has oc-
cupied humanity for millennia, and it raises questions of utmost seri-
ousness for transcendentalists and scientists alike. What road, we ask,
was traveled, what destination reached by the mystics of history?

No one has described the true journey with greater clarity than the
great Spanish mystic St. Teresa of Avila, who in her 1563-65 memoir
describes the steps she took to attain divine union by means of prayer.
At the beginning of the narrative she moves beyond ordinary prayers of
devotion and supplication to the second level, the prayer of the quiet.
There her mind gathers its faculties inward in order to give "a simple
consent to become the prisoner of God." A deep sense of consolation
and peace descends upon her when the Lord supplies the "water of
grand blessings and graces." Her mind then ceases to care for earthly
things.

In the third state of prayer the saint's spirit, "drunk with love," is
concerned only with thoughts of God, who controls and animates it.

O my King, seeing that I am now, while writing this, still under the
power of this heavenly madness... grant, I beseech Thee, that all those
with whom I may have to converse may become mad through Thy love,
or let me converse with none, or order it that I may have nothing to do in
the world, or take me away from it.

In the fourth state of prayer St. Teresa of Avila attains the mystical
union:
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There is no sense of anything, only fruition .. . the senses are all occu-
pied in this function in such a way that not one of them is at liberty....
The soul, while thus seeking after God, is conscious, with a joy excessive
and sweet, that it is, as it were, utterly fainting away in a trance; breath-
ing, and all the bodily strength fail it. The soul is dissolved into that of
God, and with the union at last comes comprehension of the graces be-
stowed by Him.

FOR MANY the urge to believe in transcendental existence and im-
mortality is overpowering. Transcendentalism, especially when rein-
forced by religious faith, is psychically full and rich; it feels somehow
right. In comparison empiricism seems sterile and inadequate. In the
quest for ultimate meaning, the transcendentalist route is much easier
to follow. That is why, even as empiricism is winning the mind, tran-
scendentalism continues to win the heart. Science has always defeated
religious dogma point by point when the two have conflicted. But to
no avail. In the United States there are fifteen million Southern Bap-
tists, the largest denomination favoring literal interpretation of the
Christian Bible, but only five thousand members of the American Hu-
manist Association, the leading organization devoted to secular and
deistic humanism.

Still, if history and science have taught us anything, it is that pas-
sion and desire are not the same as truth. The human mind evolved to
believe in the gods. It did not evolve to believe in biology. Acceptance
of the supernatural conveyed a great advantage throughout prehistory,
when the brain was evolving. Thus it is in sharp contrast to biology,
which was developed as a product of the modern age and is not under-
written by genetic algorithms. The uncomfortable truth is that the two
beliefs are not factually compatible. As a result those who hunger for
both intellectual and religious truth will never acquire both in full
measure.

Meanwhile, theology tries to resolve the dilemma by evolving
sciencelike toward abstraction. The gods of our ancestors were divine
human beings. The Egyptians, as Herodotus noted, represented them
as Egyptian (often with body parts of Nilotic animals), and the Greeks
represented them as Greeks. The great contribution of the Hebrews
was to combine the entire pantheon into a single person, Yahweh—a
patriarch appropriate to desert tribes—and to intellectualize His exis-
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tence. No graven images were allowed. In the process, they rendered
the divine presence less tangible. And so in biblical accounts it came
to pass that no one, not even Moses approaching Yahweh in the burn-
ing bush, could look upon His face. In time the Jews were prohibited
even from pronouncing His true full name. Nevertheless, the idea of a
theistic God, omniscient, omnipotent, and closely involved in human
affairs, has persisted to the present day as the dominant religious image
of Western culture.

During the Enlightenment a growing number of liberal Judaeo-
Christian theologians, wishing to accommodate theism to a more ra-
tionalist view of the material world, moved away from God as a literal
person. Baruch Spinoza, the preeminent Jewish philosopher of the
seventeenth century, visualized the deity as a transcendent substance
present everywhere in the universe. Deus sive natura, God or nature,
he declared, they are interchangeable. For his philosophical pains he
was banished from Amsterdam under a comprehensive anathema,
combining all curses in the book. The risk of heresy notwithstanding,
the depersonalization of God has continued steadily into the modern
era. For Paul Tillich, one of the most influential Protestant theolo-
gians of the twentieth century, the assertion of the existence of God-as-
person is not false; it is just meaningless. Among many of the most
liberal contemporary thinkers, the denial of a concrete divinity takes
the form of process theology. Everything in this most extreme of on-
tologies is part of a seamless and endlessly complex web of unfolding
relationships. God is manifest in everything.

Scientists, the roving scouts of the empiricist movement, are not
immune to the idea of God. Those who favor it often lean toward some
form of process theology. They ask this question: When the real world
of space, time, and matter is well enough known, will that knowledge
reveal the Creator's presence? Their hopes are vested in the theoretical
physicists who pursue the goal of the final theory, the Theory of Every-
thing, T.O.E., a system of interlocking equations that describe all that
can be learned of the forces of the physical universe. T.O.E. is a "beau-
tiful" theory, as Steven Weinberg has called it in his important essay
Dreams of a Final Theory. Beautiful because it will be elegant, express-
ing the possibility of unending complexity with minimal laws, and
symmetric, because it will hold invariant through all space and time.
And inevitable, meaning that once stated no part can be changed with-
out invalidating the whole. All surviving subtheories can be fitted into
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it permanently, in the manner in which Einstein described his own
contribution, the general theory of relativity. "The chief attraction of
the theory," Einstein said, "lies in its logical completeness. If a single
one of the conclusions drawn from it proves wrong, it must be given
up; to modify it without destroying the whole structure seems to be
impossible."

The prospect of a final theory by the most mathematical of scien-
tists might seem to signal the approach of a new religious awakening.
Stephen Hawking, yielding to the temptation in A Brief History of
Time (1988), declared that this scientific achievement would be the ul-
timate triumph of human reason, "for then we would know the mind
of God."

Well—perhaps, but I doubt it. Physicists have already laid in place
a large part of the final theory. We know the trajectory; we can see
roughly where it is headed. But there will be no religious epiphany, at
least none recognizable to the authors of Holy Scripture. Science has
taken us very far from the personal God who once presided over West-
ern civilization. It has done little to satisfy our instinctual hunger so
poignantly expressed by the psalmist:

Man liveth his days like a shadow, and he disquieteth himself in vain
with prideful delusions; his treasures, he knoweth not who shall gather
them. Now, Lord, what is my comfort? My hope is in thee.

T H E E S S E N C E O F humanity's spiritual dilemma is that we evolved
genetically to accept one truth and discovered another. Is there a way
to erase the dilemma, to resolve the contradictions between the tran-
scendentalist and empiricist world views?

No, unfortunately, there is not. Furthermore, a choice between
them is unlikely to remain arbitrary forever. The assumptions under-
lying the two world views are being tested with increasing severity by
cumulative verifiable knowledge about how the universe works, from
atom to brain to galaxy. In addition, the harsh lessons of history have
made it clear that one code of ethics is not as good—at least, not as
durable—as another. The same is true of religions. Some cosmologies
are factually less correct than others, and some ethical precepts are less
workable.
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There is a biologically based human nature, and it is relevant to
ethics and religion. The evidence shows that because of its influence,
people can be readily educated to only a narrow range of ethical pre-
cepts. They flourish within certain belief systems, and wither under
others. We need to know exactly why.

To that end I will be so presumptuous as to suggest how the con-
flict between the world views will most likely be settled. The idea of
a genetic, evolutionary origin of moral and religious beliefs will be
tested by the continuance of biological studies of complex human be-
havior. To the extent that the sensory and nervous systems appear to
have evolved by natural selection or at least some other purely material
process, the empiricist interpretation will be supported. It will be fur-
ther supported by verification of gene-culture coevolution, the essen-
tial linking process described in earlier chapters.

Now consider the alternative. To the extent that ethical and reli-
gious phenomena do not appear to have evolved in a manner conge-
nial to biology, and especially to the extent that such complex behavior
cannot be linked to physical events in the sensory and nervous systems,
the empiricist position will have to be abandoned and a transcenden-
talist explanation accepted.

For centuries the writ of empiricism has been spreading into the
ancient domain of transcendentalist belief, slowly at the start but
quickening in the scientific age. The spirits our ancestors knew inti-
mately first fled the rocks and trees, then the distant mountains. Now
they are in the stars, where their final extinction is possible. But we
cannot live without them. People need a sacred narrative. They must
have a sense of larger purpose, in one form or other, however intellec-
tualized. They will refuse to yield to the despair of animal mortality.
They will continue to plead in company with the psalmist, Now, Lord,
what is my comfort? They will find a way to keep the ancestral spirits
alive.

If the sacred narrative cannot be in the form of a religious cos-
mology, it will be taken from the material history of the universe and
the human species. That trend is in no way debasing. The true evolu-
tionary epic, retold as poetry, is as intrinsically ennobling as any reli-
gious epic. Material reality discovered by science already possesses
more content and grandeur than all religious cosmologies combined.
The continuity of the human line has been traced through a period of
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deep history a thousand times older than that conceived by the West-
ern religions. Its study has brought new revelations of great moral im-
portance. It has made us realize that Homo sapiens is far more than a
congeries of tribes and races. We are a single gene pool from which in-
dividuals are drawn in each generation and into which they are dis-
solved the next generation, forever united as a species by heritage and
a common future. Such are the conceptions, based on fact, from
which new intimations of immortality can be drawn and a new mythos
evolved.

Which world view prevails, religious transcendentalism or scien-
tific empiricism, will make a great difference in the way humanity
claims the future. During the time the matter is under advisement, an
accommodation can be reached if the following overriding facts are re-
alized. On the one side, ethics and religion are still too complex for
present-day science to explain in depth. On the other, they are far
more a product of autonomous evolution than hitherto conceded by
most theologians. Science faces in ethics and religion its most interest-
ing and possibly humbling challenge, while religion must somehow
find the way to incorporate the discoveries of science in order to retain
credibility. Religion will possess strength to the extent that it codifies
and puts into enduring, poetic form the highest values of humanity
consistent with empirical knowledge. That is the only way to provide
compelling moral leadership. Blind faith, no matter how passionately
expressed, will not suffice. Science for its part will test relentlessly
every assumption about the human condition and in time uncover the
bedrock of the moral and religious sentiments.

The eventual result of the competition between the two world
views, I believe, will be the secularization of the human epic and of re-
ligion itself. However the process plays out, it demands open discus-
sion and unwavering intellectual rigor in an atmosphere of mutual
respect.



CHAPTER 12

TO WHAT END?

I T IS T H E C U S T O M of scholars when addressing behavior and cul-
ture to speak variously of anthropological explanations, psychological
explanations, biological explanations, and other explanations appro-
priate to the perspectives of individual disciplines. I have argued that
there is intrinsically only one class of explanation. It traverses the
scales of space, time, and complexity to unite the disparate facts of the
disciplines by consilience, the perception of a seamless web of cause
and effect.

For centuries consilience has been the mother's milk of the natural
sciences. Now it is wholly accepted by the brain sciences and evolu-
tionary biology, the disciplines best poised to serve in turn as bridges to
the social sciences and humanities. There is abundant evidence to
support and none absolutely to refute the proposition that consilient
explanations are congenial to the entirety of the great branches of
learning.

The central idea of the consilience world view is that all tangible
phenomena, from the birth of stars to the workings of social institu-
tions, are based on material processes that are ultimately reducible,
however long and tortuous the sequences, to the laws of physics. In
support of this idea is the conclusion of biologists that humanity is kin
to all other life forms by common descent. We share essentially the
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same DNA genetic code, which is transcribed into RNA and translated
into proteins with the same amino acids. Our anatomy places us
among the Old World monkeys and apes. The fossil record shows our
immediate ancestor to be either Homo ergaster or Homo erectus. It sug-
gests that the point of our origin was Africa about two hundred thou-
sand years ago. Our hereditary human nature, which evolved during
hundreds of millennia before and afterward, still profoundly affects the
evolution of culture.

These considerations do not devalue the determining role of
chance in history. Small accidents can have big consequences. The
character of individual leaders can mean the difference between war
and peace; one technological invention can change an economy. The
main thrust of the consilience world view instead is that culture and
hence the unique qualities of the human species will make complete
sense only when linked in causal explanation to the natural sciences.
Biology in particular is the most proximate and hence relevant of the
scientific disciplines.

I know that such reductionism is not popular outside the natural
sciences. To many scholars in the social sciences and humanities it is a
vampire in the sacristy. So let me hasten to dispel the profane image
that causes this reaction. As the century closes, the focus of the natural
sciences has begun to shift away from the search for new fundamental
laws and toward new kinds of synthesis—"holism," if you prefer—in
order to understand complex systems. That is the goal, variously, in
studies of the origin of the universe, the history of climate, the func-
tioning of cells, the assembly of ecosystems, and the physical basis
of mind. The strategy that works best in these enterprises is the con-
struction of coherent cause-and-effect explanations across levels of
organization. Thus the cell biologist looks inward and downward to
ensembles of molecules, and the cognitive psychologist to patterns of
aggregate nerve cell activity. Accidents, when they happen, are ren-
dered understandable.

No compelling reason has ever been offered why the same strategy
should not work to unite the natural sciences with the social sciences
and humanities. The difference between the two domains is in the
magnitude of the problem, not the principles needed for its solution.
The human condition is the most important frontier of the natural sci-
ences. Conversely, the material world exposed by the natural sciences
is the most important frontier of the social sciences and humanities.
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The consilience argument can be distilled as follows: The two fron-
tiers are the same.

The map of the material world, including human mental activity,
can be thought a sprinkling of charted terrain separated by blank ex-
panses that are of unknown extent yet accessible to coherent inter-
disciplinary research. Much of what I have offered in earlier chapters
has been "gap analysis," a sketch of the position of the blank spaces,
and an account of the efforts of scholars to explore them. The gaps of
greatest potential include the final unification of physics, the recon-
struction of living cells, the assembly of ecosystems, the coevolution of
genes and culture, the physical basis of mind, and the deep origins of
ethics and religion.

If the consilience world view is correct, the traverse of the gaps will
be a Magellanic voyage that eventually encircles the whole of reality.
But that view could be wrong: The exploration may be proceeding
across an endless sea. The current pace is such that we may find out
which of the two images is correct within a few decades. But even if
the journey is Magellanic, and even if the boldest excursions of cir-
cumscription consequently taper off, so that the broad outline of mate-
rial existence is well defined, we will still have mastered only an
infinitesimal fraction of the internal detail. Exploration will go on in a
profusion of scholarly disciplines. There are also the arts, which em-
brace not only all physically possible worlds but also all conceivable
worlds innately interesting and congenial to the nervous system and
thus, in the uniquely human sense, true.

Placed in this broader context—of existence coherent enough
to be understood in a single system of explanation, yet still largely
unexplored—the ambitions of the natural sciences might be viewed in
a more favorable light by nonscientists. Nowadays, as polls have repeat-
edly shown, most people, at least in the United States, respect science
but are baffled by it. They don't understand it, they prefer science fic-
tion, they take fantasy and pseudoscience like stimulants to jolt their
cerebral pleasure centers. We are still Paleolithic thrill seekers, prefer-
ring Jurassic Park to the Jurassic Era, and UFOs to astrophysics.

The productions of science, other than medical breakthroughs
and the sporadic thrills of space exploration, are thought marginal.
What really matters to humanity, a primate species well adapted to
Darwinian fundamentals in body and soul, are sex, family, work, secu-
rity, personal expression, entertainment, and spiritual fulfillment—in
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no particular order. Most people believe, I am sure erroneously, that
science has little to do with any of these preoccupations. They assume
that the social sciences and humanities are independent of the natural
sciences and more relevant endeavors. Who outside the technically
possessed really needs to define a chromosome? Or understand chaos
theory?

Science, however, is not marginal. Like art, it is a universal posses-
sion of humanity, and scientific knowledge has become a vital part of
our species' repertory. It comprises what we know of the material world
with reasonable certainty.

If the natural sciences can be successfully united with the social
sciences and humanities, the liberal arts in higher education will be re-
vitalized. Even the attempt to accomplish that much is a worthwhile
goal. Profession-bent students should be helped to understand that in
the twenty-first century the world will not be run by those who possess
mere information alone. Thanks to science and technology, access to
factual knowledge of all kinds is rising exponentially while dropping in
unit cost. It is destined to become global and democratic. Soon it will
be available everywhere on television and computer screens. What
then? The answer is clear: synthesis. We are drowning in information,
while starving for wisdom. The world henceforth will be run by syn-
thesizers, people able to put together the right information at the right
time, think critically about it, and make important choices wisely.

And this much about wisdom: In the long haul, civilized nations
have come to judge one culture against another by a moral sense of the
needs and aspirations of humanity as a whole. In thus globalizing the
tribe, they attempt to formulate humankind's noblest and most endur-
ing goals. The most important questions in this endeavor for the lib-
eral arts are the meaning and purpose of all our idiosyncratic frenetic
activity: What are we, Where do we come from, How shall we decide
where to go? Why the toil, yearning, honesty, aesthetics, exaltation,
love, hate, deceit, brilliance, hubris, humility, shame, and stupidity
that collectively define our species? Theology, which long claimed the
subject for itself, has done badly. Still encumbered by precepts based
on Iron Age folk knowledge, it is unable to assimilate the great sweep
of the real world now open for examination. Western philosophy offers
no promising substitute. Its involuted exercises and professional timidi-
ty have left modern culture bankrupt of meaning.
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The future of the liberal arts lies, therefore, in addressing the
fundamental questions of human existence head on, without embar-
rassment or fear, taking them from the top down in easily understood
language, and progressively rearranging them into domains of inquiry
that unite the best of science and the humanities at each level of orga-
nization in turn. That of course is a very difficult task. But so are car-
diac surgery and building space vehicles difficult tasks. Competent
people get on with them, because they need to be done. Why should
less be expected from the professionals responsible for education? The
liberal arts will succeed to the extent that they are both solid in content
and as coherent among themselves as the evidence allows. I find it
hard to conceive of an adequate core curriculum in colleges and uni-
versities that avoids the cause-and-effect connections among the great
branches of learning—not metaphor, not the usual second-order lu-
cubrations on why scholars of different disciplines think this or that,
but material cause and effect. There lies the high adventure for later
generations, often mourned as no longer available. There lies great
opportunity.

