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to Jody



In the beginning was the mounting fire
That set alight the weathers from a spark

DYLAN THOMAS,

"In the Beginning"
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PREFACE

Introductions to Darwin's great work On the Origin of Species rou-
tinely tell readers that it belongs to a small group of books that have
changed the face of the earth. As the distinguished biologist Ernst Mayr
wrote for a 1974 reprint of the Origin's first edition, "Every modern
discussion of man's future, the population explosion, the struggle for
existence, the purpose of man and the universe, and man's place in
nature rests on Darwin."' Evolution remains the focal point, the orga-
nizing principle, the logical center of every discipline in biology today.

Yet evolution also remains a point of concern and controversy ,
because it deals with the greatest of all mysteries, our own origins, and
our human place in nature. The institutions of religion had once
claimed solutions to these mysteries as their own, and the notion that
natural science might find its own answers to such questions stirred
immediate conflict. Darwin felt the conflict clearly, and attached three
quotations to serve as epigraphs to the later editions of Origin. Each
tells us something about Darwin's view of the proper relationship
between religion and natural science, but the third, from Francis
Bacon's Advancement of Learning, is particularly revealing:
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To conclude, therefore, let no man out of a weak conceit of sobriety, or
an ill-applied moderation, think or maintain, that a man can search too
far or be too well-studied in the book of God's word, or in the book of
God's works; divinity or philosophy; but rather let men endeavor an
endless progress or proficiency in both.

In no small way, my purpose in writing this book has been to argue
that Darwin chose exceptionally well when he selected this quotation.

The common assumption, widely shared in academic and intellec-
tual circles, is that Darwinism is a fatal poison to traditional religious
belief. One may, of course, accept the scientific validity of evolution and
profess belief in a supreme being, but not without diluting traditional
religion almost beyond recognition, or so the thinking goes. Incredibly,
all too many traditional believers accept this view, not realizing that it is
based more on a humanistic culture of disbelief than on any finding of
evolutionary science. In a curious way, this allows each side to validate
the extremes of the other. Religion leads one side to reject the corner-
stone of the life sciences, while the other delights in telling us that sci-
ence can determine the meaning of life—which is, of course, that it does
not have one.

Lost in the fury is the hope Darwin expressed in his epigraph—that
true knowledge could be found as much in "the book of God's works"
as in the book of his word. I have written this book to make exactly
that point, and leave it to the reader to judge if I have made it well.

Like any person who has been lucky enough to have the chance to pur-
sue a scientific career, I am especially indebted to the many remarkable
people who opened the doors and showed me the way. They include gifted
teachers and patient mentors such as Richard Ellis, Andrew Holowinsky,
Richard Goss, and Elizabeth Leduc. I am grateful to Andrew Staehelin and
Daniel Branton, who guided me through scientific apprenticeships, and
especially to the late Keith Porter, who expertly introduced me to the art
and craft of science teaching.

During the preparation of this manuscript, my colleagues at Brown
University were exceptionally generous with their advice, criticism, and
most notably with their time. Included in this wonderful group are
David Rand, Kristi Wharton, Marjorie Thompson, Susan Gerbi, Peter
Gromet, Christine Janis, Walter Quevedo, and Alan Flam. I owe a spe-



PREFACE

cial debt of thanks to a remarkable scientist, the late Jack Sepkoski,
whom I came to know only over the past few years. Jack's patient stud-
ies of the fossil record set the standard for a new level of professional-
ism in paleontology, and his kind encouragement of my work on this
book meant more to me than he could have known.

I am indebted to Robert Bloodgood for his thoughtful and careful
reading of several sections of the manuscript, and also to my long-
standing friend and colleague, Ursula Goodenough, a kindred spirit in
the field of cell biology. I was also fortunate to have the kind assistance
of Russell Doolittle to explain to me the intricacies of blood clotting,
although I must assure the reader that any technical errors in my
descriptions of these pathways are mine and mine alone.

A number of people were kind enough to supply material, figures, quo-
tations, and ideas for this book from their own work, including Stephen
Jay Gould, Hezy Shoshani, Phillip Johnson, Thomas M. Cronin, G. Brent
Dalrymple, Harvey Lodish, and J. G. M. Thewissen.

I thank Barney Karpfinger, who believed in this project, nurtured it
through my first halting attempts to plan a book, and helped to see it to
completion. I appreciate the patience and kindness of Joseph Levine, my
coauthor on many textbooks, whose support and friendship have been
constants over the years. I am grateful to my editor, Diane Reverand, to
my secretary, Jennifer Turner, and to all of my students over the years who
have helped to keep my eyes firmly focused on the best ideals of science
and learning.

Finally, I must thank the people who are and will always be close to
me, including Marion and Ray, Lauren and Tracy, and most especially
Jody, whose love, understanding, and support make all things possible.
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DARWIN'S APPLE

Where are you from?" It's the kind of question that strangers, trying
to become friends, will often ask one another.

No one can begin to know another until he knows where that per-
son is from. Not just his family, school, and town, but everything that
has helped to bring him to this point in his life.

This book is about the ultimate "Where are you from?" question. As
important as it may be to understand one's ethnic origin and cultural
identity, the bigger question is one that every child, sooner or later, asks
of his or her parents: "Where did people come from?" In each culture
according to its fashion, every child gets an answer. For me, a little boy
growing up in suburban New Jersey in the 1950s, the answer came in
the form of the first couplet of my religious training:

Question: "Who made us?"
Answer: "God made us."

Every yea; that training reached deeper, demanded more, and grappled
with more sophisticated questions of faith and virtue. But every yea; it
began with exactly the same question: Who made us? And that question
was always followed by exactly the same answer. God made us.

In a different building, only a few hundred yards away from the red
brick walls of St. Mary's, I began to find another answer to that question.
This other school did not always grapple with the same straightforward
questions of right and wrong that were the weekly fare of our catechism,
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but it taught its students to believe something at least as intoxicating as the
divinity of their origins—the possibility that the world around us was con-
structed in such a way that we could actually make sense of it. That great
secular faith drew strength from a culture in which science seemed to fuel
not only the fires of imagination, but the fires of industry as well. And that
faith extended to living things, which yielded, like everything else in the
natural world, to the analysis of science.

Looking back on my youth, I am struck by how meticulously those
two aspects of education were channeled to avoid conflict. Teachers on
both sides, secular and religious, were careful to avoid pointing out the
dramatic clash between the most fundamental aspects of their world
views. No one ever suggested a catechism with a different beginning:

Question: "Who made us?"
Answer: "Evolution made us."

Nonetheless, the conflict between those two points of view is real.
The traditional Western view of humanity as the children of God once
had a direct, literal basis in the historical narrative of sacred scripture.
Not only was God our spiritual father, He was also the direct agent of
our creation. His actions were the immediate cause of our existence,
and His planning and engineering skills were manifest in every aspect of
our bodies. By extension, the splendor and diversity of the living world
that surrounds us testified to the very same care and skill.

Charles Darwin himself recognized how profoundly scientific analy-
sis had changed this view of life and humanity when he wrote the his-
torical sketch that preceded his great work, The Origin of Species by
Means of Natural Selection. Generously (and correctly) he gave credit
for this transformation to the now much-maligned French naturalist
Jean Baptiste Lamarck:

In these works, he [Lamarck] upholds the doctrine that all species,
including man, are descended from other species. He first did the emi-
nent service of arousing attention to the probability of all change in the
organic, as well as in the inorganic world, being the result of law, and
not of miraculous interposition.'

Today it is very clear that the line of reasoning Darwin attributed to
Lamarck has emerged triumphant. Change in the inorganic and organic
world is no longer attributed to "miraculous interposition." It once was
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possible to point to a humble seed and invoke the attention of the
Almighty as the only possible explanation for how such an ordinary object
could grow into a mighty tree. Today we look into the seed itself, examine
the program of gene expression that begins at germination, and seek our
answers in the rich complexities of molecular biology and biochemistry.
This does not mean that we have reduced the seedling to mere chemistry
or physics. It means instead that we have elevated our understanding to
appreciate the living plant in a way that lends wonder and delight to our
view of nature.

My purpose in this book is to attempt something that is generally
avoided. I want to ask a question that most of my colleagues shy away
from, and to attack head-on the defenses that many of us have built up
in our unwillingness to reconcile the two different answers to the ques-
tion of "Who made us?" The question is whether or not God and evo-
lution can coexist.

There is no need to break new scientific ground in approaching this
question. The century and a half since Darwin has provided us with more
than enough time to flesh out the details of his abstract outline on the
process of biological change. To add to Darwin's ideas we have half a cen-
tury of molecular biology, bold explorations of space and time provided
by the physical sciences, an understanding of earth's history from geology,
and even an appreciation of the limits of our most powerful reasoning
tool—mathematics. We have to be willing to bring all these resources to
bear in unfamiliar surroundings, to apply them in new ways, and to ask
the sorts of questions that are not commonly heard in scientific circles.

We can by starting with the man himself, Charles Darwin, a writer of
exceptional clarity whose words and ideas remain accessible, even today.

SUMMER READING

My first encounter with Charles Darwin cost me a buck ninety-five, the
price of a Penguin paperback copy of On the Origin of Species. I picked
the book up one July day in the summer of 1966 in a New Jersey mall.
Suspended in that strange summer between high school and college, I
had found just the place to spend twelve pleasant weeks converting my
one marketable skill, lifeguarding, into enough spare cash to get
through my first year at university. When the chance presented itself, I
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supplemented my not-exactly-generous lifeguard's pay by giving private
swimming lessons to the sons and daughters of club members.

Those swimming lessons helped to put enough extra change in my
pocket to afford to buy a book like Darwin's. Reading "serious" books
had become one of my most important projects that summer. For twenty
minutes each hour, one of the three lifeguards on duty was rotated into a
large booth at the club entrance where we were to check IDs and "greet
club members with enthusiasm." After the morning rush on sunny days,
there was plenty of time to socialize with kids my own age or just lean
back and read.

Visible reading was part of my other important "project," a young lady
at the swim club. Early in our mutual flirtation, she made it clear to me
that she regarded reading serious books as a mark of "depth." From that
moment on, in the parlance of the time, I wanted to be as "deep" as pos-
sible—at least while she was looking. My reading list that year included
not just Darwin, but Augustine, Eliot, Marx, Durant, Shirer, Milton, and
Dante. I must have been quite a sight, propped up in the corner of the
check-in booth stumbling through the likes of The Wasteland, always
making sure that the title was in plain view just in case my young love
strolled past unexpectedly.

I remember that summer with something between amusement and
embarrassment. I managed to stumble through those books, collect a
tan on the lifeguard perches, survive love's heartbreak, and as the days
began to shorten, pack myself off to my first year of college.

However impure my motives for tackling those volumes, something
did sink in. Several books took hold so thoroughly that I wound up fin-
ishing them at home, sitting on our backyard porch listening to Mel
Allen's fluid descriptions of New York Yankee night games in the back-
ground. Each book had its own life, and each carved out its own niche in
my imagination. Shirer's descriptions of prewar Berlin enlivened my
father's war stories; Durant convinced me that philosophy was a lively
subject, despite the density of its language and thickness of its books; and
Saint Augustine made me realize that even in the fifth century A.D. there
lived people who had the same likes and dislikes, the same difficulties with
authority, and the same weaknesses that I had. My personal favorite,
unexpectedly, was Milton, whose Paradise Lost at first seemed to drone
through line after line of pointless extrapolation exploding from the clar-
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ity of the blessedly concise Book of Genesis. Then, just as I was about to
put it down, I happened upon Milton's wonderful passage about God's
decision to create Eve.

Surrounding Adam in the Garden were the other creatures of God's
creation, the lion and the lamb, the snake and the hummingbird, all
wrapped in the harmony of Eden. As Adam was quick to note, there
was something special about him. Not his intellect, not his cleverness,
not his likeness so close to God. No, the difference that came to the
mind of Milton's Adam was his loneliness. He alone, among the crea-
tures of Eden, was the solitary member of his kind. Boldly, Adam
brought his complaint to the Almighty:

Let not my words offend thee, Heav'nly Power,
My Maker, be propitious while I speak.
Hast thou not made me here thy substitute,
And these inferiour farr beneath me set?
Among unequals what societie
Can sort, what harmonie or true delight?'

What society, indeed? Adam was quick to realize that Eden, however
glorious, included little for him in the way of conversational possibility.
Wandering alone in God's fair Garden might be a fine way to pass the
time, but Adam, as it turned out, had a little more on his mind:

Of fellowship I speak
Such as I seek, fit to participate
All rational delight, wherein the brute
Cannot be human consort; they rejoyce
Each with thir kinde, Lion with Lioness;
So fitly them in pairs thou hast combin'd . . .3

To my amazement, Milton's God acceded to Adam's request, and
agreed to heal his loneliness with a new creation—Eve. Things then got
complicated, we might say, in ways that most of us know all too well.
John Milton described the mother of mankind in terms quite different
from the modest prose of Genesis:

Shee as a vail down to the slender waste
Her unadorned golden tresses wore



6 FINDING DARWIN'S GOD

Dissheveld, but in wanton ringlets wav'd
As the Vine curles her tendrils, which impli'd
Subjection, but requir'd with gentle sway,
And by her yielded, by him best receivd,
Yielded with coy submission, modest pride,
And sweet reluctant amorous delay.
Nor those mysterious parts were then conceald,
Then was not guiltie shame, dishonest shame
Of natures works, honor dishonorable . . .°

To an eighteen-year-old whose personal discoveries that summer were
taking a pathway in the imagination remarkably similar to those of the fic-
tional Adam, John Milton's verse had all but burst into flame. I began to
think that packed in the midst of this epic work, so respected and admired
by a dusty educational establishment, there just might be the forbidden
fruit of desire, passion, and that most unscholarly of all qualities-
humor—stunning, memorable, ironic. Maybe, just maybe, if you read
through these great, gray books you eventually got to the good parts.

MISSING THE POINT

The only scientific book I read that summer was Charles Darwin's The

Origin of Species. Because I am a biologist, one might expect me to say
that the power and subtlety of this great work drew me into the life of
an experimental scientist. Nothing could be further from the truth. I
found Darwin boring. You might say that I kept looking for the good
part, something that would match those sensual passages from Milton,
and I never found it. At least not that summer.

It was clear to me after the first few pages that the book by this nine-
teenth century naturalist was not in the same rhetorical league as the rest
of my poolside syllabus. In its own way, that made perfect sense. What
book of science was? Ordinary people, after all, no longer read Newton's
Principia or Lyell's Principles of Geology, even though we continue to
delight in the craft of their literary contemporaries, Swift and Dickens.
But we do still read Darwin. That must mean, to draw the obvious con-
clusion, there was something important in the ideas between the covers of
this classic.
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I remember reading the first three chapters of The Origin page by
page before I lost patience with the author. Mercifully, I discovered
the careful summaries tucked away at the end of each chapter. I
charged to the end of each chapter of the work, where every student's
dream, a summary of the summaries, awaited me. Dutifully I worked
through them, and finally, one rainy afternoon, surveying an empty
pool and an abandoned parking lot, I decided that I was finished with
Charles Darwin. Everything in The Origin of Species had seemed just
too ordinary.

Nothing in my adolescent reading of The Origin could match the
sensual poetry of Milton, the brooding darkness of Eliot, or the chilling
spell of Dante's admonition above the gates of hell: "Abandon all hope,
0 ye who enter here!" Pitted against these masterpieces, all that Darwin
had to offer was a common-sense rendition of one obvious observation
after another on the nature of living things.

The man's arguments—and he called his book "one long argument,"
went something like this:

Domesticated plants and animals show a tremendous range of varia-
tion. This was obviously true. After all, variation is the raw material
upon which the breeders of animals and plants are able to work. By
selecting, consciously or unconsciously, the individuals who will give
rise to the next generation, they gradually form new and distinct vari-
eties, which can differ so greatly from one another that they are barely
recognizable as members of the same species.

Take, for example, two common breeds of dog: the Great Dane and
the Chihuahua. There isn't the slightest doubt that they are both dogs
(Canis familiaris) or that they are both descended from common ances-
tors. Yet think how a naturalist who had never seen a dog would
respond to these two creatures! Without a doubt, he would quickly con-
clude that they were different species. That's variation!

A similar range of variation exists in nature among wild species. I won-
dered about this, and was ready to "challenge" Darwin, but he summed
it up in a convincing way—by pointing out that the variation was so
great that naturalists argued endlessly among themselves as to whether
the individuals of a widely dispersed type were one species or two.
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Compare the several floras of Great Britain, of France or of the United
States, drawn up by different botanists, and see what a surprising num-
ber of forms have been ranked by one botanist as good species, and by
another as mere varieties.

At that point in my life, I had had only the slightest glimpse of acade-
mic science, but even this was enough to support Darwin's view. Argu-
ments over exactly how different two populations had to be to constitute
separate species were common. As it turned out, these natural variations
were more than just a little important to Darwin. To make sure that we
would not mistake what he was driving at, in Chapter 2, titled "Varia-
tion in Nature," he wrote:

These differences blend into each other in an insensible series; and a
series impresses the mind with the idea of an actual passage.'

An actual passage. How about that? But let's not get ahead of ourselves.

All living things are engaged in a struggle for existence. Like anyone who
has ever tended a small garden, I immediately knew that Darwin was
right about this. I might have been only eighteen, but I had already
watched tomatoes die under an onslaught of cutworms, red ants dismem-
ber a hapless beetle under my magnifying lens, and scores of weeds and
grass seedlings sprout only to wither and vanish under the sharp August
sunlight. Despite all this carnage, our small yard teemed with life.

Darwin explained it all succinctly. First, living things can produce
more of themselves.

There is no exception to the rule that every organic being naturally
increases at so high a rate, that, if not destroyed, the earth would soon
be covered by the progeny of a single pair.'

Because only a few of those progeny can survive, there is a struggle
for existence among them—the same struggle I had seen daily in the
garden. And finally, a key insight: The struggle is most severe among
individuals of the same species. Why? Because the members of your
own species are the very ones who need exactly the same resources you
do to survive. In short, to know what your number one competitor is
like, take a look in the mirror—he's going to look a lot like you.
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This struggle, combined with variation, results in natural selection.
Darwin began the fourth chapter of The Origin, "Natural Selection,"
with a rhetorical question: "How will the struggle for existence, briefly
discussed in the last chapter, act in regard to variation?"'

Darwin's answer was that it would act automatically. Those individu-
als that lose in the struggle for existence generally do not get to produce
the next generation, but those individuals that do succeed get the greatest
of all possible rewards—they get to pass their winning traits along to their
offspring.

This means that the conditions of nature, whether acting in my back-
yard, on the Galapagos Islands, or atop Mount Fuji, are constantly acting
on natural variation, selecting out unsuccessful variations and rewarding
successful ones. When forces divide a single species into two populations,
natural selection will act on each separately, until they have accumulated
enough differences that each becomes a separate (and new) species.

Incredibly, that's all there was to it. In those principles you have all
of Darwin's theory. Being a long-winded Englishman, Darwin wasn't
going to end with just four chapters and a hundred pages. He went on
for eleven more chapters, explaining in numbing detail the implications
of his theory for biogeography, paleontology, classification, instinctive
behavior, and embryology. He even considered objections to his theory,
and, just in case you had missed something important, fashioned a con-
cluding chapter to recapitulate his arguments.

I did have to admit that each of the four building blocks of this theory
was obviously true. Breeders did draw upon the range of variation in
domestic animals and plants to make new varieties. A similar range of
variation did exist in nature. The conditions of life did place each individ-
ual in competition with others. And this competition clearly affected the
range of variation that survived.

Thomas Henry Huxley, soon to be called "Darwin's Bulldog" for his
determined advocacy of Darwinism, is said to have read The Origin and
then to have remarked, "How foolish of me not to have thought of it!" I
would love to say I felt the same way, but I can do nothing of the sort.
Darwin's observations seemed tediously obvious. They also led to an
obvious conclusion—that all life was interrelated, which hardly seemed
earth-shattering to me at the time.

American scientific education, particularly during my youth in the
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fifties and sixties, is often assumed to have been so timid on the issue of
evolution that a whole generation grew up knowing next to nothing about
the subject. There may have been some truth to that, but like most kids my
age, I still had a pretty good understanding of earth history. That under-
standing had been reinforced by a handful of visits to fossil collections at
the American Museum of Natural History in New York. The bones and
shells and especially the great dinosaur reconstructions left very little doubt
that life on earth had once been very different from today. Before long we
all were convinced that evolution was the process that had produced the
dramatic changes the museum documented in such spectacular fashion.

My encounter with Darwin's detailed, careful, exhausting nineteenth
century prose was less than memorable the first time around. At best, it
gave me a sense of where these rich and wonderful ideas of our past had
come from. But like most of my contemporaries at the time, I placed lit-
tle value on historical context. I found nothing in The Origin worth
reading to my love, which, for me, made it the single most boring book
of an otherwise memorable summer.

A DANGEROUS MIND

In retrospect, there was just one thing that made me reluctant to put
down Darwin's book, something extraordinary that kept me going until
I had read at least a bit of each chapter, all of the conclusion, and then
revisited each of the summaries. This motivating force was something I
had not encountered in all the rest of my reading. People were afraid of
the book.

My dad, whose chance at college came only when the end of World
War II allowed him to lay down a rifle and pick up the GI bill, had ignored
most of my attempts to act like an intellectual that summer. When he saw
me reading Darwin, he thoughtfully told me that I was reading a danger-
ous book, and I should be careful. I wondered about that. A few people at
the swim club made the same comment. "Be sure you talk to someone
about that book," a member solemnly warned, "and be careful not to lose
your values." These warnings made the book seem more interesting at
first, and kept me pumping through the first few chapters searching for
scandal. I never found the good parts that would have justified such con-
cerns. The scandal, no matter how carefully I read, escaped my notice.
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This was quite a disappointment, but my father's warning did have a
certain ring of truth to it. I had taken two public high school courses in
biology. My first biology teacher, Paul Zong, was in love with life, and
wanted to draw us into his kind of biology—a fellowship of systematic
exploration, classification, and nomenclature. I am positive, even after I
have earned two university degrees and accumulated years of special-
ized training, that my knowledge of classification and scientific names
reached its high-water mark on the morning of my final exam in ninth
grade biology. By the time I had ended Paul Zong's class, I knew exactly
what I wanted to be—a biologist. And I never changed my mind.

I took my second course in biology, an advanced course, as a senior
from an uninspiring instructor whose name is best not mentioned. This
awful class would pass unmentioned except for one striking similarity it
shared with my wonderful year under Mr. Zong. Neither teacher men-
tioned evolution.

Many years later, wondering if that recollection had been correct, I
retrieved the exact edition of the biology textbook we used for the first of
these courses. The word "evolution" did not appear in the index. Charles
Darwin was mentioned, but only in a chapter strangely titled "Organic
Variation through Time." The facts of natural history were too compelling
to skip completely, but the mention of evolution was carefully avoided.
This was essentially the strategy followed by both of my teachers. I did
indeed learn about natural selection, the human fossil record, and the age
of the dinosaurs. I simply had not learned evolution as a specific subject.

This was hardly a unique experience. Historians of American scientific
education would later document the great retreat from evolution that
swept over public education at midcentury. I suspect that at one time or
another in their careers, my teachers had discovered that teaching evolu-
tion and calling it such brought concern and discomfort to an otherwise
quiet and respectable profession. Like most of us, they found an easier
way through the woods, and then trod that path year after year.

The dearth of apparent scandal in The Origin made all of this a little
puzzling, and it took me a few years to understand what all the fuss was
about.

During my second year of graduate school at the University of Col-
orado, trying to make ends meet, I was teaching a regular tutorial session
of freshman biology students in the dorm lounge several nights a week.
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One day, two of my students wandered into my advisor's lab holding
a tiny newsprint pamphlet. I have long since forgotten the specifics it
contained, but the cover illustration is plain as day in my recollection.
"Evolution—The LIE" was emblazoned on the surface of an apple,
while a snake coiled about it with obvious menace.

Not only was evolution linked with the Father of Lies himself, it was
"exposed" as a massive conspiracy foisted on an unsuspecting public.
In case I had been thick enough to wonder how a specialized biological
theory might play such a crucial role in society, the back cover of the
pamphlet spelled it all out for me. Evolution, it seemed, was responsible
for such evils as theft, murder, drug abuse, prostitution, war, and even
adultery. I dismissed the pamphlet with a sneer, cleverly pointing out to
my younger friends that the Old Testament documented nearly all of
these sins long before The Origin, and it seemed a bit much to blame
Darwin for all of them.

The pamphlet jarred a nerve within me, however, put there no doubt
by years of careful study of the catechism. The dangers sensed by the
pamphleteers, by my Dad, and by my teachers all had the same source.
The danger in evolution was that it struck directly at the fundamental
assumptions of religion about the relationship between God and man.
Evolution threatened the soul itself.

THE APPLE DROPS

Darwin's "dangerous idea," as philosopher Daniel Dennett called it in
his recent book by that name, is surely one of the most influential and
far-reaching ideas of all time.

Although Darwin was careful to note the contributions of those who
preceded him, the publication of The Origin was a public event unprece-
dented in the history of science. He may have hoped to write a book to be
read and appreciated by specialists, but it immediately became a widely
discussed best-seller. Evolution turned out to be hot stuff. Its influence has
been felt in fields as disparate as immunology and sociology, and it has
revolutionized the way in which we view the world, natural and man-
made. Detmett accurately described the impact of Darwin's theories:

Let me lay my cards on the table. If I were to give an award for the single
best idea anyone has ever had, I'd give it to Darwin, ahead of Newton
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and Einstein and everyone else. In a single stroke, the idea of evolution
by natural selection unifies the realm of life, meaning, and purpose with
the realm of space and time, cause and effect, mechanism and physical
law. But it is not just a wonderful scientific idea. It is a dangerous idea.'

We'll return to visit some of Dennett's ideas on the "danger" repre-
sented by the theory of evolution in Chapter 6, but here we will consider
some of the undeniable power and scientific fruitfulness that evolutionary
thought offers.

One of the great beauties of evolution is that it is automatic. The
combination of random variation and natural selection automatically
selects the organisms that do best in a particular environment, and then
rewards them by forming the next generation from the winners in the
game of natural selection. The power of this simple idea extends well
beyond biology.

When I first began university teaching, I was unexpectedly impressed
by the skill of my students at taking tests. Test-taking is an ability distinct
from actual knowledge, which is not to say that knowledge is unimportant
to success on a well-constructed exam. There is a strategic component to
doing well, and all of my students seemed to excel at this. They asked the
right questions: "Is there a correction [on the multiple choice questions]
for guessing?" "Should I write a literal answer, or do you want us to
extrapolate?" "Do you want all possible solutions? Or just the most obvi-
ous one?" They paced themselves intelligently, quickly identifying the
most time-consuming questions, making sure that they left them for last,
scoring as many points as they could on questions that could be quickly
answered.

Did we have a course where they are taught how to take tests, I won-
dered. I asked this out loud to a colleague, who laughed. "Don't have to.

It's natural selection," he said with a grin.
Why natural selection? Student admissions at the university where I

teach are extremely competitive. Our students are products of an educa-
tional system in which those who are proficient at test-taking are moved
towards the honors tracks in middle school and high school. Once there,
they can earn the best grades only by excellent exam work—test-taking
again. If that were not enough, nearly all of our students, number two
pencils in hand, take a nationwide aptitude test as the capstone of their
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preparation. Students who are not proficient at test-taking are gradually
weeded out. By the time they reach my classroom, only the adept test-
takers are left. It works automatically, just like natural selection.

Biologist and author Richard Dawkins once allowed his readers to
consider how powerful natural selection was by asking them how many
of their direct ancestors had died in childhood. 9 When I pose this ques-
tion to my own students, they take it seriously at first, and I can almost
see the mental wheels spinning as they silently reconsider the lives of
their parents and grandparents. Within a few seconds, most of them are
grinning or laughing out loud as they realize how ridiculous such a
question is. None of anyone's immediate ancestors died in childhood. If
they had, they wouldn't be your ancestors!

Putting it another way, each of us is descended from a long line of
winners. The near-perfection our bodies display as they grow, process-
ing food, regulating temperature, and resisting disease, has been honed
at a price. Unsuccessful experiments in metabolism or design, like poor
test-takers, are weeded out by natural selection.

Darwin's powerful idea, a biological explanation for the origins of liv-
ing species, has exerted a transfixing hold on human thinking in the cen-
tury and a half since it first kicked in the doors of Western intellectual life.
Once Darwin's apple had fallen from the tree, there was no stopping the
ways in which eager scholars would apply it to one problem after another.
Like a tide sweeping away old explanations of natural philosophy, Dar-
winian thought made scientists everywhere demand naturalistic, material-
ist explanations for the way things are. The intellectual dominance of these
ideas led to a new set of cultural assumptions about science, about the
world, and even about the nature of reality.

Was this because Darwin provided the first workable explanation
for the remarkable adaptations of living things? I suspect not. I also do
not believe that Darwin's wide influence comes from his patient and
groundbreaking observations on orchids or barnacles. Rather, it comes
from one simple fact. Evolution displaced the Creator from His central
position as the primary explanation for every aspect of the living world.
In so doing, Darwin lent intellectual aid and comfort to anti-religionists
everywhere. As Dawkins accurately observed:

Although atheism might have been logically tenable before Darwin,
Darwin made it possible to be an intellectually fulfilled atheist."
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For nonbelievers like Richard Dawkins, Darwin provided the first
complete, rational basis for rejecting the spiritual and the supernatural.
In a Copernican universe where Newtonian laws, not the chariots of
gods, moved the heavens around, evolution disposed of the last remain-
ing mystery—the source of life itself. With that taken care of, surely
there was no longer any room left for religion in the life of the mind.
The world had at last been made safe for "intellectually fulfilled" athe-
ists. That is what was dangerous about The Origin.

THE FIRST CHURCH OF CHARLES THE NATURALIST

My particular religious beliefs or yours not withstanding, it is a fact
that in the scientific world of the late twentieth century, the displace-
ment of God by Darwinian forces is almost complete. This view is not
always articulated openly, perhaps for fear of offending the faithful, but
the literature of science is not a good place to keep secrets. Scientific
writing, especially on evolution, shows this displacement clearly.