G R A N T E D T H E R E IS also a whiff of brimstone in the consilient
world view and a seeming touch of Faust to those committed to its hu-
manistic core. And these too need to be closely examined. What was it
that Mephistopheles offered Faust, and how was the ambitious doctor
to pay? From Christopher Marlowe's play to Goethe's epic poem
the bargain was essentially the same: earthly power and pleasure in ex-
change for your soul. Then mere were the differences. Marlowe's
Faust was irrevocably damned when he made the wrong choice;
Goethe's Faust was saved because he could not feel the happiness
promised him through material gain. Marlowe upheld Protestant
piety, Goethe the ideals of humanism.

In our perception of the human condition we have moved beyond
Marlowe and Goethe. Today not one but two Mephistophelean bar-
gains can be distinguished. From them, as from the original, hard
choices must be made. Both illustrate the value of considering the
consilient vision.

The first Faustian choice was actually made centuries ago, when
humanity accepted the Ratchet of Progress: The more knowledge peo-
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ple acquire, the more they are able to increase their numbers and to
alter the environment, whereupon the more they need new knowledge
just to stay alive. In a human-dominated world, the natural environ-
ment steadily shrinks, offering correspondingly less and less per capita
return in energy and resources. Advanced technology has become the
ultimate prosthesis. Take away electric power from a tribe of Australian
Aborigines, and little or nothing will happen. Take it away from resi-
dents of California, and millions will die. So to understand why hu-
manity has come to relate to the environment in this way is more than
a rhetorical question. Greed demands an explanation. The Ratchet
should be constantly re-examined, and new choices considered.

The second Mephistophelean promise, generated by the first and
strangely echoing the original Enlightenment, is due within a few
decades. It says: You may alter the biological nature of the human
species in any direction you wish, or you may leave it alone. Either
way, genetic evolution is about to become conscious and volitional,
and usher in a new epoch in the history of life.

Let us examine the two bargains, the second first for logical coher-
ence, and consider the alternative fates they seem to imply.

It is useful to know, before peering into the future, where we are
now. Is genetic change still occurring in the old-fashioned way, or has
civilization brought it to a halt? The question can be put more pre-
cisely as follows: Is natural selection still operating to drive evolution?
Is it forcing our anatomy and behavior to change in some particular di-
rection in response to survival and reproduction?

The answer, like so many responses required in subjects of great
complexity, is yes and no. To my knowledge no evidence exists that the
human genome is changing in any overall new direction. It may come
immediately to your mind that the forces most afflicting humanity, in-
cluding overpopulation, war, outbreaks of infectious disease, and envi-
ronmental pollution, must somehow be pushing the species along in a
directed manner. But these pressures have existed around the world for
millennia, forcing the periodic decline of populations and even the de-
struction and replacement of entire peoples. Much of the adaptation
expected to arise has probably already done so. Contemporary human
genes are therefore likely to reflect the necessities these malign forces
imposed in the past.

We do not, for example, appear as a species to be acquiring genes
for larger or smaller brains, more efficient kidneys, smaller teeth,
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greater or lesser compassion, or any other important adjustments in
body and mind. The one undoubted global change is of lesser conse-
quence. It is the shift occurring worldwide in the frequencies of racial
traits such as skin color, hair type, lymphocyte proteins, and im-
munoglobulins, due to more rapid population growth in developing
countries. In 1950, 68 percent of the world's population lived in devel-
oping countries. By 2000 the figure will be 78 percent. That amount of
change is having an effect on the frequencies of previously existing
genes, but none of the traits involved, so far as we know, have world-
shaping consequence. None affect intellectual capacity or the funda-
mentals of human nature.

A few local quirks have been detected as well. There is, for exam-
ple, brachycephalization. For the past ten thousand years, the heads of
people have been growing rounder in populations as far apart as Eu-
rope, India, Polynesia, and North America. In rural Poland, between
the Carpathian Mountains and the Baltic Sea, anthropologists have
documented the trend in skeletons from around 1300 to the early twen-
tieth century, embracing about thirty generations. The change is due
principally to the slightly higher survival rate of round-heads, and not
to the influx of brachycephalics from outside Poland. The trait has a
partial genetic basis, but the reason for its greater Darwinian success, if
any, remains unknown.

Many hereditary divergences of local populations have been dis-
covered in blood types, disease resistance, aerobic capacity, and the
ability to digest milk and other foodstuffs. Most such differences can at
least be tentatively linked to higher survival and reproduction in
known conditions of the local environment. The frequency of adults
able to digest milk, one of the most thoroughly studied traits, is highest
in populations that have relied on dairying for many generations. An-
other local trend of adaptive nature was reported in 1994 by a group of
Russian geneticists. Turkmen-speaking people from the hot deserts of
Middle Asia, they discovered, produce more heat shock proteins in
their skin fibroblasts (cells that form part of the loose connective tissue)
than do people who have lived for many generations in nearby moder-
ate climates. The difference, which is genetically based, confers
higher rates of survival following severe heat stress.

None of these regional trends appear to entail properties in
anatomy or behavior of major consequence. Even the changes due to
differential population growth are likely to prove short-lived if—as in
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present-day Thailand—birth rates in less developed countries drop to
the levels prevailing in North America, Europe, and Japan.

The big story in recent human evolution is not directional change,
not natural selection at all, but homogenization through immigration
and interbreeding. Populations have been in flux throughout history.
Tribes and states have pressed into and around the territories of rivals,
often absorbing these neighbors, occasionally extinguishing them alto-
gether. The historical atlases of Europe and Asia, when their pages are
flipped chronologically through five millennia, become film clips of
changing ethnic boundaries. As we race forward from one decade to
the next in the clips, chiefdoms and states spring into existence, ex-
pand like hungry two-dimensional amoebae, and vanish as others
move in to take their place.

The mixing sharply accelerated when Europeans conquered the
New World and transported African slaves to its shores. Homogeniza-
tion took a smaller leap in the nineteenth century with the European
colonization of Australia and Africa. In more recent times it has quick-
ened yet again through the spread of industrialization and democracy,
the two signature traits of modernity that render people restless and
international borders porous. Most human populations remain differ-
entiated on a geographical basis, and some ethnic enclaves will proba-
bly endure for centuries more, but the trend in the opposite direction
is unmistakably strong. It is also irreversible.

Homogenization is not dynamic on a global scale. It changes local
populations, often swiftly, but cannot by itself consistently drive evolu-
tion of the human species as a whole in one direction or another.
Its main consequence is the gradual erasure of previous racial
differences—those statistical differences in hereditary traits that distin-
guish whole populations. It also increases the range of individual varia-
tion within the populations and across the entire species. Many more
combinations of skin color, facial features, talents, and other traits in-
fluenced by genes are now arising than ever existed before. Yet the
average differences between people in different localities around the
world, not very great to start with, are narrowing.

Genetic homogenization has similarities to the stirring together of
liquid ingredients. The contents change dramatically, and many new
kinds of products emerge at the level of gene combinations within in-
dividuals. Variance increases, the extremes are extended, new forms of
hereditary genius and pathology are more likely to arise. But the most
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elemental units, the genes, remain unperturbed. They stay about the
same in both kind and relative abundance.

Continued over tens or hundreds of generations the present rates
of emigration and intermarriage could in theory eliminate all popula-
tion differences around the world. People residing in Beijing might be-
come statistically the same as those in Amsterdam or Lagos. But this is
not the key issue of future genetic trends, because the rules under
which evolution can occur are about to change dramatically and fun-
damentally. Thanks to advances of genetics and molecular biology un-
derway, hereditary change will soon depend less on natural selection
than on social choice. Possessing exact knowledge of its own genes,
collective humanity in a few decades can, if it wishes, select a new di-
rection in its evolution and move there quickly. Or, if future genera-
tions prefer the free market of genetic diversity that existed in the past,
they can choose simply to do nothing and live on their million-year-
old heritage.

The prospect of this "volitional evolution"—a species deciding
what to do about its own heredity—will present the most profound in-
tellectual and ethical choices humanity has ever faced. The dilemma
at its core is far from science fantasy. Medical researchers, motivated
by the need to understand the genetic basis of disease, have begun in
earnest to map the fifty thousand to one hundred thousand human
genes. Reproductive biologists have cloned sheep, and presumably
could do the same for human beings, if the procedure were allowed.
And thanks to the Human Genome Project, geneticists will be able to
read off the complete sequence of our DNA letters, 3.6 billion in all,
within one or two decades. Scientists are also experimenting with a
limited form of molecular engineering, in which genes are altered in a
desired direction by substituting snippets of DNA. Still another fast-
moving enterprise in the biological sciences is the tracking of individ-
ual development from genes to protein synthesis and thence to the
final products of anatomy, physiology, and behavior. It is entirely possi-
ble that within fifty years we will understand in considerable detail not
only our own heredity, but also a great deal about the way our genes
interact with the environment to produce a human being. We can
then tinker with the products at any level: change them temporarily
without altering heredity, or change them permanently by mutating
the genes and chromosomes.

If these advances in knowledge are even just partly attained, which
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seems inevitable unless a great deal of genetic and medical research is
halted in its tracks, and if they are made generally available, which is
problematic, humanity will be positioned godlike to take control of its
own ultimate fate. It can, if it chooses, alter not just the anatomy and
intelligence of the species but also the emotions and creative drive that
compose the very core of human nature.

The engineering of the genome will be the final of three periods
that can be distinguished in the history of human evolution. During al-
most all of the two-million-year history of the genus Homo, culminat-
ing in Homo sapiens, people were unaware of the ultramicroscopic
hereditary codes shaping them. In historical times, over the past ten
thousand years, populations still experienced racial differentiation,
largely in response to local climatic conditions, just as they had
throughout the more distant past.

During this passage through evolutionary time, shared with all
other organisms, human populations were also subject to stabilizing
selection; gene mutants that caused disease or infertility were weeded
out in each generation. These defective alleles were able to persist
only when recessive in their expression, which means their effects
could be overridden by the activity of dominant genes paired with
them. Possession of two recessive genes, however, causes genetic disor-
ders, as exemplified by cystic fibrosis, Tay-Sachs disease, and sickle-cell
anemia. Their double-dose carriers die young. Stabilizing selection, in
this case through early death, continually sheds the genes from the
population, making them mercifully rare.

With the advent of modern medicine, human evolution has en-
tered its second period. More and more of the hereditary defects can
be deliberately moderated or averted, even when the genes themselves
remain unaltered and present in double dose. Phenylketonuria, for ex-
ample, until recent time afflicted one out of ten thousand infants with
severe mental retardation. Researchers discovered that the cause of
phenylketonuria is a single recessive gene, which in double dose pre-
vents normal metabolism of phenylalanine, a common amino acid.
Abnormal metabolic products of the substance build up in the blood,
causing brain damage. With this elementary fact in their reference
books, physicians are now able to prevent the symptoms entirely by re-
stricting phenylketonuric infants to phenylalanine-free diets.

Examples like the circumvention of phenylketonuria are becom-
ing common and will be multiplied many times over in the years
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immediately ahead. For the first time people are using scientific
knowledge to gain conscious control over their heredity, progressing
one gene at a time. The evolutionary effect will be to relax stabilizing
selection at an increasing rate and thereby increase the genetic vari-
ability of humanity as a whole. This second period, the suppression of
stabilizing selection, is only beginning. Over many generations, the
moderation of the effects of harmful genes could result in a substantial
change in human heredity at the population level. The benefits accru-
ing will have to be bought, of course, with a growing dependence on
exacting and often expensive medical procedures. The age of gene
circumvention is also the age of medical prosthesis.

We should not, however, worry that such destabilizing of selection
will go too far. The second period of human evolution is ephemeral. It
will not last enough generations to have an important impact on
heredity of the species as a whole, because the knowledge that made it
possible has brought us swiftly to the brink of the third period, that of
volitional evolution. If we understand what changes in the genes cause
particular defects, down to the nucleotide letters of the DNA code,
then in principle the defect can be permanently repaired. Geneticists
are hard at work to make this feat, called gene therapy, a reality. They
are hopeful that cystic fibrosis, to cite the most advanced current proj-
ect, can be at least partly cured by introduction of unimpaired genes
into the lung tissues of patients. Another class of defects that seem per-
manently treatable within a few years includes hemophilia, sickle-cell
anemia, and certain other inherited blood diseases.

Progress in gene therapy has admittedly been slow in the early pe-
riod. But it will accelerate. Too much hope is at stake, and too much
venture capital poised, to permit failure. Once established as a practi-
cal technology, gene therapy will become a commercial juggernaut.
Thousands of genetic defects, many fatal, are already known. More are
discovered each year. Each such gene is carried in single or double
dose by thousands to millions of people around the world, and each in-
dividual person bears on average at least several different kinds of de-
fective genes somewhere on his chromosomes. In most cases the genes
are recessive and loaded in single dose; but the carrier, even if he does
not suffer the defect, risks having a child with a double dose and full-
blown symptoms. It is obvious that when genetic repair becomes safe
and affordable, the demand for it will grow swiftly.

Some time in the next century that trend will lead into the full
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volitional period of evolution. The advance will create a new kind of
ethical problem, which will be the Faustian decision of which I spoke:
How much should people be allowed to mutate themselves and their
descendants? Consider that your descendants, whom you may wish to
alter in some beneficent manner, may well be my descendants also
through intermarriage in the years ahead. With that in mind, can we
ever agree on how much DNA tinkering is moral? In making such
choices, there is an important line to be drawn between the remedy of
clear-cut genetic defects on one side and the improvement of normal,
healthy traits on the other. The scientific imagination will think it but
a small step from, say, severe dyslexia (one gene region discovered in
1994 on chromosome number 6) to mild dyslexia, and another short
hop to unimpaired learning ability, and, finally one step more to supe-
rior learning ability. I suffer from a mild form of dyslexia called visual
sequencing disability, habitually reversing numbers (8652 too easily be-
comes 8562) and struggling to grasp words spelled out to me letter by
letter (I apologize and ask to see them in writing). I would certainly
prefer not to suffer this minor but inconvenient debility. If it is genetic
in origin, I would be pleased to learn instead that it had been fixed
when I was an embryo. My parents, had they known and been able,
would probably have agreed and taken care of the problem.

Fair enough, but what about altering genes in order to enhance
mathematical and verbal ability? To acquire perfect pitch? Athletic tal-
ent? Heterosexuality? Adaptability to cyberspace? In a wholly different
dimension, citizens of states and then of all humanity might choose to
make themselves less variable, in order to increase compatibility. Or
the reverse: They might choose to diversify in talent and temperament,
aiming for varied personal excellence and thus the creation of commu-
nities of specialists able to work together at higher levels of produc-
tivity. Above all, they will certainly aim for greater longevity. If such
engineering for long life proves even just partly successful, it will cre-
ate vast social and economic dislocations.

The present trajectory of science ensures that future generations
will acquire the technical ability to make such choices. We are not in
the volitional period yet, but we are close enough to make the prospect
worth thinking about. Homo sapiens, the first truly free species, is
about to decommission natural selection, the force that made us.
There is no genetic destiny outside our free will, no lodestar provided
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by which we can set course. Evolution, including genetic progress in
human nature and human capacity, will be from now on increasingly
the domain of science and technology tempered by ethics and politi-
cal choice. We have reached this point down a long road of travail and
self-deception. Soon we must look deep within ourselves and decide
what we wish to become. Our childhood having ended, we will hear
the true voice of Mephistopheles.

We will also come to understand the true meaning of conser-
vatism. By that overworked and confusing term I do not mean the
pietistic and selfish libertarianism into which much of the American
conservative movement has lately descended. I mean instead the ethic
that cherishes and sustains the resources and proven best institutions
of a community. In other words, true conservatism, an idea that can be
applied to human nature as well as to social institutions.

I predict that future generations will be genetically conservative.
Other than the repair of disabling defects, they will resist hereditary
change. They will do so in order to save the emotions and epigenetic
rales of mental development, because these elements compose the
physical soul of the species. The reasoning is as follows. Alter the emo-
tions and epigenetic rules enough, and people might in some sense be
"better," but they would no longer be human. Neutralize the elements
of human nature in favor of pure rationality, and the result would be
badly constructed, protein-based computers. Why should a species
give up the defining core of its existence, built by millions of years of
biological trial and error?

What lifts this question above mere futurism is that it reveals so
clearly our ignorance of the meaning of human existence in the first
place. And illustrates how much more we need to know in order to de-
cide the ultimate question: To what end, or ends, if any in particular,
should human genius direct itself?

T H E P R O B L E M OF collective meaning and purpose is both urgent
and immediate because, if for no other reason, it determines the envi-
ronmental ethic. Few will doubt that humankind has created a planet-
sized problem for itself. No one wished it so, but we are the first species
to become a geophysical force, altering Earth's climate, a role previ-
ously reserved for tectonics, sun flares, and glacial cycles. We are also
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the greatest destroyer of life since the ten-kilometer-wide meteorite
that landed near Yucatan and ended the Age of Reptiles sixty-five mil-
lion years ago. Through overpopulation we have put ourselves in dan-
ger of running out of food and water. So a very Faustian choice is upon
us: whether to accept our corrosive and risky behavior as the unavoid-
able price of population and economic growth, or to take stock of our-
selves and search for a new environmental ethic.