In 1978, Edward 0. Wilson won a Pulitzer Prize for his influential
book, On Human Nature. Wilson's widely admired pioneering work on
social behavior in insects led directly to his founding contributions to a
new field which he called "sociobiology"—the study of the biological
basis of social behavior. On Human Nature was a bold attempt to
apply sociobiological principles to human behavior and human _institu-
tions. Right up front, on the very first page of the book, Wilson put his
finger on the crux of the matter:

If humankind evolved by Darwinian natural selection, genetic chance
and environmental necessity, not God, made the species."

For thousands of years, human beings thought of themselves as the
children of God. After Darwin, they were the children of "genetic
chance and environmental necessity." Wilson's sentiment that Darwin-
ian natural selection rules out God is widely shared. Richard Dawkins
leaves no doubt about his own view of a Darwinian universe. It is not a
place of real values, of genuine good and evil. As Dawkins admits:

This is one of the hardest lessons for humans to learn. We cannot admit
that things might be neither good nor evil, neither cruel nor kind, but
simply callous—indifferent to all suffering, lacking all purpose."
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The writings of scientists like Wilson and Dawkins present a view-
point in which the need for God as an explanation for the nature of
things is a relic of humanity's intellectual childhood, and nothing more.

A few years ago, an opinion column in The Scientist, a trade weekly for
scientific professionals, had maintained that any scientist who entered a
house of worship had better "check his brain on the way in." Although
many readers of this publication stated views to the contrary, there was
strong, well-argued support for the position that no educated scientific
professional could possibly profess a belief in the supernatural. The read-
ers of The Scientist are no fools—they knew exactly what had happened in
recent scientific history. First Galileo and Copernicus displaced man as the
center of the universe. Then Darwinism set aside God as the author of cre-
ation. And finally the rise of biochemistry and molecular biology removed
any doubt as to whether or not the properties of living things, humanity
included, could be explained in terms of the physics and chemistry of ordi-
nary matter. The word is out—we are mere molecules.

So complete is the absence of the spiritual from modern science that
a few writers even take withering potshots at God Himself. George C.
Williams, a scientist who has made important contributions towards
understanding the complexities of natural selection, did so in his book
The Pony Fish's Glow:

She [anthropologist Sarah Hrdy] studied a population of monkeys,
Hanuman langurs, in Northern India. Their mating system is what biol-
ogists call harem polygyny: Dominant males have exclusive sexual
access to a group of adult females, as long as they can keep other males
away. Sooner or later, a stronger male usurps the harem and the
defeated one must join the ranks of celibate outcasts. The new male
shows his love for his new wives by trying to kill their unweaned
infants. For each successful killing, a mother stops lactating and goes
into estrous.... Deprived of her nursing baby, a female soon starts ovu-
lating. She accepts the advances of her baby's murderer, and he becomes

the father of her next child.
Do you still think God is good?"

The terrifying infanticide practiced within the langur harem, as
Williams explains, is a straightforward prediction of evolutionary the-
ory. If it is genetically programmed, then it is an adaptive behavior
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because it increases the proportion of the new harem-master's genes in
the next generation.'4

A nonscientist reading the popular books of writers like these might
be forgiven for jumping to the conclusion that modern evolutionary sci-
ence has ruled out the existence of God. According to Williams, science
certainly has ruled out the existence of a benign one.

Is this indeed the case? Is it time to replace existing religions with
a scientifically responsible, attractively sentimental, ethically driven
Darwinism—a First Church of Charles the Naturalist? Does evolution
really nullify all world views that depend upon the spiritual? Does it
demand logical agnosticism as the price of scientific consistency? And does
it rigorously exclude belief in God?

These are the questions that I will explore in the pages that follow.
My answer, in each and every case, is a resounding no. I do not say this,
as you will see, because evolution is wrong. Far from it. The reason, as I
hope to show, is because evolution is right.



2

EDEN'S CHILDREN

Not many years ago, astronomer Robert Jastrow cautiously began a
book on the religious implications of scientific discovery. In its opening
chapter he worried openly, "When a scientist writes about God, his col-
leagues assume he is either over the hill or going bonkers."' Jastrow
knew that within the academy anyone, particularly a scientist, who
openly reveals even the slightest twinge of religious conviction is
regarded as a bit of a flake. Things haven't changed. I teach a large biol-
ogy course at one of our country's great colleges, and every time I step
to the podium I realize that those bright young faces in the audience are
making assumptions about me. Sometimes, I hope, those assumptions
are grounded in reality. I hope, for example, that they accept my enthu-
siasm for science as genuine, and that they detect the optimism in my
voice when I talk about the future.

The teaching of evolution brings forward a new set of assumptions in
my students. They very quickly come to believe that a professor who
speaks with excitement and passion on evolutionary theory, who docu-
ments the rich fossil record of our prehuman ancestors, and who describes
the role of chance and contingency in the origin of species probably is or
must be an atheist. A few of them get the courage to stay after class and
ask that personal question point-blank. And they get back an answer few
of them seem to anticipate. "No, I'm not."
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College students today pride themselves on their open-mindedness.
Their intellectual instincts embrace the modern virtues of tolerance and
diversity almost without question. Despite the conviction in some quarters
that these graces extend only to one side of the spectrum of value and
belief, I believe that most students are sincere in their attempts to be intel-
lectually tolerant. When I answer their questions about evolution and reli-
gion by telling them that I happen to believe in God, I am treated respect-
fully and courteously. Nobody seems to get upset, no organizations picket
my classes, my name does not appear on protest leaflets. Nonetheless,
after explaining my personal beliefs at the request of a student, almost
every time I get the response, "You believe that despite evolution?" Yup.
Despite evolution . . . or maybe, as I will explain in the later chapters of
this book, because of evolution.

Over years of teaching and research in science, I have come to realize
that a presumption of atheism or agnosticism is universal in academic life.
From time to time I have to struggle to explain to my students, and even
my colleagues, not only why Darwinian evolution does not preclude the
existence of God, but how remarkably consistent evolution is with reli-
gion, even with the most traditional of Western religions. It is simply taken
for granted that smart, modern, well-informed people have risen above the
level of petty superstition, which is exactly how any serious faith is
regarded. Religion as culture, in the sense of Jewish culture, Islamic cus-
tom, and even Christian tradition, may be grudgingly accorded obligatory
respect—just enough, I am sure, to evade the nasty charge of cultural
imperialism. But religion itself, genuine belief, just doesn't belong.

It would be difficult to overstate how common this presumption of
godlessness is, and the degree to which it affects any serious attempt to
investigate the religious implications of ideas. Ironically, if asked to jus-
tify such attitudes, my friends and colleagues in nonscientific disciplines
will often claim science as their authority. Clearly they believe that sci-
entific inquiry has ruled out the divine. Unfortunately for them, as I will
argue, nothing of the sort is true. Their attitudes towards religion and
religious people are rooted not so much in science itself as in the
humanist fabric of modern intellectual life. This is a point we will
explore in detail a little bit later, and as we will see, it is the source of a
powerful backlash that science ignores only at its peril.
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PLAIN TALK

My apparent dissent from the dominant material certainty of evolution
requires an explanation. Do I have some reason to doubt evolution? Is
there some flaw, large or subtle, in Darwin's great theory, some new evi-
dence that an embarrassed scientific community has hushed up? Many
critics of evolution certainly seem to think so. In 1996, when writer
David Berlinski attacked evolution across the board in Commentary
magazine, 2 letters of praise from delighted readers poured in. They
lauded his "courage," his willingness to confront a "stifling scientific
establishment," and his achievement in breaking out of the "intellectual
straitjacket" that Darwinism has imposed on modern life.

Berlinski is not alone. Such critics as Berkeley law professor Phillip
Johnson have charged that the weakness of evolution's scientific standing
is a trade secret known only in the inner circles of the establishment. An
honest appraisal of the evidence, they maintain, would sweep evolution
convincingly into the dustbin of history. Are these critics right? If there is
indeed a major flaw in Darwin's edifice, why haven't scores of young,
iconoclastic scientists, eager to establish their own careers, smashed it to
pieces? These are questions worth answering.

For more than twenty years, I have been fortunate to make my home
in New England. The town in which my family lives was founded only
a couple of decades after the Pilgims landed, and it has remained just
distant enough from nearby urban centers to retain its rural character.
Although growth has begun to change the town, not always for the bet-
ter, Rehoboth has recently suffered a slow plague of urban workers
putting up homes on what used to be fields and woods worked for
farming and lumber. Nonetheless, Rehoboth retains its essential New
England character, much to the delight of its residents.

Although some of our region's educational institutions, my own
included, have well-deserved reputations for political liberalism, New
Englanders on a personal level are exceptionally conservative. New
England leads the United States in church attendance and ice cream
consumption, and in those seemingly unlinked characteristics I find a
great deal to admire. The New England character has been formed by
difficult weather and rough landscape. It is a place where one state has
emblazoned "Live Free or Die" on its license plates,' and it is the only
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part of the United States where the beginning of the American Revolu-
tion is still a legal holiday.

My friends and neighbors accept all of this without question, and also
take it as their right to control every aspect of our local government. If
fact, they are the local government. The second Monday in April, a time
when snowdrifts are unlikely to prevent travel but it's still too early to
work the fields, is Town Meeting Day. In numbers that rise and fall with
the level of local controversy, citizens gather in a school gymnasium to
vote, line by line, on every item in the town budget. The police chief who
needs a new radio, the tax collector who has her eye on a faster computer,
and the building inspector whose truck has broken down must stand and
plead their cases in front of the skeptical townfolk.

I've never had to go in front of the town meeting to talk about evolu-
tion, but if I did, I suspect that the questioning would be very practical. My
plain-speaking neighbors would not much care about the philosophical
implications of the idea. They wouldn't worry about the personal religious
beliefs of Charles Darwin, and they wouldn't give a damn if other people
had used evolution to support or justify their own views on religion, on
economic systems, on linguistics, or anything else. Very much like my first-
year students, the fundamental questions for my neighbors would be, sen-
sibly, the big ones. The bottom-line issues. Did evolution actually take
place? And if it did, did evolution produce us, too? In plain language, I
would answer those questions the only way that fact and science allow.
Yes, it did. And yes, we are the children of evolution, too.

GUMSHOE SCIENCE

Can we be absolutely certain of this? In the strictest sense, no. Scientific
knowledge, in the absolute sense, is always tentative. Science is founded
on the proposition that everything we think we know about the natural
world can, in principle, be rejected if it does not meet the test of obser-
vation and experiment. The very practice of science, at its core, is a con-
stant exercise of extending what we do know about the world, and then
correcting what we thought we knew for sure.

In this respect, evolution occupies no special place in the scientific
hierarchy of ideas. Like any theory, including the germ theory of disease
or the atomic theory of matter, it would have to be discarded and
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replaced by a better theory if scientific evidence made it clear that evo-
lution was not an adequate explanation for the history of living organ-
isms. There is nothing extraordinary in what I have just said. It simply
means that evolution is a scientific idea, and scientific ideas rise or fall
on the weight of the evidence.

Unfortunately, there is a school of thought that rejects the very idea
that any theory about the past can be scientific. Science, the argument
goes, is based on experiment and direct, testable observation. There-
fore, science can address only phenomena that are brought into the lab-
oratory and examined under controlled conditions. It is true that the
very best experimental conditions are those in which we can control all
variables, then manipulate just one or two, and make detailed observa-
tions of the results; but this argument would deny scientific inquiry to
any situation that does not lend itself to laboratory science.

The natural history of the earth is just such a situation. Since there were
no human witnesses to the earth's past, the argument goes, all statements
about that past, including evolution, are pure speculation. Your specula-
tion, some say, just like your taste in music, has no more claim to be sci-
entific than my taste does. This line of reasoning, by denying scientific
legitimacy to evolution, would take away from Darwinism its scientific
cachet and place it in the same category as any story of origins. All answers
to our "Where are you from" question would then have equal scientific
standing—which is to say, no scientific standing at all.

As a practicing scientist, I might not like the implications of that argu-
ment, and I could oppose it just for that reason. I'd rather argue from a
higher standard, however, which is whether or not the argument is correct.
Is scientific inquiry restricted to what we can actually bring into the labo-
ratory and see happening right in front of us? Is there really any scientific
way that we can know anything about the past at all?

There is indeed a way to do this, and the process is so ordinary that
most of us take it for granted. When a common burglar pries open a win-
dow and climbs into a home to steal, he does so in the hope that he will
leave as he entered—silently and without detection. But despite his best
efforts, every one of his actions leaves something behind. The marks of his
entry will bear the imprint of his tools. His footsteps will leave impressions
in carpeting, residue on wood, and telltale debris on both. The police may
be able to gather samples of his hair, his fingerprints, perhaps even his
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blood. And sooner or later, the goods he took will reappear in a market-
place where they may be traced and identified as stolen.

A police detective would scoff at the notion that crimes can be
solved only when they are witnessed directly. Not a single person wit-
nessed Timothy McVeigh park a rental truck in front of the Murrah
Federal Building in Oklahoma City on April 19, 1995. Nonetheless,
when McVeigh was apprehended on an unrelated charge, investigators
quickly assembled a web of evidence that left little doubt that he had
been deeply involved in the planning and execution of the bombing.
The simple fact is that we can learn about the past by applying good,
old-fashioned detective work to the clues that have been left behind.

The same rules apply to science. We may not be able to witness the past
directly, but we can reach out and analyze it for the simple reason that the
past left something behind. That something is the material of the earth
itself. With a few notable exceptions,' every atom of the earth's substance
that is here in this instant will still be here a minute from now. It may
change form or shape, it may move, it may even undergo a chemical reac-
tion, but matter persists, and that means that the present always contains
clues to the past.

A FIRE IN THE SKY

An example of how the scientific method can be applied to an object
well beyond our reach rises every morning in the eastern sky. Aside
from the earth itself, no object in our tiny corner of the universe com-
mands human attention and awe more than the sun. For many peoples,
the sun was a God itself to be feared and worshiped. To the Egyptians
he was Amon-Ra. To the Greeks he was drawn across the sky by Apollo
in a chariot of gold. The list could go on, of course, punctuated by tales
of mass panic as his rays were apparently lost at the height of a total
solar eclipse. It is easy to see why our nearest star gained such status.
The perceived movements of the sun define our days and nights, its
warmth creates our seasons, and its energy grows the food that nour-
ishes us and all of nature. To attribute all this to a power supernatural is
understandable, maybe even logical.

If the sun's place in human imagination was once divine, its demotion
to the status of mere matter surely began when Anaxagoras 5 argued in 434
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B.C. that the sun was "just" a ball of fire floating in the air above the
earth's surface. To be sure, Anaxagoras's analysis, which placed the sun a
mere 4,000 miles above the surface of the earth, left a little to be desired.
It seems that Anaxagoras had learned that on the day of the summer sol-
stice the noonday sun in the city of Syene (the present-day location of the
Aswan High Dam) cast no shadow—it was directly overhead. At exactly
the same time, the sun in Alexandria, 500 miles to the north, cast a
shadow of 7 degrees. Anaxagoras, no doubt a quick study in trigonome-
try, had taken these angular differences as a quick and easy way to calcu-
late the height of the sun. It would have worked, too, if the earth had been
flat. That little detail caused him to mistake the radius of the earth, which
itself is close to 4,000 miles, for the distance to the sun.'

Despite the inadequacies of his analysis, it turns out that Anaxago-
ras's contemporaries were not at all amused by his calculations. He was
condemned by the authorities and banned for life from the City of
Athens, such was the rage of its citizens against the notion that the sun
could be explained as mere matter.

Today we know a great deal more about the sun. Any high school
student should be able to tell you that our sun is mostly hydrogen, and
that it is driven by nuclear fusion reactions, which release vast quanities
of energy that light our solar system and keep the spark of life burning
on our little planet. It is only fair to ask how we actually know anything
about the sun. No one has ever been there, no spacecraft has brought
back a sample of solar plasma, no probe has ever landed on its fiery sur-
face. So, from where does our knowledge of this nearby star come?

The answer is that, although we have never visited the sun, the sun's
radiation does visit us. A careful analysis of that radiation provides us with
all the clues we need to set Apollo firmly and conclusively into the realm
of mythology. We know, for example, that the surface of the sun is much
too hot to fit in anybody's chariot. How can we be sure? Laboratory
experiments show that the spectum of light given off by superheated gases
varies as a function of its temperature. The German physicist Wilhelm
Wien, in fact, showed that the wavelength of maximum intensity given off
by a hot body in the laboratory was inversely proportional to its tempera-
ture, and the single most intense wavelength of solar radiation is 480 nm
(nanometers), which falls in the green region of the spectrum.' Wien's for-
mula gives a surface temperature in the vicinity of 5,580 degrees Centi-
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grade. The same principles, incidentally, can be used to determine the tem-
peratures of other stars. All we need to do is to gather enough starlight to
pass through a prism, and then to measure the relative intensities of the
various wavelengths. So much for temperature.

Isaac Newton himself reported the ability of a prism to refract sun-
light into its constituent colors. His simple observation held the key to
another fundamental discovery about the nature of the sun. Newton's
rainbow, produced when a broad spot of sunlight passes through a
prism, is beautiful but imprecise. The reason is that individual wave-
lengths blend together, smeared across the spectrum by the diameter of
the spot itself. Make the spot smaller, and the colors become purer. The
ultimate, a single narrow slit, produces a broad, accurate spectrum in
which each wavelength occupies a distinct position.

A century after Newton, German physicist Joseph Fraunhofer
applied this technique to sunlight, and was stunned by what he saw.
The solar spectrum was interrupted by hundreds of sharp, dark lines,
wavelengths at which little or no light was present. By contrast, a labo-
ratory object heated to 5,000 or 6,000 degrees Centigrade gave off a
continuous spectrum, unmarred by what became known as "Fraun-
hofer lines." Was something wrong with the sun?

The sun, as it turns out, was just fine. A few decades later, Gustav
Kirchoff passed white light from a high intensity source through a gas
flame into which he had sprinkled a sodium compound, probably ordi-
nary table salt. When he looked at the spectrum of the light coming
through the flame, he saw a dark line that looked remarkably like a
Fraunhofer line. He understood the laboratory result perfectly. The
ability of an atom to emit or to absorb light depends upon the arrange-
ment of electrons in its orbitals. Because each element has a different
electron arrangement, each element absorbs light at a distinctive set of
wavelengths. The dark line in his lab spectrum was produced because
vaporized sodium atoms absorbed much of the light at a wavelength of
589 nanometers. Why was there an identical line in the solar spectrum?
Kirchoff could think of only one reason. The white light produced by
the sun must be passing through vaporized sodium. Where? In the
atmosphere of the sun itself. The sun contains sodium.

Kirchoff's insight made it instantly possible to probe the solar spectrum
for connections to each of the hundreds of Fraunhofer lines. Within a few
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decades much of the elemental composition of the sun was determined,
including the important fact that it is more than ninety percent hydrogen.
One slight mystery remained. There is a very faint Fraunhofer line close to
one of the lines produced by hydrogen, so close that it was often mistaken
for one of the hydrogen lines, and ignored. But in 1868, during a total
solar eclipse, the English scientist Norman Lockyer recorded a spectrum
from the solar corona. Such light is not filtered through the solar atmos-
phere, and the spectrum contained a distinctive emission peak at a wave-
length of 587.6 nanometers. This was close to the peak for sodium, but
not close enough. In fact, as Lockyer gradually came to realize, it did not
match any terrestrial element.

Faced with such an unexpected result, Lockyer drew a bold but sen-
sible conclusion. The sun contained a chemical element that was not
found on earth. Drawing from the Greek word "hellos," he named it
"helium." More than twenty-five years would pass before chemist
William Ramsey would report the presence of helium on this planet. It
may seem remarkable that the gas of party balloons and airships was
once unknown, but the true wonder is that helium was first discovered
at a distance of 93 million miles.

The abundance of solar helium, which makes up about eight percent
of the sun, was a crucial clue to the secrets of the stars. Well before
another century had passed, atomic physicists had shown that the solar
fire was not chemical, but nuclear in nature. Helium was produced
from hydrogen in a fusion reaction that took place when small nuclei
were slammed together at high temperature and pressure. If this was
true on the sun, it should also be true on the earth. It was. The hydro-
gen bomb, which employs an atomic explosion to generate those tem-
peratures and pressures, uses exactly this principle. Ironically, an under-
standing of the sun's life-giving rays led directly to the development of a
terrible weapon of war.

THE MATERIAL OF UNDERSTANDING

Despite these achievements, no one would suggest that our understand-
ing of the sun is now so complete that it is time for the practitioners of
solar physics to close up shop. It would be foolish to suppose that there
is no reason to explore the sun by more direct means. The next century
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may present opportunities to do exactly that. When that happens, it
would not be surprising to find that our picture of the sun may have to
undergo a few revisions. Properly understood, all scientific knowledge
is tentative, and no answer is ever final. Still, there is every reason to
believe that we do know enough about the sun to regard its location, its
temperature, its chemical composition, and the source of its energy as
scientific facts.

Can we really consider the composition of the sun, which we have
never visited, as a scientific fact? A critic might point out that there is an
assumption woven into the heart of the scientific method. That assump-
tion goes by many names, but I propose we call it "scientific materialism."

Scientific materialism assumes that the objects and events of the nat-
ural world can be explained in terms of their material properties. When
Kirchoff found that sodium in the laboratory produced a dark line iden-
tical to one of the Fraunhofer lines in the solar spectrum, he instinc-
tively made use of that key assumption. If only one element can produce
that line on earth, he reasoned, then only that very same element could
produce it on the sun. By assuming that the laws of physics and chem-
istry are constant, Kirchoff and others extended the experimental reach
of science all the way to the sun, 93 million miles away.

It's true that scientific materialism makes a considerable leap of
faith. At its core is the belief that natural phenomena can be explained
by material causes. That belief, of course, could be challenged. If I
wanted to oppose the assumption of materialism, I might walk into a
meeting of solar physicists, for example, and claim that the sun does not
contain helium. Someone in the group would be likely to ask a simple
question: "How, then, do you explain the 587.6 nanometer emission
peak in the solar atmosphere?" My response: I do not have to explain
it! Light from the sun, I would claim, is a miracle. Supernatural forces
are responsible for that light, and such forces are beyond scientific
explanation. "You'd might as well admit," I would insist, "that my
explanation is just as good as yours. The only difference is that you pre-
tend to be objective when you are not. Your so-called scientific work
has a hidden, underlying bias in favor of scientific materialism. I have
no such bias. Indeed, I'm the one with a truly open mind, because I can
admit the possibility of the miraculous when you cannot."

Which is it? The miraculous or the material? In the case of the sun,
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the choice is obvious. Not only can Fraunhofer lines be duplicated in
the laboratory, but analysis of the solar spectrum led to the discovery of
an element in the sun long before its existence was ever suspected on the
earth. When helium turned up in our own neighborhood, the implicit
assumptions of scientific materialism were fulfilled. And the principal
elements that seem to be on the sun are exactly those that would be
expected if a long-term nuclear fusion process was taking place, the
reality of which can be demonstrated in spectacular fashion by ther-
monuclear weapons. Does the "miraculous" explanation match such
stirring persuasiveness?

Of course not. The statement that the workings of the sun are mirac-
ulous would place them beyond explanation, beyond investigation. If
what happens on the sun is a miracle, then there is no point in trying to
understand it. That line of reasoning is one of the things that has some-
times earned religion a bad reputation among scientists. If taken at face
value, the miraculous explanation would tell us that science is not
worth the trouble, that it will never yield the answers we seek, and that
nature will forever be beyond all human understanding. Sterile and
nonproductive in its consequences, the claim of miracle would put a lid
on curiosity, experimentation, and the human creative imagination.

By contrast, as in the case of the sun, the results of scientific materi-
alism merge into a tight and consistent web of theory and phenomena.
Fortunately, no serious person today would invoke the supernatural to
account for the warmth of the sun. The reason, of course, is that the sci-
entific, materialist explanation works. The sun may be unimaginably
distant, no indisputable sample of solar matter has ever been examined
in the laboratory, and no working scientific probe has ever transmitted
data from its surface. Yet it's still possible to figure out what's going on
in the star next door. Science at a distance is still scientific. And that's
exactly the point.

POP-Top SCIENCE

Does this apply to the distance of history too? If the scientific method
allows us to investigate the distant, does it also permit us to study the
ancient? The answer, of course, is yes, and in many respects a more enthu-
siastic yes. In one important way, our links to the past are stronger and
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more informative than our links to astronomical neighbors, because the
clues are more direct. The material of the past is still with us. If we know
where to look, we can literally dig up what the past has left us, and

examineit. That rule applies even if the past has left us nothing but garbage.
To choose a trivial example, consider the beer can. Some of my friends

might regard the canning of beer as one of the great achievements of West-
ern civilization. Whatever beer's virtues—and I believe they are consider-
able—one generally does not expect to see the beer can used in scientific
study.

Having grown up in the postwar baby boom generation, I still
remember the days when metal cans of beer and soft drinks were occa-
sionally shaped like bottles, complete with classic bottletops. These con-
tainers, before they went extinct in the late 1950s, coexisted alongside
more modern-looking cans with perfectly flat tops. Both types of cans
required an opener, creating a market for a cheap, bifunctional tool
with a bottle opener on one end and a can opener on the other. Genera-
tions will fondly remember the "church keys" they used to pop bottle
tops and puncture cans. Dedicated beer drinkers, to avoid agitating the
beverage as they poured it, would expertly puncture two holes in the
top of the can. One allowed the golden liquid to pour out, and the other
allowed air to flow in as the can was drained. Beer and soda vendors at
ball games, for example, often carried heavy-duty industrial church keys
that could punch both holes at the same time. This was a great system,
but it did require that you keep a church key around. What happened to
that ice-cold beer if you couldn't find the can opener? Nothing—unless
you were so desperate you were willing to puncture the can with a
screwdriver, a penknife, or even a rock.

Beverage manufacturers, ever eager to expand their sales by making
their products easier to use, realized that the church key system was an
impediment to consumption. In 1962, 8 they figured out a way to eliminate
that impediment by devising a can top that did not need an opener. The
"pop-top" can, as it was called, contained a premanufactured opening
covered by an aluminum pull tab. A family could now bring a six-pack of
soda on a picnic without worrying about whether or not they had also
packed an opener. The pull tabs were so small that people generally dis-
carded them on the spot, leading to a sudden littering of public places with
slivers of aluminum. In some places the problem was considered so serious
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that local governments engineered campaigns to convince thirsty citizens
that the only socially responsible thing to do with your pop-top was to
drop it right back into the can.

Pop-tops, as it turns out, were only an intermediate stage in can engi-
neering. In 1975, a new easy-open can was produced in which a metal
lever is activated to press down and bend a tab back into the can itself. It
opens easily, but now nothing breaks off from the can, and no litter is gen-
erated apart from the can itself. Although things have quieted down a bit
since then, refinement of the design continues. In 1993, several beer com-
panies introduced the "wide-mouth" can, designed to allow air to flow
back into the can in a way that allows beer to be poured more smoothly.
Less foam and easier to chug.

The saga of the beer can might be of little interest to science, except for
our propensity to throw them away. For decades, discarded beer and soft
drink cans made up a large and consistent fraction of municipal garbage.
That garbage was often buried in landfills or, in coastal regions, dumped
into shallow waters offshore. To archeologists, garbage is a gold mine of
information. Tight packing ensures good preservation, and the composi-
tion of well-preserved garbage can tell us what the people of a civilization
ate, drank, wore, and used in their daily lives. You do, of course, have to
be sure of what you are looking at before you can draw conclusions; and
believe it or not, that's where the beer can comes in. As offshore garbage
piles up, it is mixed in with other sediments and gradually buried deeper
and deeper with time. Municipalities often changed their dumping loca-
tions without leaving records, so one cannot be completely certain
whether a rich vein of garbage was dumped in 1968 or 1978. Until, that
is, the beer cans are checked.

It turns out that the presence (or absence) of removable pop-tops, ubiq-
uitous only in garbage discarded from 1962 through 1975, unambigu-
ously identifies a narrow era in the modern archeology of trash. Investiga-
tors can study that particular moment in time, grateful for every
beer-drinking couch potato who tossed his pop-tops in the can, time-
stamping his refuse for future generations of science. To be sure, the inele-
gance of a corps of students sifting through dredged-up garbage may not
fit our preconceptions of science, but it serves as a perfect model for how
to investigate the past. Exhume materials created or deposited at a partic-
ular point in history. Identify that point in time by using a verifiable test
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in this case, the pop-top test. Then base your analysis of history on exactly
what you find. The fact that we can analyze the materials of the past using
the tools of today means that the past, within limits', is reconstructable.
And the method of choice is scientific materialism.

Historians try to answer two classic questions: What happened in the
past? and How did it happen? This is also true for paleontologists, who
are our natural historians. Unlike beer cans, most living things do not
leave traces of their existence. Only a few are buried quickly enough to
escape the recycling processes of predators and decomposers, and these
few then undergo chemical changes that alter their composition. However,
living things are so numerous that those few that are left constitute a
wealth of fossils, remnants of partially preserved forms that tell us much
about the life of the past. And like a beer can, each fossil is a scientific fact
that can be used to reconstruct the ebb and flow of life over time. The past
is not only scientifically approachable, it is all around us, waiting to be dug
up, investigated, and explored.

LOOKING BACKWARDS

Against the backdrop of natural history, evolution is really a story of
logic extended backwards into time. We begin to reconstruct the story
by asking the first, and most important, question about the life of the
past—was it the same as life today? The answer to that question is an
unequivocal no. In an age of Jurassic Park and science fiction time
travel, most of us will take that answer for granted; but throughout
most of human history, our cultures and institutions were built on the
assumption that the earth is an unchanging place.

Our ancestors can certainly be forgiven for making that assumption.
There is a comforting certainty in the cycles of time, and as summer
returns year after year, a steady ebb and flow of species marks the passage
of each season. Seeing the regularity of birth, death, and migration, it
would be easy to conclude that such has been the pattern of life for all eter-
nity. But the seventy years that mark a human life span do not even
approach the time required to detect life's true pattern on this planet. To
find that, we have to look beneath our feet and read the record of the past.

I like to tell my students that if they wish to study the origin of evolution
as a scientific idea, they should not begin with the life of Charles Darwin.



32 FINDING DARWIN'S GOD

Rather, they should research another Englishman not generally considered
to be a biologist—James Watt, the inventor of the steam engine. Watt's
device helped to usher in the Industrial Revolution, but it also had a pow-
erful secondary effect on the study of natural history. For the first time,
hillsides were cut away by great machines mining coal and leveling for rail-
ways. The power of industry led to the first systematic, mechanized exca-
vation of the landscape, and in so doing exposed great volumes of earth
and rock to the eye of man. Suddenly, fossils, those once rare, lifelike
impressions of strange organisms, were everywhere to be found. And not
at all unlike that succession of beer cans buried in municipal waste, they
had a tale to tell. Thank you, James Watt!