That is the dilemma already implicit in current environmental
debates. It springs from the clash of two opposing human self-images.
The first is the naturalistic self-image, which holds that we are con-
fined to a razor-thin biosphere within which a thousand imaginable
hells are possible but only one paradise. What we idealize in nature
and seek to re-create is the peculiar physical and biotic environment
that cradled the human species. The human body and mind are pre-
cisely adapted to this world, notwithstanding its trials and dangers,
and that is why we think it beautiful. In this respect Homo sapiens
conforms to a basic principle of organic evolution, that all species
prefer and gravitate to the environment in which their genes were as-
sembled. It is called "habitat selection." There lies survival for hu-
manity, and there lies mental peace, as prescribed by our genes. We
are consequently unlikely ever to find any other place or conceive of
any other home as beautiful as this blue planet was before we began
to change it.

The competing self-image—which also happens to be the guiding
theme of Western civilization—is the exemptionalist view. In this con-
ception, our species exists apart from the natural world and holds
dominion over it. We are exempt from the iron laws of ecology that
bind other species. Few limits on human expansion exist that our spe-
cial status and ingenuity cannot overcome. We have been set free to
modify Earth's surface to create a world better than the one our ances-
tors knew.

For the committed exemptionalist, Homo sapiens has in effect
become a new species, which I will now provide with a new name,
Homo proteus, or "shapechanger man." In the taxonomic classification
of Earth's creatures, the diagnosis of hypothetical Homo proteus is the
following:

Cultural. Indeterminately flexible, with vast potential. Wired and
information-driven. Can travel almost anywhere, adapt to any environ-
ment. Restless, getting crowded. Thinking about the colonization of
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space. Regrets the current loss of Nature and all those vanishing species,
but it's the price of progress and has little to do with our future anyway.

Now here is the naturalistic, and I believe correct, diagnosis of old
Homo sapiens, our familiar "wise man":

Cultural. With indeterminate intellectual potential but biologically
constrained. Basically a primate species in body and emotional repertory
(member of the Order Primates, Infraorder Catarrhini, Family Ho-
minidae). Huge compared to other animals, parvihirsute, bipedal,
porous, squishy, composed mostly of water. Runs on millions of coordi-
nated delicate biochemical reactions. Easily shut down by trace toxins
and transit of pea-sized projectiles. Short-lived, emotionally fragile. De-
pendent in body and mind on other earthbound organisms. Coloniza-
tion of space impossible without massive supply lines. Starting to regret
deeply the loss of Nature and all those other species.

The dream of man freed from the natural environment of Earth
was tested against reality in the early 1990s with Biosphere 2, a 3.15-acre
closed ecosystem built on desert terrain in Oracle, Arizona. Paneled in
glass, stocked with soil, air, water, plants, and animals, it was designed
to be a miniature working Earth independent of the mother planet.
The planners synthesized fragments of rain forest, savanna, thorn-
scrub, desert, pond, marsh, coral reef, and ocean to simulate the nat-
ural habitats of home. The only connections to the outside world were
electrical power and communication, both reasonable concessions
made for a primarily ecological experiment. The design and construc-
tion of Biosphere 2 cost $200 million. It incorporated the most ad-
vanced scientific knowledge and state-of-the-art engineering. Success
of the experiment, if achieved, was expected to prove that human life
can be independently sustained in hermetic bubbles anywhere in the
solar system not lethally seared by heat or hard radiation.

On September 26, 1991, eight volunteer "Biospherians" walked
into the completed enclosure and sealed themselves off. For a while
everything went well, but then came a series of nasty surprises. After
five months the concentration of oxygen in Biosphere 2 began to drop
from its original 21 percent, eventually reaching 14 percent, an amount
that normally occurs at 17,500 feet, too low to sustain health. At this
point, to keep the experiment going, oxygen was pumped in from the
outside. During the same period carbon dioxide levels rose sharply, de-
spite the use of an artificial recycling procedure. Concentrations of ni-
trous oxide increased to levels dangerous to brain tissue.
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Species used to build the ecosystems were drastically affected.
Many declined to extinction at an alarmingly high rate. Nineteen of
the twenty-five vertebrates and all of the animal pollinators vanished.
At the same time, a few species of cockroaches, katydids, and ants mul-
tiplied explosively. Morning glory, passionflower, and other vines,
planted to serve as a carbon sink, grew so luxuriantly they threatened
other plant species, including the crops, and had to be laboriously
thinned by hand.

The Biospherians coped heroically with these ordeals, managing
to stay inside the enclosure the full two years originally planned. And
as an experiment, Biosphere 2 was not at all a failure. It taught us many
things, the most important of which is the vulnerability of our species
and the living environment on which we depend. Two senior biolo-
gists who reviewed the data as part of an independent team, Joel E.
Cohen of Rockefeller University and David Tilman of the University
of Minnesota, wrote with feeling, "No one yet knows how to engineer
systems that provide humans with the life-supporting services that nat-
ural ecosystems produce for free," and "despite its mysteries and haz-
ards, Earth remains the only known home that can sustain life."

In its neglect of the fragility of life, exemptionalism fails defini-
tively. To move ahead as though scientific and entrepreneurial genius
will solve each crisis arising in turn implies that the decline of the
global biosphere can be similarly managed. Perhaps that might be pos-
sible in future decades (centuries seem more likely), but the means are
not yet in sight. The living world is too complicated to be kept as a
garden on a planet that has been converted into an artificial space cap-
sule. No biological homeostat is known that can be worked by human-
ity. To believe otherwise is to risk reducing Earth to a wasteland, and
humanity to a threatened species.

How pressing is the risk? Enough, I think, to change thinking
about human self-preservation fundamentally. The current state of the
environment can be summarized thus:

The global population is precariously large, and will become much
more so before peaking some time after 2050. Humanity overall is im-
proving per capita production, health, and longevity. But it is doing so
by eating up the planet's capital, including natural resources and bio-
logical diversity millions of years old. Homo sapiens is approaching the
limit of its food and water supply. Unlike any species that lived before, it
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is also changing the world's atmosphere and climate, lowering and pol-
luting water tables, shrinking forests, and spreading deserts. Most of the
stress originates directly or indirectly from a handful of industrialized
countries. Their proven formulas for prosperity are being eagerly adopted
by the rest of the world. The emulation cannot be sustained, not with the
same levels of consumption and waste. Even if the industrialization of
developing countries is only partly successful, the environmental after-
shock will dwarf the population explosion that preceded it.

Some will, of course, call this synopsis environmental alarmism.
I earnestly wish that accusation were true. Unfortunately, it is the
reality-grounded opinion of the overwhelming majority of statured
scientists who study the environment. By statured scientists I mean
those who collect and analyze the data, build the theoretical models,
interpret the results, and publish articles vetted for professional jour-
nals by other experts, often including their rivals. I do not mean by
statured scientists the many journalists, talk-show hosts, and think-tank
polemicists who also address the environment, even though their opi-
nions reach a vastly larger audience. This is not to devalue their profes-
sions, which have separate high standards, only to suggest that there
are better-qualified sources to consult for factual information about
the environment. Seen in this light, the environment is much less a
controversial subject than suggested by routine coverage in the media.

Consider, then, the assessment made through the mid-1990s by
the statured scientists. Their quantitative estimates differ according to
the mathematical assumptions and procedures variously used, but
most still fall within limits from which trends can be projected with
confidence.

By 1997 the global population had reached 5.8 billion, growing at
the rate of 90 million per year. In 1600 there were only about half a bil-
lion people on Earth, and in 1940, 2 billion. The amount of increase
during the 1990s alone is expected to exceed the entire population
alive in 1600. The global growth rate, after reaching a peak during the
1960s, has been dropping ever since. In 1963, for example, each
woman bore an average of 4.1 children. In 1996 the number had de-
clined to 2.6. In order to stabilize the world population, the number
must be 2.1 children per woman (the extra 0.1 allowing for child mor-
tality). Long-term population size is extremely sensitive to this replace-
ment number, as shown by the following projections. If the number
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were 2.1, there would be 7.7 billion people on Earth in 2050, leveling
off at 8.5 billion in 2150. If 2.0, the population would peak at 7.8 bil-
lion, then drop by 2150 to 5.6 billion, the total in the mid-1990s. If 2.2, it
would reach 12.5 billion in 2050, 20.8 billion in 2150; and if 2.2 could
miraculously be maintained thereafter, the human biomass would
eventually equal the weight of the world and then, after a few millen-
nia, expanding outward at the speed of light, it would exceed the mass
of the visible universe. Even if the global birth rate were reduced dras-
tically and immediately, say to the Chinese goal of one child per
woman, the population would not peak for one or two generations.
The overshoot is ensured by the disproportionate number of young
people already in existence, who look to long lives ahead.

How many people can the world support for an indefinite period?
Experts do not agree, but a majority put the number variously between
4 and 16 billion. The true number will depend on the quality of life
that future generations are willing to accept. If everyone agreed to be-
come vegetarian, leaving nothing for livestock, the present 1.4 billion
hectares of arable land (3.5 billion acres) would supply about 10 billion
people. If humans utilized as food all the energy captured by plant
photosynthesis, some 40 trillion watts, Earth could support about
16 billion people. From such a fragile world, almost all other life forms
would have to be excluded.

Even if, by force majeure, the population levels off at well under
10 billion by mid-century, the relatively extravagant lifestyle now en-
joyed by the middle classes of North America, Western Europe, and
Japan cannot be attained by most of the rest of the world. The reason is
that the impact of each country on the environment is multiplicative.
It is dependent, in a complex manner, on the formula called PAT: pop-
ulation size times per capita affluence (hence consumption) times a
measure of the voracity of the technology used in sustaining consump-
tion. The magnitude of PAT can be usefully visualized by the "ecolog-
ical footprint" of productive land needed to support each member of
the society with existing technology. In Europe the footprint is 3.5
hectares (a hectare is 2.5 acres), in Canada 4.3 hectares, and in the
United States 5 hectares. In most developing countries it is less than
half a hectare. To raise the whole world to the U.S. level with existing
technology would require two more planet Earths.

It matters little that North Dakota and Mongolia are mostly empty.
It makes no difference that the 5.8 billion people in the world today
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could be logstacked out of sight in a corner of the Grand Canyon. The
datum of interest is the average footprint on productive land, which
must somehow be lowered if significantly more people are to achieve a
decent standard of living.

To suppose that the living standard of the rest of the world can be
raised to that of the most prosperous countries, with existing tech-
nology and current levels of consumption and waste, is a dream in pur-
suit of a mathematical impossibility. Even to level out present-day
income inequities would require shrinking the ecological footprints of
the prosperous countries. That is problematic in the market-based
global economy, where the main players are also militarily the most
powerful, and in spite of a great deal of rhetoric largely indifferent to
the suffering of others. Few people in industrialized countries are fully
aware of how badly off the poor of the world really are. Roughly 1.3 bil-
lion people, more than a fifth of the world population, have cash in-
comes under one U.S. dollar a day. The next tier of 1.6 billion earn
$1-3. Somewhat more than 1 billion live in what the United Nations
classifies as absolute poverty, uncertain of obtaining food from one day
to the next. Each year more than the entire population of Sweden, be-
tween 13 and 18 million, mostly children, die of starvation, or the side
effects of malnutrition, or other poverty-related causes. In order to gain
perspective, imagine the response if Americans and Europeans were
told that in the coming year the entire population of Sweden, or Scot-
land and Wales combined, or New England would die of poverty.

Of course the exemptionalists will say that new technology and the
rising tide of the free-market economy can solve the problem. The so-
lution, they explain, is straightforward: Just use more land, fertilizer,
and higher-yield crops, and work harder to improve distribution. And,
of course, encourage more education, technology transfer, and free
trade. Oh, and discourage ethnic strife and political corruption.

All that will certainly help, and should have high priority, but it
cannot solve the main problem, which is the finite resources of planet
Earth. It is true that only 11 percent of the world's land surface is under
cultivation. But that already includes the most arable part. The bulk of
the remaining 89 percent has limited use, or none at all. Greenland,
Antarctica, most of the vast northern taiga, and the equally vast ultra-
dry deserts are not available. The remnant tropical forests and savan-
nas can be cleared and planted, but at the cost of most of the species of
plants and animals in the world, with minor agricultural gain. Nearly
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half their expanse is underlaid by soils of low natural fertility—42 per-
cent of the untapped area of sub-Saharan Africa, for example, and
46 percent of that in Latin America. Meanwhile, cultivated and defor-
ested lands are losing topsoil to erosion at ten times the sustainable
level. By 1989, 11 percent of the world's cropland had been classified by
soil experts as severely degraded. From 1950 to the mid-1990s the area
of cropland per person fell by half, from 0.23 hectare to 0.12 hectare,
less than a quarter the size of a soccer field. Widespread starvation was
avoided because the Green Revolution during the same forty-year pe-
riod boosted per hectare yield dramatically with new varieties of rice
and other crops, better pesticide application, and increased use of fer-
tilizer and irrigation. But even these technologies have limits. By 1985
the growth in yield slowed; that trend, when combined with the relent-
less growth of population, initiated a decline in per capita production.
The shortfall first became apparent in the developing countries, whose
grain self-sufficiency fell from 96 percent in 1969-71, at the height of
the Green Revolution, to 88 percent in 1993-95. By 1996 the world
grain carryover stocks, humanity's emergency food supply, had de-
clined 50 percent from the all-time peak reached in 1987. At the begin-
ning of the 1990s only a handful of countries—including Canada,
the United States, Argentina, the European Union, and Australia-
accounted for more than three-fourths of the world's grain resources.

Perhaps all these signs will miraculously disappear. If not, how will
the world cope? Perhaps the deserts and nonarable dry grasslands can
be irrigated to expand agricultural production. But that remedy also
has limitations. Too many people already compete for too little water.
The aquifers of the world, on which so much agriculture in drier re-
gions depends, are being drained of their groundwater faster than the
reserves can be replaced by natural percolation of rainfall and runoff.
The Ogallala aquifer, a principal water source of the central United
States, experienced a three-meter drop through a fifth of its area dur-
ing the 1980s alone. Now it is half depleted beneath a million hectares
in Kansas, Texas, and New Mexico. Still worse deficits are building in
other countries, and often where they are least affordable. The water
table beneath Beijing fell 37 meters between 1965 and 1995. The
groundwater reserves of the Arabian peninsula are expected to be ex-
hausted by 2050. In the meantime the oil-rich countries there are mak-
ing up the deficit in part by desalinizing seawater—trading their
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precious petroleum for water. On a global scale, humanity is pressing
the limit, using a quarter of the accessible water released to the atmo-
sphere by evaporation and plant transpiration, and somewhat more
than half that available in rivers and other runoff channels. By 2025, 40
percent of the world's population could be living in countries with
chronic water scarcity. New dam construction can add 10 percent to
the runoff capture during the next thirty years, but the treadmill oppos-
ing it is unceasing: In the same three decades the human population is
expected to grow by a third.

As the land gives out, might we turn to Earth's last frontier, the
boundless sea? Unfortunately, no. It is not really boundless, having al-
ready given most of what it has to offer. All seventeen of the world's
oceanic fisheries are being harvested beyond their capacity. Only those
in the Indian Ocean have continued to rise in yield, a trend destined to
end because the present rate of catch is not sustainable. Several fish-
eries, including most famously the northwestern Atlantic banks and
the Black Sea, have suffered a commercial collapse. The annual world
fish catch, after rising fivefold from 1950 to 1990, has leveled off at
about 90 million tons.

The history of marine fisheries has been one of increasingly effi-
cient mass capture and on-site processing, which increases yield by
cutting ever deeper into existing stocks. By the 1990s proliferating fish
farms had taken up part of the slack, adding 20 million tons to the total
harvest. But aquaculture, the fin-and-shell revolution, also has limits.
Expanding marine farms preempt the mangrove swamps and other
coastal wetland habitats that serve as the spawning grounds for many
offshore food fishes. Freshwater farms have more growth potential but
must compete with conventional agriculture for the shrinking supplies
of runoff and aquifer-borne water.

Meanwhile, in accordance with the general principle of life that
all large perturbations are bad, Earth's ability to support the voracious
human biomass is becoming even dicier through the acceleration of
climatic change. During the past 130 years the global average tempera-
ture has risen by one degree Celsius. The signs are now strong—some
atmospheric scientists say conclusive—that much of the change is due
to carbon dioxide pollution. The connection is the greenhouse effect,
in which carbon dioxide, along with methane and a few other gases,
work like the glass enclosures used by gardeners. They admit sunlight
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but trap the heat generated by it. For the past 160,000 years, as tests of
air bubbles in fossil ice show, the concentration of atmospheric carbon
dioxide has been tightly correlated with the global average tempera-
ture. Now, boosted by combustion of fossil fuels and the destruction of
tropical forests, the carbon dioxide concentration stands at 360 parts
per million, the highest measure in the 160,000-year period.

The idea of climatic warming by human activity has been disputed
by several scientists, with valid reasons. Atmospheric chemistry and
climatic change are both extremely complex subjects. When com-
pounded, they make exact predictions nearly impossible. Neverthe-
less, trajectories and velocities of the changes can be estimated within
broad limits. That has been the goal of the Intergovernmental Panel
on Climate Change (IPCC), a group of more than two thousand sci-
entists working worldwide to assess incoming data and build models of
future change with the aid of super-computers. The more difficult
variables they must incorporate include the industrial discharge of sul-
fate aerosols, which counteract the greenhouse effect of carbon di-
oxide, together with the long-term capture of carbon dioxide by the
ocean, which can throw off calculations of atmospheric change, and
the tricky idiosyncrasies of local climatic change.