We could recount this tale in any one of a number of ways. We could
begin with the ancients, and point out that fossils were described by
the likes of Herodotus, Plutarch, and Xenophanes. We could recount
explanations for these lifelike impressions of strange animals. Aristotle
explained fossils as being the result of shifting sea levels that had trapped
and preserved the shells and skeletons of small marine animals. Others
suggested that fossils simply grew out of nonliving rocks, mere accidents
of nature. Still others maintained that all fossils were the remains of organ-
isms that had perished in the Flood of Noah. That view, incidentally, held
sway despite the ingenious demonstrations of Leonardo da Vinci that fos-
sils had not been formed simultaneously. Or we could visit southwestern
England in 1794, watching a young man named William Smith supervis-
ing the construction of a ditch that was to become known as the Somerset
Canal.

Unlike the gentleman naturalists of the day, Smith was a person of
modest means from a family of farmers. His fortunes were lifted in the
great tide of ingenuity known as the Industrial Revolution. Born in
Churchill, England, in 1769, Smith learned the practical arts of map-
ping and surveying. His successes as an apprentice to well-known sur-
veyor Edward Webb were notable, and he soon found his civil engineer-
ing skills in great demand as roads and canals began to crisscross
Britain. At the age of twenty-five he was placed in charge of the massive
Somerset Canal project. Surveying the way of this canal was his princi-
pal task, but he quickly discovered that the early stages of construction
required careful attention to the location through which a canal would
be cut. Porous rock, which might drain the canal's water, would obvi-
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ously be a poor choice. Smith was forced to master practical geology on
the job, and master it he did.

The great cuts of earth required to build the Somerset Canal exposed
layer after layer of geological strata. Smith soon came to realize that
rock formations often appeared in a regular order, a pattern that might
allow him to predict from surface rocks whether a downward cut of fif-
teen or twenty feet would expose solid bedrock or the more porous for-
mations he hoped to avoid. Earlier geologists had also noticed such reg-
ular patterns, but local variations in rock composition and color had
made it impossible for them to generalize over distances of the sort that
Smith's project was to cover. Fortunately, he found another clue:

Each stratum contained organized fossils peculiar to itself, and might, in
cases otherwise doubtful, be recognised and discriminated from others
like it, but in a different part of the series, by examination of them.''

In other words, Smith learned that he could identify individual lay-
ers of rock by fossils unique to each layer. His notebooks show that he
seized upon this observation early in the Somerset project. On January
5, 1796, he wrote:

Fossils have long been studied as great curiosities, collected with great
pains, treasured with great care and at a great expense, and shown and
admired with as much pleasure as a child's hobby-horse is shown and
admired by himself and his playfellows, because it is pretty; and this has
been done by thousands who have never paid the least regard to that
wonderful order and regularity with which nature has disposed of these

singular productions, and assigned to each class its peculiar stratum."

Geologists will recognize in these words what they now call the prin-
ciple of "faunal succession," the idea that fossils are laid down in a pat-
tern that serves as an index to living history. When the Somerset Canal
was finished in 1799, Smith set out to produce a complete geologic map
of England and Wales, a work that was published in 1815 only with the
help of hundreds of subscribers. By that time, Smith's use of fossils to
trace geologic history had found wide application in France and Ger-
many, and the message was clear. In the most recent fossils, ones recov-
ered from the uppermost layers of sedimentary rocks, naturalists could
recognize organisms nearly identical to those of the present day. But as
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they went deeper, they found differences, some slight, some profound.
They even discovered the remains of organisms so unusual that they
clearly had long since vanished from the face of the earth. This fossil
record, for all of its imperfections, told an unmistakable story—life had
changed over time, changed dramatically.

The new technology of steam and steel may have ravaged the land-
scape in search of fuel and speedy transport, but it also opened the door
to our past.

THINKING THE UNTHINKABLE

Smith's insights on the fossil record led to the unavoidable conclusion
that some organisms had become extinct and new ones had appeared to
take their place. Such reasoning may seem pedestrian to us, but two
hundred years ago the very notion of extinction was unacceptable to
many. Some thought it blasphemous to suggest that any of God's crea-
tures could have failed the test of time by vanishing into extinction. No
less an authority than Thomas Jefferson believed that the Creator
would never have allowed one of his creatures to disappear forever. The
fossilized remains of unfamiliar organisms, Jefferson suggested, are sim-
ply those of creatures we have yet to discover in our explorations of the
planet. Jefferson's view was not compelling to those who had traveled
and collected more widely than he had.

In France, the great naturalist Georges Cuvier had already found a
way to settle the question, mixing exploration and analysis in a way that
set the standard for the new science of paleontology. Unlike Smith, Cuvier
was able to devote his full time and attention to natural philosophy. He
carried out detailed studies of elephant anatomy that showed, for the first
time, that Indian and African elephants were distinct and different
species. Then, using newly discovered fossil bones from Russia and
Europe, he showed that the woolly mammoth was itself a unique species,
different from any living organism, as was the American mastodon.

Cuvier went on to document scores of extinctions:

Numberless living beings have been the victims of these catastrophes.
... Their races have even become extinct, and have left no memorial of

them except some fragment which the naturalist can scarcely recog-
nize."
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So widespread were the losses of species that Cuvier came to describe
these great extinctions as "revolutions" in the history of life. He was such
an able anatomist, he cultivated the self-serving suggestion that he might
reconstruct an entire skeleton from just one bone. Yet Cuvier was at a loss
to explain how these great extinctions might fit into a connected pattern
of natural history, a narrative that might provide causes for the faunal suc-
cession that was so apparent in the fossil record.

Nowhere was this more obvious than in a brief controversy with his
colleague, Etienne Geoffroy Saint-Hilaire, on the unlikely issue of croco-
diles. In 1823, fossil specimens of what came to be known as the "croco-
dile of Caen" were shipped to Cuvier for examination. A year later, he
wrote up a report describing the bones as belonging to an extinct species
of gavial," a relative of the crocodile found today on the Indian subconti-
nent. Geoffroy, an anatomist of great skill, rexamined the bones, and
before long realized that Cuvier's verdict had been too hasty. Geoffroy's
more careful studies showed that the crocodile of Caen was so different
from all known crocodilians that it could be placed in a genus of its own,
and that is exactly what Geoffroy decided to do. He called it Teleosaurus,
a name it still carries today. A related fossil, likewise distinct from modern
forms, was given the name Steneosaurus. Although Cuvier would later
carry the day in a much more important debate on the nature of vertebrate
and invertebrate body plans, on this matter Geoffroy was one who got it
right.

Geoffroy's little triumph over Cuvier might be forgotten today except
for the fact that he also decided to inquire "concerning the degree of
probability that the teleosauruses and the steneosauruses, animals of
antediluvian ages, are the source of the crocodiles dispersed today in the
warm climates of the two continents." In other words, Geoffroy won-
dered whether or not these fossils might be the ancestors of present-day
species. He wrote:

It is not repugnant to reason, that is to physiological principles, that the
crocodiles of the present epoch could be descended through an uninter-
rupted succession from the antediluvian species."

The reasons for his speculation grew out of the very same anatom-
ical studies required to win his conflict with Cuvier. Having estab-
lished the unique characteristics of a variety of extinct forms, he was
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in a perfect position to appreciate the ways in which the subtleties of
their anatomies anticipated the adaptations of present-day forms. In
other words, the more he studied the uniqueness of the past, the more
he saw within its forms the roots of the present.

Having proposed the unthinkable—that one species might give rise
to another—Geoffroy realized that he had better come up with a mech-
anism to accomplish the transformation. On this score he was less suc-
cessful. Geoffroy struggled to find a way in which the environment
could shape and direct animal development. He worked on the assump-
tion that forces acting during embryonic development could produce
lasting changes in the form of an animal, and suggested that this might
be the way in which the crocodile of Caen had produced its distinctly
modern descendants. In so doing, he came remarkably close to describ-
ing what we would recognize today as evolution:

The external world is all-powerful in alteration of the form of organized
bodies ... these [modifications] are inherited, and they influence the rest
of the organization of the animal, because if these modifications lead to
injurious effects the animals which exhibit them perish and are replaced

by others of a somewhat different form, a form changed so as to be
adapted to the new environment.

Close—very close, in fact. But no cigar. The importance of natural
selection would be left for Darwin to discover. Despite Geoffroy's lack
of success in finding a mechanism to produce these "alterations," his
willingness to make the obvious connection between extinct and living
organisms changed forever the way in which fossils would be under-
stood. It was now possible to find the roots of the present in the unmis-
takable records of the past.

STEPS IN THE PARADE

It is often, but quite mistakenly, believed that Charles Darwin was the
first natural scientist to notice the pattern of evolutionary charge that is
etched into the solid record of historical geology. As we have just seen,
Smith, Cuvier, and Geoffroy, along with many others, had come to
appreciate the depth and power of that record of change long before
Darwin began to dabble in natural history. In other words, the story of
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change predates Darwin's theory of evolution. Evolution is partly the
story of how the present is linked to the past, the story of what hap-

pened. In this sense, evolution is history.
As with all histories, our knowledge of the biological past is incom-

plete. We can reconstruct, analyze, and discuss much of the historical
past with remarkable precision. Our understanding of U.S. history, for
example, gets better with each new document, artifact, and photograph
that is added to it; but the utter impossibility of knowing everything

that happened to everyone means that any history will never be com-
plete. The same is true for the history, the evolution, of life.

It is beyond the scope of this book to present anything close to a
complete account of the history of life. To do so, we would have to
trace the changing pattern of time throughout the classic geological ages
of the earth's past—Precambrian to Cambrian, Cambrian to Ordovi-
cian, Silurian, Devonian, Mississippian, and so forth, all the way to the
Quaternary period, which includes the present.

We could replay that history here, documenting the transformations,
the extinctions, and the appearances that characterize the history of life.
For good measure, we might just as well attempt to retell all of human
history, tracing the developments of all languages, civilizations, cul-
tures, inventions, and conquests.

Fortunately, as any sane historian would argue, you don't have to retell
all histories in order to get a sense of what history is really like. Whenever
new cultures and civilizations appear, as happens repeatedly in human his-
tory, we can find their roots in the immediate past. To some, the great
American civilization that sprung into dominance in the twentieth century
may seem to have seized the world stage out of nowhere, but students of
American history know better. They understand the unique conditions
that first infused this continent with a critical mixture of English law and
tradition. They would trace the transformation of that structured society
by the demands of a frontier that leveled the assumptions and obligations
of privilege. Ultimately, they would find the roots of today's American civ-
ilization in a score of European tribes, in the captured sons and daughters
of Africa, in waves of hopeful immigrants from Asia and the Americas,
and even in the surviving civilizations of the country's native inhabitants.
In short, they would find today's America, however new and novel, linked
historically to the pasts of dozens of other civilizations.
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What the history of this one remarkable nation tells us about history
in general is that we can understand the present only in terms of a
detailed study of the past. This idea—more important than we often
appreciate—is the basis for the systematic study of human history.

The same principle is at the heart of every study of the biological
past. Just as human history reveals a succession of languages, civiliza-
tions, and empires, natural history reveals a succession of living organ-
isms that are linked in a stunning pattern of relatedness.

Even an elementary chart (Figure 2.1) of the earliest appearances of
groups of organisms shows this pattern. Fossils containing the earliest evi-
dences of life appear in the Proterozoic ("before life") era, and many are
more than 3 billion years old. Fossils formed in this era contain clear
microscopic impressions of prokaryotic cells, cells that (like modern bac-
teria) do not have nuclei. For the next 3 billion years, most of the history
of life on earth, that's all there was. Then, about 1.5 billion years ago, the
first of a series of new microscopic fossils appear that have traces of what
may be nuclei within their cells. The eukaryotic cell, with genetic informa-
tion contained within the nucleus, had finally appeared.

Having taken almost 2 billion years to gain a nucleus, life took sev-
eral hundred million more to figure out how to become multicellular.
The first widespread experiments in this regard were a stunning series
of multicellular animals fossilized almost 700 million years ago into
rock that now is part of the Ediacaran Hills of Australia. These remark-
able organisms may or may not be directly related to animals alive
today, and paleontologists disagree as to whether the Ediacaran fauna
were actually dead ends or included the founding species of more suc-
cessful and enduring lines.

The next well-documented period, the Cambrian, clearly does contain
a number of organisms ancestral to the great phyla of modern animals.
From this point on, new groups of organisms appear in a pattern of his-
torical succession that is very well documented. Shellfish and corals, for
example, date to the Cambrian, more than 550 million years ago. The first
true fish appear in the Ordovician, about 480 million years ago. Amphib-
ians appear 380 million years ago, the first reptiles 40 million years later,
and the first true dinosaurs nearly 80 million years later in the Triassic.
The earliest true mammals show up around 210 million years ago; the first
birds appear late in the Jurassic, 155 millon years ago; and the last of the
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dinosaurs vanish by extinction at the end of the Cretaceous, 65 million
years ago.

Two important features of this familiar recounting of natural history
are crucial to understanding the power and scope of the fossil record.
The first is that the emergence of a major group is not the end but the
beginning of a new round of evolutionary change within that group.
Those early fish from the Ordovician, to take a well-preserved example,
were organisms covered with thick scales but lacking jaws or bones.
Primitive jaws appeared gradually over the next two geological periods,
produced by a gradual modification of the first two gill arches to pro-
duce a structure that could open and close the mouth at will—possibly
to improve respiratory efficiency. Still to come were improved jaws and
skeletons. Fish with true bones, which dominate the seas today, did not
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appear until the Devonian, nearly 100 million years after the emergence
of the first jawless fishes.

The second feature is the successive nature of the fossil species them-
selves. The first members of a major group, and we can take the earliest
amphibians as an example, are loaded with characteristics that betray
their ancestry. Though Acanthostega, from the late Devonian, is one of
the earliest true amphibians, its shoulder and forelimbs are unmistak-
ably fish-like and its skull is very similar to Devonian lobe-finned fish.
In 1991, researchers M. I. Coates and J. A. Clack discovered a stunning
testament to this early amphibian's origins—a fossil specimen of A can-
thostega in which internal gills were preserved. These investigators were
not reluctant to point out the importance of this feature: "Retention of
fish-like internal gills by a Devonian tetrapod blurs the traditional dis-
tinction between tetrapods and fishes."" Blurs it, indeed. Let me put it
another way: The first amphibians looked more like fish than any
amphibian species that would follow them in the next 380 million
years. That just has to mean something important, and it does."

If the appearance of amphibians with fish-like features was an iso-
lated event in the history of life, we might pay this detail little mind, but
that is not the case. The first reptiles to appear in the fossil record are
more amphibian-like than any reptiles to follow. The first mammals
have a set of reptilian characteristics so pronounced that they are com-
monly known as the reptile-like mammals. The first birds are so similar
to another group of reptiles that some paleontologists have formally
proposed that birds be classified as a subgroup of the dinosaurs.

Time after time, species after species, the greater our knowledge of
the earth's natural history, the greater the number of examples in which
the appearance of a new species can be linked directly to a similar
species preceeding it in time. These histories reveal a pattern of change,
a pattern that Darwin aptly called not "evolution," but "descent with
modification." Once this pattern becomes clear, and it can be found in
any part of the fossil record, the theme of life is equally clear.

PATTERNS IN PLACE AND TIME
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constrained to view natural history through a Darwinian lens, it should
be able to meet the test of place as well as the test of time. In other
words, if the multitude of fossil sequences really are linked by ancestor-
descendant relationships, we should be able to detect geographic pat-
terns as well as temporal ones in the fossil record. And we do.

Much of the scholarship on Darwin suggests that this fact dawned
on him slowly. Adrian Desmond and James Moore's biography of Dar-
win" describes a young naturalist who didn't quite realize the impor-
tance of the trove of fossil bones he had brought back from South
America. He was not keen enough to identify many of these specimens,
some of which were large enough that he might well have thought them
to be the bones of rhinos or mastodons. With the assistance of geologist
Charles Lyell, Darwin passed many of these specimens to the talented
and ambitious anatomist, Richard Owen. Owen's considerable skills
enabled him to establish the true identity of the specimens.

After a few weeks of study, Owen came back with a shocking con-
clusion for the young Darwin. The first fossil he investigated was the
skull of a hippo-sized organism that Owen named Toxodon (Figure
2.2). In Owen's view, the detailed anatomy of its skull showed that Tox-
odon, despite its great size, was a rodent.

Darwin and Owen may have assumed it was related to the capybara,
the largest rodent alive today.' As Owen's work continued, he identified
a slew of organisms from Darwin's trove. They included giant llamas,
predatory cats, and rabbit-like marsupials. One of his prize specimens
was a huge, cow-sized armored mammal given the name Glyptodon
(Figure 2.3) Despite its mass, its skeletal similarities to a modern Amer-
ican mammal, the armadillo, were unmistakable.

The importance of these findings escaped neither Darwin nor his men-
tor, Lyell. South America had proven to contain a fauna that was strikingly
unique, boasting animals found nowhere else on earth. To drive the point
home, South America also contained a fossil record packed with those ani-
mals' closest anatomical relatives. Why, one might ask, should such a
unique set of animals be found in exactly the same place as their closest
fossil relatives? There could be just one answer—a process of descent with
modification linked the present to the past. If the armadillo, to take just
one example, was a species that had been created ex nihilo, why was it
found in the exact same spot on the globe as the fossil species most similar
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Figure 2.2. Skull and an artist's reconstruction of Toxodon, one of the fossil
prizes from Darwin's trips to the South American mainland.

Figure 2.3. Glyptodon, a huge armored mammal related to the modern
armadillo. The striking similarities observed by Darwin between South Amer-
ica's ancient and modern fauna suggested an ancestor-descendent relationship
between past and present.

to it? The answer, of course, is that the armadillo was found only in the
New World because it had evolved there from its ancient ancestors.

Exactly the same considerations can be applied to the fossil animals
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of North America, Eurasia, Africa, and especially Australia. In each and
every case, the pattern of temporal succession of the fossil record is
linked to a matching pattern of geographical succession. The geograph-
ically unique species of today are linked in time to the unique species of
the past. The bottom line is that descent with modification, which most
of us prefer to call evolution, really happened.

CHANGE IN DETAIL

If evolution is what happened in the past, the next logical question to
consider is how it happened. Many of his critics have written that Dar-
win was vague on the mechanism of evolution, and that despite the title
of his great work, he had little to say on the actual process by which
species originate. I disagree.

Darwin not only addressed the formation of new species in On the

Origin of Species, he made speciation a focal point of his arguments.
So that the reader could be sure what he had in mind, Darwin went

to the great trouble of drafting a single figure to include in his book,
illustrating the divergence of species over time (Figure 2.4).22

As he wrote in the summary to his fourth chapter, the range of vari-
ety observed within a species is already enough to get the process going:

Thus the small differences distinguishing varieties of the same species,
steadily tend to increase, till they equal the greater differences between
species of the same genus, or even of distinct genera."

It's only fair to put Darwin's account of evolutionary change to the sim-
ple test of observation. Do we see evidence in the fossil record for the kind
of change he sketched in his diagram? And can we see evidence of species
today that sit at the branching-points he considered critical to the origins
of new species? The answer to each question is an unequivocal yes.

The fossil record first. As Darwin himself observed, the fossil record is
terribly incomplete. Preservation is haphazard, and is strongly skewed in
favor of marine organisms. The art of finding anything is the art of know-
ing where to look. In the century and a half following Darwin, paleontol-
ogy has found plenty of good places to look. Here I present two examples
of speciation, one chosen because the record is almost complete, the other
because it's a particularly interesting species.
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Figure 2.4. Darwin's diagram showing the "Divergence of Taxa" from On the
Origin of Species. According to Darwin, "A" to "L" represent the "species of
a genus large in its own country." Taking species A as an example, the "fan of
diverging dotted lines of unequal lengths proceeding from (A), may represent
its varying offspring." When "a dotted line reaches one of the horizontal
lines," enough variation has accumulated that distinct varieties have formed.
After "ten thousand generations, species (A) is supposed to have produced
three forms, al0, f10, and m10," each of which may now be distinct enough
to be considered separate species or subspecies. This drawing, the only illustra-
tion included in The Origin, shows speciation as well as extinction, evolution-
ary stasis, and the uneven pace of evolutionary change.

Rhizosolenia is a genus of diatoms, single-celled photosynthetic organ-
isms that produce intricate and distinctive silicate cell walls. When their
owners die, these glass-like walls fall to the ocean floor and produce a sed-
iment so dense that it can be mined as diatomaceous earth (and used as a
filtering matrix for swimming pools). Two distinct species, Rhizosolenia

praebergonii and Rhizosolenia bergonii, are known from sediments dating
to 1.7 million years ago. If we trace these species backwards in time, we
gather data (Figure 2.5) that duplicate, with uncanny precision, Darwin's
drawing of speciation.
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Beginning at 3.3 million years before the present, we can see the
increasing range of diversity of the ancestral species, leading to a broaden-
ing at 2.9 million years that splits into two distinct lineages in less than
200,000 years. The continuous deposition of diatom shells has provided a
complete record covering nearly 2 million years. Thomas Cronin and Cyn-
thia Schneider, who reported this study, were lucky enough to find a spe-
ciation event right in the middle of their data.'

Most paleontologists are not lucky enough to find an abundance of
well-preserved fossils exactly straddling both sides of the time point
when a new species was formed, but the same pattern seems to exist
even where the fossil evidence is not as abundant.

Figure 2.5. In those rare cases where a nearly complete fossil record is avail-
able, as with the diatom Rhizosolenia, Darwin's ideas on the divergence of
species match empirical data remarkably well. The split of a single species into
two (R. praebergonii and R. bergonii) is shown as a function of the hyaline
(glass-like) area of the cell wall. The speciation event is first detectable at 3.05
million years before present, and is complete within 200,000 years.

Figure 2.5 is adapted, with permission, from Thomas M. Cronin and Cyn-
thia E. Schneider's "Climatic Influences on Species: Evidence from the Fossil
Record," Trends in Evolutionary Biology and Ecology 5 (1990): 275-279.
The original data shown in the figure were from D. Lazarus, Paleobiology 12
(1986): 175-189.
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Take as a case in point a certain type of mammal believed to have
originated in Africa during the past few million years. The fact that we
are looking in the recent past is in our favor, but this particular group of
organisms lived on land, sometimes in trees, and therefore rarely died in
a way that would leave fossils. Since we are really interested in these
organisms, we press ahead with what we have.

After decades of work, we can take one of this organism's most dis-
tinctive physical characteristics—the size of the most anterior region of
its nervous system—and graph it over time in the same way in which we
plotted the height of a portion of the Rhizosolenia cell wall. Figure 2.6

shows the result.
An ancestral species dating back to 3 million years before present has a

brain size of somewhat less than 400 cubic centimeters. The discovery of
many individual specimens shows that this species persisted until some-

Figure 2.6. Another representative case of species divergence as documented in
the fossil record. Although the fossil record here is not nearly as complete as
that of Rhizosolenia, the same pattern prevails. This figure documents the evo-
lution of our own species, Homo sapiens, and the feature sizes plotted as
against time before present are the cranial capacities of individual fossils in
cubic centimeters (cc). Fossils with cranial capacities of less than 600 cc are
generally placed in the genus Australopithecus, and those greater than 600 cc
are placed in our own genus, Homo."

Redrawn from a figure included in Dean Faulk's article "Hominid Brain
Evolution: Looks Can Be Deceiving," in Science 280 (1998): 1714.
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where between 1 and 1.5 million years ago. About 2 million years ago,
however, the diversity of the population spread so widely that the species
split in two, giving rise to a new, but closely related, species. In this new
branch, brain size increased smoothly from 650 cc to 1,500 cc over 2 mil-
lion years. Briefly, as the two lines split, the two species coexisted much
like R. praebergonii and R. bergonii. Before long, the ancestral line van-
ished, and only the larger-brained lineage continued to the present day.

The data in this figure represent the evolution of our own species
from Australopithecus. For all the fuss and concern that surround the
idea of human evolution, the detailed fossil evidence of our ancestry is
remarkably powerful. The origins of our species fit Darwin's sketch just
as surely as do the origins of diatoms. The record of change fits the pat-
tern predicted by evolution, and evolution produced us, too.

Can we find, in the present-day world around us, species whose vari-
ability and distribution match the branch-points of Darwinian specia-
tion? Once again, the answer is yes.

The herring gull (Larus argenatus) and the lesser black-backed gull
(Larus fuscus) are both found in northern Europe, and they meet the usual
tests of distinct species. The birds are distinctive in color, have different
markings on their legs, nest in different sites, and do not interbreed. Even
an amateur bird-watcher has no trouble telling the two apart. If we move
to North America, where only the herring gull is found, and then begin to
travel westward along the polar latitudes, something strange begins to
happen. As we go farther west, from Alaska to Siberia, to northern
Europe, the coloration of the herring gull changes. It gets darker and
darker, until at a point in central Siberia it becomes so dark that it can be
classified as the black-backed gull.

These birds are just one well-known example of what is called a
"ring species," a group of organisms whose extremes of variations eas-
ily meet the test of distinct species, but whose extremes are linked by
intermediates. All that would be needed to complete the split into two
species would be the extinction or isolation of those intermediates. And
that could happen as a result of climate change, predation, disease, or
natural catastrophe.

Closer to home is a spectacular ring of salamander species (or incipient
species) that surrounds the Central Valley of California. David Wake of
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the University of California has described as many as seven distinct vari-
eties that make up this ring, each different enough from its neighbors to
merit distinction as a separate species. Comes the next earthquake, brush-
fire, or freeway project, that is exactly what is likely to happen. Evolution,
like life itself (and like highway construction), continues.

EVOLUTION AS A CREATIVE FORCE

However detailed the fossil record becomes—and scarcely a month has
gone by in the last few years without an important discovery to make
that record more complete—there will always be those who argue that
the historical record of life is not really the point. The issue, they might
say, is the mechanism that drives that process of change. Evolution's
opponents would argue that the Darwinian mechanism of variation and
natural selection is not sufficient to produce the novel structures and
new morphologies that appear, even over millions of years, in the nat-
ural history of life.

This is a point that I will return to in the pages ahead when we con-
sider whether or not evolutionary mechanisms are capable of producing
the biochemical complexity of the cell. For now, let's answer the argu-
ment in the simplest way possible. What can evolution do?

Even the opponents of evolution agree that natural selection is a gen-
uine force in shaping the characteristics of organisms, generation after
generation. Favorable variations increase the likelihood of success in the
struggle for existence, and therefore natural selection automatically
chooses those characteristics best suited for survival and weeds out those
that are least helpful. So far so good, evolution's critics would say, for the
ability of selection to choose from existing variation, but it is the source of
new variation that falls short. For Darwin's mechanism to work, to pro-
duce evolutionary novelty and long-term biological change, new variation
must arise constantly in the form of genes that change the nature and
improve the fitness of organisms, from grapefruits to wombats. This, they
say, is impossible.

As a researcher in the field of cell biology, I have to admit that my first
reaction to such claims has always been puzzlement. Living things, after
all, are constructed by the execution of a series of genetic messages
encoded in DNA. Genes, the functional units of that genetic program, gen-
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erally encode proteins, which are the workhorses of the cell. As our explo-
ration of the genomes of humans and other organisms expands, it becomes
clear that those proteins can do just about everything required to produce
an organism—the types of proteins produced in an embryo determine the
location of its head and tail, its right and left. They determine which cells
will produce an eye, and which will grow into a limb. If proteins can do all
of this, then mutations, spontaneous changes in the genes that encode
these proteins, can change each and every one of these characteristics.
Mutations are a continuing and inexhaustable source of variation, and
they provide the raw material that is shaped by natural selection. Since
mutations can duplicate, delete, invert, and rewrite any part of the genetic
system in any organism, they can produce any change that evolution has
documented.

The opponents of evolution never deny that mutations produce vari-
ation, but they do argue that mutations, being unpredictable in their
effects and random in their occurrence, cannot produce beneficial
improvements for natural selection to work upon. In short, mutations
just mess things up.

As an experimental biologist, I am inclined to look for an empirical
test. Can we place an organism in a situation where its ability to gener-
ate random beneficial mutations will be tested? The answer is yes, and
we do exactly this every day. The results of such tests have been known
for years; and yes, evolution can generate lots of beneficial mutations—
so many, in fact, that we can say that the evolutionary mechanism is not
only real, but a downright nuisance.

In the 1940s, physicians were given a dramatic new weapon in their
fight against bacterial infection—the antibiotic penicillin. Penicillin kills
bacteria in a particularly sneaky way. Most bacteria are surrounded by
a tough cell wall that protects them from swelling as water tries to dif-
fuse across their cell membranes." As they grow, bacteria must expand
and remodel that cell wall, which they do gradually by making micro-
scopic openings in the wall, adding strand after strand of microscopic
fibers, then cross-linking those fibers to cement the new wall together.

Penicillin inhibits the enzyme that does the cross-linking. As a result,
when Staphylococcus or Streptococcus bacteria grow in the presence of
penicillin, they produce cell walls that are dramatically weakened by the
absence of new cross-links. When they reach a certain point, the pressure
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caused by the inward movement of water becomes more than the
shoddy wall can stand. The wall breaks, the bacterium expands like a
balloon, and bursts. Score one for modern medicine.

But bacteria are able to fight back. The result of flooding hospital
wards and animal feedlots with penicillin and similar compounds has been
the emergence of bacteria strains that are partially or totally resistant to
antibiotics. Score one for the bad guys. In fact, the emergence of drug resis-
tance has been a major factor in the spread of a variety of diseases, espe-
cially tuberculosis. The culprit is evolution. By creating conditions under
which only resistant bacteria will survive, we have produced a new kind of
natural selection in which mutations that confer antibiotic resistance are
beneficial to the bacterium. The result is unavoidable, given the millions of
genetic duplications that occur in a bacterial population in just a few days.
Sooner or later, the "right" mutation shows up, and it causes the individ-
ual bacteria that possess it to prosper at our expense.