Overall, the IPCC scientists have made the following assessment.
There will be an additional rise in the global average temperature of
1.0 to 3.5 degrees Celsius (1.8 to 6.3 degrees Fahrenheit) by the year
2100. Multiple consequences are likely, with few if any likely to be
pleasant. Thermal expansion of marine waters and the partial breakup
of the Antarctic and Greenland ice shelves will raise the sea level by as
much as 30 centimeters (12 inches), causing problems for coastal na-
tions. Kiribati and the Marshall Islands, two small atoll countries in
the Western Pacific, risk partial obliteration. Precipitation patterns will
change, and most likely as follows: Large increases will be experienced
in North Africa, temperate Eurasia and North America, Southeast
Asia, and the Pacific coast of South America, and comparable de-
creases in Australia and most of South America and southern Africa.

Local climates will turn more variable, as heat waves increase in
frequency. Even a small rise in average temperature results in many
more instances of extremely high temperatures. The reason is a purely
statistical effect. A small shift in a normal statistical distribution in one
direction lifts the former extreme in that direction from near zero to a
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proportionately far higher number. (Thus, to take another example, if
the average mathematical ability of the human species were raised ten
percent, the difference in the mass of people might not be noticeable,
but Einsteins would be commonplace.)

Because clouds and storm centers are generated over marine wa-
ters heated above 26°C, tropical cyclones will increase in average fre-
quency. The eastern seaboard of the United States, to select one
heavily populated region, will thereby suffer both more heat waves in
the spring and more hurricanes in the summer. We can expect the hot-
ter climatic zones to expand toward the North and South Poles, with
the greatest changes occurring at the highest latitudes. The tundra
ecosystems will shrink and may disappear altogether. Agriculture will
be affected, in some areas favorably, in others destructively. In general,
developing nations can expect to be hit harder than those in the in-
dustrialized North. Many natural systems and the species of micro-
organisms, plants, and animals composing them, unable to adapt to
the shift in local conditions or emigrate to newly habitable areas
quickly enough, will be extinguished.

To summarize the future of resources and climate, the wall toward
which humanity is evidently rushing is a shortage not of minerals and
energy, but of food and water. The time of arrival at the wall is being
shortened by a physical climate growing less congenial. Humankind is
like a household living giddily off vanishing capital. Exemptionalists
are risking a lot when they advise us, in effect, that "Life is good and
getting better, because look around you, we are still expanding and
spending faster. Don't worry about next year. We're such a smart
bunch something will turn up. It always has."

They, and most of the rest of us, have yet to learn the arithmetical
riddle of the lily pond. A lily pad is placed in a pond. Each day there-
after the pad and then all of its descendants double. On the thirtieth
day the pond is covered completely by lily pads, which can grow no
more. On which day was the pond half full and half empty? The
twenty-ninth day.

Shall we gamble? Suppose the odds are even that humankind will
miss the environmental wall. Better, make it two to one: pass on
through or collide. To bet on safe passage is a terrible choice, because
the stakes on the table are just about everything. You save some time
and energy now by making that choice and not taking action, but if
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you lose the bet down the line, the cost will be ruinous. In ecology, as
in medicine, a false positive diagnosis is an inconvenience, but a false
negative diagnosis can be catastrophic. That is why ecologists and doc-
tors don't like to gamble at all, and if they must, it is always on the side
of caution. It is a mistake to dismiss a worried ecologist or a worried
doctor as an alarmist.

At best, an environmental bottleneck is coming in the twenty-first
century. It will cause the unfolding of a new kind of history driven by
environmental change. Or perhaps an unfolding on a global scale
of more of the old kind of history, which saw the collapse of regional
civilizations, going back to the earliest in history, in northern Meso-
potamia, and subsequently Egypt, then the Mayan and many others
scattered across all the inhabited continents except Australia. People
died in large numbers, often horribly. Sometimes they were able to
emigrate and displace other people, making them die horribly instead.

Archaeologists and historians strive to find the reasons for the
collapse of civilizations. They tick off drought, soil exhaustion, over-
population, and warfare—singly or in some permutation. Their analy-
ses are persuasive. Ecologists add another perspective, with this
explanation: The populations reached the local carrying capacity,
where further growth could no longer be sustained with the tech-
nology available. At that point life was often good, especially for the
ruling classes, but fragile. A change such as a drought or depletion of
the aquifer or a ravaging war then lowered the carrying capacity.
The death rate soared and the birth rate fell (from malnutrition and
disease) until lower and more sustainable population levels were
reached.

The principle of carrying capacity is illustrated by the recent his-
tory of Rwanda, a small and beautiful mountainous land that once ri-
valed Uganda as the pearl of Central Africa. Until the present century
Rwanda supported only a modest population density. For five hundred
years a Tutsi dynasty ruled over a Hutu majority. In 1959 the Hutu re-
volted, causing many of the Tutsi to flee to neighboring countries. In
1994 the conflict escalated, and Rwandan army units massacred over
half a million Tutsi and moderate Hutu. Then an army of the Tutsi,
the Rwandan Patriotic Front, struck back, capturing the capital town
of Kigali. As the Tutsi advanced across the countryside, two million
Hutu refugees ran before them, spreading out into Zaire, Tanzania,
and Burundi. In 1997 Zaire, newly renamed the Republic of the
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Congo, forced many of the Hutu refugees back to Rwanda. In the
maelstrom, thousands died of starvation and disease.

On the surface it would seem, and was so reported by the media,
that the Rwandan catastrophe was ethnic rivalry run amok. That is true
only in part. There was a deeper cause, rooted in environment and de-
mography. Between 1950 and 1994 the population of Rwanda, favored
by better health care and temporarily improved food supply, more
than tripled, from 2.5 million to 8.5 million. In 1992 the country had
the highest growth rate in the world, an average of 8 children for every
woman. Parturition began early, and generation times were short. But
although total food production increased dramatically during this pe-
riod, it was soon overbalanced by population growth. The average farm
size dwindled, as plots were divided from one generation to the next.
Per capita grain production fell by half from 1960 to the early 1990s.
Water was so overdrawn that hydrologists declared Rwanda one of the
world's twenty-seven water-scarce countries. The teenage soldiers of
the Hutu and Tutsi then set out to solve the population problem in the
most direct possible way.

Rwanda is a microcosm of the world. War and civil strife have
many causes, most not related directly to environmental stress. But in
general, overpopulation and the consequent dwindling of available re-
sources are tinder that people pile up around themselves. The mount-
ing anxiety and hardship are translated into enmity, and enmity into
moral aggression. Scapegoats are identified, sometimes other political
or ethnic groups, sometimes neighboring tribes. The tinder continues
to grow, awaiting the odd assassination, territorial incursion, atrocity,
or other provocative incident to set it off. Rwanda is the most over-
populated country in Africa. Burundi, its war-torn neighbor, is second.
Haiti and El Salvador, two of the chronically most troubled nations of
the Western Hemisphere, are also among the most densely populated,
exceeded only by five tiny island countries of the Caribbean. They are
also arguably the most environmentally degraded.

Population growth can justly be called the monster on the land. To
the extent that it can be tamed, passage through the bottleneck will be
easier. Let us suppose that the last of the old reproductive taboos fade,
and family planning becomes universal. Suppose further that govern-
ments create population policies with the same earnestness they de-
vote to economic and military policies. And that as a result the global
population peaks below ten billion and starts to decline. With NPG
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(negative population growth) attained, there are grounds for hope. If
not attained, humanity's best efforts will fail, and the bottleneck will
close to form a solid wall.

Humanity's best efforts will include every technological fix for an
overcrowded planet that genius can devise. Endless stand-by schemes
are already on the board. Conversion of nitrogenased petroleum to
food is one remote possibility. Algal farms in shallow seas is another.
The water crisis might be eased by desalinization of seawater with en-
ergy from controlled fusion or fuel cell technology. Perhaps as polar
ice shelves break up from global warming, more fresh water can be
drawn from icebergs herded to dry coasts. With a surplus of energy and
fresh water, the agricultural revegetation of arid wasteland is attain-
able. Pulp production can be increased in such recovered lands with
"wood grass," fast-growing, nitrogen-fixing tree species that can be har-
vested with giant mowers and then sprout new shoots from the severed
stocks. Many such schemes will be tried as demand rises, and a few
will succeed. They will be driven by venture capital and government
subsidy in the global free-market economy. Each advance will reduce
the risk of short-term economic calamity.

But be careful! Each advance is also a prosthesis, an artificial de-
vice dependent on advanced expertise and intense continuing man-
agement. Substituted for part of Earth's natural environment, it adds
its own, long-term risk. Human history can be viewed through the lens
of ecology as the accumulation of environmental prostheses. As these
manmade procedures thicken and interlock, they enlarge the carrying
capacity of the planet. Human beings, being typical organisms in re-
productive response, expand to fill the added capacity. The spiral con-
tinues. The environment, increasingly rigged and strutted to meet the
new demands, turns ever more delicate. It requires constant attention
from increasingly sophisticated technology.

The Ratchet of Progress seems irreversible. The message then for
the primitivists, who dream of nature's balance in Paleolithic serenity:
Too late. Put away your bow and arrow, forget the harvest of wild
berries; the wilderness has become a threatened nature reserve. The
message for the environmentalists and exemptionalists: Get together.
We must plunge ahead and make the best of it, worried but confident
of success, our hope well expressed by Hotspur's lines in Henry IV: I
tell you, my lord fool, out of this nettle, danger, we pluck this flower,
safety.
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The common aim must be to expand resources and improve the
quality of life for as many people as heedless population growth forces
upon Earth, and do it with minimal prosthetic dependence. That, in
essence, is the ethic of sustainable development. It is the dream that
acquired general currency at the Earth Summit, the historic United
Nations Conference on Environment and Development held in June
1992 in Rio de Janeiro. The representatives of 172 nations, including
106 heads of government, met to establish guidelines by which a sus-
tainable world order might be reached. They signed binding conven-
tions on climate change and the protection of biological diversity.
They agreed to the forty nonbinding chapters of Agenda 21, offering
procedures by which virtually all of the general problems of the envi-
ronment can be addressed, if not solved. Most of the initiatives were
blunted by political squabbles arising from national self-interest, and
global cooperation afterward was principally limited to rhetorical exer-
cise on state occasions. The $600 billion additional expenditure rec-
ommended to put Agenda 21 into effect, with $125 billion donated to
developing countries by industrialized countries, has not been forth-
coming. Still, the principle of sustainable development has been gen-
erally accepted, an idea previously little more than the dream of an
environmentalist elite. By 1996 no fewer than 117 governments had ap-
pointed commissions to develop Agenda 21 strategies.

In the end, the measure of success of the Earth Summit and all
other global initiatives will be the diminishment of the total ecological
footprint. As the human population soars toward eight billion around
2020, the central question will be the area of productive land required
on average to provide each person in the world with an acceptable
standard of living. From it, the overriding environmental goal is to
shrink the ecological footprint to a level that can be sustained by
Earth's fragile environment.

Much of the technology required to reach that goal can be summa-
rized in two concepts. Decarbonization is the shift from the burning of
coal, petroleum, and wood to essentially unlimited, environmentally
light energy sources such as fuel cells, nuclear fusion, and solar and
wind power. Dematerialization, the second concept, is the reduction
in bulk of hardware and the energy it consumes. All the microchips in
the world, to take the most encouraging contemporary example, can
be fitted into the room that housed the Harvard Mark 1 electromag-
netic computer at the dawn of the information revolution.
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The single greatest intellectual obstacle to environmental realism,
as opposed to practical difficulty, is the myopia of most professional
economists. In Chapter 9 I described the insular nature of neoclassical
economic theory. Its models, while elegant cabinet specimens of ap-
plied mathematics, largely ignore human behavior as understood by
contemporary psychology and biology. Lacking such a foundation, the
conclusions often describe abstract worlds that do not exist. The flaw is
especially noticeable in microeconomics, which treats the patterns of
choices made by individual consumers.

The weakness of economics is most worrisome, however, in its gen-
eral failure to incorporate the environment. After the Earth Summit,
and after veritable encyclopedias of data compiled by scientists and re-
source experts have shown clearly the dangerous trends of population
size and planetary health, the most influential economists still make
recommendations as though there is no environment. Their assess-
ments read like the annual reports of successful brokerage firms. Here,
for example, is Frederick Hu, head of the World Economic Forum's
competitiveness research team, explaining the conclusions of the
Forum's influential Global Competitiveness Report 1996:

Short of military conquest, economic growth is the only viable means
for a country to sustain increases in national wealth and living stan-
dards . . . An economy is internationally competitive if it performs
strongly in three general areas: abundant productive inputs such as
capital, labour, infrastructure and technology; optimal economic poli-
cies such as low taxes, little interference and free trade and sound mar-
ket institutions such as the rule of law and the protection of property
rights.

This prescription, resonant with the hard-headed pragmatism ex-
pected in an economics journal, is true for medium-term growth of in-
dividual nations. It is surely the best policy to recommend during the
next two decades for Russia (competitiveness index —2.36) and Brazil
( —1.73) if they wish to catch up with the United States (+1.34) and
Singapore (+2.19). No one can seriously question that a better quality
of life for everyone is the unimpeachable universal goal of humanity.
Free trade, the rule of law, and sound market practices are the proven
means to attain it. But the next two decades will also see the global
population leap from six to eight billion, mostly among the poorest na-
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tions. That interval will witness water and arable soil running out,
forests being stripped, and coastal habitats used up. The planet is al-
ready in a precarious state. What will happen as giant China (-0.68)
strives to overtake little Taiwan (+0.96) and the other Asian tigers? We
tend to forget, and economists are reluctant to stress, that economic
miracles are not endogenous. They occur most often when countries
consume not only their own material resources, including oil, timber,
water, and agricultural produce, but those of other countries as well.
And now the globalization of commerce, accelerated by technology
and the liquidity of paper assets, has made the mass transfer of material
assets far easier. The wood products of Japan are the destroyed forests
of tropical Asia, the fuel of Europe the dwindling petroleum reserves
of the Middle East.

In national balance sheets economists seldom use full-cost ac-
counting, which includes the loss of natural resources. A country can
cut down all its trees, mine out its most profitable minerals, exhaust its
fisheries, erode most of its soil, draw down its underground water, and
count all the proceeds as income and none of the depletion as cost. It
can pollute the environment and promote policies that crowd its popu-
lace into urban slums, without charging the result to overhead.

Full-cost accounting is gaining some credibility within the coun-
cils of economists and the finance ministers they advise. Ecological
economics, a new subdiscipline, has been formed to put a green
thumb on the invisible hand of economics. But it is still only margin-
ally influential. Competitive indexes and gross domestic products
(GDPs) remain seductive, not to be messed up in conventional eco-
nomic theory by adding the tricky complexities of environment and so-
cial cost. The time has come for economists and business leaders, who
so haughtily pride themselves as masters of the real world, to acknowl-
edge the existence of the real real world. New indicators of progress are
needed to monitor the economy, wherein the natural world and
human well-being, not just economic production, are awarded full
measure.

To T H E SAME E N D I count it paramount, and feel obliged
to plead, that the new reckoning include a powerful conservation
ethic. We hope—surely we must believe—that our species will emerge
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from the environmental bottleneck in better condition than we en-
tered. But there is another responsibility to meet as we make the pas-
sage: preserving the Creation by taking as much of the rest of life with
us as possible.

Biological diversity, or biodiversity for short—the full sweep from
ecosystems to species within the ecosystems, thence to genes within
the species—is in trouble. Mass extinctions are commonplace, espe-
cially in tropical regions where most of the biodiversity occurs. Among
the more recent are more than half the exclusively freshwater fishes of
peninsular Asia, half of the fourteen birds of the Philippine island of
Cebu, and more than ninety plant species growing on a single moun-
tain ridge in Ecuador. In the United States an estimated 1 percent of
all species have been extinguished; another 32 percent are imperiled.

Conservation experts, responding to what they now perceive as a
crisis, have in the past three decades broadened their focus from the
panda, tiger, and other charismatic animals to include entire habitats
whose destruction endangers the existence of many species.

Familiar "hot spots" of this kind in the United States include the
mountain forests of Hawaii, the coastal heath of southern California,
and the sandy uplands of central Florida. Arguably the nations with
the most hot spots in the world are Ecuador, Madagascar, and the
Philippines. Each of these countries has lost two-thirds or more of its
biologically rich rain forest, and the remainder is under continuing as-
sault. The logic of conservation experts in addressing the issue is sim-
ple: By concentrating conservation efforts on such areas, the largest
amount of biodiversity can be saved at the lowest economic cost. If the
effort is also made part of the political process during regional plan-
ning, the rescue of biodiversity can also gain the widest possible public
support.

It is notoriously difficult to estimate the overall rate of extinction,
but biologists, by using several indirect methods of analysis, generally
agree that on the land at least, species are vanishing at a rate one hun-
dred to a thousand times faster than before the arrival of Homo sapiens.
Tropical rain forests are the site of most of the known damage. Al-
though they cover only 6 percent of the land surface, they contain
more than half the species of plants and animals of the entire world.
The rate of clearing and burning of the surviving rain forests averaged
about 1 percent a year through the 1980s and into the 1990s, an area
about equal to the entire country of Ireland. That magnitude of habitat
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loss means that each year 0.25 percent or more of the forest species are
doomed to immediate or early extinction. How much does the rate
translate into absolute numbers? If there are ten million species in the
still mostly unexplored forests, which some scientists think possible,
the annual loss is in the tens of thousands. Even if there are a "mere"
one million species, the loss is still in the thousands.