Similar problems crop up whenever we try to control another species
with chemical means, as farmers dependent upon pesticides can readily
confirm. The opponents of evolution sometimes complain that resis-
tance genes for these compounds already exist in the population. They
contend that these examples show how resistance can be selected for,
not how it is produced in the first place. If that were the case, perma-
nent victory over such organisms could be achieved by engineering a
synthetic compound that had never before appeared in nature. Since
there could be no preexisting resistance to such a brand-new, manufac-
tured compound, evolution, in their view, could never produce resis-
tance to it. Many medical scientists might wish that this were the case.

Unfortunately, it is not. In 1996, a new class of drugs, produced by just
such a process, were specifically engineered to block HIV-protease, one of
the key enzymes used by the virus that causes AIDS. Compounds unlike
any found in nature were engineered to fit precisely into a crevice in this
protein enzyme, to block its activity. HIV-infected people treated with
these new protease inhibitors showed dramatic improvements. The drugs
blocked viral replication and delayed the onset of symptoms so effectively
that AIDS-related hospitalizations dropped dramatically. A new age of
therapy seemed to be dawning.

However, evolution enabled HIV to strike back. The virus has a very
high mutation rate, owing to the sloppy work done by the reverse tran-



EDEN'S CHILDREN 51

scriptase enzyme it uses to copy its genetic material. During the course of
long months and years of treatment, mutations in the HIV-protease gene
appeared in the very bodies of people using the drugs. Gradually the effec-
tiveness of the drugs waned, owing to the emergence of new, drug-resistant
varieties of the virus. Why were these viruses drug-resistant? Because they
had undergone mutations that remodeled their proteases, enabling them
to do their work without allowing the protease inhibitors to block them.
In short, that random, undirected process of mutation had produced the
"right" kind of variation for natural selection to act upon, even within the
body of one individual. Evolution may have made us, but that does not
mean that it is always our friend. It made the bad guys, too.

EVOLUTION AS A TOOL

I believe that one of the things that bothers people most about evolution
is the simplicity of its three-part mechanism. Mutation, variation, and
natural selection. Is that really all there is to it? "Well, yes," is the
proper answer, followed by a very quick disclaimer. "There's a lot more
to that mechanism than meets the eye." A lot more.

A news report in Science magazine a few years ago hinted at the sur-
prising power of this modest mechanism. A reporter interviewing Gregory
Petsko of Brandeis University recounted the trouble Petsko's lab had
encountered in trying to get a bacterium's genetic machinery to increase
the output of a particular protein. "We went to a lot of trouble," he said,
without getting good yields. But then a chance event in just one cell (out of
millions) produced exactly the variation they needed. The cell "took our
gene and moved it thousands of bases away from where we had it. The
bug just did that by itself ... it was totally random."' That is exactly the
kind of randomness that evolution harnesses so brilliantly.

One of the best ways to demonstrate this would be to use evolution.
If random mutation is such a powerful source of creative variation, why
couldn't we design things that way? We can. The trick is to mimic the
way in which living organisms execute those three steps: First, generate
variation in a code. Next, find a way for that variation to express itself
by performing a task or producing a measurable property. This is essen-
tially what a gene does when it encodes a protein. And finally, use selec-
tion to identify the variants that do the very best job of performing that
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task. If the mechanism is real, we ought to be able to move quickly from
random codes to functional and effective ones.

This exact technique has now become a powerful tool in molecular
design. In 1994, Willem Stemmer of the biotech firm Affymax sought to
"evolve" a new strain of bacterium resistant to an antibiotic known as
cefotaxime. 28 He started with a copy of the gene for B-lactamase, an
enzyme that breaks down some antibiotics but is not much use against
cefotaxime. He mutated the gene (randomly), selected for resistance
against cefotaxime in bacteria carrying the mutated genes (there was a
little), and then did something very clever. He chopped a copy of the
moderately successful mutant gene into small pieces, then allowed them
to combine randomly into new sequences that were reinserted into new
cells. This randomized swapping of bits and pieces of genes is remark-
ably close to the kind of gene shuffling that takes place during sexual
reproduction, and it was just as effective. In just three rounds of shuf-
fling and selection, he produced mutant proteins that were 32,000 times
as effective against cefotaxime as the original protein had been.

The key to Stemmer's dramatic success, as he noted, was his ability
to mimic an underappreciated part of the evolutionary mechanism—its
ability to shuffle and recombine genes and gene sequences during sexual
reproduction. The mechanism of mutation is far more dynamic than is
generally believed, and his dramatic demonstration of rapid evolution
gave a hint of just how creative mutation can be.

This is but one example of how specific molecules can be designed by
harnessing evolution. In 1998, Adam Roth and Ronald Breaker of Yale'
used similar techniques to produce a powerful enzyme in the laboratory
that was unlike anything in nature. Using random DNA sequences
attached to the amino acid histidine, they employed eleven rounds of
mutation and selection to find a powerful and efficient DNA enzyme that
would cut RNA. No DNA enzymes are known in nature, and therefore no
biochemist or molecular biologist would have been capable of designing
such an enzyme from scratch. With the tools of evolution carefully put to
work, they had their RNA-cutter in just a couple of days.

The evolution-in-a-test-tube techniques used by Stemmer, Roth, and
Breaker have been used by scores of laboratories around the world, and
there is no doubting their effectiveness. In fact, a major movement in com-
puter science is now trying to design "Darwin chips" that will use these
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very same principles to "grow" circuitry that will solve analytical prob-
lems with greater efficiency and speed than human-designed circuitry.
Evolution works, and it emerges as a powerful creative force that shapes
the natural world, and can even be put to work in the service of human
industry.

LEAVING THE GARDEN

At the beginning of this chapter, I made it clear that religious belief does
not require the detection of flaws or inadequacies in evolution. This
may not be a radical idea, but it is a far from common one. Indeed,
more than once, when a religious acquaintance has discovered that I am
a biologist and found it necessary to say something about the great,
looming shadow of Darwinism, they have chosen what they obviously
hoped would be a diplomatic line of retreat: "Well, you probably realize
better than anyone that evolution is just a theory. Right?"

Evolution isn't just a theory. We actually use the English term "evo-
lution" in two different ways, and it might not be a bad idea if distinctly
different words were coined for those two meanings—history and
mechanism—so we'd always get them exactly right.

The first meaning of evolution is history, specifically a living natural
history in which the roots of the present are found in the past. The
process of evolution, in this sense, describes a natural history shaped by
descent with modification. It means that the past was characterized by a
process in which present-day species can be traced back to similar, but
distinctly different, ancestors. And it means that as we move backwards
in time, as we pick up more of the bits and pieces of that historical
record, we find a diversity of life that is increasingly different from the
life we know and see today. This is, of course, an absolutely accurate
description of what we know of life's past on this planet.

In this respect, evolution is as much a fact as anything we know in
science. It is a fact that we humans did not appear suddenly on this
planet, de novo creations without ancestors, and it is a fact that the
threads of ancestry are clear for us and for hundreds of other species
and groups. It's true that the historical record is incomplete, subject to
interpretation and open to revision, especially in the light of new dis-
coveries. We cannot be sure what forms these discoveries might take,
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and we cannot be sure which of the many threads from present to past
have errors or misinterpretations that will some day be corrected. On
the issue of whether such threads exist at all, we can be definitive. They
do, and that's the point. Evolution is a fact.

What about the second meaning of evolution, as a theory? Darwin's
great contribution, as I have emphasized, was not the recognition of
evolution as a historical process. Rather, it was his description of a
mechanism that could drive evolutionary change. Evolutionary theory
is a set of explanations that seeks to account for how that change hap-
pened. Evolutionary theory weighs the relative contributions of muta-
tion, variation, and natural seclection, and tries to understand how the
interlocking actions of heredity, sex, chance, environment, cooperation,
and competition drive the fine details of descent with modification.

Evolutionary theory is a vigorous and contentious field, just as a
healthy science should be. Scientific meetings on the subject are filled with
argument and disagreement, and that's a good thing. Intellectual conflict,
even on a personal level, is good for science because it motivates individ-
ual scientists to test their ideas and those of their competitors in the cru-
cibles of experiment and observation. In this respect, evolution meaning
the detailed mechanism of change is theory, but theory in this context does
not mean a haphazard guess or a hunch. Evolutionary theory is not a guess
about the nature of life any more than atomic theory is a guess about the
nature of matter, or germ theory is pure speculation on the nature of dis-
ease. Evolutionary theory is a well-defined, consistent, and productive set
of explanations for how evolutionary change takes place.

Evolution is both a fact and a theory. It is a fact that evolutionary
change took place. And evolution is also a theory that seeks to explain
the detailed mechanism behind that change.

It would be nice to pretend, as many of my scientific friends do, that
the study of evolution can be carried out without having any effect on
religion. In their own way, they might envy other scientific fields—say,
organic chemistry or oceanography—that seem to barrel ahead at full
speed without ever being cast into the arena to grapple with the
Almighty. However one might hope that to be the case, and much of the
scientific establishment surely wishes it were, the clash between evolu-
tion and religion is not about to go away anytime soon.

The heart of the matter is that evolution is, by definition, a story of ori-



EDEN'S CHILDREN 55

gins. This means, however powerful its scientific support, it really does
supersede another creation story—in particular, the creation story at the
very core of the Judeo-Christian narrative. The conflict between these two
versions of our history is real, and I do not doubt for a second that it needs
to be addressed. What I do not believe is that the conflict is unresolvable.

The imagination of an age is shaped by its experiences. And these in
turn are colored by its knowledge and understanding of the natural
world. For thousands of years, humankind thought itself the focus of
the universe, watching the sun and moon revolve around a human cen-
ter, and picturing the stars as decoration on a distant ceiling of the
nighttime sky. This view was confirmed by a story of origins detailing
our species and all others brought abruptly into existence by the direct
action of the Creator. The great legacy of the scientific age is the under-
standing that neither of these stories is scientifically correct.

Religious people have long since adjusted their views of the celestial
universe to include the realization that we inhabit a small planet that
moves around a smaller-than-average star, occupying a peripheral position
on a nondescript galaxy in the vastness of space. In retrospect it's difficult
even to imagine why this view of the cosmos should ever have been viewed
as a threat to religion, but so it was. How can we understand this historic
hostility to something that we now regard as commonplace?

The answer is not found in religion itself, but in the customs, traditions,
and even the social views of the age. By any definition, the idea of God is
something that surpasses human understanding. Each age does its best to
construct an image of His presence in the universe according to words and
images that fit the imagination of the times. For a dozen centuries, the
medieval view of God as Lord of the great manor—with his home literally
in the sky—was particularly easy for the people of Europe to grasp. As
teachers come to appreciate, it is perilously easy to confuse metaphor with
reality, to forget that the image we fix in our minds to help understand a
difficult concept is not the concept itself.'

When this view of the heavens was disturbed by the new technology
of astronomy, it was all too easy to take the observations of Copernicus
and Galileo as threats to the very idea of God. Four centuries later, the-
ologians find themselves regarding a greater and grander God whose
domain was enhanced, not diminished by the discoveries of science.

The concept of a God whose prodigious power was concentrated
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into a few spectacular days of ecosystem-building was easy to grasp.
The view of God as maker and master of Eden has an enduring appeal,
and served well to crystallize the relationship between Creator and cre-
ated, especially for the first forty-eight of the fifty centuries following
the Book of Genesis. The personal and physical presence of God in the
Eden of Genesis was a source of comfort to those who sought to under-
stand the complexity and the beauty of the living world, the diversity of
which remained a mystery to even the most careful observer for most of
human history.

In the last two centuries, things have changed. Biology has developed
from a purely descriptive science into a constructive one, and we now
understand the genuine source of life's diversity. We also have lengthened
our view to see that the story of life includes a grand, even heroic past, a
record of change and struggle, of failure and triumph. As we add to the
growing richness of life's documentary record, we can be justifiably proud,
not just of the fact that we—along with every other living thing on the
planet—are among life's winners, but especially of the fact that we are the
very first creatures in 35 million centuries to become aware of the magnif-
icence of our legacy.

It is high time that we grew up and left the Garden. We are indeed
Eden's children, yet it is time to place Genesis alongside the geocentric
myth in the basket of stories that once, in a world of intellectual naivete,
made helpful sense. As we walk through the gates, aware of the dazzling
richness of the genuine biological world, there might even be a smile on the
Creator's face—that at long last His creatures have learned enough to
understand His world as it truly is.
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GOD THE CHARLATAN

When God and science come together, common wisdom is that some-
thing has to give. For most people, that something is not the whole of
science, but rather the troubling subset of biology called evolution. The
power and utility of modern science is far too appealing for most reli-
gious people to discard it altogether, but evolution is different. It claims
to have discovered a material, mechanistic reason for our existence. It
says that we are here as the result of natural processes, the very same
natural processes that we see operating in the world around us all the
time. And there's the problem.

According to one line of thinking, unless we show that purely natural
processes are incapable of producing living things like us, we have
excluded the Creator from any effective role in His creation. So, we'd bet-
ter find a way to explain why those natural processes are not sufficient.

At least in part, this viewpoint may come from our particular con-
ception of the natural world. Western religions do not attribute intelli-
gence, purpose, or intention to the wind or the seas or the snow. In our
intellectual tradition, to see such consciousness in nature would be
manifestly pagan and maybe even anti-Christian. The Western vision of
the material world is distinctly impersonal and produces a profound
sense of division between man and nature.

Traditionally we look to an intelligence that transcends nature to give
life meaning. That intelligence is God. A perfect example of this viewpoint
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was articulated by author and political commentator William F. Buckley in
his opening statement at a debate on evolution held in December of 1997
on his Public Broadcasting television show, Firing Line:

How much science do we need to master to qualify as reasonably to
affirm that there has to be a reason for you and me and the world we
live in—a reason other than raw nature driven by—driven by what?'

To Buckley, and to many others, "raw nature," which is exactly
what evolution represents, just cannot be enough. Something is needed
to drive nature, to provide the direction and meaning that we sense in
life. Stating it simply, we'd better find something else out there, or we're
in trouble.

If I had any doubts about the allure of this viewpoint, they came to
an end many years ago in a brief conversation at the entry desk of my
university's library. At the urging of students, I had just agreed to
enter a debate against Henry Morris, the founder and president of a
California-based group known as the Institute for Creation Research
(ICR). Actions of the legislatures of several states had placed the so-
called evolution-creation controversy into the national news. The
upcoming debate on our campus was being vigorously publicized with
posters, one of which was taped to the desk right at the entrance to
the library.

I had been at Brown for only a few months, but was already a famil-
iar face at the science library. The attendant gestured at the poster to
ask if I was going. "You bet," I said with some enthusiasm, not letting
on that I was going to be one of the principals. "Well," he said, drawing
back in his chair to affect an air of wisdom earned for being many years
my senior, "I don't know about this evolution stuff. But I do like to
think that we were put here for a reason, don't you?" How could I pos-
sibly argue with that? I gave him a nod and went on my way, preparing
to do my best to demolish the very idea that he held so close.

His prime objection to evolution, as he had made perfectly clear, did
not derive from a careful analysis of the scientific evidence, pro and
con. It came instead from a deep emotional commitment to the idea
that nature alone could not be the source of human nature. At its core,
evolution threatens the sense of specialness we enjoy in a world where
we have come to view ourselves as the centerpiece of creation. Its oppo-
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site number, opposite creation, is an attractive, appealing, and powerful
view. It is also demonstrably, completely, and even tragically wrong.

ALL THE WRONG PLACES

If we accept, a priori, the view that natural processes cannot be suffi-
cient to account for our presence in the world, we've got some serious
decision-making to do.

We could, for example, allow that evolution might have produced
every species except for us. Even the staunchest opponents of evolution
do not take this position, and for very good reason. We humans are liv-
ing creatures and share nearly every aspect of our biological existence
with other living things. A human muscle, nerve, or bone cell is not par-
ticularly different from a cell taken from the same tissue of another
mammal. Our genetic instructions are encoded in the same language of
DNA, and human genes transplanted into other animals, bacteria, and
even plants function perfectly. These sweeping similarities would make
it silly to pretend that evolution could produce any species except for
Homo sapiens. There just isn't enough about us that is biologically dif-
ferent from other animals to say that evolution applies to them, but not
to us.

We have to find another place to draw the line.
We could, if we were especially cautious, draw that line in a way

that includes as much science as possible. We might, for example,
accept the general picture that historical geology has given us for the
age of the earth. That would put us at peace with the physical sciences.
We might further agree to the general validity of the fossil record and its
sweeping pattern of descent with modification. That would keep the
paleontologists off our backs, and save us from repeated attack as new
discoveries flesh out further detail in evolutionary history. But we
would still have to find at least one essential event in the history of life
to stand outside these natural processes—one thing that must have been
done by the Creator. And ideally, we'd make this an event so tiny and so
distant in the past history of life that no historical record of how it actu-
ally occurred could ever be found. We could, following this strategy,
argue that evolution cannot account for the biochemical machinery of
the living cell. That's where we could claim that a designer is required,
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and that's how we would protect our worldview against the ravages of
evolution. Such is the viewpoint espoused by Michael Behe and others
who hold up the lofty banner of "intelligent design." It's a viewpoint we
will dissect in Chapter 5, "God the Mechanic."

If we were a bit bolder, we might draw the line to include a little less
of science. We could take a stance that would neutralize the historical
record of change that is at the heart of an evolutionary account of life's
history. If we were successful on this score, we would deprive evolution
of one of its greatest strengths—the fossil record. That record is a pow-
erful tool in the hands of evolutionists, because it documents how evo-
lution actually took place. If we were able to establish that it shows no
such thing, we just might kick the foundations out from under Darwin's
temple. We could do this by showing that natural processes cannot pro-
duce evolutionary change, and therefore the pattern of succession so
apparent in the record must come from somewhere or someone else.
And you know who that someone might be! This is the strategy taken
by Phillip Johnson and his associates, and we will examine its implica-
tions in Chapter 4, "God the Magician."

Or we might adopt a more direct and more spectacular strategy. We
could reject everything that appears to support evolution in even the
slightest respect. That strategy is the topic of this chapter.

Such is the road traveled by my debate opponent of many years ago,
Henry Morris, and his colleagues at the ICR. They have plenty of com-
pany, of course, in other institutes, organizations, and publishers around
the world. Of all the attacks against evolution, theirs is the boldest and
most consistent, rejecting out of hand anything and everything that seems
to support evolutionary biology. Among the anti-evolution crowd, the
ICR and their allies are known as "YECs"—young-earth creationists—a
name that indicates how thoroughly they have departed from the scientific
mainstream. They believe that the earth is young—no older than 10,000
years—and they are prepared to defend that belief.

Why is it so important to believe in a young earth? Fitting the
chronology described in a literal reading of the Bible 2 is only part of the
reason. The larger goal is to invalidate the mountains of historical evi-
dence that evolution took place. Therein lies the appeal of this line of
attack, for if the earth really is only a few thousand years old, then the
fossil record is a meaningless illusion.
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To say the least, there are problems with this view. As I have empha-
sized, what impresses one most about the fossil record is its sequential
character. Why, you might ask, do the geological ages contain so many
apparent evolutionary sequences if evolution never took place? The
YECs have an answer. It was all caused—accidentally—by the Flood of
Noah. This is the theme of Genesis Flood,' a 1961 book by Morris and
John Whitcomb that remains a classic among young-earth creationists.

The book's primary thesis is that the appearance of evolution in the
fossil record is an accidental artifact of sedimentation. When a great flood
destroyed most of the life on planet earth, say the YECs, those living things
that could not escape to higher ground wound up near the bottom of the
sediment. These are the rocks that earth scientists regard as being from the
oldest geological ages. The young-earth creationists contend that those
animals that could swim or float or climb most effectively wound up near
the top, in so-called recent ages. That is their counterexplanation for sci-
ence's finding that human fossils do not appear until the last few million
years of the geological record. Without exception, they hold, the humans
alive at the time of the Noah's Flood survived until the last few meters of
sedimentation. Thirty-nine days of treading water, you might say.

It doesn't take an expert in historical geology to appreciate that
there is something wrong with this explanation. The actual pattern of
life over geologic time doesn't even come close to matching what would
have happened in a single worldwide flood.

Flowering plants, for example, are recent appearances on this planet
(see Figure 2.1 in Chapter 2). Although our landscapes are dominated
by these organisms, from the Amazon rain forest to the Great Plains,
from the European steppes to the central African jungle, not a single
fossil of an Anthophyte (the scientific name for such plants) appears in
the first 2 billion years of the geological record. Plants are good at many
things, but running to higher ground during a flood is not one of them.
The great coal forests of the Carboniferous periods contain exquisitely
preserved fossils of club mosses, giant ferns, and horsetails. They do not
include so much as a single flower. Not a dandelion, not a rose, not an
acorn, not so much as a mustard seed. The turbulence of a flood such as
Noah's would have churned all plant material together, cementing seed
and flower and broken stem into a single layer, testament to simultane-
ous existence. For flowering plants, no such testament exists. Why not?
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The answer, as geologists have known for more than a hundred years, is
simple. At the time of the Carboniferous, flowering plants had not yet
evolved.

Is there a chance that these "flood geologists" are genuine, sincere sci-
entists? Is it possible that they are lonely pioneers laboring in a great and
noble tradition of scientific outcasts, fighting for respectability and ulti-
mately for proof of their ideas? I don't think so; and I say that not to make
a character judgment, but as an evaluation of scientific behavior. If they
really believe in the validity of their interpretations of fossil history, they
should be charging ahead to exploit a great scientific opportunity: the
coprolite.

Coprolites are fossilized feces. Over the years, paleontologists have
found thousands of these objects, including a notable one described in a
paper from Nature magazine in 19984 with the alluring title, "A King-
sized Theropod Coprolite." The size and location of the object indicate it
was produced by a meat-eating dinosaur, probably Tyrannosaurus rex.

The coprolite was packed with large fragments of partially digested bone.
Other coprolites are available, if our YEC colleagues prefer, from ancient
mammals, plesiosaurs (swimming reptiles), and even from insects.

For young-earth creationists, these remains present a stunning
opportunity to validate their ideas. All they would have to do is pick
through these objects and find evidence of a single contemporary organ-
ism. Seeds or microscopic pollen grains from modern plants would do
the trick in the case of herbivorous dinosaurs. If they could just find a
couple of tuna bones in the stomachs of those plesiosaurs, they'd stand
the geological world on its head by demonstrating that creatures of the
"ancient" and the modern worlds existed side by side before the flood,
as they have always maintained. The young-earth creationists make no
such effort. They keep themselves carefully aloof from any hands-on
contact with genuine evidence, such as the fact that the digestive sys-
tems of the plesiosaurs are filled with ammonites, extinct mollusks from
the same geological age.

Further demonstrations of the hopelessness of flood geology are not
necessary here, although several detailed examinations of this nonsense
have appeared in print.'

In this and the next two chapters I will examine the three anti-evolu-
tionary strategies touched upon above. My plan is to go right to the
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basic flaws of each argument, one at a time, and demonstrate how spec-
tacularly inconsistent each is with the actual scientific evidence.

These refutations will, when we are finished, beg several much larger
questions. Why do these badly flawed attacks on evolution persist? Why
do they have so much appeal? Why (with apologies to country singer
Johnnie Lee) are these folks looking for God in all the wrong places?

I believe it has very little to do with the science of evolution, and
everything to do with how that science is misapplied to the larger ques-
tions of human existence. We'll get to those questions, and eventually
we'll see how neatly evolution folds into the fabric of scientific reality
and spiritual belief. But first, let's follow one line of argument from
these anti-evolutionists and see where it leads.

HOW OLD IS THE EARTH, REALLY?

It's a fair question. I first approached the creationist literature with only
the most elementary knowledge of geology and with the unspoken trust
that a scientist in one field has in the work of another. I trusted that
geology, like biology, was an active and vigorous science, that its practi-
tioners would have challenged any fundamental conclusions that were
on shaky ground, and therefore that the broad, general statements of
geologic history could be relied upon. One of those statements was that
the earth is several billion years old.

The very first time I read through the creationist literature on this
subject, a sense of excitement came over me. Most scientists, myself
included, are not interested in careers devoted to the confirmation of
orthodoxy. What could be duller than publishing, year after year, that
current theories on one topic or another are correct? All genuine scien-
tists dream of being revolutionaries. They dream of striking out against
the prevailing view, having the imagination to contradict a scientific
establishment, and then gathering the experimental evidence to show
that they are right. The thought that there might be just such a revolu-
tion going on right here was intriguing.

I dug into Henry Morris's Scientific Creationism, one of the best-
known books on the topic, expecting to find a genuine scientist making
a consistent case out of evidence for a young earth. Instead, I found a
curious ambivalence to commit to any actual age for the planet:
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As a matter of fact, the creation model does not, in its basic form,
require a short time scale. It merely assumes a period of special creation
sometime in the past, without necessarily stating when that was.'

Fair enough, I supposed. It's a useful debating strategy to make
yourself appear to be open-minded while depicting the other guy as
wearing the intellectual straitjacket of needing the "great ages" theory
to support evolution. But where were the scientific revolutionaries?
Where were the crusaders who thought that the establishment was off
by a factor of 400,000? Where was their stunning, irrefutable evidence?
In another book, Morris approached the problem by admitting that
some dating methods used by geologists gave very old ages for rocks
and minerals, but that

other processes do give much younger ages, however. For example the
present rate of sedimentary erosion would have reduced the continents
to sea level in 6 million years and would have accumulated the entire
mass of ocean-bottom sediments in 25 million years. Present rates of
volcanic emissions would have produced all the water of the oceans in
340 million years and the entire crust of the earth in 45 million years.'

The self-contradictions of time and logic in this passage left me
scratching my head. Even my middle-school earth science class had pre-
pared me to realize that processes like volcanism and erosion are oppo-
sites. The land produced by one is balanced by the land eroded away by
the other, and therefore neither could provide a useful age for the planet
as a whole.

Sadly, nearly all of the alternate methods proposed to date the earth
were likewise flawed. Morris noted that the amount of certain minerals
found in seawater could have been produced in just a few thousand
years given the present rate of erosion. The amount of silicon found in
all the world's oceans, for example, could be accounted for by just
8,000 years of river inflow. That sounds impressive until one reads fur-
ther and discovers that the amount of aluminum dissolved in seawater
could have been produced in just 100 years!

I think even Henry Morris might be willing to admit that the earth is
older than 100 years. What these values actually measure, of course, are
the residence times of various materials in seawater. Each year, the rivers
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of the world dump into the ocean an amount of dissolved aluminum com-
pound equal to roughly 1/100th of the oceans' existing aluminum content.
Aluminum is a very reactive element, and readily precipitates with other
compounds to form kaolinite, one of the main chemical constituents of
clay. Silicon and other minerals undergo similar reactions that take them
out of solution at rates high enough to make their concentrations useless
as tools to measure the age of the planet.

For a moment, I thought I had found something. Morris pointed out
that the strength of the earth's magnetic field has been steadily decaying
over the 150 years or so that we have been able to measure it. If we
extrapolate this decay backwards in time, then as little as 10,000 years
ago the field would have had to have been unimaginably strong. Mean-
ing? That the earth was less than 10,000 years old.

I wondered about the conspiracy of scientific silence that had kept this
crucial fact hidden away during my education. I was positive that this
measurable, provable physical fact was the key to a young earth. I thought
about it for a while, checked the references on magnetic field measure-
ment, and decided I was ready to confront an expert. I called up Peter
Gromet, a well-known geologist on campus, and asked if I could come by.
Later that afternoon I prepared. I gathered up my charts and tables, sum-
marized my arguments in graphic form, and made certain that I was ready.
Well prepared, as it turned out, to embarass myself.

Peter listened patiently, and broke into a smile, then a gentle laugh.
"You've never had a course in geology, have you?" I hadn't, of course.
As Gromet patiently explained, when rocks are formed, their magnetic
minerals orient themselves in the earth's magnetic field. This means that
the rocks of the earth's crust carry within them a record of the strength
and direction of that field at the time of their formation, a record
known as paleomagnetism. Paleomagnetism allows geologists to trace
the strength of the field. From core samples of sedimentary rock an
interesting fact has emerged: The earth's magnetic field has gone
through innumerable reversals and fluctuations over time. In other
words, the current weakening of the field that Morris referred to is
nothing more than the latest ebb in a series of fluctuations that come
and go with surprising regularity.

Using the 150-year decrease in the field's strength to argue for an
earth of 10,000 years makes about as much sense as watching the tide
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rise by a foot over three hours and concluding that the earth could be
no more than nine years old!' It just ain't so, and their use of the mag-
netic field strength argument destroyed any hope I had that the cre-
ationists might have been on to something.9

So, how old is the earth, really?
This was an issue that troubled Darwin, who realized that his theory

was absolutely dependent upon a long history of life for natural selec-
tion to have worked its magic. He resisted any attempts to fix the age of
the planet at less than 100 million years, and clearly understood that a
much younger age for the earth might well deal a serious blow to evolu-
tion. There simply wouldn't have been enough time for it to work.

Against this backdrop came the calculations of William Thomson,
Lord Kelvin, one of the deans of classical physics. Kelvin calculated the
length of time required for a body the size of the earth to cool from an
initial molten state to its present temperature, a technique that fixed the
age of the planet between 20 million and 400 million years. He was
later to refine these calculations to 98 million years, and in 1893
endorsed a further refinement that found 24 million years as the most
probable age for the planet.

There is no doubting the discomforting effect these calculations had
on Darwin. Today we can look back on Kelvin's calculations as no
more than an amusing example of very bad timing. In 1896, A. Henri
Becquerel discovered that uranium salts emitted invisible rays that were
capable of exposing photographic film. Radioactivity, as this phenome-
non was to be known, supplies a persistent source of heat deep within
the earth, invalidating Kelvin's careful calculations. It also provided
something else—an accurate way to fix the true age of the planet.

A RADIOACTIVE STOPWATCH

Uranium, or U235 , the well-known radioactive isotope, decays through a
series of intermediates to an isotope of lead known as 207Pb. The half-life
of the series is 713 million years, which means that after that length of
time, one half of the 235U in a sample will have decayed into 207Pb.
Despite this decay process, the intensity of uranium mining tells us that
there is still plenty of 

235
U available on the earth's crust. And this fact
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leads to a bold and remarkable conclusion—the earth could not have
existed forever! The planet really did have a beginning.

Since the rate of decay of 235U is constant, if this planet had existed
forever, by now all of the 

235
U from the planet's formation would have

vanished. That is not the case, of course, and therefore our planet's
beginnings are not in the infinite past. Can we go a little further and
make some estimates as to just how old the planet really is?