These projections are based on the known relationships between
the area of a given natural habitat and the number of species able to
live for indefinite periods within it. Such projections may in fact be on
the low side. The outright elimination of habitat, the easiest factor to
measure, is the leading cause of extinction. But the introduction of ag-
gressive exotic species and the diseases they carry come close behind
in destructiveness, followed in turn by the overharvesting of native
species.

All these factors work together in a complex manner. When asked
which ones caused the extinction of any particular species, biologists
are likely to give the Murder on the Orient Express answer: They all did
it. A common sequence in tropical countries starts with the building of
roads into wilderness, such as those cut across Brazil's Amazonian state
of Rondonia during the 1970s and '80s. Land-seeking settlers pour in,
clear the forest on both sides of the road, pollute the streams, introduce
alien plants and animals, and hunt wildlife for extra food. Many native
species become rare, and some disappear entirely. The soil wears out
within several years, and the settlers cut and burn their way deeper into
the forest.

The ongoing loss of biodiversity is the greatest since the end of the
Mesozoic Era sixty-five million years ago. At that time, by current
scientific consensus, the impact of one or more giant meteorites dark-
ened the atmosphere, altered much of Earth's climate, and extin-
guished the dinosaurs. Thus began the next stage of evolution, the
Cenozoic Era or Age of Mammals. The extinction spasm we are now
inflicting can be moderated if we so choose. Otherwise, the next cen-
tury will see the closing of the Cenozoic Era and a new one character-
ized not by new life forms but by biological impoverishment. It might
appropriately be called the "Eremozoic Era," the Age of Loneliness.

I have found, during many years of studying biological diversity,
that people commonly respond to evidence of species extinction by
entering three stages of denial. The first is simply, Why worry? Extinc-
tion is natural. Species have been dying out through more than three
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billion years of life's history without permanent harm to the biosphere.
Evolution has always replaced extinct species with new ones.

All these statements are true, but with a terrible twist. Following
the Mesozoic spasm, and after each of the four greatest previous
spasms spaced over the earlier 350 million years, evolution required
about 10 million years to restore the predisaster levels of diversity.
Faced with a waiting time that long, and aware that we inflicted so
much damage in a single lifetime, our descendants are going to be —
how best to say it?—peeved.

Entering the second stage of denial, people commonly ask, Why
do we need so many species anyway? Why care, especially since the
vast majority are bugs, weeds, and fungi? It is easy to dismiss the
creepy-crawlies of the world, forgetting that less than a century ago, be-
fore the rise of the modern conservation movement, native birds and
mammals around the world were treated with the same callow indiffer-
ence. Now the value of the little things in the natural world has
become compellingly clear. Recent experimental studies on whole
ecosystems support what ecologists have long suspected: The more
species that live in an ecosystem, the higher its productivity and the
greater its ability to withstand drought and other kinds of environmen-
tal stress. Since we depend on functioning ecosystems to cleanse our
water, enrich our soil, and create the very air we breathe, biodiversity is
clearly not something to discard carelessly.

Each species is a masterpiece of evolution, offering a vast source of
useful scientific knowledge because it is so thoroughly adapted to the
environment in which it lives. Species alive today are thousands to mil-
lions of years old. Their genes, having been tested by adversity over so
many generations, engineer a staggeringly complex array of biochemi-
cal devices to aid the survival and reproduction of the organisms carry-
ing them.

This is why, in addition to creating a habitable environment for
humankind, wild species are the source of products that help sustain
our lives. Not the least of these amenities are pharmaceuticals. More
than 40 percent of all medicinals dispensed by pharmacies in the
United States are substances originally extracted from plants, animals,
fungi, and microorganisms. Aspirin, for example, the most widely used
medicine in the world, was derived from salicylic acid, which in turn
was discovered in a species of meadowsweet. Yet only a fraction of the
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species—probably fewer than 1 percent—have been examined for nat-
ural products that might serve as medicines. There is a critical need
to press the search for new antibiotics and antimalarial agents. The
substances most commonly used today are growing less effective as dis-
ease organisms acquire genetic resistance to the drugs. The universal
staphylococcus bacterium, for example, has recently re-emerged as a
potentially lethal pathogen, and the microorganism that causes pneu-
monia is growing progressively more dangerous. Medical researchers
are locked in an arms race with the rapidly evolving pathogens that is
certain to grow more intense. They are obliged to turn to a broader
array of wild species in order to acquire new weapons of medicine in
the twenty-first century.

Even when all this much is granted, the third stage of denial
emerges: Why rush to save all the species right now? Why not keep live
specimens in zoos and botanical gardens and return them to the wild
later? The grim truth is that all the zoos in the world today can sustain
a maximum of only two thousand species of mammals, birds, reptiles,
and amphibians out of twenty-four thousand known to exist. The
world's botanical gardens would be even more overwhelmed by the
quarter-million plant species. These refuges are invaluable in helping
to save a few endangered species. So is freezing embryos in liquid
nitrogen. But such measures cannot come close to solving the prob-
lem as a whole. To add to the difficulty, no one has yet devised a safe
harbor for the legion of insects, fungi, and other ecologically vital
small organisms.

Even if all that were accomplished, and scientists prepared to re-
turn species to independence, the ecosystems in which many lived
would no longer exist. Raw land does not suffice. Pandas and tigers, for
example, cannot survive in abandoned rice paddies. Can the natural
ecosystems be reconstituted by just putting all the species back to-
gether again? The feat is at the present time impossible, at least for
communities as complex as rain forests. The order of difficulty, as I de-
scribed it in Chapter 5, is comparable to that of creating a living cell
from molecules, or an organism from living cells.

In order to visualize the scope of the problem more concretely,
imagine that the last remnant of rain forest in a small tropical country
is about to be drowned beneath the rising lake of a hydroelectric proj-
ect. An unknown number of plant and animal species found nowhere
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else in the world will disappear beneath the waters. Nothing can be
done. The electric power is needed; local political leaders are ada-
mant. People come first! In the final desperate months, a team of bio-
logists scrambles to save the fauna and flora. Their assignment is the
following: Collect samples of all the species quickly, before the dam is
closed. Maintain the species in zoos, gardens, and laboratory cultures,
or else deep-freeze embryos bred from them in liquid nitrogen. Then
bring the species back together and resynthesize the community on
new ground.

The state of the art is such that biologists cannot accomplish such a
task, not if thousands of them came with a billion-dollar budget. They
cannot even imagine how to do it. In the forest patch live legions of life
forms: perhaps 300 species of birds, 500 butterflies, 200 ants, 50,000
beetles, 1,000 trees, 5,000 fungi, tens of thousands of bacteria and so on
down the long roster of major groups. In many of the groups a large mi-
nority of the species are new to science, their properties wholly un-
known. Each species occupies a precise niche, demanding a certain
place, an exact microclimate, particular nutrients, and temperature
and humidity cycles by which the sequential phases of the life cycles
are timed. Many of the species are locked in symbiosis with other
species, and cannot survive unless arrayed with their partners in the
correct configurations.

Thus even if the biologists pulled off the taxonomic equivalent of
the Manhattan Project, sorting and preserving cultures of all the
species, they could not then put the community back together again.
Such a task anywhere in the world is like unscrambling an egg with a
pair of spoons. Eventually, perhaps in decades, it can be done. But for
the present the biology of the microorganisms needed to reanimate the
soil is mostly unknown. The pollinators of most of the flowers and the
correct timing of their appearance can only be guessed. The "assembly
rules," the sequence in which species must be allowed to colonize in
order to coexist indefinitely, are still largely in the realm of theory.

In this matter the opinion of biologists and conservationists is virtu-
ally unanimous: The only way to save the Creation with existing
knowledge is to maintain it in natural ecosystems. Considering how
rapidly such habitats are shrinking, even that straightforward solution
will be a daunting task. Somehow humanity must find a way to
squeeze through the bottleneck without destroying the environments
on which the rest of life depends.
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T H E LEGACY of the Enlightenment is the belief that entirely on our
own we can know, and in knowing, understand, and in understanding,
choose wisely. That self-confidence has risen with the exponential
growth of scientific knowledge, which is being woven into an increas-
ingly full explanatory web of cause and effect. In the course of the
enterprise, we have learned a great deal about ourselves as a species.
We now better understand where humanity came from, and what it is.
Homo sapiens, like the rest of life, was self-assembled. So here we are,
no one having guided us to this condition, no one looking over our
shoulder, our future entirely up to us. Human autonomy having thus
been recognized, we should now feel more disposed to reflect on
where we wish to go.

In such an endeavor it is not enough to say that history unfolds by
processes too complex for reductionistic analysis. That is the white flag
of the secular intellectual, the lazy modernist equivalent of The Will
of God. On the other hand, it is too early to speak seriously of ultimate
goals, such as perfect green-belted cities and robot expeditions to the
nearest stars. It is enough to get Homo sapiens settled down and happy
before we wreck the planet. A great deal of serious thinking is needed
to navigate the decades immediately ahead. We are gaining in our abil-
ity to identify options in the political economy most likely to be ru-
inous. We have begun to probe the foundations of human nature,
revealing what people intrinsically most need, and why. We are enter-
ing a new era of existentialism, not the old absurdist existentialism of
Kierkegaard and Sartre, giving complete autonomy to the individual,
but the concept that only unified learning, universally shared, makes
accurate foresight and wise choice possible.

In the course of all of it we are learning the fundamental principle
that ethics is everything. Human social existence, unlike animal social-
ity, is based on the genetic propensity to form long-term contracts that
evolve by culture into moral precepts and law. The rules of contract
formation were not given to humanity from above, nor did they
emerge randomly in the mechanics of the brain. They evolved over
tens or hundreds of millennia because they conferred upon the genes
prescribing them survival and the opportunity to be represented in fu-
ture generations. We are not errant children who occasionally sin by
disobeying instructions from outside our species. We are adults who
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have discovered which covenants are necessary for survival, and we
have accepted the necessity of securing them by sacred oath.

The search for consilience might seem at first to imprison creativ-
ity. The opposite is true. A united system of knowledge is the surest
means of identifying the still unexplored domains of reality. It provides
a clear map of what is known, and it frames the most productive ques-
tions for future inquiry. Historians of science often observe that asking
the right question is more important than producing the right answer.
The right answer to a trivial question is also trivial, but the right ques-
tion, even when insoluble in exact form, is a guide to major discovery.
And so it will ever be in the future excursions of science and imagina-
tive flights of the arts.

I believe that in the process of locating new avenues of creative
thought, we will also arrive at an existential conservatism. It is worth
asking repeatedly: Where are our deepest roots? We are, it seems, Old
World, catarrhine primates, brilliant emergent animals, defined genet-
ically by our unique origins, blessed by our newfound biological ge-
nius, and secure in our homeland if we wish to make it so. What does it
all mean? This is what it all means. To the extent that we depend on
prosthetic devices to keep ourselves and the biosphere alive, we will
render everything fragile. To the extent that we banish the rest of life,
we will impoverish our own species for all time. And if we should sur-
render our genetic nature to machine-aided ratiocination, and our
ethics and art and our very meaning to a habit of careless discursion in
the name of progress, imagining ourselves godlike and absolved from
our ancient heritage, we will become nothing.
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35 Einstein's remark to Ernst Straus is quoted by Gerald Holton in The-
matic Origins of Scientific Thought (Cambridge, MA: Harvard Univer-
sity Press, 1988).

39 Goethe on all-seeing Nature is taken from Gesammte Werke, Goethe,
volume XXX (Stuttgart: Corta, 1858), p. 313, as translated by Sir Charles
Scott Sherrington in Goethe on Nature and on Science, second edition
(New York: Cambridge University Press, 1949).

41 The translation of Pico della Mirandola's instruction from God is one
of the more poetically pleasing ones, and is found in The Renaissance
Philosophy of Man, edited by Ernst Cassirer, Paul O. Kristeller, and John
H. Randall, Jr. (Chicago: University of Chicago Press, 1948), p. 225.

4a- The growth of science since 1700 is documented and discussed by
42 David L. Goodstein in "After the big crunch," The Wilson Quarterly, 19:

53-60 (1995).
43 On modernism: Carl E. Schorske in Fin-de-Siecle Vienna: Politics and

Culture (New York: Knopf, 1980). Howard Gardner examines mod-
ernism from a psychologist's perspective in Creating Minds: An Anatomy
of Creativity Seen Through the Lives of Freud, Einstein, Picasso, Stravin-
sky, Eliot, Graham, and Gandhi (New York: BasicBooks, 1993), p. 397.

43 C. P. Snow deplored the separation between the literary and scientific
cultures in his celebrated tract The Two Cultures and the Scientific Revo-
lution (New York: Cambridge University Press, 1959), based on his 1959
Rede Lecture.
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44- The works by Jacques Derrida on which I have based my admittedly
45 less-than-enthusiastic impressions are Of Grammatology, translated by

Gayatri Chakravorty Spivak (Baltimore: Johns Hopkins University Press,
1976); Writing and Difference, translated by Alan Bass (Chicago: Univer-
sity of Chicago Press, 1978); and Dissemination, translated by Barbara
Johnson (Chicago: University of Chicago Press, 1981). Given Derrida's
deliberately surreal style, much is owed the exegeses given by the transla-
tors in their introductions.

45- On root metaphors in psychology: Kenneth J. Gergen, "Correspon-
46 dence versus autonomy in the language of understanding human ac-

tion," in Donald W. Fiske and Richard A. Shweder, eds., Metatheory in
Social Science: Pluralisms and Subjectivities (Chicago: University of
Chicago Press, 1986), pp. 145-146.

46- George Scialabba wrote about Michel Foucault in "The tormented
47 quest of Michel Foucault," a review of The Passion of Michel Foucault,

by James Miller (New York: Simon & Schuster, 1993), in The Boston
Sunday Globe, 3 January 1993, p. A12. An earlier and fuller account of
Foucault's scholarship, including his "archeology of knowledge," is pro-
vided by Alan Sheridan in Michel Foucault: The Will to Truth (London:
Tavistock, 1980).

CHAPTER 4
THE NATURAL SCIENCES

49- Among the many textbooks and other introductory accounts of animal
51 senses available, one of the best and most widely used is John Alcock's

Animal Behavior: An Evolutionary Approach, fifth edition (Sunderland,
MA: Sinauer Associates, 1993).

53 Eugene P. Wigner's description of mathematics as the natural lan-
guage of physics is in "The unreasonable effectiveness of mathematics
in the natural sciences," Communications on Pure and Applied Mathe-
matics, 13:1-14 (1960).

53- The account of quantum electrodynamics (Q.E.D.) and measurement
54 of properties of the electron is taken from David J. Gross, "Physics and

mathematics at the frontier," Proceedings of the National Academy of Sci-
ences, USA, 85: 8371-5 (1988), and John R. Gribbin's Schrbdinger's Kit-
tens and the Search for Reality: Solving the Quantum Mysteries (Boston:
Little, Brown, 1995). To Gribbin I owe the imagery of the flight of a nee-
dle across the United States to illustrate the accuracy of Q.E.D.

55- The prospects of nanotechnology, along with scanning-tunneling and
56 atomic force microscopy, are described by the multiple authors of Nano-

technology: Molecular Speculations on Global Abundance, edited by
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B. C. Crandall (Cambridge, MA: MIT Press, 1996). The manufacture of
high-density ROMs is described in Science News, 148: 58 (1995). The
exact timing of chemical reactions is described by Robert F. Service in
"Getting a reaction in close-up," Science, 268: 1846 (1995); and mem-
branelike self-assembled monolayers of molecules by George M.
Whitesides in "Self-assembling materials," Scientific American, 273:
146-57 (1995).

62 Einstein's tribute to Planck has been often quoted. I do not know the
original attribution, but the words can be found, for example, in Walter
Kaufmann's The Future of the Humanities (New York: Reader's Digest
Press, distributed by Thomas Y. Crowell, 1977).

62- The individuality of the scientist, his frailties, and his pursuit of re-
64 search as an art form are searchingly probed by Freeman Dyson in "The

scientist as rebel," The New York Review of Books, 25 May 1995, pp. 31—3.
His views on the subject, independently evolved as a physicist, are in
many respects closely similar to my own.

64- The original report on conserved DNA duplication was published by
65 Matthew S. Meselson and Franklin W. Stahl in Proceedings of the Na-

tional Academy of Sciences, USA, 44: 671-82 (1958). I am grateful to
Meselson for a personal discussion of the experiment.

67- My synopsis of the history and content of logical positivism and the
70 quest for objective truth is based on many texts and informal discussions

with scientists and others, but has been most influenced in recent years
by Gerald Holton's Science and Anti-Science (Cambridge, MA: Harvard
University Press, 1993), and Alexander Rosenberg's Economics: Mathe-
matical Politics or Science of Diminishing Returns? (Chicago: University
of Chicago Press, 1992).

70 Herbert A. Simon has written on the psychology of creative thought in
"Discovery, invention, and development: human creative thinking," Pro-
ceedings of the National Academy of Sciences, USA (Physical Sciences),
80:4569-71 (1983).

CHAPTER 5
ARIADNE'S THREAD

72- The Cretan labyrinth and Ariadne's thread have been given diverse
73 metaphorical interpretations over the years. The closest to my own, yet

different in key respects, is Mary E. Clark's Ariadne's Thread: The Search
for New Modes of Thinking (New York: St. Martin's Press, 1989). Clark
perceives the labyrinth as humanity's complex environmental and social
problems and the thread as the objective truths and realistic thinking
needed to solve them.
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74- The details of ant communication can be found in The Ants (1990) and
77 Journey to the Ants: A Story of Scientific Exploration (1994), by Bert Höll-

dobler and Edward O. Wilson (Cambridge, MA: Belknap Press of Har-
vard University Press).

78- Ancestor-summoning by the Jívaro is described by Michael J. Harner in
80 The Jívaro: People of the Sacred Waterfalls (Garden City, NY: Double-

day/Natural History Press, 1972). The dreams and art of Pablo Amaringo
are presented in Ayahuasca Visions: The Religious Iconography of a Peru-
vian Shaman, by Luis Eduardo Luna and Pablo Amaringo (Berkeley,
CA: North Atlantic Books, 1991).

81- Current understanding of the biology of dreaming is explained by
86 J. Allan Hobson in The Chemistry of Conscious States: How the Brain

Changes Its Mind (Boston: Little, Brown, 1994) and Sleep (New York:
Scientific American Library, 1995). Many of the technical details of cur-
rent studies of the structure and physiology of dreaming are reviewed in
"Dream consciousness: a neurocognitive approach," a special issue of
Consciousness and Cognition, 3: 1-128 (1994). Recent research on the
adaptive function of sleep is reported by Avi Karni et al. in "Dependence
on REM sleep of overnight improvement of a perceptual skill," Science,
265:679-82(1994).

85- The relation between live snakes and dream serpents in the origin of
88 dreams and myth given here is based largely on Balaji Mundkur's impor-

tant monograph The Cult of the Serpent: An Interdisciplinary Survey of
Its Manifestations and Origins (Albany, NY: State University of New
York Press, 1983) plus, with little modification, the extensions I made in
Biophilia (Cambridge, MA: Harvard University Press, 1984).

89- I first used the imagery of changing space-time scales as magical
91 cinematography in Biophilia (Cambridge, MA: Harvard University

Press, 1984).
91- In characterizing the difficulty of predicting protein structure from
92 the interaction of its constituent atoms, I benefited greatly from an un-

published paper presented by S. J. Singer at the American Academy of
Arts and Sciences in December 1993; he has also kindly reviewed my
account.

92- Higher-order interactions in rain forests is described in my book The
93 Diversity of Life (Cambridge, MA: Belknap Press of Harvard University

Press, 1992), and in ecosystems generally in a special section edited by
Peter Kareiva in the journal Ecology, 75: 1527-59 (1994).

95- An excellent introduction to the meaning and goals of complexity
99 theory is given by Harold Morowitz in the main journal of the discipline,

of which he is editor, Complexity, 1: 4-5 (1995); and by Murray Gell-
Mann in the same issue, pp. 16-19. Among the many full-scale exposi-
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tions of the subject that have appeared in the 1990s, the best include The
Origins of Order. Self-Organization and Selection in Evolution, by Stuart
A. Kauffman (New York: Oxford University Press, 1993); and The Col-
lapse of Chaos: Discovering Simplicity in a Complex World, by Jack
Cohen and Ian Stewart (New York: Viking, 1994).

101 The cell as a system of genetic networks is described by William F.
Loomis and Paul W. Sternberg in "Genetic networks," Science, 269: 649
(1995). Their account is based on the longer, more technical report by
Harley H. McAdams and Lucy Shapiro in the same issue (pp. 650-6).

101- The exponential rise in computer performance is described by Ivars Pe-
102 terson in "Petacrunchers: setting a course toward ultrafast supercomput-

ing," Science News, 147: 232-5 (1995); and by David A. Patterson in "Mi-
croprocessors in 2020," Scientific American, 273: 62-7 (1995). Peta- refers
to the order of magnitude l015, or a thousand trillion.

102 The opinions of cell biologists on the most important problems of cell
and organismic development are reported by Marcia Barinaga in
"Looking to development's future," Science, 266: 561-4 (1994).

CHAPTER 6
THE M I N D

105- Many of the leading brain scientists have written recent accounts of their
134 subject for the broader public. Fortunately, those of most recent vintage

contain among them the full range of views held by members of the re-
search community. The best such works on the structure of the brain
and the neural and biochemical correlates of behavior include The En-
gine of Reason, the Seat of the Soul: A Philosophical Journey into the
Brain, by Paul M. Churchland (Cambridge, MA: MIT Press, 1995); The
Astonishing Hypothesis: The Scientific Search for the Soul, by Francis
Crick (New York, Scribner, 1994); Descartes' Error: Emotion, Reason,
and the Human Brain, by Antonio R. Damasio (New York: G. P. Put-
nam, 1994); Bright Air, Brilliant Fire: On the Matter of the Mind, by Ger-
ald M. Edelman (New York: BasicBooks, 1992); The Chemistry of
Conscious States: How the Brain Changes Its Mind, by J. Allan Hobson
(Boston: Little, Brown, 1994); Image and Brain: The Resolution of the Im-
agery Debate, by Stephen M. Kosslyn (Cambridge, MA: MIT Press,
1994); Wet Mind: The New Cognitive Neuroscience, by Stephen M. Koss-
lyn and Olivier Koenig (New York: Free Press, 1992); How the Mind
Works, by Steven Pinker (New York: W. W. Norton, 1997); and Images of
Mind, by Michael I. Posner and Marcus E. Raichle (New York: Scien-
tific American Library, 1994). A thoroughgoing review of contemporary
research on emotion is provided by multiple authors in The Nature of
Emotion: Fundamental Questions, edited by Paul Ekman and Richard J.
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Davidson (New York: Oxford University Press, 1994). The poetic allusion
to the divisions of the brain as heartbeat, heartstrings, and heartless was
made by Robert E. Pool in Eve's Rib: The Biological Roots of Sex Differ-
ences (New York: Crown, 1994).
The contemporary view of conscious experience is explored to varying
degrees of penetration by the above works. The many ramifications in
philosophy opened by neurobiological research are a principal focus in
the following notable works: Neurophilosophy: Toward a Unified Science
of the Mind-Brain, by Patricia S. Churchland (Cambridge, MA: MIT
Press, 1986); Consciousness Explained, by Daniel C. Dennett (Boston:
Little, Brown, 1991); Darwin's Dangerous Idea: Evolution and the Mean-
ings of Life, by Daniel C. Dennett (New York: Simon & Schuster, 1995);
and The Rediscovery of the Mind, by John R. Searle (Cambridge, MA:
MIT Press, 1992).
Roger Penrose, in Shadows of the Mind: A Search for the Missing Sci-
ence of Consciousness (New York: Oxford University Press, 1994), argues
that neither conventional science nor artificial computation will solve
the problem of mind. He visualizes a radical new approach, arising from
quantum physics and a new look at cellular physiology; few brain scien-
tists, however, feel any urgency to depart from the present course of in-
vestigation, which has progressed so dramatically to the present time.

Other special aspects of modern research on consciousness are ex-
plored in The Creative Mind: Myths & Mechanisms, by Margaret A.
Boden (New York: BasicBooks, 1991); Emotional Intelligence, by Daniel
Goleman (New York: Bantam Books, 1995); The Emotional Computer,
by José A. Jáuregui (Cambridge, MA: Blackwell, 1995); The Sexual
Brain, by Simon LeVay (Cambridge, MA: MIT Press, 1993); and The
Language Instinct: The New Science of Language and Mind, by Steven
Pinker (New York: W. Morrow, 1994).

In constructing my own brief account of the physical basis of mind, I
have drawn to varying degrees on each of the foregoing works and on
consultation with some of the authors as well as other researchers in the
brain sciences. I have also used the outstanding reviews and peer com-
mentaries published in the journal Behavioral and Brain Sciences.

106 The number of genes engaged in human brain development is re-
ported in Nature magazine's The Genome Directory, 28 September 1995,
p. 8, table 8.

109- References to certain specific examples cited in the chapter are the fol-
129 lowing. On the Phineas Gage case and the role of the prefrontal lobe:

Hanna Damasio et al., "The return of Phineas Gage: clues about the
brain from the skull of a famous patient," Science, 264:1102-5 (1994); and
Antonio Damasio in Descartes' Error; and on Karen Ann Quinlan and
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the role of the thalamus, Kathy A. Fackelmann in "The conscious mind,"
Science News, 146: 10-11 (1994). On the exploration of brain neurons:
Santiago Ramón y Cajal, Recollections of My Life (Memoirs of the
American Philosophical Society, v. 8) (Philadelphia: American Philo-
sophical Society, 1937), p. 363. On the brain's categorical processing of
animals as opposed to tools: Alex Martin, Cheri L. Wiggs, Leslie G.
Ungerleider, and James V. Haxby, "Neural correlates of category-specific
knowledge," Nature, 379: 649-52 (1996). The imaginary example of
interaction of body and brain is adapted from one given by Antonio
Damasio in Descartes' Error. The "hard problem" of the brain science
is explained by David J. Chalmers in "The puzzle of conscious experi-
ence," Scientific American, 273: 80-6 (December 1995). Daniel C.
Dennett has thoroughly explored and independently solved it in Con-
sciousness Explained (Boston: Little, Brown, 1991). Simon Leys' interpre-
tation of Chinese calligraphy is presented in his review of The Chinese
Art of Writing, by Jean François Billeter (New York: Skira/Rizzoli, 1990),
in The New York Review of Books, 43: 28-31 (1996).

132- The definition of artificial intelligence (AI) used is from an essay by
135 Gordon S. Novak, Jr., in the Academic Press Dictionary of Science and

Technology, edited by Christopher Morris (San Diego: Academic Press,
1992), p. 160. An excellent account of the use of AI in playing chess and
other deterministic games (checkers, go, and bridge) is provided by Fred
Guterl in "Silicon Gambit," Discover, 17:48-56 (June 1996).

CHAPTER 7
FROM G E N E S TO CULTURE

137- The full conception of gene-culture coevolution (and the term) was in-
140 traduced by Charles J. Lumsden and myself in Genes, Mind, and Cul-

ture: The Coevolutionary Process (Cambridge, MA: Harvard University
Press, 1981) and Promethean Fire (Cambridge, MA: Harvard Univer-
sity Press, 1983). Key models of the interaction of heredity and culture
leading to this formulation were constructed by Robert Boyd and Peter J.
Richerson in 1976, Mark W. Feldman and L. Luca Cavalli-Sforza in
1976, William H. Durham in 1978, and myself in 1978. Recent reviews of
gene-culture coevolution as advanced to date include those by William
H. Durham, Coevolution: Genes, Culture, and Human Diversity (Stan-
ford, CA: Stanford University Press, 1991); "The mathematical model-
ling of human culture and its implications for psychology and the
human sciences," by Kevin N. Laland, British Journal of Psychology, 84:
145-69 (1993); and "Sociobiology and sociology," by François Nielsen,
Annual Review of Sociology, 20: 267-303 (1994). These authors have all
made important original contributions. Each places different emphases
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and interpretations on the different sections of the revolutionary cycle,
and would no doubt question some details in the brief interpretation
presented here; but I believe the core of my argument closely ap-
proaches the consensus.

140 Jacques Monod's book Chance and Necessity: An Essay on the Natural
Philosophy of Modem Biology (New York: Knopf, 1971) contains as epi-
graph this statement by Democritus: "Everything existing in the Uni-
verse is the fruit of chance and necessity."

141— On the definition of culture, see Alfred L. Kroeber, Anthropology, with
142 supplements 1923-33 (New York: Harcourt, Brace and World, 1933); Al-

fred L. Kroeber and Clyde K. M. Kluckhohn, "Culture: a critical review
of concepts and definitions" (Papers of the Peabody Museum of Ameri-
can Archaeology and Ethnology, Harvard University, v. 47, no. 12, pp.
643-4, 656) (Cambridge, MA: The Peabody Museum, 1952); and Walter
Goldschmidt, The Human Career: The Self in the Symbolic World (Cam-
bridge, MA: B. Blackwell, 1990). For an account of the corruption of the
term "culture" in recent popular literature, consult "Welcome to post-
culturalism," by Christopher Clausen in The American Scholar, 65:
379-88 (1996).

142- The nature of intelligence in bonobos and other great apes, as well as
145 culture (or absence of it), is the subject of a large recent literature. The

topics 1 have covered here are presented in greater detail and in various
parts by E. Sue Savage-Rumbaugh and Roger Lewin in Kanzi: The Ape
at the Brink of the Human Mind (New York: Wiley, 1994); Chimpanzee
Cultures, edited by Richard W Wrangham, W C. McGrew, Frans de
Waal, and Paul G. Heltne (Cambridge, MA: Harvard University Press,
1994); two general reviews by Frans de Waal from Harvard University
Press, Peacemaking among Primates (1989) and Good Natured: The Ori-
gins of Right and Wrong in Humans and Other Animals (1996); and
"New clues surface about the making of the mind," by Joshua Fischman
in Science, 262: 1517 (1993). The silence of chimpanzees in contrast to
the compulsive volubility of humans is described by John L. Locke in
"Phases in the child's development of language," American Scientist, 82:
436-45 (1994). The evaluation of speech and bonding is examined by
Anne Fernald in "Human maternal vocalizations to infants as biologi-
cally relevant signals: an evolutionary perspective," in Jerome H.
Barkow, Leda Cosmides, and John Tooby, eds., The Adapted Mind: Evo-
lutionary Psychology and the Generation of Culture (New York: Oxford
University Press, 1992), pp. 391-428.

145 The precocity of infant imitation is described by Andrew N. Meltzoff
and M. Keith Moore in "Imitation of facial and manual gestures by
human neonates," Science, 19: 75-8 (1977); and "Newborn infants imi-
tate adult facial gestures," Child Development, 54: 702-9 (1983).
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145- The early stages of human culture as revealed by recent archaeological
146 discoveries are reported in "Old dates for modern behavior," by Ann

Gibbons, Science, 268:495-6 (1995); "Did Homo erectus tame fire first?,"
by Michael Baiter, in Science, 268: 1570 (1995); and "Did Kenya tools
root birth of modern thought in Africa?," by Elizabeth Culotta, in Sci-
ence, 270:1116-7 (1995)- The modem proliferation of material culture is
described by Henry Petroski in "The evolution of artifacts," American
Scientist, 80:416-20 (1992).

146 The distinction between the two basic classes of memory was made by
Endel Tulving in E. Tulving and Wayne Donaldson, eds., Organization
of Memory (New York: Academic Press, 1972), pp. 382-403.

148 The definition of memes, the units of culture, as nodes in semantic
memory was proposed by Charles J. Lumsden and Edward O. Wilson in
"The relation between biological and cultural evolution," Journal of So-
cial and Biological Structures, 8: 343-59 (1985).

149- An introduction to the measures of norm of reaction and heritability is
154 now standard in introductory textbooks on genetics, as well as in many

on general biology. More detailed accounts and applications are pro-
vided, among numerous references available, in Introduction to Quanti-
tative Genetics, fourth edition, by Douglas S. Falconer and Trudy F. C.
Mackay (Essex, England: Longman, 1996); Human Heredity: Principles
and Issues, fourth edition, by Michael R. Cummings (New York: West
Publishing Company, 1997); and Behavioral Genetics, third edition, by
Robert Plomin et al. (New York: W H. Freeman, 1997). A summary of
some important recent research on the heritability of human behavioral
traits is given by Thomas J. Bouchard, Jr., et al. in "Sources of human
psychological differences: the Minnesota study of twins reared apart,"
Science, 250: 223-8 (1990).

156- Recent research on the biological basis of schizophrenia is summarized
158 by Leena Peltonen in "All out for chromosome six," Nature, 378: 665-6

(1995); by B. Brower in "Schizophrenia: fetal roots for GABA loss," Sci-
ence News, 147: 247 (1995); and, on brain activity during psychotic
episodes, by D. A. Silbersweig et al., "A functional neuroanatomy of hal-
lucinations in schizophrenia," Nature, 378:176-9 (1995), and R. J. Dolan
et al., "Dopaminergic modulation of impaired cognitive activation in
the anterior cingulate cortex in schizophrenia," Nature, 378: 180-2

159 The estimated number of polygenes determining human skin color is
discussed by Curt Stern in Principles of Human Genetics, third edition
(San Francisco: W H. Freeman, 1973).

160 The universals of culture were identified by George P. Murdock
in "The common denominator of cultures," in Ralph Linton, ed., The
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Science of Man in the World Crisis (New York: Columbia University
Press, 1945). An excellent update and evaluation with the aid of anthro-
pological and sociobiological principles is provided by Donald E. Brown
in Human Universals (Philadelphia: Temple University Press, 1991).

160- My imaginary exercise on termite civilization, presented to emphasize
161 the uniqueness of human nature, is taken from "Comparative social the-

ory," The Tanner Lectures on Human Values, v. I (Salt Lake City: Univer-
sity of Utah Press, 1980), pp. 49-73.

162 The convergence of institutions in advanced societies of the Old and
New Worlds was characterized by Alfred V. Kiddei in "Looking back-
ward," Proceedings of the American Philosophical Society, 83: 527-37
(1940).

163 The principle of prepared learning was formulated by Martin E. P.
Seligman and others in Biological Boundaries of learning, compiled by
Seligman and Joanne L. Hager (New York: Appleton-Century-Crofts,
1972).

163- The epigenetic rules of human social behavior were enumerated and
167 classified by Charles J. Lumsden and Edward O. Wilson in Genes,

Mind, and Culture in 1981 (Cambridge, MA: Harvard University Press).
Among the best comprehensive treatments of the rules in recent years
have been Human Ethology, by Iränaus Eibl-Eibesfeldt (Hawthorne,
NY: Aldine de Gruyter, 1989); Coevolution: Genes, Culture, and Human
Diversity, by William H. Durham (Stanford, CA: Stanford University
Press, 1991); and the authors of The Adapted Mind, edited by Jerome H.
Barkow, Leda Cosmides, and John Tooby (New York: Oxford University
Press, 1992), and especially the essay by Tooby and Cosmides, "The
psychological foundations of culture," pp. 19-136.