Absolutely. To be sure of the age of a rock, all we have to do is to learn
the amount of 207Pb that was present when the rock was formed, and then
to determine the amount of new 207Pb that has been added by radioactive
decay. The initial 207Pb is known as primordial lead, and the new 207Pb is
called radiogenic lead. Unfortunately, primordial and radiogenic lead are
chemically identical, so there is no way to tell them apart. That might seem
to be a serious problem, but in fact it is easily surmounted.

Another of the isotopes of lead, 204Pb, is nonradiogenic, which means
that it is never formed by any decay process—all of the 204Pb in any rock is
primordial. When a rock is formed, since 204Pb and 207Pb are chemically
identical, it will incorporate the two isotopes at the ratio at which they are
found on the surface of the earth at that time. Then, once the formation is
complete, 

235
U will begin to decay into 207Pb. If a rock is young, its

204Pb/207Pb will be nearly identical to the current ratio of these two isotopes.
If billions of years have passed, however, a geologist will notice two things
about the mineral: one, it contains very little 235U; and two, the 204Pb/207Pb
will be very low, because of the accumulation of 207Pb over time. With
some care, the actual amount of 207Pb accumulation can be measured, and
the age of formation of the rock can be calculated.

There are three independent uranium and thorium methods for dat-
ing rock, each based on a different isotopic series, and each providing
an independent check upon the others. The decay of radioisotopes of
147Sm (samarium), 176Lu (lutetium), and 187Re (rhenium) are also used to
determine the ages of rocks and minerals, each presenting its own
advantages and each providing an independent way to check ages deter-
mined by other methods.

One additional method worth mentioning is the potassium-argon
technique. Potassium-argon dating takes advantage of the decay of one of
the radioisotopes of a common element, potassium ( 40K), into a rare gas,
argon (40Ar). Geologists often choose a crystalline mineral whose chem-
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istry requires a specific number of potassium atoms at fixed positions in
the crystal, but contains no initial argon. As time passes, more and
more 40K is transfomed into 40Ar, which is then trapped within the lattice
of the crystal. A newly formed volcanic rock will have almost no argon,
which is rare in the atmosphere. But an ancient rock will show a loss of
40K exactly balanced by a gain of 40Ar, enabling geochemists to deter-
mine its age based on the half-life of 40K.

The possible errors from using this method illustrate the caution that
professional geologists apply to their work. The potassium-argon
method is popular with geologists because the only serious source of
error arises when a rock has been disturbed by heating, allowing the
accumulated argon gas to escape. In all such cases, the time span deter-
mined is an underestimate of the rock's true age, never an overestimate.

If this planet were recently formed, then rocks and minerals every-
where would show lead isotope ratios and uranium/lead ratios that match
the current abundances of these materials on the surface of the earth.
Potassium-containing minerals on a recently created earth, just like newly
formed rocks from active volcanoes, would contain little or no argon.
Think about that for a moment: The presence of radioactive isotopes in
rocks could prove that the earth is not infinitely old, and furthermore
could provide us with the chance to determine if the earth is really as
young as the creationists claim it is. What an opportunity! Darwinism
could have been smashed against the anvil of nuclear physics.

Remember that geologists, following the work of Smith and the
other pioneers, had established a series of well-defined geological ages.
To Darwin and anyone else who regarded these ages as genuine, they
represented successive chapters in the living history of our planet. To
creationist critics of evolution, including the authors of Genesis Flood,

the geological ages are illusory. To them, the rocks were formed more or
less simultaneously, and only in the prejudiced imaginations of evolu-
tionists do they fit into a temporal sequence. For creationists, the unex-
pected discovery of radioactivity should have been a godsend. Imag-
ine—the chance to destroy once and for all the dogma, as they saw it, of
geological ages, and to establish the truth of simultaneous creation.

One might have assumed that the opponents of evolution would
have embraced the definitive results of radiometric geology. One can
imagine whole laboratories of young creationist geologists using their
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powerful new tools to overturn an entrenched scientific establishment,
and build their own careers to public and professional acclaim.

No such luck. The reason? The ratios that emerge, time and time
again, indicate that the oldest rocks on the earth approach an age of 4.5
billion years. In one study after another, these techniques confirmed and
refined the traditional system of geological ages. Not only had the geol-
ogists of the nineteenth century gotten the sequences right, but they had
been much too conservative in their estimates of the duration of those
ages. These stunning results confirmed, long after his death, exactly
what Darwin had suspected—the age of the earth was much, much
greater than the critics of evolution had argued.

The discovery of radioactivity forced all of Darwinism to undergo
an unexpected test at the lab benches of the physical sciences. Literally
everything was on the line, as radiometric dating made it possible to test
every assumption in the timescale of evolution. What happened? Evolu-
tion passed, and it passed with flying colors. Indeed, Darwin would
have been happy with physical confirmation of a living history of just
100 million years; in fact, he got more than ten times as much.

A CENSUS OF THE UNIVERSE

The power of radioisotope methods is so great that creationists are
reduced to sniping about the chemical and physical assumptions inher-
ent in the techniques, to suggesting that decay rates are variable (some
are, but by such tiny amounts that the effect on dating is insignificant),
or to suggesting, as we will see at the conclusion of this chapter, that the
results just don't matter.

Is it possible that geologists have somehow biased their experimental
results? Perhaps they have selected only those minerals and isotope
series that support their preordained conclusions. Is there a way we can
be sure that we have got things right? Well, there are at least two.

If we are worried that scientists tend to select only those samples
that fit their preconceptions of the great ages required by evolution, we
can get around that problem in the simplest way imaginable. We can
select everything. There is a substantial literature on the abundance of
various elements in the cosmos, drawing upon studies of the earth, the
moon, cosmic dust, and meteorites. From this list we can extract infor-
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mation about which of the isotopes of the various elements, known as
nuclides, are found in nature at detectable levels. Table 3.1 10 shows a list
of the known radioactive nuclides with half-lives of 1 million years or
more. Of the thirty-four known radioactive nuclides, only twenty-three
are found in detectable amounts in nature. List them in the order of
their half-lives, and an interesting pattern begins to emerge:

"Yes" indicates that a nuclide is present in detectable amounts in nature. "Yes—P"
indicates that a nuclide is present in detectable amounts, but that it is continuously
produced as the product of another decay series.

All of the nuclides at the top of the list, where the longest half-lives
are located, are found in nature. Most of the nuclides at the bottom of
the list, the ones with shorter half-lives, are not. Most, but not all. And
that's where things get really interesting.

If we consult our friendly local nuclear physicist, we will discover
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something revealing about the short-lived nuclides that are found in
nature. For example, there is plenty of 91e (beryllium-10) around, for a
very good reason. 1°Be is continually produced by cosmic ray bombard-
ment of dust particles in the upper atmosphere, and very small (but
detectable) amounts of this nuclide are incorporated in rainfall and sed-
iment. "Mn (manganese-53) is produced in exactly the same way. "'Np
(neptunium-237) is not found on the earth at all, but is produced by
cosmic ray bombardment on the moon (remember, everything that has
been analyzed is included in this list). In fact, if we strike from the list
every nuclide" that is continually produced by natural processes, we
should be left only with those that persist from the date of the forma-
tion of our solar system. When we do that, the data fairly shout to us:

Every nuclide with a half-life of less than 80 million years is missing
from our region of the solar system, and every nuclide with a half-life of
greater than 80 million years is present. Every single one. These data are



72 FINDING DARWIN'S GOD

an unbiased atomic sampling of our corner of the known universe. And
the results are crystal-clear. There is a reason that the short-lived
nuclides are no longer around, and the reason is obvious: The solar sys-
tem is much older than 80 million years. In the billions of years since its
formation, the short-lived nuclides have simply decayed themselves out
of existence."

Ten or twenty half-lives should be enough to cause most nuclides to
disappear from the universe. After one half-life, only one half of the origi-
nal nuclide would be left; after two half-lives, one quarter. After ten half-
lives, only 1/2 (10) , or less than 0.1 percent, of the original amount of a
nuclide will remain. After twenty half-lives, just 1/2 20 will still be found,
less than 0.0001 percent." Twenty half-lives of 80 million is 1.6 billion
years. And this means, unequivocally, that if the solar system was younger
than a billion years or so, at least a few of those short-lived nuclides ought
to persist from its original formation to tell us about it. There are none to
be found.

Instead, Table 3.2 shows us a line in the sand, drawn eloquently, not by
experimental bias, but by the elemental composition of the universe itself.
The universe had a definite beginning—that's why we can see the line—
and that beginning was several billion years ago. No doubt about it."

THE ROCK THAT SINGS (CONCORDANCY)

From the general, we can move to the specific. If the composition of the
universe itself lets us know that it was fashioned several billion years
ago, can we pick up specific rocks and fix their own dates of formation
even more precisely? Once again, the answer is yes.

One of the long-lived nuclides in Table 3.2 is rubidium-87 87Rb ),
which decays to 'Sr over a half-life of 48.8 billion years. There are also
three isotopes of strontium ("Sr, 86Sr, and "Sr), which are not produced by
any radioactive decay process but are chemically indistinguishable from
'Sr. Let's suppose that a mineral is formed that contains both rubidium
and strontium. What will happen to the chemical composition of that min-
eral as time goes by? Over time, while the amounts of nonradiogenic Sr
remain constant, the amount of "Sr will increase by the exact amount that
"Rb decreases. Therefore, in a very old rock, the ratio of 87Sr to "Sr, a non-
radiogenic isotope, will have increased dramatically.
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If we knew the starting ratio of rubidium to strontium, we could cal-
culate the exact age of the mineral. But how can we possibly know the
starting conditions of a rock formed millions or even billions of years
ago? Here's where the rubidium-strontium method sets itself apart—it
provides a method to do just that.

Let's take a typical rock, which is composed of several different min-
erals. Some of those minerals will have lots of rubidium but little stron-
tium (a high Rb/Sr ratio), others will have very little rubidium but
plenty of strontium (a low Rb/Sr ratio), and still others will have inter-
mediate amounts. At the moment the rock is formed, we could repre-
sent the ratios of various isotopes as in Figure 3.1:

Figure 3.1. Rubidium and strontium isotope ratios as they might appear in a
newly formed rock. Four chemically different minerals (open circles) are found
in the rock. Because all strontium isotopes are chemically identical, "Sr and
"Sr are incorporated into each of the minerals at the same ratio (around 4.8).
However, each mineral incorporates a different amount of rubidium and stron-
tium, giving each one a different ratio of "Rb to "Sr (values shown here range
from 2.0 to 6.7).

Because the four minerals shown in this diagram are chemically dif-
ferent from one another, they take up Rb and Sr in different propor-
tions, leading to 87Rb/86Sr ratios that vary among them. However, the
rSr/"Sr ratio is identical in each mineral, which also makes sense—
remember, these two isotopes are chemically identical, and therefore
there is no way for any mineral to include one of the isotopes preferen-
tially over the other. That's why a graph of the isotopic ratios of the
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four minerals in our hypothetical rock appears as a flat line. Each
mineral starts with an identical ratio of the two strontium isotopes, but
a different ratio of rubidium to strontium.

What will happen as time passes? As rubidium decays to strontium,
the amount of "Rb in each mineral will decrease, and the amount of 'Sr
will increase. But remember that the amount of that increase is directly
proportional to the amount of "Rb in the mineral. So, those minerals
with lots of rubidium will accumulate a great deal of 87Sr over time, and
those with only a little rubidium will accumulate much less. What will
this look like? (See Figure 3.2):

Figure 3.2. As time passes, some of the rubidium in each of the four minerals
decays to produce strontium. This decreases the "Rb/"Sr as the rubidium is
lost but increases the "Sr/"Sr as 87Sr accumulates. If the rock is undisturbed,
the values for the four minerals will form a straight line, an isochron whose
slope determines the age of the rock.

As time passes, the 87Sr/86Sr ratio will change in each mineral, but in
every case it changes in direct proportion to the rubidium/strontium
ratio in the mineral when it was formed. As a result, our points will still
lie on a straight line, and the slope of that line gives us a measure of the
amount of time that has passed since the formation of the rock. We do
not need to make an estimate of the starting conditions, because the
starting conditions can be determined directly.

The power of this method is remarkable. Every single mineral in the
rock lies on the line, which is known as an isochron (a chart line signi-
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fying events that occur at the same time); and therefore every mineral
"agrees" on the age of the rock. Each of the many minerals of a com-
plex rock provides a completely independent check upon its age. When

Figure 3.3. The great power of the rubidium-strontium method is that mea-
surements of several minerals within the sample provides an internal test of the
starting conditions of the rock. This isochron, showing a sample of the Morton
gneiss (named for the nearby town of Morton, Michigan), shows an age of for-
mation of 3.48 ± 0.11 billion years before present.

Figure from G. Brent Dalrymple, The Age of the Earth (Stanford, CA: Stan-
ford University Press, 1991).
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they fall into such an isochron, the rock is said to be concordant, liter-
ally "singing together." The concordant minerals of the rock analyzed
in Figure 3.3 show a real-world application of the rubidium-strontium
method to geology.

Very seldom have I (or most biologists) obtained data on biological
systems that even begins to approach the consistency and precision of
this method. The rubidium-strontium method gives self-calibrating and
self-checking results. If geological processes have removed or added
either rubidium or strontium, the method will show it at once, because
the points will fail to lie on a straight line. If a rock has been homoge-
nized by melting and recrystallization, the isochron line will be reset to
zero, and the measured age will be an underestimate reflecting the time
of melting. However, no natural process exists that could produce over-
estimates of age that would pass the rigorous test of isochron analysis.

Isochron ages have been determined for samples from the earth,
from meteorites, and even from moon rocks brought back by the
Apollo program. The consistency of the data drawn from each of these
samples is nothing short of stunning. When it comes to the geological
age of our planet, true controversy is a thing of the past, and not
because of evolutionary dogma. Rather, it is the concordant music of
the data itself that overwhelms claims to the contrary.

THE APPEARANCE OF AGE:
IT ' S MORNING IN CREATION-LAND

Although the creationist opponents of evolution continue to produce
books and articles that make the case for a young earth, one senses that
their hearts are not really in it. A careful search of creationist literature
can even find passages that seem to proclaim surrender. Consider this
admission from Genesis Flood:

There are many cases now known where the age estimate has been
checked by two or more different methods, independently. It would
seem improbable that the elements concerned would each have been
altered in such a way as to continue to give equal ages; therefore such
agreement between independent measurements would seem to be strong
evidence that alteration has not occurred and that the indicated age is
therefore valid."
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Geologist G. Brent Dalrymple, author of The Age of the Earth, tes-
tified against the young-earth theories of the creationists at the well-
publicized Arkansas creation science trial in 1981, and his thorough
demolition of their arguments is a matter of public record. As Dalrym-
ple put it most succinctly, "The creationists' `scientific' arguments for a
young earth are absurd.""

Case closed. Let us not declare victory on this point prematurely,
however, because the creationists have one more trick up their sleeves.
Just when they seem about to be overwhelmed by the scientific data on
the age of the earth, Whitcomb and Morris, the authors of The Genesis
Flood, spin 180 degrees in a flash of illogic, and say that a 4.5-billion-
year-old earth was just what they expected:

We reply, however, that the Biblical outline of earth history, with the geo-
logic framework provided thereby, would lead us to postulate exactly
this state of the radioactivity evidence. We would expect radiogenic min-
erals to indicate very large ages and we would expect different elements
in the same mineral, or different minerals in the same formation to agree
with each other."

Hundreds of years to lay the foundation for modern geology, the dis-
covery of radioactivity, and the development of technology for radio-
metric dating, and these folks say that they knew what the answer
would be all along? Something funny is going on here. Something that
illustrates exactly what such people think of science and our ability to
understand the natural world around us.

To appreciate what they are doing, we have to journey back 10,000
years or so to the morning of their supposed creation day. In their view,
the universe was fully formed at the instant it was willed into being.
Eden was a large and mature garden. Its landscaping did not look like
the newest house in the subdivision, with a half-grown lawn and tiny
saplings fresh from the divine nursery. Rather, its trees and shrubs and
animals were fully grown from the instant of creation. They had, in the
words of creationists, an "appearance of age."

The appearance of age, by their logic, must have applied to every-
thing, including the geology of the planet and even the cosmos:

Both parent and daughter elements in each radioactive chain were cre-
ated at the beginning, probably in "equilibrium" amounts. The amount



78 FINDING DARWIN'S GOD

of originally created radiogenic end-product in each chain is uncertain;
it is likely, however, that homologous amounts were created in all such
minerals so that all such elements would, when created, give an

"appearance" of the same degree of maturity or of age.''

The key statement in this passage is that all elements would "give an
`appearance' of the same degree of maturity or of age." In other words,
if you're going to create radioisotopes and all of their potential decay
products fully formed on creation morning, you have to decide what
proportions of all of those decay products will be present in the miner-
als of your universe. And, lest you, the Creator, be thought of as con-
fused and disorganized, all those minerals should all be set to the same
radiometric clock. Whitcomb and Morris say this explicitly:

It is more satisfying teleologically, and therefore more reasonable, to
infer that all these primeval clocks, since they were "wound up" at the
same time, were also set to "read" the same time.19

Now things get really dicey. Those lions and tigers and bears in the
Garden of Eden might have just been adults of any age, but the grim
precision of radioactive decay requires that a specific age was pro-
grammed into the materials of the planet—and so it was, according to
the creationists. The Creator didn't just make things look old. He made
things look as though they were a specific age. In the case of the earth
and its solar system neighbors, this means that He intentionally fash-
ioned their materials to look as if they were 4.5 billion years old when
in fact they were brand-new.

With the great advances in astronomy of recent years, we routinely
analyze stars and galaxies as far as 8 or 9 billion light-years from the
earth. As astronomers emphasize, collecting the light from such great
distances means looking into the past. When we image a galaxy several
billion light-years distant, we are not looking at that galaxy as it is right
now; we are looking at how it appeared billions of years ago.

How do the young-earth creationists handle this problem? Once
again, they invoke the ingenuity of the Creator:

It [the universe] must have had an "appearance of age" at the moment

of creation. The photons of light energy were created at the same instant
as the stars from which they were apparently derived, so that an
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observer on earth would have been able to see the most distant stars
within his vision at that instant of creation.20

Quite a picture, isn't it? Adam looking into the night sky on the first
day of his existence, contemplating the beauty of thousands of stars,
despite the fact that the nearest star other than the sun is more than
four light-years away. The Creator, clearly, didn't want him to have to
wait four years to enjoy that first nighttime star, so he made all of the
intervening photons at once.

This may sound reasonable, but consider the implications. In the
10,000 years since creation, the actual starlight that has had enough time
to reach us comes from only a tiny proportion of our neighbors. This
means that every event witnessed at a distance by the Hubbell space tele-
scope and other astronomical instruments, including the explosive disinte-
grations of stars and the gravitational effects of black holes, is fictitious.
None of these things really happened—they were all constructed, artifi-
cally, in the trillions of photons assembled by the Creator to give His cos-
mos an appearance of age.

There is no way around this problem. One can reconcile a recent cre-
ation with the size of the known universe in only two ways: one, by fool-
ing with the fundamental constants of nature; or two, by requiring that
every astronomical object and event more distant than 10,000 light-years
is fictitious. Some creationists have opted for the first alternative, 21 taking
on the most fundamental constant in the universe, the speed of light. They
claim that it was much faster in the past, and that accounts for the light
from distant galaxies that is now reaching us from billions of light-years
away. The lack of evidence does not seem to bother them, but it certainly
will trouble physicists. As a number of my colleagues have written, an
assault upon the scientific integrity of one field of science (biology) quickly
becomes an assault upon all of science—in this case, taking down astron-
omy and physics to fashion a case against evolution.

To my way of thinking, the second alternative is the dangerous one.
After all, an argument for the inconsistency of the speed of light can be
refuted by the simple observation that its speed truly is constant, and
that's that. The second alternative requires that the Creator of the uni-
verse intentionally fashioned a bogus astronomical history extending as
far into space as our instruments can probe. And that's not all.
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He also set those radiometric clocks to an apparent date for the cre-
ation of the solar system of 4.5 billion years, a 40 million percent exag-
geration of its actual age, according to creationists. To me, this sounds
like a deception most cruel. Their Creator deliberately rigged a universe
with a consistent—but fictitious—age in order to fool its inhabitants.

Clearly the creationists recognize this problem, and have already
tried to escape from this predicament through the trapdoor of faith:

Whatever this "setting" was, we may call it the "apparent age" of the

earth, but the "true age" of the earth can only be known by means of

divine revelation."

I do not dispute the fact that many people find what they believe to
be divine revelation preferable to scientific knowledge. Our modern-day
creationists are certainly not the first people in history to make that
choice, although ironically they may be the first to invoke the name of
science itself, as in "scientific creationism," even as they reject science.
This lack of honesty is most revealing.

What saddens me is the view of the Creator that their intellectual con-
tortions force them to hold. In order to defend God against the challenge
they see from evolution, they have had to make Him into a schemer, a
trickster, even a charlatan. Their version of God is one who intentionally
plants misleading clues beneath our feet and in the heavens themselves.
Their version of God is one who has filled the universe with so much
bogus evidence that the tools of science can give us nothing more than a
phony version of reality. In other words, their God has negated science by
rigging the universe with fiction and deception. To embrace that God, we
must reject science and worship deception itself.

On a scientific basis, the claims of the creationists are especially easy to
refute. Most scientists, quite rightly, have ignored the religious claims of
the creationists, but those claims are worth noting if only to emphasize the
insidious danger they present to both science and religion. One can, of
course, imagine a Creator who could have produced all of the illusions
that the creationists claim to find in nature. In order to do so, we must
simultaneously conclude that science can tell us nothing about nature, and
that the Creator to whom many of us pray is inherently deceitful. Such so-
called creation science, thoroughly analyzed, corrupts both science and
religion, and it deserves a place in the intellectual wastebasket.
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For many critics of evolution, the intellectual price demanded by sci-
entific creationism is just too high. This is not because of lingering
sympathies for the ideas of Charles Darwin or those who have fol-
lowed him. And it certainly is not due to a lack of ideological kinship
among young-earthers like Henry Morris and Duane Gish and other
anti-evolutionists who do not subscribe to the complete creationist
vision. It is because young-earth creationism requires a full frontal
assault on virtually every field of modern science.

Although biologists are the principal targets of this attack, the intel-
lectual need to twist every scientific observation into a creationist
framework means that no science is safe. As we have seen in the previ-
ous chapter, geological dating of rocks is ignored, astronomy is reduced
of its fundamental constants, and even chemistry is subverted by a cre-
ationist requirement that the second law of thermodynamics be
stretched to prevent the evolution of complex systems.'

For most reasonable people living in a technological society at the
transition point between two great scientific centuries, the frank invali-
dation of so much science is just too great an outrage. Whatever the
flaws and limitations of scientific enterprise, its impressive productivity
makes an outright rejection of so much evidence simply nonsensical to
most people. As a result, even the critics of evolution are increasingly
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unwilling to believe that the whole of science is organized into a grand
conspiracy against them.

This, I suppose, is a kind of progress; but more to the point, it also
makes good strategy. If they limit their attack on evolution to just a few
subdisciplines of one field, they may convince a science-respecting pub-
lic that most of science is just fine, and it's just one subfield of a single
science, biology, that has strayed.

If they apply this strategy carefully, they might even claim to be the
only true friends of authentic science. They might agree that the current
scientific description of the world, its history and chemistry and biology,
are essentially correct. In the name of objectivity, scientific rigor, and open-
mindedness, they can then make the case that in one particular area,
nearly a century and a half ago, some poor fellow named Darwin got the
origin of species persuasively, dramatically, and overwhelmingly wrong.

The historical consequences of Darwin's great mistake would be unde-
niable, so the thinking would go. If they could demonstrate the flaws in his
thinking and carefully extract them from current biological dogma, they
just might be able to excise the tumor of Darwinism and leave an other-
wise valuable body of biological science alive and intellectually well.

To pull off this coup de grace, they would first need an opening, a
chink in the armor of evolution's consistent and powerful grip on so
many lines of evidence. They would have to find something that doesn't
seem to fit. A neophyte critic of science might think that this could best
be done from the outside, by developing independent lines of research,
criticism, and interpretation. Those who understand the scientific
process know better. They appreciate the fact that the best way to find
allies to attack any idea is to look within the scientific establishment
itself, since the nature of science all but guarantees that such opportuni-
ties will abound.

DID DARWIN GET IT WRONG?

If scientific critics of Darwin were difficult to find in the sixties and sev-
enties, by the early eighties they couldn't be missed. The headline of one
particularly memorable new article in the journal Science proclaimed,
"Evolutionary Theory Under Fire." 2 It took a few years for the ferment
to make its way through the scientific food chain into the popular press.
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By 1986, no less an intellectual figure than neoconservative editor and
critic Irving Kristol would proclaim:

Though this theory [the neo-Darwinian synthesis] is usually taught as an
established scientific fact, it is nothing of the sort. . . . In addition, many
younger biologists (the so-called "cladists") are persuaded that the dif-
ferences among species—including those that seem to be closely
related—are such as to make the very concept of evolution question-
able.'

How did the "very concept of evolution" come to be called question-
able? The controversy began innocently enough, as many scientific ideas
do—in the heads of a couple of young scientists, Niles Eldredge and
Stephen Jay Gould, whose energetic and accomplished careers teach an
important lesson about the scientific profession. "Don't rock the boat"
might be good advice for an organization man trying to climb the corpo-
rate ladder, but for a scientific career, that slogan does not work. In sci-
ence, where confirmatory data and consistency with established theory are
regarded as boring, the best advice would be to rock the boat vigorously—
maybe even to turn the damn thing over. That's exactly what Eldredge and
Gould managed to do.

In a 1972 paper, tucked away in a book on the evolutionary subfield
of paleobiology, they took issue with what they considered the prevail-
ing view of the pattern of evolutionary change over time. That view was
the "modern synthesis" of evolutionary theory. English biologist Julian
Huxley had coined the term in 1942 to describe the powerful and pro-
ductive synergies that had developed between evolution, the new sci-
ence of genetics, and the emerging field of population biology. Eldredge
and Gould read the modern synthesis to mean, among other things, that
evolutionary transformations had to be gradual, and that natural selec-
tion steadily pulled the characteristics of a population in one direction
or the next, producing a record of continual transformation over time.

Darwin himself had endorsed the view that evolutionary change
must be gradual, and underlined this viewpoint in a famous sentence in
The Origin:

If it could be demonstrated that any complex organ existed, which could
not possibly have been formed by numerous, successive, slight modifica-
tions, my theory would absolutely break down.'
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Whatever one's view of the original Darwin, I agree that a fair read-
ing of "numerous, successive, and slight" allows "gradual" as an
appropriate interpretation. Therefore, any novel organ or structure
appearing in evolutionary history ought to be explicable in terms of
natural selection working gradually on preexisting structures. A bit
later, Darwin reiterated this point by quoting the maxim, Natura non

facit saltum (Nature doesn't like to jump). 5 And did his best to make
himself perfectly clear once again:

Why should not Nature take a sudden leap from structure to structure?
On the theory of natural selection, we can clearly understand why she
should not; for natural selection acts only by taking advantage of slight
successive variations; she can never take a great and sudden leap, but
must advance by short and sure, though slow steps.'

The modern synthesis extrapolated Darwin's clarity on this point to
endorse a pattern of evolutionary change in which over time, natural
selection alters the average characteristics of a population in one direc-
tion or another, eventually giving rise to a new and distinct species.
Critics of this theory called it "phyletic gradualism." Eldredge and
Gould said that phyletic gradualism would require that a graded series
of intermediates exist between the two species, and that only by finding
many such series in the fossil record would modern synthesis be proved
correct.

They proclaimed that paleontologists had known for years that this
was not what the fossil record looked like. The popularizers of the
modern synthesis had been glossing over the principal, overwhelming
characteristic of the fossil record—stasis. As Gould said:

For millions of years species remain unchanged in the fossil record, and
then they abruptly disappear, to be replaced by something that is sub-
stantially different, but clearly related.'

Eldredge and Gould coined their new idea "punctuated equilib-
rium," and presented it as a radical alternative to the more traditional
gradualism that had been taken as the evolutionary norm.

By 1980, punctuated equilibrium had become the hot topic in evolu-
tionary theory, and by 1990 it had risen to the status of textbook ortho-
doxy. When Joseph Levine and I wrote our first college textbook on
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general biology, we felt compelled to include extensive coverage of
punctuated equilibrium, to seem up to speed with the fashions of
movers and shakers in evolutionary biology.

Punctuated equilibrium's advance to acceptance was so spectacular
that Gould and Eldredge were able to celebrate the twenty-first anniver-
sary of their brainchild in a retrospective article in Nature in 1993.
They characterized it as

a novel interpretation for the oldest and most robust of paleontological
observations: the geologically instantaneous origination and subsequent
stability (often for millions of years) of paleontological "morphos-
pecies."

Instantaneous origination, followed by stasis. Living things persist
for millions of years in an equilibrium of ecological relationships and
communities. Then, from time to time, that static equilibrium is punctu-

ated by brief periods of rapid change. In graphic terms (see Figure 4.1),
evolution via punctuated equilibrium is represented as a branching
bush, in which the vertical lineages change little over time, giving rise to
new, equally static branches produced in a geological instant.

In verbal shorthand, the concept of gradual change over time in a
single lineage became known as "Darwinian" change. By contrast, the
sudden appearance of a new species represented "punctuation." Find-
ing one fossil sequence after another that seemed to match their concep-
tion of change and stasis, Gould and Eldredge proclaimed much of the
fossil record to be "non-Darwinian." The implication was that Darwin
got it wrong, and they were able to quote chapter and verse from Dar-
win himself on the gradual nature of change required by his theory of
evolution. The emerging data on punctuation lent support to the idea
that "punk eek" was something genuinely new.

The prominence of punctuated equilibrium in scientific and popular
thinking was heightened immeasurably by the literary works of Stephen
Jay Gould. His monthly essays on evolution, which appear in Natural
History magazine, are surely among the finest examples of science writ-
ing of this or any other time. His ability to weave the currents of many
cultures, from French poetry to popular cinema to baseball, into his
writing is matchless. A passion for life and for the richness and com-
plexity of the fabric of evolution is everywhere in his work. The sheer



Figure 4.1. Punctuated equilibrium as a model of evolutionary change over
time. This diagram shows two model lineages. Lineage A shows long-term sta-
sis, while lineage B shows a persistent pattern of speciation and evolutionary
innovation. Individual species are depicted as vertical bars that persist briefly
in the fossil record, punctuated by rapid transitions (dotted lines) that result in
new species.

Redrawn from S. J. Gould and N. Eldredge, "Punctuated Equilibrium
Comes of Age," Nature 366 (1993): 223-227.
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strength of his prose has helped to ensure that punctuated equilibrium
would occupy an important place in the scientific consciousness.

Despite Gould's efforts, however, punctuated equilibrium remains a
controversial, even contentious, topic among evolutionary biologists.
Two diagrams (see Figure 4.2), redrawn from science writer Roger
Lewin's important summary of a 1980 meeting on evolutionary biology,
hint at some of the reasons for this. We will return to those reasons later
in this chapter.

Whatever the merits or imperfections of this view of evolutionary
change, as a generalization of the nature of the fossil record, it pointed
to two ideas that had not been part of the common thinking about
natural history prior to Gould and Eldredge. The first was that the fos-
sil record itself was non-Darwinian, that it somehow did not match
Darwin's expectations for the evidence required to validate his theory.
The second was that new species might originate in an instantaneous
burst of rapid, horizontal genetic change, rather than from the "nor-
mal" interplay of variation and natural selection that dominates long
periods of stasis.

Gould and Eldredge may have seen these ideas as new ways to
enhance our understanding of the mode and tempo of evolutionary
change, but the opponents of evolution saw them as something else—
the long-sought opening through which the forces of reason could
attack the Darwinian dogma.

REASONABLE DOUBT

As Gould's marvelous books and essays streamed forth, the Harvard
professor quickly became the single most recognizable voice for evolu-
tion in the United States, and quite possibly in the world. When an
expert witness was needed for a public trial in which the scientific status
of evolution had been called into question, Gould was there to testify
eloquently and effectively. If a national news program needed someone
to speak with precision on the meaning of a new fossil discovery, or
even of the possibilities for life on Mars, Gould was the expert. And
when television producers needed a genuine scientist to narrate a nat-
ural history documentary with wit and genial authority, who better
than Steve Gould?



Figure 4.2. Phyletic gradualism (top) implies gradual change, but punctuated
equilibrium (bottom) shows a more abrupt speciation process. The members
of a population at each time point in the graph are shown as a Gaussian distri-
bution representing the range of structural variation in key features. According
to Gould and Eldredge, the divergence of one lineage into two is generally an
abrupt event that "punctuates" long periods of stasis, or "equilibrium," dur-
ing which little change takes place.

Diagrams redrawn from R. Lewin, "Evolutionary Theory Under Fire," Sci-
ence 210 (1980): 883-885.
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But prominence exacts a price, and one of the subtle costs of being
transformed from revolutionary into establishment figure is that every
comment is taken as representative of the core meaning of an entire
field. If one wants to show what evolution "really means," a quotation
from Stephen Jay Gould, now holding the status of official evolutionist
number one, or Niles Eldredge, his coauthor of the revealed wisdom of
punctuated equilibrium, will more than suffice.

The prominence of Gould and Eldredge in advancing punctutated
equilibrium allowed the opponents of evolution to draw three conclu-
sions:

1. The proponents of puncuated equilibrium, including Gould,
Eldredge, and many others who speak for evolution, have said with
authority that the fossil record is clearly non-Darwinian in character.
Therefore, what had been taken as the centerpiece of evidence for
the reality of evolution has now been shown, by mainstream scien-
tists, to be nothing of the sort.

2. Only two things really do occur in the fossil record, according to
punctuated equilibrium. Those are the instantaneous origination and
subsequent stability of new species without any trace of ancestors.

3. Although scientists have demonstrated genetic mechanisms that can
produce gradual changes within species ("microevolution"), no
known genetic mechanism can produce the radical changes
("macroevolution" ) required for the sudden appearance of new
species.

To critics of evolution, words like "sudden appearance" must have had
a marvelous ring. Wasn't that exactly what should be expected for the spe-
cial creation of a species? If new species, once they were specially created,
showed no change over time, wouldn't that confirm that the kind of evo-
lution our kids are taught in schools never actually happened?

One might conclude that when evolutionists claim to be able to
explain the origin of species as a result of natural, material processes
observable in the field and in the laboratory, they are engaged in a tactic
of deceit, covering up the lack of any real evidence for evolution. Rushing
to exploit exactly this opening, Berkeley law professor Phillip Johnson
gleefully quoted one of the founders of punctuationalism:
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Niles Eldredge has written: "No wonder paleontologists shied away
from evolution for so long. It never seems to happen." New things
appear suddenly in rocks dated in different ages, but there is no pattern

of gradual transformation and no ability to identify specific ancestors of
major groups. Although Eldredge admits that the fossil record contra-
dicts the theory of gradual adaptive change, he nonetheless calls himself
a "knee-jerk neo-Darwinist," meaning apparently that he believes the

theory despite what he knows as a paleontologist.
The non-occurrence of Darwinian change is particularly evident

where fossils are most plentiful—in marine invertebrates, for example.
There it's all variation within the type, with no substantial evolution.'

Putting Johnson's argument another way, the evolution that biolo-
gists say they can demonstrate as scientific fact does not fit the sudden
punctuation that the fossil record demands. So maybe, just maybe, Dar-
winian evolution is flat-out wrong!

Johnson's assault on Darwinism carries the unmistakable marks of
his profession. In a 1991 book, Darwin on Trial, Johnson asked the
question:

Can something be non-science, but true, or does non-science mean non-
sense? Given the emphatic endorsement of naturalistic evolution by the
scientific community, can outsiders even contemplate the possibility that
this officially established doctrine might be false? Well, come along and
let us see.10

Although he is a non-scientist, Johnson's academic status as tenured
law professor at a major university gave his questions about evolution a
respectability that other critics might well have envied." He skillfully
attacked evolution as an "establishment" theory, expertly playing the
role of outside crusader for truth and justice who marshals the best
instincts of the American legal profession.

Johnson exploits the punctuational critique of Darwinian change to
attack evolution itself. The real fossil record shows jumps and sudden
appearances, and since no genetic mechanism can explain such jumps,
goes the argument, the whole idea of evolution is wrong.

The specifics of Johnson's scientific criticism of evolution aren't
novel at all. (His critique includes the additional philosophical notion
that evolution is the core of an anti-spiritual materialism. This idea is
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the key to understanding the motivation behind Johnson's crusade, and
will be examined in Chapter 6, "The Gods of Disbelief.")

First, he argues that the ancestor-descendent relationships apparent
in the fossil record do not exist—the gaps between individual species in
such supposed ancestral sequences are just too great. The standard that
Johnson applies in his analysis is that a direct, provable ancestral line of
descent must be established. Without such a line, fossil evidence, how-
ever detailed, is irrelevant to the validity of evolution.

To cite just one example, he argues against the growing documentation
on the evolution of land vertebrates, or tetrapods, from fishes by quoting
from Barbara J. Stahl's textbook on vertebrate history that "none of the
known fishes is thought to be directly ancestral to the earliest land verte-
brates." In so doing, he overlooks compelling evidence, also described by
Stahl, that the first tetrapods were, in fact, descended from fish in favor of
the much smaller point that the exact fossil fish ancestral to the first
tetrapods may not yet have been discovered. Similar dismissals are crafted
against several other lines of descent that are generally taken as strong evi-
dence for evolution.

Second, he contends that evolution has a problem of mechanism.
Here he plays directly upon Gould and Eldredge, demanding a genetic
mechanism that could accomplish the jumps in form and function that
punctuated equilibrium demands. Jumps that, Johnson believes, are
impossible.

The gut reaction of just about any scientist familiar with the evidence
supporting evolution would be to answer Johnson's two criticisms head-
on. No credible evolutionary sequences? "Those fossil sequences do sup-
port evolution, and here are five or ten or twenty examples!" would be the
reply. No mechanism? "You've got to be kidding? We can measure the
actual rate of morphological change produced in the real world by natural
selection, and guess what? It turns out to be ten to a hundred times faster

than the amount required to explain even the most rapid transitions in the
fossil record!' Johnson's criticisms of historical evolutionary sequences
do not hold up under scrutiny, and his charge of a missing mechanism is
absolute nonsense, as we will see.

But like any good defense lawyer, Johnson doesn't believe that he
has to prove his case. All he needs is reasonable doubt. If he can punch
a few holes here and there in evolutionary theory, he can hope that the
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jury of public opinion will hold evolution to be something less than
fact. And that—make no mistake about it—is his real goal.

Johnson and his colleagues deserve to be taken seriously, and that is
exactly what I propose we do—more seriously, in fact, than they take
themselves. Let us accept their proposals as serious suggestions for the nat-
ural history of planet earth, and see where they lead. This is something
that Johnson never does—and there is a very good reason why.

THE SORCERER 'S APPRENTICE

A little knowledge is a dangerous thing.
Like the sorcerer's apprentice watching the master magician, Johnson

has watched evolutionary biologists at work. As he has noticed, they use
Darwin's natural selection to account for the origin of species. Objecting
to natural selection's materialist character, he gets an idea. He'll substitute
"intelligent design" for natural selection, and voila—the fabric of natural
history remains the same, but now it can be linked to an unnamed master
designer.

As his fellow evolution critic David Berlinski puts it:

The structures of life are complex, and complex structures get made in
this, the purely human world, only by a process of deliberate design. An
act of intelligence is required to bring even a thimble into being; why
should the artifacts of life be different?"

By such logic, Johnson and Berlinski attribute the intricate structures
and stunning diversity of life to intelligent design. Not unlike the
apprentice who believed he understood his master's magic, they may
have thought this a simple alternative to evolution; but they might have
taken a lesson from the fate of the apprentice in that story. Before long,
his novice efforts spun out of control, and the very spells that he had
cast in triumph turned against him with a vengeance. Intelligent design
is such a spell.

When the critics of evolution invoke design to replace evolution, no doubt
they believe they have solved their problems at a stroke. A divine designer
does not need a mechanism. Such a designer can, by definition, create any-

thing. There is no fossil, no intermediate form, no evidence of any sort that
cannot be explained away by invoking intentional, intelligent design.
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If we were to stop right there, things just might work out. As a purely
rhetorical alternative to evolution, intelligent design serves the defense team
well. It raises the specter of reasonable doubt, and allows its advocates to
claim that those on the other side of the table are closed-minded. After all,
unlike young-earth creationists, intelligent-design theorists do accept the
scientific work of physics and geology on the age of the earth, and they fur-
ther agree that the patterns of the fossil record are a genuine historical sam-
pling of the nature of life in the earth's long past. Indeed, they might claim
to have followed the findings of every scientific field but one, dissenting
from evolution only because they are not bound by the constraints of mate-
rialism. This, of course, allows them to be open-minded enough to consider
the possibility of design. And what's the matter with that?

The matter is that, if Johnson is right, then we should apply the
explanation of design to every event in the natural history of the planet.
It's not logically tenable to allow that evolution could have produced
some species but not others; therefore, the explanation of design must
be invoked for the origin of every species. The modern advocates of this
idea seem to have forgotten that at one time that is exactly what biolo-
gists did. Until, of course, it became impossible to take seriously.

The trouble begins with little things. Consider two isolated groups
of islands, for example: Cape Verde, off the coast of Africa, and the
Galapagos, off the western coast of South America. Both of these island
groups contain species that are endemic to them; that is, they are found
nowhere else in the world. Such species, like all organisms, must have
been intelligently designed, according to Berlinski and Johnson. One
might wonder why a designer would go to the trouble of crafting sev-
eral dozen unique species just for each of these tiny archipelagos, but
let's set that question aside for a more telling one. Why was the
designer's powerful imagination so limited by the islands' neighbor-
hoods? As Darwin himself noted:

There is a considerable degree of resemblance in the volcanic nature of
the soil, in climate, height, and size of the islands, between the Galapa-
gos and Cape de Verde Archipelagos: but what an entire and absolute
difference in their inhabitants! The inhabitants of the Cape de Verde
Islands are related to those of Africa, like those of the Galapagos to
America. I believe this grand fact can receive no sort of explanation on
the ordinary view of independent creation."



94 FINDING DARWIN'S GOD

In short, the unique species of each island group are closely related
to species on their respective, somewhat distant mainlands. The ques-
tion begged by this situation is why.

Why would species that had been designed just for the Galapagos
archipelago, and nowhere else on earth, bear so plainly the stamp of
affinity to those designed for South America? The advocates of intelli-
gent design have no explanation beyond the whim of the designer him-
self. That's just the way he chose to do it.

Evolution offers the perfect explanation. Both groups of islands are
geologically recent. A few founding species from the respective main-
lands colonized each archipelago, and then geographic isolation
allowed natural selection to go to work. Therefore, the new species that
developed on each island group are the descendants, modified by evolu-
tion, of the respective founding populations from each continent. That's
why each archipelago has its own collection of unique species, and why
those species most closely resemble their respective nearby mainlands.

In following the intelligent design argument, one would have to believe
that it was also the designer's choice to mislead—by producing sequences
of organisms that mimic evolution so precisely that generations of biolo-
gists would be sure to misinterpret them. Consider, for example, an animal
that God Himself (as quoted in the Book of Job) considered one of His
"masterpieces":

His tail is like a cedar.
The sinews of his thighs are knit together.
His bones are like brass cylinders;
His ribs are like bars of iron.
He is the masterpiece of My animal creation:
The One that made him furnished him alone with a

sword.
Job40:17-19

The "animal" in which God took such pride was, of course, the ele-
phant. To someone not familiar with the fossil record of the elephant—
which is to say just about everyone—the claim that Loxodonta africana,
the African elephant, and Elephas maximus, the Indian elephant, were
intelligently designed might seem attractive. An intelligent designer could
indeed produce a skull that counterbalanced the mass of the trunk, fash-
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ion the "sword" described by Job, and do the structural engineering
required to thicken the bones of the elephant's leg to support its great weight.

So elephants, like every other intelligently designed animal, must
appear suddenly in the fossil record, fully formed and without ancestors.
Right?

Well, not exactly. Courtesy of the fossil record, the apprentice's half-
baked magic is about to spin out of control.

The skulls, teeth, and jaws of elephants are distinctly different from
other mammals, which make extinct elephant-like organisms easily recog-
nizable from fossils. In 1997, Hezy Shoshani, the founder of the Elephant
Research Foundation, described some of these extinct proboscideans
(elephant-like animals) in Natural History." Beginning in the Eocene,
more than 50 million years ago, he traced the evolution of the two distinct
species of modern elephants. Summarizing this data for the reader (see Fig-
ure 4.3), Shoshani presented the kind of branching lineage that should be
familiar to anyone who has looked into the geological record of any living
species.

Like it or not, intelligent design must face these data by arguing that
each and every one of these species was designed from scratch. For some
reason, then, that great designer first engineered a small trunk into a little
critter called Paleomastodon at the beginning of the Oligocene some 35
million years ago. Ten million years later, the trunk design was used again
in the larger Gomphotherium, along with a set of protruding tusks. Evi-
dently the designer now thought that the trunk was a good idea, because
he used it again in Deinotherium and Platybelodon in North America, and
for Gomphotherium in Africa, all at the beginning of the Miocene. By the
end of the Miocene, Primelephas, whose well-developed trunk and tusks
are unmistakably similar to the larger species of modern elephants, would
also appear in Africa.

The hypothesis of design absolutely, positively requires the successive
creation of increasingly elephant-like organisms over time. If some  of the
new "inventions" of structure and skeleton in Paleomastodon seem to be
carried over in Gomphotherium, don't be misled. It's not because of ances-
try. One organism has nothing to do with the other. Their similarities and
their differences are coincidental, just like their successive appearances
over geologic time.

Now, I can imagine Phillip Johnson pointing to Figure 4.3 and telling



Figure 4.3. A simplified family tree showing representative members of the ele-
phant, or proboscidean, lineage. Like most modern mammals, the two extant
species of elephants are recent appearances, both having arisen within the last
2 million years. The fossil record of their ancestors, now increasingly detailed,
goes back nearly SO million years, well into the Eocene.

Diagram from J. Shoshani (1997) Natural History, 106 (10), November
1997, p. 38.
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me, with a straight face, that the top part of Shoshani's evolutionary tree
might indeed be the product of design. First the designer experimented
with one species (Primelephas), and then he replaced it with three. Of
those three, one (Mammuthus, the woolly mammoth) became extinct, and
two survive to the present day. Each was a perfectly designed and perfectly
formed species, and the sequence of their appearances is a misleading coin-
cidence. Just like the further coincidences that show ancestry of the ele-
phants way back into the Eocene.

Unfortunately, the fine details of fossil reality are even worse for the
argument of design. As with most popular representations of natural his-
tory, Shoshani's family tree is a gross oversimplification. Those four organ-
isms near the tree's apex are actually four genera (see Figure 4.4a), mean-
ing four groups of closely related species. When one plots the
species-specific fossil record of the elephants (Figure 4.4b), it reveals not
four, but twenty-two distinct species in just the last 6 million years.

This designer has been busy! And what a stickler for repetitive work!
Although no fossil of the Indian elephant has been found that is older
than 1 million years, in just the last 4 million years no fewer than nine
members of its genus, Elephas, have come and gone. We are asked to
believe that each one of these species bears no relation to the next,
except in the mind of that unnamed designer whose motivation and
imagination are beyond our ability to fathom. Nonetheless, the first
time he designed an organism sufficiently similar to the Indian elephant
to be placed in the same genus was just 4 million years ago—Elephas
ekorensis. Then, in rapid succession, he designed ten (count 'em!) differ-
ent Elephas species, giving up work only when he had completed Ele-
phas maximus, the sole surviving species.

A reasonable person, eager to accept intelligent design as an expla-
nation for this one living species, must therefore believe that the
designer started more than 50 million years ago with a small organism
quite unlike the Indian elephant. Then, over time, he crafted scores of
new species, his designs gradually drifting closer and closer to the mod-
ern elephant. In the last few million years, he constructed in rapid suc-
cession nearly a dozen semifinal drafts until Elephas maximus finally
came off the drawing table.

This curious pattern of design that resembles succession is repeated
countless times in the fossil record; and for each instance, Johnson,



Figure 4.4a and b. A close analysis of the last 6 million years of elephant evo-
lution shows the depth and complexity of the fossil record. Two modern and
one recently extinct form (the woolly mammoth, Mammuthus) all trace their
ancestry to Primelephas. The comparatively simple pattern for these three gen-
era (top) belies the fact that twenty-two new species have appeared within
them over the past 4.5 million years." The classic branching of this lineage is a
typical evolutionary pattern. Intelligent design, however, regards the appear-
ance of each new species as the result of an individual act on the part of a
designer.

This diagram has been redrawn from Figure 15 of V. J. Maglio's "Origin
and Evolution of the Elephantidae," Transactions of the American Philosophi-
cal Society 63, no. 3 (1973): 1-149.
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Berlinski, and their colleagues must claim that any impression of a
sequence is just a figment of our imagination.

Is it any wonder that biologists are unable to take intelligent design
seriously?

Over and over again, the imposition of intelligent design on the facts
of natural history requires us to imagine a designer who creates succes-
sive forms that mimic evolution. Magicians are master illusionists, and
if this magical designer had anything in mind, it must have been to cast
the illusion of evolution and nothing else.

A PUFF OF SMOKE

Intelligent design was the first, the original, and the simplest answer for
the exceptional adaptations of living things to their environment. It was
only when Charles Darwin came upon the scene that this simple expla-
nation was abandoned. As Johnson puts it:

The answer Darwin came up with was that these adaptations, which
had seemed to be intelligently designed, are actually products of a mind-
less process called natural selection."

Johnson, of course, favors the original explanation. If he is right, we
should easily be able to fit the explanation of design into every aspect of
the fabric of natural history. Evolutionary biologists do this all the time,
seeking correlations between evolutionary trends and global changes in
climate, for example, or with local events such as floods and food short-
ages. But I have never read, nor do I ever expect to read, an exploration
of any event in natural history in which the explanation of design is cor-
related with actual events. It's easy to understand why.

New species appear constantly throughout the fossil record. If they
really are the products of intelligent design, then how would such new
species appear? I can think of only two possibilities, which are two
more than the proponents of this theory are willing to present. First, the
new organism appears magically, coming into existence in a literal puff
of smoke. Second, the new organism is born as the apparent offspring
of another species, but is so distinctive genetically that it becomes the
founding member of a completely new species.

Don't think for a second that either of these would be rare occur-
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rences. Twenty-two new species have arisen in the elephant lineage in
the last 5 million years, roughly one every 230,000 years. And that's
just for elephants. There are approximately 10,000 living species of
mammals. If the rate of new elephant species is an indication, we might
expect one new mammalian species to have popped up every twenty-
three years or so. As rapid as this seems, these thousands of mammals
are dwarfed by literally millions of insect species. To produce all those
insects, the designer must have been even busier—that puff of smoke
might have been a weekly occurrence.

Like it or not, intelligent design requires us to believe that the past
was a time of magic in which species appeared out of nothing. That
magic began with the dawn of life on this planet, and continued
unabated for more than a billion years, bringing a grand parade of liv-
ing things into existence. Throughout this time, novel organisms sprang
into existence one after another, transforming the earth and producing
eras in which organisms now long extinct dominated the planet.

So, which was it? Did the new species come into existence in a puff of
smoke, or were they the genetically distinct offspring of another species?
And, more important, why have they stopped? The appearance of new
species out of thin air doesn't seem to happen anymore, even if it happened
on a recurring basis in the geologic past. These newly designed organisms
continued to appear on a regular basis right up to the present day. Then,
for some reason, just as we became able to observe it, this remarkable
magic stopped. Makes you wonder why, doesn't it?

THE QUESTION OF COMPETENCE

Almost by definition, an intelligent designer would have to be a pretty
sharp fellow. The critics of evolution like to emphasize the notion that
the information found in biological systems must have been put there
by an intelligent force. Hence, a designer, and a clever one, at that.

Biologists can have great fun with that notion. Living organisms,
ourselves included, are loaded with what Stephen Jay Gould once called
"the senseless signs of history." Our bodies do not display intelligent
design so much as they reveal the evidence of evolutionary ancestry.
Human embryos, for example, form a yolk sac during the early stages
of development. In birds and reptiles, the very same sac surrounds a
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nutrient-rich yolk, from which it draws nourishment to support the
growth of the embryo. Human egg cells have no comparable stores of
yolk. Being placental mammals, we draw nourishment from the bodies
of our mothers, but we form a yolk sac anyway, a completely empty
one. That curiously empty yolk sac is just one sign that the ancestry of
mammals could be found in egg-laying, reptile-like animals, a notion
that is brilliantly confirmed by the fossil record.

These signs of history are the telltale marks of evolution, and all organ-
isms have them. Because evolution can work only on the organisms, struc-
tures, and genes that already exist, it seldom finds the perfect solution for
any problem. Instead, evolution tinkers, improvises, and cobbles together
new organs out of old parts. A true designer would face no such problems,
and could produce genuinely new structures, molecules, and organs when-
ever needed. Unfortunately for us, it doesn't seem to work that way.

The many imperfections of the human backbone which, regrettably,
become increasingly apparent as we age, can hardly be attributed to
intelligent design. They are easy to understand if we appreciate the fact
that our upright posture is a recent evolutionary development. Evolu-
tion has taken a spinal column well adapted for horizontal, four-footed
locomotion and pressed it into vertical, bipedal service. It works pretty
well, but every now and then the stresses and strains of this new orien-
tation are too much for the old structure. Intelligent design could have
produced a trouble-free support for upright posture, but evolution was
constrained by a structure that was already there. Chiropractors, of
course, continue to reap the benefits.

To adopt the explanation of design, we are forced to attribute a host
of flaws and imperfections to the designer. Our appendix, for example,
seems to serve only to make us sick; our feet are poorly constructed to
take the full force of walking and running; and even our eyes are prone
to optical errors and lose their ability for close focus as we age. Speak-
ing of eyes, we would have to wonder why an intelligent designer
placed the neural wiring of the retina on the side facing incoming light.
This arrangement scatters the light, making our vision less detailed than
it might be, and even produces a blind spot at the point that the wiring
is pulled through the light-sensitive retina to produce the optic nerve
that carries visual messages to the brain.

We would also have to attribute every plague, pestilence, and para-
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site to the intentional actions of our master designer. Not exactly a
legacy calculated to inspire love and reverence. Job's God may have
bragged about the elephant, but would he really want to take credit for
the mosquito?

Finally, whatever one's views of such a designer's motivation, there is
one conclusion that drops cleanly out of the data. He was incompetent.

Careful studies of the mammalian fossil record show that the average
length of time a species survives after its first appearance is around 2 mil-
lion years. Two million years of existence, and then extinction. The story
is similar for insects (average species duration: 3.6 million years) and for
marine invertebrates (average duration: 3.4 million years)." In simple
terms, this designer just can't get it right the first time. Nothing he designs
is able to make it over the long term.

Not even those famous so-called living fossils, present-day organ-
isms that are often said to have survived unchanged for millions of
years, are exceptions to this rule. Horseshoe crabs, to pick one example,
are indeed representatives of an ancient group, a superfamily known as
the Limulacea, which extends back 230 million years to the early Trias-
sic. Today's species, Limulus Polyphemus, is a truly modern one that is
easily distinguished from its Jurassic cousin, Limulus walchi.20

What is one to make of this? Quite simply, that the advocates of
design are faced with a logical contradiction. They would like to claim
that the perfection of design seen in living organisms cannot possibly
have been achieved by a random, undirected process like evolution, and
that an intelligent agent is required to account for such perfection. But
when one looks at the record, the products of this intelligent design
consistently fail to survive.

The actions this designer would have to take over time remind me of
a story. As a visitor walked past one of the cages at a zoo, he marveled
at the sight of a lion and a lamb sleeping peacefully next to each other.
Amazed, he sought out the zookeeper. "That's incredible!" the visitor
said. "How do you make them get along so well?" The zookeeper
smiled. "It's easy. All we have to do is to put in a new lamb every day."

I wouldn't give that zookeeper an award for species conservation
any more than I would give our hypothetical intelligence an award for
design perfection. Not for a world in which ninety-nine percent of his
creations have become extinct, not for a zoological park in which both
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lambs and lions must be restocked with completely new species time
and time again, and certainly not for designing new life forms that con-
sistently look like jerry-rigged modifications of his last creations. You
might think the guy had no sense of originality. Worse yet, you might
even think that evolution was going on.

THE " MISSING " MECHANISM

To many biologists, the most curious charge made by the intelligent-
design camp is that the mechanisms thought to drive evolution are not
up to the job. As Johnson puts it:

Science knows of no natural mechanism capable of accomplishing the

enormous changes in form and function required to complete the Dar-

winist scenario!'

That's a sweeping charge. If it were true, I and scores of other experi-
mental scientists would walk over to Johnson's side of this issue in a flash.
If modern work in molecular and developmental biology had indeed been
unable to find any mechanism that could accomplish what Darwin
required, it would be time to start thinking about an alternative. On the
other hand, if modern researchers had discovered exactly such mecha-
nisms, might it not be high time for critics to concede defeat?

One of the great discoveries of this century, courtesy of Watson,
Crick, Franklin, and many others, is that genes are digital, which means
that they are composed of a sequence of discrete units. Genes, the indi-
vidual units of heredity, are written in the language of DNA, using a
four-letter alphabet—A, C, G, and T—corresponding to the four
nucleotides found in DNA: adenosine, cytosine, guanine, and thymine.
The bacterium Escherichia coli contains 4,639,221 of these letters,
organized into a total of 4,288 genes. 22 In groups of three, these letters
code for other building blocks known as amino acids, which are strung
together to make proteins, the biochemical workhorses of the cell. A
single change in a single nucleotide can alter one of those amino acids;
and if the change takes place in a key position, it can alter the function
of the protein, sometimes dramatically. That's why it's appropriate to
describe the code as digital.

Every time an E. coli divides, which can be as often as once every thirty
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minutes, the entire genome must be copied and the two copies carefully
separated so that each daughter cell receives an identical set of genes.
Sometimes this happens perfectly, but sometimes little mistakes are made
and one or two of the nucleotides are miscopied. Sometimes the mistakes
are more serious, and parts of the genome don't get copied at all while
other parts are copied twice. Sometimes genes will be duplicated, moved
from one place to another, or turned completely around. These alterations
are known as "mutations," from the Latin mutare, which means "to
change." They are heritable changes in DNA, in the genes, and they hap-
pen all the time.

Since the code is digital, even a tiny change, just one base in a genome
of 4 million, has a chance to affect the characteristics of an organism. The
replication mechanism means that most of the time that change will be
transmitted faithfully to the next generation.

Now, if genes are nothing more than strings of letters from a four-
letter alphabet, it follows that any letter of any gene can be changed,
replaced, or shuffled by mutation. And so they can. Where's your mecha-
nism? Right there. Mutations, acting upon that digital genome, produce
variation, the raw material upon which natural selection goes to work.
Since mutations can duplicate, rearrange, or change literally any gene, it
follows that they can also produce any variation.

So, what's left to object to? Well, one could admit to the reality of the
mutational mechanism, but then claim that the results of mutation are
almost always bad. These undirected changes in the code tend to mess up
the system, producing incorrect messages, malfunctioning proteins, and
reducing an organism's fitness. Therefore, they aren't good candidates for
a mechanism that depends on natural selection to find increases in fitness.

The kindest thing one can say about that argument is that it's simply,
demonstrably, and clearly wrong.

Want proof? As we saw in the discussion of the evolution of drug-
resistant bacteria (see Chapter 2), any physician in the infectious disease
ward of a major hospital can cite chapter and verse on the problems
posed by the success of this mechanism. In fact, the emergence of strain
after strain of pathogen with resistance to widely used antibiotics is tes-
tament to just how quickly the mechanism of mutation and natural
selection can produce beneficial mutations (beneficial, in this case, to
the germ—not to us!).
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It does no good to offer a counterargument that the genes for resistance
to these antibiotics may have always been present in the population, for
the very simple reason that brand-new resistance genes can be shown to
emerge even under controlled laboratory conditions. In fact, if one actu-
ally believed that bacteria could not evolve genuinely new resistance genes,
then all we'd have to do to achieve total victory against such diseases
would be to produce a few brand-new, totally synthetic antibiotics. With
no preexisting genes around, and with the evolution of new beneficial
mutations impossible, a new, synthetic antibiotic should be invincible.
Unfortunately, medical researchers know that this is just not true. Under
the right conditions, evolution eventually produces and selects for resis-
tance genes to every antibiotic, natural or synthetic.