164- The transition from Moro's reflex of newborns to the lifelong startle re-
165 flex is drawn from Luther Emmett Holt and John Howland, Holt's Dis-

eases of Infancy and Childhood, eleventh edition, revised by L. E. Holt,
Jr., and Rustin Mclntosh (New York: D. Appleton-Century, 1940). The
universal audiovisual bias in vocabularies of the senses is based on re-
search by C. J. Lumsden and E. O. Wilson, presented in Genes, Mind,
and Culture (Cambridge, MA: Harvard University Press, 1981), pp.
38-40. The swift fixation by newborns on the mother's face was first es-
tablished in experiments by Carolyn G. Jirari, reported in a Ph.D. thesis
cited by Daniel G. Freedman in Human Infancy: An Evolutionary Per-
spective (Hillsdale, NJ: L. Erlbaum Associates, 1974). The results were
confirmed and extended in Biology and Cognitive Development: The
Case of Face Recognition, by Mark Henry Johnson and John Morton
(Cambridge, MA: B. Blackwell, 1991).
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166 The cross-cultural pattern of smiling is from the account by Melvin J.
Konner in "Aspects of the developmental ethology of a foraging people,"
in Nicholas G. Blurton Jones, ed., Ethological Studies of Child Behavior
(New York: Cambridge University Press, 1972), p. 77; two contributions
by Irenäus Eibl-Eibesfeldt, "Human ethology: concepts and implica-
tions for the sciences of man," Behavioral and Brain Sciences, 2: 1-57
(1979), and Human Ethology (Hawthorne, NY: Aldine de Gruyter, 1989).
The combined account given here is taken with little change from C. J.
Lumsden and E. O. Wilson, Genes, Mind, and Culture (Cambridge,
MA: Harvard University Press, 1981), pp. 77-8.

166- The account of reification and the dyadic principle is based on C. J.
167 Lumsden and E. O. Wilson, ibid., pp. 93-5, with the example of the

Dusun of Borneo taken from Thomas Rhys Williams' Introduction to So-
cialization: Human Culture Transmitted (St. Louis, MO: C. V. Mosby,
1972).

168 The heredity of dyslexia is discussed by Chris Frith and Uta Frith in "A
biological marker for dyslexia," Nature, 382: 19-20 (1996). The current
status of behavioral genetics of both animals and humans is authorita-
tively evaluated in a series of articles published under the heading "Be-
havioral genetics in transition" in Science, 264:1686-739 (1994).

169 The Dutch "aggression gene" is analyzed by H. G. Brunner et al. in
"X-linked borderline mental retardation with prominent behavioral dis-
turbance: phenotype, genetic localization, and evidence for disturbed
monoamine metabolism," American Journal of Human Genetics, 52:
1032-9 (1993). The gene associated with novelty seeking is reported by
Richard P. Ebstein et al. in "Dopamine D4 receptor (D4DR) exon III
polymorphism associated with the human personality trait of Novelty
Seeking," Nature Genetics, 12: 78-80 (1996).

172 The account of paralanguage is based on a comprehensive study by
Irenäus Eibl-Eibesfeldt, Human Ethology (Hawthorne, NY: Aldine de
Gruyter, 1989), pp. 424-92.

173- The account given here on the origin of color vocabularies has been as-
177 sembled from many sources, but mostly from the recently published and

important series of articles by Denis Baylor, John Gage, John Lyons, and
John Mollon in Colour: Art & Science, edited by Trevor Lamb and Ja-
nine Bourriau (New York: Cambridge University Press, 1995). The de-
scription of the cross-cultural studies of color vocabulary has been
modified from C. J. Lumsden and E. O, Wilson, Promethean Fire (Cam-
bridge, MA: Harvard University Press, 1983). I have also weighed (and
recommend) an informative critique of the mainstream psychophysio-
logical explanation provided by multiple authors, and stoutly defended
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by others, forming the majority, in the peer-commentary review journal
Behavioral and Brain Sciences, 20 (2): 167-228 (1997). I am grateful to
William H. Bossert and George F. Oster for calculating the theoretical
maximum and the actual, constrained maximum number of color vo-
cabularies that can be created from eleven basic colors.

CHAPTER 8
T H E FITNESS OF HUMAN NATURE

178- Many of the ideas concerning human nature and the role of epigenetic
182 rules presented here were first developed by Charles J. Lumsden and

Edward O. Wilson in Genes, Mind, and Culture (Cambridge, MA: Har-
vard University Press, 1981) and Promethean Fire (Cambridge, MA:
University Press, 1983). Epigenetic rules are also a focus of The Adapted
Mind, edited by Jerome H. Barkow, Leda Cosmides, and John Tooby
(New York: Oxford University Press, 1992).

182- The "classical" approach of Sociobiology to the evolution of culture is
188 the subject of an excellent collection of articles and critiques in Human

Nature: A Critical Reader, edited by Laura L. Betzig (New York: Oxford
University Press, 1997). Much of the research published and synthesized
in the 1980s and 1990s has appeared in the journals Ethology and Socio-
biology, Behavioral and Brain Sciences, and Human Nature. The intel-
lectual history of Sociobiology and other evolutionary approaches to
human behavior is ably analyzed by Carl N. Degler, In Search of Human
Nature: The Decline & Revival of Darwinism in American Social
Thought (New York: Oxford University Press, 1991).

183 The origins of kin selection theory and theory of the family, due chiefly
to William D. Hamilton and Robert L. Trivers, are reviewed in Edward
O. Wilson, Sociobiology: The New Synthesis (Cambridge, MA: Belknap
Press of Harvard University Press, 1975), and in many later textbooks and
reviews, including, most recently, Laura L. Betzig, ed., Human Nature:
A Critical Reader (New York: Oxford University Press, 1997).

184 Well-documented accounts of gender differences and mating strategies
in particular are the subjects of Despotism and Differential Reproduc-
tion: A Darwinian View of History, by Laura L. Betzig (New York: Al-
dine, 1986); The Evolution of Desire: Strategies of Human Mating, by
David M. Buss (New York: BasicBooks, 1994); and Eve's Rib, by Robert
E. Pool (New York: Crown Publishers, 1994).

185- The conception of territorial aggression arising as a density-dependent
186 factor of population regulation was introduced by Edward O. Wilson in

"Competitive and aggressive behavior," in Man and Beast: Comparative
Social Behavior, John F. Eisenberg and Wilton S. Dillon, eds. (Washing-
ton, DC: Smithsonian Institution Press, 1971), pp. 183-217. The deep
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roots of tribal strife and war are effectively illustrated in preliterate soci-
eties by Laurence H. Keeley in War Before Civilization (New York: Ox-
ford University Press, 1996) and in more recent history by R. Paul Shaw
and Yuwa Wong in Genetic Seeds of Warfare: Evolution, Nationalism,
and Patriotism (Boston: Unwin Hyman, 1989); Daniel Patrick Moynihan
in Pandaemonium: Ethnicity in International Politics (New York: Oxford
University Press, 1993); and Donald Kagan in On the Origins of War and
the Preservation of Peace (New York: Doubleday, 1995).

186- The evidence for specialized cheater recognition in human mental de-
187 velopment is presented in "Cognitive adaptations for social exchange,"

by Leda Cosmides and John Tooby, in Jerome H. Barkow et al., eds., The
Adapted Mind (New York: Oxford University Press, 1992), pp. 163-228.

188- Human incest avoidance, as well as that of nonhuman primates, is au-
196 thoritatively reviewed by Arthur P. Wolf in Sexual Attraction and Child-

hood Association: A Chinese Brief for Edward Westermarck (Stanford,
CA: Stanford University Press, 1995). The evidence for direct recogni-
tion of inbreeding depression by traditional societies, which serves as an
enhancement of the Westermarck effect in the formation of incest
taboos, is given by William H. Durham in Coevolution: Genes, Culture,
and Human Diversity (Stanford, CA: Stanford University Press, 1991).

CHAPTER 9
T H E SOCIAL SCIENCES

202 The ambivalence of the American Anthropological Association toward
the sources of human diversity was expressed by James Peacock, AAA
president, in "Challenges facing the discipline" (Anthropology News-
letter, v. 35, no. 9, pp. 1, 3), as follows: "The May 1994 retreat included
heads of all Sections and representatives from the Long-Range Planning
and Finance committee. The assembly subcommittees . . . both sepa-
rately and as a body addressed two questions: whither the discipline
and whither the AAA. The participants affirmed the strength of abid-
ing commitments to biological and cultural variation and to the refusal
to biologize or otherwise essentialize diversity. At the same time, the
group expressed a goal of reaching out and strengthening the discipline's
relevance."

202 For a sample of histories and critiques of anthropology from widely dif-
fering viewpoints, see Herbert Applebaum, ed., Perspectives in Cultural
Anthropology (Albany, NY: State University of New York, 1987); Donald
E. Brown, Human Universals (Philadelphia: Temple University Press,
1991); Carl N. Degler, In Search of Human Nature: The Decline & Re-
vival of Darwinism in American Social Thought (New York: Oxford Uni-
versity Press, 1991); Robin Fox, The Search for Society: Quest for a
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Biosocial Science and Morality (New Brunswick, NJ: Rutgers University
Press, 1989); Clifford Geertz, The Interpretation of Cultures: Selected Es-
says (New York: BasicBooks, 1973); Walter R. Goldschmidt, The Human
Career: The Self in the Symbolic World (Cambridge, MA: B. Blackwell,
1990); Marvin Harris, The Rise of Anthropological Theory: A History of
Theories of Culture (New York: Thomas Y. Crowell, 1968); Jonathan
Marks, Human Biodiversity: Genes, Race, and History (Hawthorne, NY:
Aldine de Gruyter, 199;); and Alexander Rosenberg, Philosophy of Social
Science, second edition (Boulder, CO: Westview Press, 1995).

203- Within academic sociology, the heresy of foundational biology and
205 psychology has been promoted by, among a few others, Joseph Lopreato

in Human Nature & Biocultural Evolution (Boston: Allen & Unwin,
1984); Pierre L. van den Berghe in The Ethnic Phenomenon (New York:
Elsevier, 1981); and Walter L. Wallace, Principles of Scientific Sociology
(Hawthorne, NY: Aldine de Gruyter, 1983). A thoroughgoing history of
the discipline in its classical period is Robert W. Friedrichs' A Sociology
of Sociology (New York: Free Press, 1970). The later, model-building pe-
riod, in which a partial attempt is being made to connect individual be-
havior to social pattern in the manner of economic theory, is epitomized
by James S. Coleman's Foundations of Social Theory (Cambridge, MA:
Belknap Press of Harvard University Press, 1990).

203- Robert Nisbet explores the roots of the sociological imagination in So-
204 ciology as an Art Form (New Yolk: Oxford University Press, 1976).
204 The felicitous expression Standard Social Science Model (SSSM) was

introduced by John Tooby and Leda Cosmides in "The Psychological
Foundations of Culture," in J. A. Barkow et al., eds., The Adapted Mind
(New York: Oxford University Press, 1992), pp. 19-136. That it still flour-
ishes within the social sciences is well illustrated by the strongly con-
structivist tone of Open the Social Sciences: Report of the Gulbenkian
Commission on the Restructuring of the Social Sciences (Stanford, CA:
Stanford University Press, 1996). The central conception within it has
been well characterized by many earlier writers, including Donald E.
Brown—see Human Universals (Philadelphia: Temple University Press,
1991)—and the multiple contributors to Metatheory in Social Science:
Pluralisms and Subjectivities, edited by Donald W. Fiske and Richard A.
Shweder (Chicago: University of Chicago Press, 1986). Tooby and Cos-
mides, whose assessment is by far the most thorough and persuasive, also
introduce the Integrated Causal Model (ICM) to denote the new causal
linkage of psychology and evolutionary biology to the study of cultures.

206 The conception of hermeneutics as a thick description crafted from dif-
fering perspectives is well represented in Fiske and Shweder (ibid.), es-
pecially in the articles "Three scientific world views and the covering law
model" by Roy D'Andrade, pp. 19—41, and "Science's social system of va-
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lidity-enhancing collective belief change and the problems of the social
sciences," pp. 108-35.

207 Richard Rorty's interpretation of hermeneutics is given in Philosophy
and the Mirror of Nature (Princeton, NJ: Princeton University Press,
1979).

207- The personalized characterizations of disciplines in the natural and so-
208 cial sciences is based loosely on my earlier account in "Comparative so-

cial theory," The Tanner Lectures on Human Values, v. I (Salt Lake City:
University of Utah Press, 1980), pp. 49-73.

211- Stephen T. Emlen's synthesis of parent-offspring relations in birds and
212 mammals is given in "An evolutionary theory of the family," Proceedings

of the National Academy of Sciences, USA, 92: 8092-9 (1995).
220- I have based my interpretation of Gary S. Becker's research on his
222 major work A Treatise on the Family, enlarged edition, and collection of

essays, Accounting for Tastes (both from Cambridge, MA: Harvard Uni-
versity Press, 1991 and 1996). I have also benefited from Alexander
Rosenberg's insightful Economics: Mathematical Politics or Science of
Diminishing Returns? (Chicago: University of Chicago Press, 1992). We
have substantially different assessments, however, of the prospects for
linking the models of economics to psychology and biology, with Rosen-
berg being the more pessimistic, for reasons described in the text.

224 Rational choice theory is often called by other names in the social sci-
ences, including public choice, social choice, and formal theory. Its
weaknesses, especially its excessive reliance on abstract and data-free
models, have recently been explored by Donald P. Green and Ian
Shapiro in Pathologies of Rational Choice Theory: A Critique of Applica-
tions in Political Science (New Haven: Yale University Press, 1994).

225- The examples of heuristics ("rules of thumb") used by people during in-
226 tuitive quantitative reasoning are taken from "Judgment under uncer-

tainty: heuristics and biases," by Amos Tversky and Daniel Kahneman,
in Science, 185: 1124-31 (1974). An updated explanation of the concept,
with other case studies, is provided by the same authors in "On the real-
ity of cognitive illusions," Psychological Review, 103: 582-91 (1996).

226 On reasoning in preliterate people: Christopher Robert Hallpike in
The Foundations of Primitive Thought (New York: Oxford University
Press, 1979).

227- For bleak views by leading philosophers of the reductionist approach to
228 human social behavior, and hence the entire program of uniting biology

and the social sciences, see Philip Kitcher in Vaulting Ambition: Sociobi-
ology and the Quest for Human Nature (Cambridge, MA: MIT Press,
1985) and Alexander Rosenberg in his trilogy: Philosophy of Social Sci-
ence (Boulder, CO: Westview Press, 1988), Economics: Mathematical
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Politics or Science of Diminishing Returns? (Chicago: University of
Chicago Press, 1992), and Instrumental Biology, or the Disunity of Sci-
ence (Chicago: University of Chicago Press, 1994). Generally more fa-
vorable stances are taken, for example, by the philosophers who
contributed to Sociobiology and Epistemology, edited by James H. Fetzer
(Boston: D. Reidel, 1985), and by Michael Ruse in Taking Darwin Seri-
ously: A Naturalistic Approach to Philosophy (Cambridge, MA: B. Black-
well, 1986).

CHAPTER 10
THE ARTS AND T H E I R INTERPRETATION

229 The 1979-80 Report of the Commission on the Humanities was pub-
lished as a book: Richard W. Lyman et al., The Humanities in American
Life (Berkeley: University of California Press, 1980).

230 George Steiner on the arts is quoted from his commencement address
at Kenyon College, published in The Chronicle of Higher Education, 21
June 1996, p. B6.

232 Brain development in the musically gifted is reported by G. Schlaug
and co-workers in "Increased corpus callosum size in musicians," Neu-
ropsychologia, 33: 1047-55 (1995), and "In vivo evidence of structural
brain asymmetry in musicians," Science, 267: 699-701 (1995).

234 Harold Bloom on postmodernism is cited from The Western Canon:
The Books and School of the Ages (Orlando, FL: Harcourt Brace, 1994).

234- The mood swings of literary history are described by Edmund Wilson
235 in "Modem literature: between the whirlpool and the rock," New Repub-

lic (November 1926), reprinted in From the Uncollected Edmund Wilson,
selected and introduced by Janet Groth and David Castronovo (Athens,
OH: Ohio University Press, 1995).

235 Frederick Turner diagnoses literary postmodernism in "The birth of
natural classicism," Wilson Quarterly, pp. 26-32 (Winter 1996). The im-
pact of postmodernism on literary theory is lucidly described in histori-
cal context by M. H. Abrams in "The transformation of English studies,"
Daedalus, 126:105-31 (1997).