Even viruses can do this—and as we have seen, some viruses, includ-
ing HIV, are especially good at it.

Let's suppose that you are still skeptical, that you still want detailed,
completely documented proof in a well-defined experimental system
that the mechanism of evolution works, that it can produce and select
for beneficial mutations. Fair enough.

I will present one more example, chosen not because it is so excep-
tional and dramatic, but rather because it is so mundane and routine,
from a simple article published in a research journal of biochemistry.

Nearly all organisms, ourselves included, live in oxygen-rich environ-
ments. Most of the time this is a good thing, especially if you like to
breathe. But oxygen, as important as it is to our metabolism, causes seri-
ous problems at the cellular level that biochemists have been aware of for
years. Oxygen is highly reactive, and can interact with water and other cel-
lular compounds to produce hydrogen peroxide (the stinging disinfectant
used to sterilize cuts and abrasions) and an even more reactive chemical
agent known as a hydroxyl radical (abbreviated HO). These reactive oxy-
gen compounds can damage DNA, for which there are well-understood
repair mechanisms, but they can also damage proteins. Once a protein is
badly damaged by oxidation, the cell's only solution seems to be to junk
the damaged macromolecule and make a new one.

A group of researchers, led by E.C.C. Lin at Harvard Medical School,
wondered if they could learn more about what makes a protein suscepti-
ble to oxygen damage. They took a bacterial protein and set up conditions
that might favor the evolution of a new protein resistant to such damage.
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They chose a protein enzyme that was normally produced only when the
organism was growing by fermentation in the absence of oxygen. Its
actual name is L-1,2-Propanediol:NAD + 1-oxidoreductase, but we'll call
it ProNADO. Not surprisingly, since it's generally not around when oxy-
gen is present, this protein is easily damaged by oxygen.

They grew these bacteria in the presence of oxygen but supplied
propanediol, a small organic compound, as a source of food. The only
way for this bacterium to use propanediol as a food source is to con-
vert it to other compounds, and to do that, it must produce ProN-
ADO, even though oxygen is present. Sure enough, in two separate
experiments, mutants appeared in which the gene for ProNADO was
switched on all the time, even in the presence of oxygen. Score one for
evolution.

Now the tough work. Because ProNADO was not adapted to work
in an oxygen-rich environment, it was easily damaged by the HO radi-
cal and other oxidizing compounds. The researchers themselves didn't
know enough about oxygen damage to understand how to engineer a
protein to make it resistant, but they figured they could let evolution
teach them. Therefore, they simply grew the mutant bacteria in plenty
of oxygen, figuring that sooner or later those chance, random mecha-
nisms of mutation so scorned by critics of evolution would come up
with an oxidation-resistant form of ProNADO.

Sure enough, mutation and natural selection did the trick. It produced
two mutants, each of which was dramatically resistant to oxidative dam-
age. Normally it takes about forty minutes of oxidation to completely
inactivate ProNADO. In the first mutant, the enzyme retained forty per-
cent of its activity after the same treatment; and in the second, nearly sixty
percent. The researchers then analyzed the mutant genes and discovered
that the changes were remarkably simple. In the first mutant, a single
amino acid (the seventh in the chain) had been changed from an isoleucine
to a leucine; and in the other, a leucine in the eighth position had been
changed to a valine.

What might happen, the team wondered, if genetic recombination
were to put both mutations together in the same gene? Bingo! Eighty
percent resistance to oxidation! In fewer than two hundred bacterial
generations, the mechanism of random, undirected mutation had taken
the gene for an oxygen-sensitive protein produced only during fermen-
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tation and changed it into one that is switched on all the time and is
highly resistant to oxygen damage."

These results were not exactly earthshaking. They were routine, in fact,
and that's exactly the point. The experiment, part of a solid experimental
study, simply altered the growth conditions of a bacterium and then
allowed evolution to produce a series of beneficial mutations to suit new
conditions. In so doing, the researchers learned a series of valuable lessons
on how to design proteins to make them more resistant to oxidation. That
was what their paper and their research was really about.

What if they had taken a different route? What if they had decided
to publish their results in a journal on evolution, claiming they had
proof that evolution could redesign a gene in just a few hundred gener-
ations? I strongly suspect that the editors would have rejected it out of
hand—not because of scientific flaws, but because their study lacked
novelty. There simply is nothing new to the observation that the mecha-
nism of evolution works.

Incredibly, the critics of evolution continue to claim that the mecha-
nism of evolution is unknown, that mutations are never beneficial, and
therefore that the hand of design is the only way to explain adaptations
of organisms to their environments. For some reason, the real impor-
tance of simple studies like Lin's never seems to sink in—that natural
selection is the driving force behind genetic adaptation, and that labora-
tories around the world have repeatedly observed the mechanism of
evolution in action under controlled conditions.

MACRO AND MICRO

You might think that scores of biochemical and molecular studies like Lin's
work on the evolution of oxidation resistance would dispel any doubt that
the mechanism of evolution has been demonstrated. Intelligent-design
advocates like Phillip Johnson sometimes use a word game to pretend that
such experiments mean nothing. When he and I discussed the issue of evo-
lution on a PBS-sponsored Internet Web site, he dismissed such evidence
with a disdainful flourish:

The mutation/selection mechanism has never produced anything more
impressive than variations in preexisting populations (microevolution).24



108 FINDING DARWIN'S GOD

Curiously, his statement ignores the fact that such variations are
exactly what natural selection works upon. Johnson then argues by
manipulating the definitions of words. He defines these variations in a
population as "microevolution." As the name implies, "micro" means
small. Johnson is careful never to give this term an exact definition, to
say exactly how small a change has to be to qualify, but nonetheless
he applies the label to anything we can actually see or verify in the
laboratory or field. Therefore, he would define the evolution of an
oxygenation-resistant form of a protein as nothing more than
microevolution.

Why is this significant? Johnson would have us believe that the only
kind of evolution that really matters, the kind that really might produce
new species, would have to be something different, something big,
something macro. He wants to see macroevolution. And he claims
that's exactly what Gould and Eldredge say the fossil record requires to
support the rapid changes described by punctuated equilibrium.

Semantically, this is a brilliant strategy. You label any observed evolu-
tionary mechanism as micromutational, say that yes, the work is interest-
ing, but unfortunately the experiments at hand do not address the issue of
macroevolution. By pretending that every example ever discovered of evo-
lution in action is "just" microevolution, you can disqualify whole cate-
gories of important evidence against your case.

Johnson's argument is wrong on two counts. First, among bacteria,
which is to say among most of the cells alive on the planet, it is particularly
easy to see that the differences between species are indeed nothing more
than the sum total of differences between their genes. If microevolution
can redesign one gene in fewer than two hundred generations (which in
this case took only thirteen days!), what principles of biochemistry or mol-
ecular biology would prevent it from redesigning dozens or hundreds of
genes over a few weeks or months to produce a distinctly new species?
There are no such principles, of course, which is the first reason why he is
wrong.

The second reason is even more fundamental. We distinguish one
animal species from another by its morphology, its appearance, the
shape and size of its bones and body. Johnson argues that every appear-
ance of a new species in the fossil record is a case of macroevolution,
demanding an entirely new mechanism to produce such large changes.
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Just how large, of course, he is careful not to say. If Johnson were a seri-
ous scientist, he might try to quantify the changes in morphology that
have occurred in the fossil record, and then determine the rate of struc-
tural change that would be required to fit the observed speed of
macroevolution. It may not surprise you that Johnson has not done
this, but serious scientists have.

In 1981, biologist David Reznick started an interesting experiment. He
scooped up a handful of guppies (Poecilia reticulata) from a waterfall pool
in a stream in Trinidad, and transported them well upstream, beyond the
waterfall, to a different pool. The lives of guppies, those unremarkable fish
that grace the tanks of so many first-time aquarium owners, may seem
relaxed and stress-free, but the natural habitat of this fish fits every bit the
description of nature red in tooth and claw. Bloodthirsty predators, most
notably a vicious little cichlid fish, exact a terrible toll from the adult pop-
ulation, catching and eating the largest of the guppies.

The new location into which the researchers placed a sample of the
population differed from the guppies' original home in just one important
respect—it lacked the large predator. For eleven years they studied the
sizes and reproductive patterns of the transplanted guppies. To be doubly
certain that any changes they saw were genetic, they captured guppies
from the wild, brought them back to laboratory conditions, and made all
of their measurements on the second generation of laboratory-reared fish.

They found that the fish quickly adapted to their new environments.
Fish bred from the upstream fish took longer to reach sexual maturity, and
were larger at maturity than the downstream fish. These adaptations, of
course, make perfect sense. With the cichlid preying on the largest fish,
only those that reach sexual maturity early, when they are small enough to
evade the large predator, would be successful in reproducing. Once the
guppies were transplanted upstream to a predator-free environment, nat-
ural selection would give any tendency towards a longer period of growth
before sexual maturity a big reward—the chance to produce more off-
spring, as the number of eggs a female can produce goes up with an
increase in body size.

In one sense, Reznick's results are the unremarkable outcome of dif-
fering conditions of natural selection in two habitats. But the care of
their study enabled them to do something else—they measured the rate
at which these heritable, genetic changes took place.
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Changes in any measurable, heritable characteristic can be expressed
in terms of units known as "darwins." A rate of change of one darwin
means that the average value of a measurable feature has changed by a
factor of 2.718 over the course of 1 million years.' Reznick and his
associates carried out two sets of experiments in different streams, and
measured rates of change for various characteristics from 3,700 to
45,000 darwins. How does this compare to historical rates of change
observed in the fossil record—rates that Johnson regards as requiring a
special macroevolutionary process? The changes in tooth size among
horses during the Tertiary, a period of rapid (in evolutionary terms) evo-
lution well recorded in the fossil record, is around 0.04 darwins. Much
earlier, the record documents an even more dramatic increase in size
from the smallest to the largest of the ceratopsian dinosaurs, a lineage
that includes Triceratops, that is widely regarded as an example of
rapid evolutionary change. Here the change is faster: 0.06 darwins!

If you notice something remarkable here, join the club. The authors
picked it up right away. They wrote that the rates of change they
observed "are similar in magnitude to rates that have been obtained by
artificial selection and four to seven orders of magnitude greater than
those observed in the fossil record."' In other words, these experiments
carried out under field conditions produced rates of genetic change that
were 10,000 times to 10,000,000 times faster than the typical rates of
rapid genetic change observed in the fossil record.

No one would seriously argue, even for a moment, that novel genetic
mechanisms were needed to account for the effects of these eleven years
(about eighteen generations) of natural selection on Reznick's guppies.
Why then would anyone find it necessary to demand novel mechanisms
to account for the much, much slower change observed over geological
time? Remembering that the theorizers of punctuated equilibrium had
wondered out loud if new genetic mechanisms were necessary to sustain
the relatively rapid changes they observed in the fossil record, Reznick
and his associates hit this theoretical nail right on the head:

Specifically, Gould and Eldredge argue for the necessity of bursts of spe-

ciation followed by species selection to sustain the rapid change associ-

ated with punctuations in the fossil record. Our work cannot address

the efficacy of mechanisms other than natural selection, but it extends

our understanding of what is attainable through this process. It is part
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of a growing body of evidence that the rate and patterns of change
attainable through natural selection are sufficient to account for the pat-
terns observed in the fossil record."

Bingo. And these results were not an isolated case. Recent studies involv-
ing finches, lizards, and even the common house sparrow 28 document rates
of genetic change of 300 or 400 darwins, easily 1,000 times faster than the
supposedly fast-paced macroevolutionary events demanded by punctuated
equilibrium.

What this means, of course, is that the microevolutionary processes
so scorned by critics of evolution are more than sufficient to account for
even the fastest transitions documented in the fossil record. The mecha-
nism isn't missing, it isn't too slow, and it isn't even theoretical. The
mechanism of evolution is real, is observable, and is more than ade-
quate to the task at hand.

ON THE JOYS OF BEING OUTRAGEOUS

Against the backdrop of laboratory experiment and field observation,
the demands for a mechanism made by latter-day creationists like John-
son collapse into what has been called the "argument from personal
incredulity." The only compelling case they can make against evolution-
ary theory is that the mountain of historical and experimental evidence
supporting evolution hasn't yet convinced them. In scientific terms, the
hollow nature of such contentions speaks for itself, and is probably the
principal reason why such anti-evolutionists avoid scientific meetings—
where they would face informed critics of their ideas.

Nonetheless, the opponents of evolution are certainly entitled to ask,
if the ordinary mechanisms of mutation and natural selection are more
than sufficient to account for the patterns of change observed in the fos-
sil record, then why do some of the most prominent evolutionary biolo-
gists seem to say that this is not the case? Specifically, why have the likes
of Gould and Eldredge written that the fossil record is distinctly non-
Darwinian, and why have they argued that a new theory—punctuated
equilibrium—is required to explain it?

The answer is surprisingly mundane. The driving force behind punc-
tuated equilibrium was an attempt to enhance the novelty and impor-
tance of a relatively modest observation about the fossil record.
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A modest observation? But haven't we already established that the
work of Gould and Eldredge presented a dramatic alternative to the
dogmatic phyletic gradualism advanced by Darwin? Not really. And
this is the point that bears closer inspection.

Let's begin by taking another look at Figure 4.2, taken from a 1980
drawing to highlight the differences between punk eek and phyletic grad-
ualism. At first glance the two diagrams look quite different. In one the
change is sudden, and in the other the change is gradual and continuous.
But look closer and you'll see that something fundamental is missing from
these diagrams—a scale! To be sure, the Y-axis is labeled "Time" and the
X is "Morphology." But how much time and how great a change in mor-
phology? The architects of the theory don't say—and they have never said.

A little tinkering shows why this is important. Suppose that we
examine punctuated equilibrium by zooming in on that relatively brief
period of time in which a new species is established (see Figure 4.5).

If we take that period from the punk eek drawing, and expand those
arbitrary and unspecified time units, what happens? The drawing of
this so-called revolutionary theory of change suddenly becomes trans-
formed into a model of the very gradualist pattern against which it was
contrasted. In other words, the only thing that makes punctuated equi-
librium appear novel, or even different from gradualism, is the choice of
a timescale with which to present the data. And since a timescale is not
presented as part of the theory, there really becomes no way to distin-
guish what kind of data support gradualism and which might support
punctuation.

It sometimes is argued that the real novelty of punctuated equilibrium
can be found in its recognition of the unevenness of evolutionary change.
Darwinian change is then portrayed as requiring that such change be slow,
steady, and continuous. But that's not at all what Darwin said. Remember
that he drew exactly one diagram in The Origin (see Figure 4.6 for close-
up, Figure 2.4 for complete diagram), designed to allow his readers to see
how he believed new species were formed over time.

Darwin presented this diagram so that his readers would have some
idea of how he imagined descent with modification might take place
over time. Naturally, he focused on what things might look like when
changes were taking place—not on what might happen when they were
not. Should we take the branching lineages that Darwin drew as show-



Figure 4.5. The scale of time is crucial in assessing whether the "rapid" bursts of speciation associated with punctuated equilib-
rium are distinctly different from those associated with phyletic gradualism. If, as shown here, the crucial part of a classic rep-
resentation of punctuated equilibrium (left) is redrawn with its arbitrary timescale expanded, the result (right) is a diagram of
evolutionary change nearly identical to phyletic gradualism.

From Figure 4.2, which is redrawn from R. Lewin, "Evolutionary Theory under Fire," Science 210 (1980): 883-885.
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ing his commitment to regular, steady change over time? After present-
ing the drawing he wrote:

But I must here remark that I do not suppose that the process ever goes
on so regularly as is represented in the diagram, though in itself made
somewhat irregular, nor that it goes on continuously; it is far more

Figure 4.6. A portion of Darwin's drawing of evolutionary change from The

Origin of Species. Note the differing pace of change in various lineages, and
the lack of change in others.
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probable that each form remains for long periods unaltered, and then
again undergoes modification."

Can we even conceive of a better definition of stasis, or equilibrium,
than the notion that a species "remains for long periods unaltered?" Or
of a better definition of punctuation than the species "again undergoes
modification?" A visitor to the land of evolution-speak might be for-
given for coming to the conclusion that the controversy over gradualism
versus punctuated equilibrium was a wee bit contrived. And so it was.

Here we have pinpointed the essential secret of punctuated equilib-
rium. Wouldn't it have been wonderful to look at the range and diver-
sity of life, and to draw from one's observations a sweeping and trans-
forming generalization that changed everything we thought we
understood about natural history? I have no doubt that's exactly what
Eldredge and Gould sincerely believed they were doing when they first
described their theory. For better or for worse, that's also the feat that
Darwin accomplished; and unfortunately for my colleagues, it turns out
that Darwin got it positively and overwhelmingly right the first time.

To be sure, there is plenty of action and excitement in the field of evo-
lutionary biology. Much of this comes from the new technical capabilities
of molecular genetics, which have just begun to make it possible to study
the evolutionary dynamics of individual genes and even whole genomes.
On the point of fashioning, as Darwin did, a broad and general theory that
would revolutionize our understanding of natural history, the proponents
of punctuated equilibrium have simply missed the boat.

Why does this matter? It makes a difference because of the way in
which Phillip Johnson and other critics of evolution have pounced upon
such words and phrases as "instantaneous" in the punctuated equilib-
rium description of the origin of species. To biologists, punctuated equi-
librium is part of an interesting but highly technical argument about
whether major evolutionary trends in size and structure are accom-
plished by the production of new species or by the transformation of
existing species. In either case, there is plenty of evidence that the trans-
formations themselves have taken place repeatedly in natural history, so
why should a creationist care about the pace of such changes? For John-
son, reading about "instantaneous" origins for natural species opens
the door to the miraculous. In his mind, only the materialist prejudices
of mainstream scientists constrain them to slam that door shut.
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THE EMPEROR ' S NEW THEORY

Ironically, the appeal Gould and Eldredge hold for creationists comes
from their acknowledged status as evolutionary biologists of the first
rank. This lends an air of authority to their generalizations about the
nature of the fossil record. Presumably, if they say most species appear
suddenly and without apparent ancestors, then surely it is so. And just
as surely, these generalizations must mean that Darwinian evolution—
against which Gould and Eldredge seem to argue—cannot explain nat-
ural history.

This line of reasoning is a clear case of hearing only what you want to
hear. The real point at issue is a simple one. What actually happens dur-
ing those "instantaneous" transitions to new species? The hope of anti-
evolutionists like Johnson, of course, is that something special, something
non-Darwinian, something truly miraculous takes place during each of
those horizontal leaps. Searching the record of the past (or perhaps more
accurately, searching the writings of evolutionists) for the magic of cre-
ation, they hope that every one of those "punctuations" made so famous
by Gould might be evidence of the Creator at work.

Well, are they? Does the evidence allow us to say that the Creator
might be working His magic at each of these punctuational events? Putting
it another way, what would we see if we could observe the origin of a new
species directly, in real time? Would we see the sudden appearance of a
radically new species out of thin air? Or would we see classic series of
intermediate forms? On this score Gould and Eldredge have been unchar-
acteristically clear. First, they took pains to point out they had not claimed
punctuated equilibrium to be

a new discovery, but only a novel interpretation for the oldest and most
robust of paleontological observations: the geologically instantaneous
origination and subsequent stability (often for millions of years) of pale-
ontological "morphospecies.""

The key to understanding this statement is the term "geologically
instantaneous," words that the creationists conveniently gloss over
when invoking the punctuational description of the fossil record. What,
exactly, does this mean? Once again, Gould and Eldredge have made
this clear:
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Figure 4.7. Two views of punctuated equilibrium. The anti-evolutionist advo-
cates of intelligent design maintain that the rapid origin of species might be
evidence for special creation of new species (left). Evolution, however, would
maintain that the real reason for the apparently instantaneous origin of a new
species from a closely related one is the compression of real time into geologi-
cal time (right).

We realized that a standard biological account, Mayr's peripatric theory

of speciation in small populations peripherally isolated from a parental
stock, would yield stasis and punctuation when properly scaled into the
vastness of geological time—for small populations spectating away from
a central mass in tens or hundreds of thousands of years, will translate in

almost every geological circumstance as a punctution on a bedding plane,
not gradual change up a hill of sediment, whereas stasis should charac-
terize the long and recoverable history of successful central populations."

Fair enough. This statement means that appearance of instantanous
speciation is really just an artifact of the compression of time that takes
place each time a new layer is formed in the fossil record. Another of
Gould's essays makes this point abundantly clear:
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These events of [species] splitting are glacially slow when measured on
the scale of a human life—usually thousands of years. But slow in our
terms can be instantaneous in the geological perspective."

This is the perspective the critics of evolution never seem to get.
Those fits and starts that made punctuated equilibrium seem so radical
were nothing more than the compression of Darwin's sketch into the
hard rock reality from which the fossil record is drawn.

In fact, if we "correct" Darwin's sketch to meet the timescale that
Gould and Eldredge assign to a geological instant, a surprising thing
happens. Darwin's figure contained a series of horizontal lines, each of
which he supposed might represent a thousand generations. If we assign
one year to a generation (although many organisms have far more than
one generation per year), then the whole of Darwin's 14,000-generation
diagram would fit within a geologic instant! Once again, the only gen-
uine difference between Darwinian gradualism and punctuationalism is
an arbitrary choice of the timescale over which to display the data.
Once this is evident, even its originators' claim of a "novel interpreta-
tion" wears a little thin.

The real test, however, of whether or not I have presented a fair
description of the lack of theoretical novelty in punctuated equilibrium
is whether or not a perfectly preserved set of specimens from one of
those instantaneous transitions would show a true series of intermedi-
ates of the sort predicted a century and a half ago by Darwin. In one of
those ironic little twists of scientific fate, exactly such specimens found
their way, not very long ago, right into the hands of Stephen Jay Gould.

Much of Gould's own field work has involved studies of the
Bahamian land snail, Cerion. As a landlocked electron microscopist
whose research work has never taken him to any location more exotic
than the university's greenhouse, I applaud Gould's informed choice of
model organisms. But Cerion offers far more than a nice place to travel
to. The snail's plasticity has given rise to a number of new species in
geologically recent times. The ease with which its shells fossilize means
that many of these speciation events can be studied in detail.

As Gould tells the story, in 1990 he and David Woodruff (of the Uni-
versity of California, San Diego) collected a remarkable series of shells on
the island of Great Inagua. Today, this island is home to Cerion rubicun-

dum, a snail whose distinctive ribby shells are particularly easy to identify.
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Fossil deposits, even very recent ones, from Great Inagua lack C. rubicun-
dum entirely, and instead contain the largest of all Cerion species, C. excel-
sior. Gould and Woodruff believed that the transition, over time, had been
accomplished by species hybridization, with the average morphology of
the snails on the island changing gradually from C. excelsior to C. rubi-
cundum. They even collected a series of shells that, in Gould's words,
"seemed to span (and quite smoothly) the entire range of form from
extinct C. excelsior to modern C. rubicundum." All of the shells had been
collected in a single mud flat, the equivalent of a single bedding plane in a
geologic column. This meant that their relative ages could not be deter-
mined, and therefore there was no way to know whether or not the smooth
transition between species had actually taken place as they imagined.

For years, Gould's specimens sat in a museum drawer. Then geo-
chemist Glenn Goodfriend learned of Gould's specimens, and the two
of them teamed up to put the shell fossils into their correct chronologi-
cal order. By combining radiocarbon dating with another technique that
measures long-term changes in the amino acid composition of the shell,
the two scientists were able to put their specimens into the proper order.
The result was impressive. As shown in Figure 4.8, spread out over
15,000 years, the size and shape of the older shells changed smoothly
into the modern shape of C. rubicundum.

Cerion might be just a snail, but the good luck of finding so many
specimens from a single geologic period provides perfect documentation
of what a species transformation actually looks like under the micro-
scope of time. And it's not at all what the critics of evolution would
have hoped for. A modern species doesn't come out of thin air, but
arises by descent with modification of an ancient ancestor. Darwin
examined, Darwin confirmed.

As Gould and Goodfriend noted:

In favorable circumstances such as these, the fossil record can supply
direct evidence for evolutionary change at the generational scales of
microevolutionary processes, rather than the conventional paleontologi-
cal scale of general trends over millions of years."

An observer might be forgiven for noting the obvious, which is that
when one of those instantaneous blips described by punctuated equilib-
rium is examined up close, it doesn't look much like punctuation at all,
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Figure 4.8. Changes in shell morphology of fossil and modern Cerion shells.
The nearly complete fossil record shows a smooth, continuous transformation
from the ancient species to the modern one. The horizontal axis represents
time ("A/I" values measure changes in amino acid composition, which increase
with time. Several exact ages are indicated), and the vertical axis represents a
combined measurement of several variables in shell morphology.

From a 1996 study by Goodfriend and Gould, Science 274 (1996):
1894-1897.

not even when Steve Gould himself is doing the examining. It looks
instead very much like Darwin's gradualism.

So, how did Gould react to the obvious implications of his own
work? In his monthly column in Natural History, he recounted his dis-
cussions with a reporter from Science magazine:

He wanted to write an accompanying news story about how I had
found an exception to my own theory of punctuated equilibrium—an
insensibly gradual change over 10,000 to 20,000 years. I told him that,
although exceptions abound, this case does not lie among them but
actually represents a strong confirmation of punctuated equilibrium. We
found all 20,000 years' worth of snails on a single mud flat—that is, on
what would have become a single bedding plane in the geological
record. Our entire transition occurred in a geological moment and rep-
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resented a punctuation, not a gradual sequence, of fossils. .  . The

reporter, to his credit, completely revised his originally intended theme

and published an excellent account.'

The reporter should have stayed with that original story, because his
first instincts were overwhelmingly correct. Gould had indeed found an
exception to the way in which punctuated equilibrium is generally pre-
sented, explained, and understood. Naturally, he resisted the conclusion
that this experimental evidence contradicted his well-known theory, and
did his best to explain it away. In saving that theory from the gradualist
dangers of his own Cerion data, he showed just how little is left to dis-
tinguish punctuated equilibrium from Darwin's orginal formulation of
the pace of evolutionary change. Namely, to repeat Darwin's own
words, that "each form remains for long periods unaltered, and then
again undergoes modification." To this, all that punk eek really has to
add is the fact that the compression of geological time will make those
periods of modification seem sudden and abrupt.

To be fair, there are a few interesting technical elements to punctu-
ated equilibrium that I have not mentioned, most notably the assertion
that major evolutionary trends are strongly correlated with the produc-
tion of new species. For us, the point at issue is simpler: Do new species
appear so suddenly that they require a mechanism above and beyond
the ordinary processes known to take place in genetics and molecular
biology? And the answer is simple, too. They don't.

CASE CONSIDERED

I roomed with a law student my first year in grad school at the University
of Colorado, and absorbed a few stray lessons as he, like me, struggled to
learn his craft. One of those was a valuable answer to the question, When
do you really need a lawyer? The best answer was, according to my room-
mate, Whenever the other guy has one. My friend's logic was unassailable.
Lawyers are rhetorical gunslingers, professional advocates; love them or
hate them, lawyers are people who argue for a living, and if you're going
up against a lawyer on your own, you are in trouble.

Phillip Johnson is a lawyer, and a good one. The rhetorical and logi-
cal skills he brings to any argument are part of the necessary training
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for the proper practice of law. But making a case in law is not the same
thing as making a case in science.

Lawyers are advocates. Their task is not necessarily to seek the truth,
but to present a particular point of view as forcefully and effectively as
they can. The whole structure of the American judicial system relies on the
presence of two opposing advocates—the two sides of a case—whose
arguments will, under ideal circumstances, contribute to the search for
truth. A judge has the responsibility to make sure the advocates play by the
rules, and another group—the jury—weighs both sides and makes the ulti-
mate decisions of fact. The law profession produces people who are skilled
in the preparation and presentation of argument, and that certainly
describes Johnson.

Science is different from the law. I say this not because I am naive
enough to believe that scientists are always fair and lawyers are always
biased, or because scientists seek the truth while lawyers seek advan-
tage. Like law, science involves a process, and the pursuit of scientific
truth is hobbled with all the problems, weaknesses, and frailties that
attend the human condition. Scientists lie, cheat, and steal, and they
make mistakes. Plenty of mistakes. But science corrects those mistakes,
and the mechanism of their correction cuts to the heart of the difference
between science and law.

In law, there is no perfect solution, no absolute justice, no single and
unique standard to balance rights and responsibilities. The whole practice
of law in a democratic society is predicated on the notion that the people,
through their elected representatives, may set and change the accepted
norms of legal behavior, and even the rules by which the legal profession
operates. In such a system, the role of advocate is enhanced, especially if
the advocate is able to influence the making of rules themselves.

In science, there is an absolute, unchanging authority. That authority
is nature. And there really is just one perfect solution for any scientific
question, namely, the one that corresponds to actual, physical reality. It
is fashionable in some academic circles to pretend that science names
nature as the ultimate authority only to disguise its true allegiance to
the white, male, Western power structure. And it certainly is true that
the practice of science, as a human institution, is affected by the lines of
authority within society. But science transcends such arguments for the
very simple reason that it really does depend, as its final judge of truth,
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on the objective reality of the world around it. This doesn't mean that
science always gets to that reality right away, and it certainly doesn't
mean that every pronouncement of the scientific establishment, includ-
ing the ones about evolution, should be taken as revealed truth. It does
mean that one who would advance a scientific theory has a task quite
different from that of a legal advocate.

When I first read Phillip Johnson's book, Darwin on Trial, I read it as
a scientist, and it puzzled me. In every chapter he attacked what he con-
sidered to be a weak spot of evolutionary theory, implying in each and
every case that there might be another explanation, a better one than evo-
lution. This is a common strategy in scientific argument. As I neared the
end of the book, I expected Johnson to do what any one of my scientific
colleagues would do at the conclusion of a provocative seminar—to lift
the curtain and reveal that better explanation. Like any scientist, I
expected him to present a model that would fit the data more precisely, a
model that would possess powers of explanation and prediction well
beyond the theory he had attacked. But Johnson did nothing of the kind.

Gradually I realized that the case he and his associates bring against
evolution is not a scientific case at all, but a legal brief. The goal of his
brief is to raise reasonable doubt, to create a climate in which the intel-
lectual claims of evolution seem shaky, even unreasonable. What it
never does is to present us with an alternative—any alternative—to the
seamless integration of theory and natural history provided by evolu-
tion. There are two reasons for this.