235- Among the principal works contributing to the biological theory of arts
238 interpretation and history are, in chronological order, Charles J. Lums-

den and Edward O. Wilson, Genes, Mind, and Culture (Cambridge,
MA: Harvard University Press, 1981); E. O. Wilson, Biophilia (Cam-
bridge, MA: Harvard University Press, 1984); Frederick Turner, Natural
Classicism: Essays on Literature and Science (New York: Paragon House
Publishers, 1985), Beauty: The Value of Values (Charlottesville: Univer-
sity Press of Virginia, 1991), and The Culture of Hope: A New Birth of the
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Classical Spirit (New York: Free Press, 1995); Ellen Dissanayake, What
Is Art For? (Seattle, WA: University of Washington Press, 1988) and
Homo Aestheticus: Where Art Comes From and Why (New York: Free
Press, 1992); Irenäus Eibl-Eibesfeldt, Human Ethology (New York: Al-
dine de Gruyter, 1989); Margaret A. Boden, The Creative Mind: Myths &
Mechanisms (New York: BasicBooks, 1991); Alexander J. Argyros, A
Blessed Rage for Order: Deconstruction, Evolution, and Chaos (Ann
Arbor: University of Michigan Press, 1991); Kathryn Coe, "Art: the replic-
able unit—an inquiry into the possible origin of art as a social behavior,"
Journal of Social and Evolutionary Systems, 15: 217-34 (1992); Walter A.
Koch, The Roots of Literature, and W A. Koch, ed., The Biology of Liter-
ature (Bochum: N. Brockmeyer, 1993); Robin Fox, The Challenge of An-
thropology: Old Encounters and New Excursions (New Brunswick, NJ:
Transaction, 1994); Joseph Carroll, Evolution and Literary Theory (Co-
lumbia, MO: University of Missouri Press, 1995); Robert Storey, Mimesis
and the Human Animal: On the Biogenetic Foundations of Literary Rep-
resentation (Evanston, IL: Northwestern University Press, 1996); Brett
Cooke, "Utopia and the art of the visceral response," in Gary Westfahl,
George Slusser, and Eric S. Rabin, eds., Foods of the Gods: Eating and
the Eaten in Fantasy and Science Fiction (Athens, GA: University of
Georgia Press, 1996), pp. 188-99; Brett Cooke and Frederick Turner,
eds., Biopoetics: Evolutionary Explorations in the Arts (New York:
Paragon Press, in press).

239 The metaphors of art and literary history are taken from an article by
John Hollander, "The poetry of architecture," Bulletin of the American
Academy of Arts and Sciences, 49:17-35 (1996).

239 Edward Rothstein's comparison of music and mathematics is from his
Emblems of Mind: The Inner Life of Music and Mathematics (New York:
Times Books, 1995).

239- Hideki Yukawa described creativity in physics in Creativity and Intu-
240 ition: A Physicist Loots East and West, translated by John Bester (Tokyo:

Kodansha International, distributed in U.S. by Harper & Row, New
York, 1973).

240 Picasso on the origin of art was quoted by Brassaï (originally Gyula Ha-
lasz) in Picasso & Co. (London: Thames and Hudson, 1967).

240 The idea of metapatterns was originated by Gregory Bateson in Mind
and Nature: A Necessary Unity (New York: Dutton, 1979) and expanded
into biology and art by Tyler Volk in Metapattems across Space, Time,
and Mind (New York: Columbia University Press, 1995).

240- Vincent Joseph Scully's conception of the evolution of architecture is
241 outlined in Architecture: The Natural and the Manmade (New York: St.

Martin's Press, 1991).
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241 Excellent accounts of the evolution of Mondrian's art, among many
available, include John Milner's Mondrian (New York: Abbeville Press,
1992) and Carel Blotkamp's Mondrian: The Art of Destruction (New
York: H. N. Abrams, 1995. The neurobiological interpretation I have
given it is my own.

242 The history of Chinese and Japanese script is detailed by Yujiro Nakata
in The Art of Japanese Calligraphy (New York: Weatherhill/Heibonsha,
1973).

242- The metaphor of eternity by Elizabeth Spires is given in her Annonci-
243 ade (New York: Viking Penguin, 1989), and is quoted by permission of

the publisher.
244 The listing of archetypes is largely my own contrivance, with its ele-

ments gleaned from many sources, including especially Joseph Camp-
bell's The Hero with a Thousand Faces (New York: Pantheon Books,
1949) and The Masks of God: Primitive Mythology (New York: Viking
Press, 1959); Anthony Stevens' Archetypes: A Natural History of the Self
(New York: William Morrow, 1982); Christopher Vogler's The Writer's
Journey: Mythic Structure for Storytellers & Screenwriters (Studio City,
CA: Michael Wise Productions, 1992); and Robin Fox's The Challenge of
Anthropology: Old Encounters and New Excursions (New Brunswick,
NJ: Transaction, 1994).

245- Of the many descriptions of European cavern art and other Paleolithic
249 art, and its interpretation, may be cited Homo Aestheticus: Where Art

Comes From and Why, by Ellen Dissanayake (New York: Free Press,
1992); Dawn of Art: The Chauvet Cave, the Oldest Known Paintings in
the World, by Jean-Marie Chauvet, Eliette Brunei Deschamps, and
Christian Hillaire (New York: H. N. Abrams, 1996); "Images of the Ice
Age," by Alexander Marshack, Archaeology, July/August 1995, pp. 29-39;
and "The miracle at Chauvet," by E. H. J. Gombrich, New York Review
of Books, 14 November 1996, pp. 8-12.

250- Gerda Smets' neurobiological study of visual arousal is described in
251 Aesthetic Judgment and Arousal: An Experimental Contribution to

Psycho-aesthetics (Leuven, Belgium: Leuven University Press, 1973).
251- The experimental studies of optimum female facial beauty are reported
252 in "Facial shape and judgements of female attractiveness," by D. I. Per-

rett, K. A. May, and S. Yoshikawa, Nature, 368: 239-42 (1994). Other
studies on ideal physical characteristics are described by David M. Buss
in The Evolution of Desire (New York: BasicBooks, 1994).

254- The account of the Kalahari hunter-gatherers used here is given by
258 Louis Liebenberg in The Art of Tracking (Claremont, South Africa:

D. Philip, 1990). A comparable description of Australian Pleistocene and
modern-day Aborigines is provided by Josephine Flood in Archaeology of
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the Dreamtime: The Story of Prehistoric Australia and Its People, revised
edition (New York: Angus & Robetson, 1995).

258- Some of the themes of the chapter on arts and criticism, particularly the
259 significance of mythic archetypes and the relation of science to the

arts, are brilliantly anticipated in Northrop Frye's Anatomy of Criticism:
Four Essays (Princeton, NJ: Princeton University Press, 1957). Frye
could not, however, relate his subject to the brain sciences and Socio-
biology, which did not exist in their present form in the 1950s.

CHAPTER 11
ETHICS AND RELIGION

260- Among key references to the foundations of moral reasoning, and par-
290 ticularly to the role of the natural sciences in defining the empiricist

world view, are, alphabetically by author: Richard D. Alexander, The Bi-
ology of Moral Systems (Hawthorne, NY: Aldine de Gruyter, 1987); Larry
Arnhart, "The new Darwinian naturalism in political theory," American
Political Science Review, 89: 389-400 (1995); Daniel Callahan and
H. Tristram Engelhardt, Jr., eds., The Roots of Ethics: Science, Religion,
and Values (New York: Plenum Press, 1976); Abraham Edel, In Search
of the Ethical: Moral Theory in Twentieth Century America (New
Brunswick, NJ: Transaction, 1993); Paul L. Farber, The Temptations of
Evolutionary Ethics (Berkeley: University of California Press, 1994);
Matthew H. Nitecki and Doris V. Nitecki, eds., Evolutionary Ethics (Al-
bany: State University of New York Press, 1993); James G. Paradis and
George C. Williams, Evolution & Ethics: T H. Huxley's Evolution and
Ethics with New Essays on Its Victorian and Sociobiological Context
(Princeton, NJ: Princeton University Press, 1989); Van Rensselaer Potter,
Bioethics: Bridge to the Future (Englewood Cliffs, NJ: Prentice-Hall,
1971); Matt Ridley, The Origins of Virtue: Human Instincts and the
Evolution of Cooperation (New York: Viking, 1997); Edward O. Wil-
son, Sociobiology: The New Synthesis (Cambridge, MA: Belknap Press of
Harvard University Press, 1975), On Human Nature (Cambridge,
MA: Harvard University Press, 1978), and Biophilia (Cambridge, MA:
Harvard University Press, 1984); Robert Wright, The Moral Animal: Evo-
lutionary Psychology and Everyday Life (New York: Pantheon Books,
1994).

The scholarly sources on the relation of science to religion from which
I have drawn ideas and information include Walter Burkert, Creation of
the Sacred: Tracks of Biology in Early Religion (Cambridge, MA: Har-
vard University Press, 1996); James M. Gustafson, Ethics from a Theo-
centric Perspective, vol. 1, Theology and Ethics (Chicago: University of
Chicago Press, 1981); John F. Haught, Science and Religion: From
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Conflict to Conversation (New York: Paulist Press, 1995); Hans J. Mol,
Identity and the Sacred: A Sketch for a New Social-Scientific Theory of Re-
ligion (Oxford: Blackwell, 1976); Arthur R. Peacocke, Intimations of Re-
ality: Critical Realism in Science and Religion (Notre Dame, IN:
University of Notre Dame Press, 1984); Vernon Reynolds and Ralph E.
S. Tanner, The Biology of Religion (Burnt Mill, Harlow, Essex, England:
Longman, 1983); Conrad H. Waddington, The Ethical Animal (New
York: Atheneum, 1961); Edward O. Wilson, On Human Nature (Cam-
bridge, MA: Harvard University Press, 1978).

264- I have based the argument of the religious transcendentalist on my
266 own early experience in the Southern Baptist tradition, and upon many

other sources, including excellent expositions by Karen Armstrong in A
History of God: The 4,000-Year Quest of Judaism, Christianity, and Islam
(New York: Alfred A. Knopf/Random House, 1993); Paul Johnson in The
Quest for God: A Personal Pilgrimage (New York: HarperCollins, 1996);
Jack Miles in God: A Biography (New York: Alfred A. Knopf, 1995); and
Richard Swinburne in Is There a God? (New York: Oxford University
Press, 1996).

265 John Locke's condemnation of atheists is in A Letter on Toleration,
Latin text edited by Raymond Klibansky and translated by J. W. Gough
(Oxford: Clarendon Press, 1968).

265 Robert Hooke on the limits of science is quoted by Charles Richard
Weld in A History of The Royal Society, with Memoirs of the Presidents,
compiled from documents, in two volumes (London: John Parker, West
Strand, 1848), vol. 1, p. 146.

266 The estimate cited of the number of religions throughout human his-
tory (100,000) was made by Anthony F. C. Wallace in Religion: An An-
thropological View (New York: Random House, 1966).

268 Mary Wollstonecraft on evil: A Vindication of the Rights of Woman
(London: J. Johnson, 1792).

269 The survey of the religious belief of scientists was conducted by Edward
J. Larson and Larry Witham and is reported in The Chronicle of Higher
Education, 11 April 1997, p. A16.

274 The model of the evolution of moral behavior follows similar reason-
ing in my first work on the subject, On Human Nature (Cambridge,
MA: Harvard University Press, 1978), and is consistent with the theory
of gene-culture coevolution detailed in Chapters 7 and 8 of the pres-
ent work.

275- The fundamentals of the evolution of cooperation, including the use of
278 the Prisoner's Dilemma, is given by Robert M. Axelrod in The Evolution

of Cooperation (New York: BasicBooks, 1984) and Martin A. Nowack,
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Robert M. May, and Karl Sigmund in "The arithmetics of mutual help,"
Scientific American, June 1995, pp. 76-81. Proto-ethical behavior in
chimpanzees, including cooperation and retribution toward those fail-
ing to cooperate, is described by Frans de Waal in Peacemaking Among
Primates (Cambridge, MA: Harvard University Press, 1989), and Good
Natured: The Origins of Right and Wrong in Humans and Other Animals
(Cambridge, MA: Harvard University Press, 1996).

276 Evidence for inherited differences among people in empathy and in-
fant-caregiver bonding is cited by Robert Plomin et al. in Behavioral Ge-
netics, third edition (New York: W. H. Freeman, 1997).

283- Dominance communication in mammals is described widely in the lit-
284 erature on animal behavior, for example in some detail in my Sociobiol-

ogy: The New Synthesis (Cambridge, MA: Belknap Press of Harvard Uni-
versity Press, 1975).

285 The account by St. Teresa of Avila (1515-1583) of her mystical experi-
ence of prayer is provided in The Life of St. Teresa of Jesus of the Order of
Our Lady of Carmel, Written by Herself, translated from the Spanish by
David Lewis; it is compared with the original autograph text and re-
edited with additional notes and introduction by Benedict Zimmerman,
fifth edition (Westminster, MD: The Newman Press, 1948).

289- The closing statement on the relation of science and religion is drawn
290 from the 1991-92 Dudleian Lecture I gave at the Harvard Divinity

School, which was published as "The return to natural philosophy,"
Harvard Divinity Bulletin, 21:12-15 (1992).

CHAPTER 12
TO WHAT E N D ?

291 The genetic kinship by common descent of all organisms on Earth is
detailed at the molecular level by ). Peter Gogarten in "The early evolu-
tion of cellular life," Trends in Ecology and Evolution, 10: 147-51 (1995).

292 The descent of modern humanity from earlier species of Homo is au-
thoritatively reviewed by multiple authors in The First Humans: Human
Origins and History to 10,000 BC, Goran Burenhult, ed. (New York:
HarperCollins, 1993).

293 Gap analysis is a term borrowed from the study of biological diversity
and conservation; it refers to the method of mapping the distribution of
plant and animal species, overlaying them with maps of biological re-
serves, and using the information to select the best sites for future re-
serves. See "Gap analysis for biodiversity survey and maintenance," by
J. Michael Scott and Blair Csuti in Marjorie L. Reaka-Kudla, Don E.
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Wilson, and Edward O. Wilson, eds., Biodiversity II: Understanding and
Protecting Our Biological Resources (Washington, DC: Joseph Henry
Press, 1997), pp. 321-40.

295- The section on present and future human genetic evolution has been
303 modified from my article "Quo Vadis, Homo Sapiens?," Geo Extra, no. 1,

pp. 176-9 (1995). The evolution in head shape during the past millen-
nium is documented by T. Bielicki and Z. Welon in "The operation of
natural selection in human head form in an East European population,"
in Carl J. Bajema, ed., Natural Selection in Human Populations: The
Measurement of Ongoing Genetic Evolution in Contemporary Societies
(New York: Wiley, 1970). The evidence for recent evolution in heat-
shock proteins is given by V. N. Lyashko et al. in "Comparison of the
heat shock response in ethnically and ecologically different human pop-
ulations," Proceedings of the National Academy of Sciences, USA,
91:12492-5 (1994).

305- The results of the Biosphere 2 experiment are discussed by Joel E.
306 Cohen and David Tilman in "Biosphere 2 and Biodiversity: The Lessons

So Far," Science 274: 1150-1 (1996). A first-hand account of the two-year
adventure has been published by two of the Biospherians, Abigail Ailing
and Mark Nelson, in Life Under Glass: The Inside Story of Biosphere 2
(Oracle, AZ: Biosphere Press, 1993).

307- The most thorough and authoritative recent account of human popula-
308 tion growth written for a broad audience is Joel E. Cohen's How Many

People Can the Earth Support? (New York: W. W. Norton, 1995). It is
very difficult to estimate the total number of humans who can exist sus-
tainably on Earth, due, as Cohen argues, to factors as spongy as the ulti-
mate levels of food production technology and average acceptable
quality of life. Yet an absolute limit exists and it is not much greater than
ten billion. The estimated limit of sixteen billion people based on total
energy capture by photosynthesis converted solely to human use is taken
from John M. Gowdy and Carl N. McDaniel in "One world, one experi-
ment: addressing the biodiversity-economics conflict," Ecological Eco-
nomics, 15:181-92 (1995).

308 The PAT formula for estimating impact of population on the environ-
ment was developed originally by Paul R. Ehrlich and John P. Holdren
in "Impact of population growth," Science, 171: 1212-17 (1971), and has
been discussed in many aspects since. "It is a rough approximation, since
the three multiplicative factors are not independent.. . It is especially
useful in assessing global impacts, where we normally must fall back on
using per-capita energy use in place of AT": Paul Ehrlich, "The scale of
the human enterprise," in Denis A. Saunders et al., Nature Conservation
3: Reconstruction of Fragmented Ecosystems (Chipping Norton, NSW,
Australia: Surrey Beatty & Sons, 1993), pp. 3-8.
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308 The concept of ecological footprints as a measure of environment im-
pact was introduced by William E. Rees and Mathis Wackernagel in
"Ecological footprints and appropriated carrying capacity: measuring
the natural capital requirements of the human economy," in AnnMari
Jansson et al., eds., Investing in Natural Capital: The Ecological Eco-
nomics Approach to Sustainability (Washington, DC: Island Press, 1994),
pp. 362-90.

309 An important general statement on population and environment, coau-
thored by eleven leading scientists whose expertise covers virtually all the
relevant disciplines, is "Economic growth, carrying capacity, and the en-
vironment," by Kenneth Arrow et al., Science, 268: 520-1 (1995).

309- The most comprehensive, up-to-date, and accessible summaries of the
313 immense databases on the global environment are provided by the re-

ports of the Worldwatch Institute, headquartered in Washington, D.C.
They include the two annual series State of the World and Vital Signs:
The Trends That Are Shaping Our Future, published by W. W. Norton
(New York), as well as occasional specialized Worldwatch Papers, pub-
lished by the Institute. An independent assessment of available data by
environmental scientists, confirming the same trends I have described
here, are reported in "Land resources: On the edge of the Malthusian
precipice?," proceedings of a conference organized by D. J. Greenland
et al., Philosophical Transactions of the Royal Society of London, Series B,
352: 859-1033 (1997).

314- These recent works on environmental factors in the rise and fall of
315 civilizations are among those that can be recommended out of a large

literature: "The genesis and collapse of third millennium North Meso-
potamian civilization," by H. Weiss et al., Science, 261: 995-1004 (1993);
"Climate and the collapse of civilization," by Tom Abate in BioScience,
44: 516-19 (1994); and the exceptionally broad and biologically insightful
Guns, Germs, and Steel: The Fates of Human Societies, by Jared Dia-
mond (New York: W. W. Norton, 1997).
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