First, the only message of Johnson's book as a legal brief is that case for
evolution is weak. All he needs to establish is that the other side has not
proven its case beyond a reasonable doubt. A skilled advocate, he sees no
need to present a case of his own, and refuses to do so even when asked."

The second reason is tactical. From time to time, Johnson allows that
there just might be an alternative to evolution, an alternative known as
"design." Fair enough. To lift the curtain on this supposed theory, we'd
have to ask what design might look like to an observer. What would it
mean in terms of the sequential character of the fossil record? How does
design explain the appearances and extinctions, for example, of twenty-
two different elephant-like species in just the last 6 million years?

As we have already seen, design can be joined to the facts of natural his-
tory only in a way that makes the designer look like a comic, overworked,
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and rather slipshod magician. Always a good lawyer, Johnson knows that
if he begins to explain the operation of this theory, the case against evolu-
tion will evaporate. But his goal, after all, isn't science. It is to undermine
a scientific theory the implications of which he does not like. So he avoids
mention of any alternative theory, and works at establishing reasonable
doubt.

What's the proper response? Quite a few scientists believe that such
attacks on evolution are best ignored, that they aren't worthy of a
response. I don't agree. And I don't think that this is a debate in which sci-
ence should call in lawyers of its own. As complex as science sometimes
seems, the scientific resolution of dispute and controversy is actually much
simpler than it is in law or philosophy. The best way to answer any objec-
tions to evolution is see whether they are grounded in scientific fact.

When that is done, Johnson's objections collapse. His claim of a
missing mechanism is easily refuted, his hopeful misinterpretations of
punctuated equilibrium fall apart under close scrutiny, and his assertion
that the fossil record does not support evolution is in error.

In Darwin on Trial, Johnson disputes many of the details of the evo-
lutionary record of the vertebrates. The facts of that record show that in
the Upper Devonian period, about 350 million years ago, there was a
group of freshwater fish known as rhipidistians generally thought to be
ancestral to the tetrapods, four-footed land vertebrates. Johnson notes
that rhipidistian fish are similar to modern lobe-finned fish such as
lungfish, and then claims that the lobe-fins give "no indication of how it
might be possible for a fish to become an amphibian," suggesting that
"a rhipidistian fish might be equally disappointing to Darwinists if its
soft body parts could be examined."" The implication is that tetrapods
didn't really evolve from fishes or, for that matter, from anything else.

A career in the law could not have prepared Phillip Johnson for the
pace of discovery in science. Two important fossil finds, one on each side
of the fish-to-amphibian transition, have crushed his argument. In 1991,
two British scientists reported on an unusually detailed skeleton of Acan-

thostega gunnari, a remarkably fish-like tetrapod. Paleontologists have
recognized for years that the earliest tetrapods retained scores of fish-like
characters, but this specimen of Acanthostega was so well preserved that
it contained a genuine surprise—internal gills. No other amphibian pos-
sesses internal gills, and the structures preserved within the fossil make it
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clear that Acanthostega could breathe with its gills underwater, just like a
fish, and could also breathe on land, using lungs. It was a true transitional
form. This first amphibian-like tetrapod was, as evolution would have
predicted, more fish-like than any tetrapod to follow. As noted, the
authors summarized the importance of their find by writing that "Reten-
tion of fish-like internal gills by a tetrapod blurs the traditional distinction
between tetrapods and fishes.""

It gets even better. In 1998, an opportunity to examine the soft parts,
as Johnson put it, of a Devonian fish surfaced along a roadside in Penn-
sylvania. Paleontologists Edward B. Daeschler and Neil Shubin discov-
ered a fossilized fin so well preserved that its soft parts could be seen
outside its underlying bony skeleton. The fin contained eight well-
defined, recognizable digits. Incredibly, this fish had a fin with fingers,
eight in number, just like the digits of the earliest tetrapods. Hardly the
disappointment to Darwinists Johnson had predicted!

So, what is the result of a hearing on this portion of our advocate's
case? Not only were the first tetrapod amphibians remarkably fish-like
and rhipidistian fish remarkably amphibian-like, but their mix of char-
acters removes any doubts as to when and where the key tetrapod char-
acteristics of breathing and locomotion first evolved. Every objection of
Johnson's has been answered. The fossils have been found in exactly the
right place, at exactly the right time, with exactly the right characteris-
tics to document evolution.

Is this just a tactical victory for evolution, one isolated success in a
series of logical battles that could go either way? No. Remember the sci-
entific stakes. If evolution is genuinely wrong, then we should not be able
to find any examples of evolutionary change anywhere in the fossil record.
A desperate advocate could quibble, of course, that the evolution of the
modern elephant from its ancestor Primelephas is too small a change to
matter. On this point, anyone who has seen these skeletons would surely
disagree. The scale of the transformation from fish to tetrapod amphibian,
however, is just too large to dismiss. It breaks the case of the defense.

More important, the implication that we should put Darwin on trial
overlooks the fact that Darwinism has always been on trial within the sci-
entific community. Once we invoke Darwin's mechanism, we immedi-
ately place testable constraints on the patterns of natural history. If
organisms show common ancestry, then we should find a nested series of
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relationships among existing organisms, which in fact we do. We should
find that novel organs and structures are found only in the actual descen-
dants of ancient species in which those structures first appeared—also
true. Finally, and what is most important, we should find a consistent pat-
tern of ancestor-descendant relationships that expands as new discoveries
fill in the details of the fossil record. The new fossils that document tetra-
pod origins are just two examples of the spectacular way in which this
final test continues to be met by evolution.

To pretend that evolution has never been tested, or never been put
on trial, is to overlook one of the strongest, more vigorous, and even
the most contentious branches of modern science. The most effective
scientist, unlike an effective attorney, is not the one who makes the best
case for his side of a scientific issue. Rather, it is the one who finds the
best way of testing every relevant idea against the objective reality of
nature. When Phillip Johnson's case, well argued as it may be, is tested
against this reality, it fails, and it fails every time.

A THEOLOGY OF MAGIC

There's an old saying that the devil is in the details. If this is true of any-
thing, it's certainly true when it comes to invoking design to explain the
fossil record. At first glance, design seems to explain everything, because
the principle of an all-powerful designer can be used to account for any-
thing. This is one of its main frustrations to science. By definition, design
cannot be tested, cannot be disproven, cannot even be investigated. The
arguments for design are entirely negative in nature, and the writings of
Johnson, Berlinski, and others confirm this in briefs that assert only the
insufficiency of the evolutionary mechanism. Evolution doesn't work, they
say, so the only alternative is design.

Would that it were that simple. Evolution does work, of course, and
that is how I have answered their criticisms. What I find particularly
distressing is that these anti-evolutionists fail to see the damage they
have done philosophically and theologically by invoking design as a
universal alternative to evolution.

To an anti-evolutionist, when new species appear in the fossil record, it
is not as the modified descendants of ancestral species. It must be the prod-
uct of design. This makes the fossil record a tool for recording the actions
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of the designer. We must say, then, that it pleased the designer to design
only microorganisms for nearly 2 billion years of earth's history. He then
began to tinker with multicellular organisms, producing a bewildering
variety of organisms that survived only briefly. In the Cambrian era,
roughly 530 million years ago, the designer produced an extraordinary
variety of multicellular organisms, many of which were the first represen-
tatives of what we now regard as the animal phyla, the major groups into
which animals are classified. Even in the Cambrian, he was not yet inter-
ested in designing a vertebrate, an animal that, like us, is built around a
backbone. That came later."

Then, as we have seen, the designer produced one organism after
another in places and in sequences that would later be misinterpreted as
evolution by one of his creatures. And just to compound that misinter-
pretation, he would ensure that the very first limbs he designed looked
just like modified fins, and that the first jaws he designed looked like
modified gill arches. He would further ensure that the first tetrapods
had tail fins, like fish, and that the first birds had teeth, like reptiles. So
thoughtful was this designer that after having designed mammals to live
exclusively on the land, he would redesign a few, like whales and dol-
phins, to live in water—but not before he designed creatures that were
literally halfway between land and swimming mammals. In working his
magic, this designer chose to create forms truly intermediate between
walking and swimming mammals.

It would be nice to pretend that this description is nothing more
than an irreverent polemic, a nasty poke at the opposition. But it's not.
It is a fair description of just a tiny bit of what any advocate of intelli-
gent design must believe in order to square such beliefs with the facts of
geological history. And this is just the beginning.

Intelligent design advocates have to account for patterns in the designer's
work that clearly give the appearance of evolution. Is the designer being
deceptive? Is there a reason why he can't get it right the first time? Is the
designer, despite all his powers, a slow learner? He must be clever enough
to design an African elephant, but apparently not so clever that he can do it
the first time. Therefore we find the fossils of a couple dozen extinct almost-
elephants over the last few million years. What are these failed experiments,
and why does this master designer need to drive so many of his masterpieces
to extinction?
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Intelligent design does a terrible disservice to God by casting him as
a magician who periodically creates and creates and then creates again
throughout the geologic ages. Those who believe that the sole purpose
of the Creator was the production of the human species must answer a
simple question—not because I have asked it, but because it is
demanded by natural history itself. Why did this magician, in order to
produce the contemporary world, find it necessary to create and destroy
creatures, habitats, and ecosystems millions of times over?

I have no doubt that some will read these questions as blasphemous.
How dare I (or anyone) question the motives of God? But keep in mind
who is really responsible for dragging the designer into the crucible of sci-
ence. If we wish to make sense of natural history by invoking the miracu-
lous to account for life's every twist and turn—and that is exactly what
Johnson wishes to do—then it is the invoker himself who has presented in
court the motives of the Creator. It is the advocate of design who wants to
hold his designer responsible for every detail of life. Ironically he's the one,
not the evolutionist, who has made these questions necessary.

In the final analysis, God is not a magician who works cheap tricks.
Rather, His magic lies in the fabric of the universe itself. The fossil record
is not a series of sequential tricks fabricated for no purpose other than to
mislead. The fossil record represents, with all of its imperfections, an epic
of evolutionary change, the history of life on this planet grand in its range
and diversity and magnificent in its detail. It is the record of the historical
process that led to us. It is the real thing, and so are we.
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GOD THE MECHANIC

Science loves an underdog, and like any teacher of science, I've got a
slew of underdog stories that I relate to my students. They include peo-
ple like Howard Temin, who used the existence of RNA viruses to pre-
dict that there just had to be an enzyme capable of copying information
from RNA into DNA. Temin figured that if a virus carried its genetic
information in the form of RNA, but could still manage to subvert the
DNA-controlled genetic machinery of a living cell, then the virus just
had to have a way to copy its RNA-coded genes into DNA. He was so
sure of this that he even proposed a name for his hypothetical DNA-
making enzyme: "reverse transcriptase," because it would have to be
able to copy the "transcript" of genetic information in a direction that
was the reverse of its usual pathway. Not everyone thought Temin was
foolish, and quite a few admired his boldness, but many, if not most,
molecular biologists expected him to be wrong.

He wasn't. When an actual reverse transcriptase enzyme was discov-
ered, his foresight was rewarded with a Nobel Prize.' Fortunately,
Temin's willingness to take a chance to advance science is anything but
unique. My own gallery of underdog heroes includes Barbara McClin-
tock, whose decades-long studies of corn genetics showed that genes can
"jump" from one position to another on the chromosome; Stanley Pruis-
ner, who may (or may not) 2 have shown that infectious protein particles
are capable of causing disorders like mad cow disease; and Thomas Cech,
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whose graduate students Paula Grabowski and Arthur Zaug at the Uni-
versity of Colorado showed that enzymes need not be made from pro-
teins—that under the right conditions, RNA could act as an enzyme. Each
of these discoveries was revolutionary, each directly contradicted prevail-
ing wisdom in the field, and in each case the work of the underdog pushed
science along to a new understanding of the workings of nature.

True, science can become political, scientific institutions can fail to
recognize the value of novelty, and individual scientists may sometimes
try to stifle critical dissent—but all of this is just another way of saying
that science is a human activity. A glorification of the individual as icon-
oclast is part of the culture of science itself. It may even be one of the
reasons why America, which so celebrates the culture of individualism,
has proven such fertile territory for the scientific enterprise.

Does this mean that our current ideas about evolution might be modi-
fied, updated, or even thrown out altogether by a crusading underdog?
Absolutely. Evolution is an exceptionally important scientific idea, but it is
still just a scientific idea—subject to testing, possible disproof, and even
replacement by a new and superior scientific theory. For that to happen,
we'd need more than just a lone crusader. We'd need a crusader against
evolution who can marshal the evidence to show that he or she is right.

The latest would-be underdog is Michael Behe, a professor of bio-
chemistry at Lehigh University in Pennsylvania. In the minds of many
opponents of evolution, Behe has taken up the glorious banner of intel-
lectual revolutionary to correct an outmoded scientific idea, one that
was born in the nineteenth century. That idea may at one time have fit
the facts well, so the thinking goes, but now, with the explosion of bio-
logical knowledge attendant to the beginning of the twenty-first cen-
tury, it clearly can be seen that this old idea will no longer work and it is
time to discard it. The idea, of course, is evolution.

Behe's argument, as summarized in his 1996 book, Darwin's Black

Box,' is that Darwinian evolution simply cannot account for the com-
plexity of the living cell.

Charles Darwin worked in almost total ignorance of the fields we
now call genetics, cell biology, molecular biology, and biochemistry, as
Behe correctly notes. These disciplines, and the enormous amount of
data they now generate, have come to dominate modern biology. They
now give us a detailed picture of the living cell, a picture that shows the
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intricate complexity of life itself in a way that Darwin could not have
anticipated. In light of so much new data, it is high time, according to
Behe, to ask whether or not evolution is still an adequate explanation.

Surprisingly, he seems to think that evolution is what the residents of
Lake Wobegone might call a "pretty good theory." In fact, he goes out
of his way to make clear that he agrees with a great deal of what comes
under the heading of evolution:

For the record, I have no reason to doubt that the universe is the billions
of years old that physicists say it is. Further, I find the idea of common

descent (that all organism share a common ancestor) fairly convincing,
and have no particular reason to doubt it. I greatly respect the work of
my colleagues who study the development and behavior of organisms
within an evolutionary framework, and I think that evolutionary biolo-
gists have contributed enormously to our understanding of the world.'

So, what does Behe actually disagree with? Although he acknowl-
edges that nineteenth century Darwinism successfully explained the ori-
gin of many complex structures, the inner workings of the cell remained
a mystery, a "black box," to evolutionary theorists for many years. But
then, in the twentieth century, a revolution in biochemistry that made
life approachable at the molecular level changed the playing field for
evolution. As Behe tells it:

Just as biology had to be reinterpreted after the complexity of micro-
scopic life was discovered, neo-darwinism must be reconsidered in light
of advances in biochemistry. The scientific disciplines that were part of
the evolutionary synthesis are all nonmolecular. Yet for the Darwinian
theory of evolution to be true, it has to account for the molecular struc-
ture of life. It is the purpose of this book to show that it does not.'

Wouldn't it be exciting if my own discipline, cell biology, could help
another field of biology to break out of a centuries-old intellectual stran-
glehold? A nonscientist shouldn't underestimate how appealing this would
be to a cell biologist like me, who believes—apparently along with Behe-
that the keys to understanding all of life can ultimately be found at the cel-
lular level.

Naturally, the first question for Behe has to be why the Darwinian
theory of evolution cannot account for the molecular structure of life.
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His answer is that the cell is loaded with systems that are "irreducibly
complex," and that evolution cannot produce them.

By irreducibly complex I mean a single system composed of several well-
matched, interacting parts that contribute to the basic function, wherein
the removal of any one of the parts causes the system to effectively cease
functioning.'

If all the parts of a system are needed to make it work—and you can
test that by simply taking one of them away—then a system is, accord-
ing to Behe, irreducibly complex. By this definition, the cell seems to be
loaded with irreducibly complex systems that do everything from copy-
ing DNA to responding to light by moving cells around. But why does
this have anything to do with evolution? Here Behe proposes something
truly radical—he claims that irreducibly complex systems cannot be
produced by evolution.

Why not? Because the mechanism of evolution is driven by natural
selection:

Since natural selection can only choose systems that are already work-
ing, then if a biological system cannot be produced gradually it would
have to arise as an integrated unit, in one fell swoop, for natural selec-
tion to have anything to act on.'

In other words, if a system requires all of its parts to have a useful func-
tion, then there is no way for natural selection to produce it. This requires
a bit of explanation. Let's suppose, for example, that the cell contains a
tiny microscopic machine that enables it to swim, and let's further suppose
that the cell's swimming machine contains twenty different, carefully
matched parts. Like much of the machinery of any cell, those parts are
made of proteins, and each protein is specified by its own gene.

Where did the swimming machinery come from? The stock answer, as
Behe notes, is that it must have been produced by evolution. Cells that
could swim must have had a selective advantage over cells that could not,
and therefore the genes that could produce the swimming machinery were
favored by natural selection.

This seems like a fine explanation until, according to Behe, we begin to
sweat the details. Suppose that the swimming machinery is irreducibly
complex, meaning that if we remove or damage just one of those twenty
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proteins, it doesn't work. Now we have a real problem. Evolution, accord-
ing to Darwin, produces change a little bit at a time, with natural selection
honing the characteristics of organisms (and cells) to make them better
and better. But a swimming machine with only sixteen or seventeen pro-
teins, no matter how good those parts are, won't work. So a partially
assembled swimming machine cannot be favored by natural selection. In
fact, even a cell with nineteen of the twenty proteins in perfect working
order has no selective advantage at all over a cell with none of them. That
would seem to mean that the only way that evolution could have produced
the swimming machinery was to assemble twenty very, very lucky macro-
mutations together in the same cell at the same time so that the ability to
swim arose instantly. Even evolutionists agree that the chances of that hap-
pening, of stringing together so many lucky mutations to produce instan-
taneous function in a complex structure, are just too remote to be taken
seriously.

An irreducibly complex system cannot be produced directly by numer-

ous, successive, slight modifications of a precursor system, because any

precursor to an irreducibly complex system that is missing a part is by

definition nonfunctional.'

This means, according to Behe, that the theory of evolution is in seri-
ous trouble. Even more trouble than I have indicated. My twenty-protein
swimming machine was hypothetical. A real swimming machine, such as
the flagellum found in many bacterial cells, contains more than fifty
parts. Cilia and flagella found in eukaryotic cells, cells that (like our
own) contain nuclei, are even more complex, probably containing as
many as 250 distinct proteins.

And that's just the beginning. As Behe correctly points out, the cell is
filled with complex protein machines. These include the pathway of sig-
naling proteins in the light-sensitive cells of our eyes, the intricate cascade
of proteins that cause blood to clot, the incredibly flexible antibody-
producing machinery of our immune systems, and the vital chemical path-
ways that are used to produce compounds essential for each living cell.

How could evolution ever have produced even one of these irre-
ducibly complex machines, let alone all of them? According to Behe, it
couldn't have. His argument, the great revelation of Darwin's Black

Box, was that all that complexity must have come from somewhere else.
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As appealing as all of this was, as I read Behe's book I began to get the
impression that this seemingly new argument against natural selection had
a familiar ring. Displaying a certain lack of modesty, Behe  let the cat out
of his black box:

The result of these cumulative efforts to investigate the cell—to investi-

gate life at the molecular level—is a loud, clear, piercing cry of "design!"

The result is so unambiguous and so significant that it must he ranked

as one of the greatest achievements in the history of science. The discov-

ery rivals those of Newton and Einstein, Lavoisier and Schrodinger, Pas-

teur, and Darwin.'

Clearly, Michael Behe would like us to believe that he has discov-
ered a new biological principle called "design." But the real news in
Darwin's Black Box is not design. Nor is it that Newton and Einstein
have been joined by a biochemist in the scientific pantheon. It is,
instead, that a classic argument from the nineteenth century could be
attractively rewrapped in the shiny packaging of biochemistry. At least
for a while, many would fail to recognize just how old this argument
really is.

OLD RELIABLE

Although Michael Behe has endowed it with a new term—"irreducible
complexity"—the heart and soul of his treatise against evolution is nei-
ther new nor novel. It is the "argument from design," the oldest, the
most compelling, and quite simply the best rhetorical weapon against
evolution.

What is the argument from design? Living things are complex and
intricate structures. How complex? Study the literature of any aspect of
biology—anatomy, physiology, genetics, even molecular biology—and
you will find scientists working to understand the "design" of a particular
structure, pathway, or mechanism. In the physical world, when we stum-
ble across an intricate structure composed of multiple working parts—say,
a pocket watch—we quickly assume that it was designed. Living things, as
the argument goes, are even more complex. Therefore, it is clearly logical
to conclude that they, too, were designed. Not evolved, but designed!

Behe openly admires the great nineteenth century advocate of design,



GOD THE MECHANIC 135

Rev. William Paley, and quotes extensively from Paley's Natural Theology
to make his case. Historians of science will immediately recognize the
problem here. Natural Theology was published in 1803, and Paley's ver-
sion of the argument from design was well known to Darwin. He consid-
ered it carefully when he wrote The Origin, published more than a half
century later. And Darwin answered the argument. To do this, he chose the
eye—a complex, multipart organ that was itself favored as an example by
advocates of the design argument:

To suppose that the eye, with all its inimitable contrivances for adjusting
the focus to different distances, for admitting different amounts of light,
and for the correction of spherical and chromatic aberration, could have
been formed by natural selection, seems, I freely confess, absurd in the
highest possible degree.10

Since the eye could not work properly without all of its parts in place,
including the lens, retina, iris, optic nerve, and many others, it is a classic
example of an irreducibly complex organ. So, presumably it presents a ter-
rible problem for evolution. But Darwin already had the answer:

Yet reason tells me, that if numerous gradations from a perfect and com-

plex eye to one very imperfect and simple, each grade being useful to its
possessor, can be shown to exist; if further, the eye does vary ever so
slightly, and the variations be inherited, which is certainly the case; and
if any variation or modification in the organ be ever useful to an animal
under changing conditions of life, then the difficulty of believing that a
perfect and complex eye could be formed by natural selection, though

insuperable by our imagination, can hardly be considered real."

Darwin's reasoning cuts right to the heart of the argument from design.
It boldly claims that the interlocking complexity of a multipart organ like
the eye could indeed be produced by natural selection. How? As Darwin
noted, all that we really need to show is existence of "numerous grada-
tions" from the simple to the complex. Then all natural selection has to do
is to favor each step in the pathway from simple to complex, and we have
solved the problem.

The crux of the design theory is the idea that by themselves, the indi-
vidual parts or structures of a complex organ are useless. The evolution-
ist says no, that's not true. Those individual parts can indeed be useful,
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and it's by working on those "imperfect and simple" structures that nat-
ural selection eventually produces complex organs. How does the argu-
ment end? Well, it hasn't completely ended (which is one of the reasons
I have written this chapter!), but within the scientific community Dar-
win has won.

In the case of the eye, biologists have realized that any ability, no mat-
ter how slight, to sense light would have had adaptive value. Bacteria and
algae, after all, manage to swim to and from the light with nothing more
than an eyespot—a lensless, nerveless cluster of pigments and proteins.
Zoologists have discovered numerous gradations of light-sensing systems
in nature, most of which were far simpler and less perfect optically than
the vertebrate eye. The existence of so many working "pseudo-eyes" and
"semi-eyes" in nature convinced natural scientists that Darwin's imagined
intermediates between primitive light-sensing systems and complex eyes
were feasible and real. The human eye, with all of its marvelous complex-
ity, could indeed have been formed by evolution, one step at a time, from
a series of simpler but still functioning organs, shaped every step of the
way by natural selection.

Despite Darwin's success, in this century the argument from design
has been trotted out again and again, in one form after another, as
though it presents in each case a brand-new challenge for evolution. It
doesn't, of course, but the persistence of evolution's critics requires
them to appear to have discovered new and up-to-date scientific data
against evolution. And no single argument in their crusades remotely
approaches the cogent appeal of old reliable, the argument from design.

What Michael Behe has done is very much in this tradition. He liter-
ally has dusted off the argument from design, spiffed it up with the ter-
minology of modern biochemistry, and then applied it to the proteins
and macromolecular machines that run the living cell. Once we've fig-
ured this out, we can ask the key question: Is there anything really so
different about proteins and cells that makes the argument from design
work better at their level than it does at the level of the organism? We'll
address this question below, but as the reader may suspect, the argu-
ment from design is about to take another fall.
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THE WATCHMAKER AT WORK

Paley's classic formulation of the argument from design compared the
designed complexity of a manufactured watch to the far greater unde-
signed complexity of the living cell. Although Darwin answered this argu-
ment directly in The Origin, it persists so often in modern forms that in
1986 Richard Dawkins, a prominent evolutionary biologist from Oxford
University, devoted a whole book to answering it yet again.

Taking Paley's challenge head-on, he called his book The Blind
Watchmaker, a title that reflected the common metaphor of evolution as
an agent that produces complex, even elegant design without direct
intent or plan. To make his point, Dawkins chose another example of
an intricate, complex, well-designed series of structures—the echoloca-
tion system of bats.

Bats have sonar, a system of sound-based detection "invented" by bats
tens of millions of years before engineers thought of similar systems to fix
the location of underwater objects like submarines. The sophistication of
bat sonar systems is dazzling, involving the complex interlocking of spe-
cialized sound-making and sound-sensing systems. How could blind, ran-
dom, undirected evolution possibly have produced such an intricate set of
structures and organs, so brilliantly dedicated to a single purpose? That
was exactly the challenge that Dawkins took up.

According to Behe's criteria, the echolocation system is irreducibly
complex and therefore could not be produced by evolution. After all,
what good would it do a bat to evolve the ability to produce its high-
pitched sonar pulses unless it also had the ability to detect them?

As Dawkins explained, following Darwin's lead, the different parts
of any complex system, including an echolocation apparatus, evolve
together in a series of working stages. We begin with ordinary sound-
making and hearing organs, gradually improving, one step at a time,
until they reach the bat's current level of complex engineering.

The design theorist would argue that to support that explanation you
would have to show two things: first, that a crude sort of echolocation sys-
tem could be shown to work—at least a little—without any special adap-
tations at all; and second, that each stepwise improvement in a series of
intermediate stages from the simple to the complex would actually pro-
duce functioning systems that could be favored by natural selection.
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Doing that is easier than you might think. Even animals with famously
unspecialized auditory systems—like ours—have a limited ability to
echolocate. A crude, working version of the complex function is already
present in us, and in most other animals. This gives natural selection some-
thing to start with, and under the right conditions—a habitat and lifestyle
in which any improvement in echolocation would be advantageous—the
evolution of an improved, more complex system is only a matter of time.
This hasn't happened in humans for the simple reason that we neither fly
nor swim in darkness. In our normal habitats stereoscopic vision works
very well, but surely this is not true of all animals. If the account I have just
given is even remotely true, then we should expect that many animals, not
just bats, should have evolved echolocation systems. And so they have,
many times, in fact. By any standard, as Dawkins points out in The Blind

Watchmaker, the evolution of the bat's complex sonar system can be fully
explained by natural selection.

It would be nice if we had an actual physical record of the evolution
of these systems, but the process of fossilization doesn't always cooper-
ate. This is certainly so in the case of bats, which are rarely preserved in
fossils, even from geologically recent times. This does not mean that we
don't have well-documented records of the evolution of other complex
systems, and the auditory apparatus itself is a perfect case in point.

The three smallest bones in the human body—the malleus, incus,

and stapes—carry sound vibrations across the middle ear, from the
membrane-like tympanum (the eardrum) to the oval window. This five-
component system perfectly fits the criterion of irreducible complex-
ity—if any one of its parts is taken away or modified, hearing is lost.
This is the kind of system that evolution supposedly cannot produce,
since, as Behe has said, it would have to "arise as an integrated unit, in
one fell swoop." Unfortunately for design theorists, the fossil record
elegantly and precisely documents exactly how this system formed.

During the evolution of mammals, over several million years, two of
the bones that originally formed the rear portion of the reptilian lower jaw
were gradually pushed backwards and reduced in size until they migrated
into the middle ear, forming the bony connections that carry vibrations
into the inner ears of present-day mammals. This is an example of a sys-
tem of perfectly formed interlocking components, specified by multiple
genes, that was gradually refashioned and adapted for another purpose
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altogether—something that evolution's critics claim to be impossible. Evi-
dence of this sequence, which was worked out in detail by Arthur W.
Crompton of Harvard University, even includes a fossil species possessing
a remarkable double articulation of the jaw joint—an adaptation that
allowed the animal both to eat and hear during the transition, enabling
natural selection to favor each of the intermediate stages.'

Arriving at the irreducible complexity of the five-part auditory appa-
ratus was easy for evolution because it doesn't work the way that its
critics claim it must. To fashion the three-bone linkage that conducts
sound from the eardrum, evolution didn't have to start with a non-
working incomplete one-bone or two-bone middle ear. Instead, it
started with a perfectly good working reptile-style ear, which had a sin-
gle internal bone. Then it grabbed two other bones from a different
organ, the jaw, and used them to expand and improve the apparatus.

Remember Behe's statement that "any precursor to an irreducibly com-
plex system that is missing a part is by definition nonfunctional"? Well,
there's just no other word for it—that statement is wrong. What evolution
does is to add parts that expand, improve, and sometimes completely
refashion living systems. Once the expansion and remodeling is complete,
every part of the final working system may indeed be necessary, just like
the malleus, incus, and stapes. That interlocking necessity does not mean
that the system could not have evolved from a simpler version—and in this
case we know that is exactly what happened.

This, in essence, is how the watchmaker works, beginning with a set
of basic structures and gradually modifying them to produce new func-
tions from old parts. Dawkins's exceptionally readable accounts of how
evolution produces apparent design is an excellent answer to those who
claim certainty that Darwinism cannot account for the organs of
extreme perfection that are common to living things. In fact, evolution
does exactly that.

But one question remains. Is there something special about biochem-
istry that prevents evolution from doing exactly the same thing to a
microscopic system composed of proteins? As Michael Belie has said:

Until recently, molecular biologists could be unconcerned about the
molecular details of life because so little was known about them. Now
the black box of the cell has been opened, and the infinitesmal world
that stands revealed must be explained."
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I agree; in fact, I agree enthusiastically. So let's take a look.

OPENING THE Box

The challenge that Behe offers to evolution is straightforward, and it
comes from an honorable source--Charles Darwin, the man himself. In
Chapter 6 of The Origin, "Difficulties of the Theory," he wrote:

If it could be demonstrated that any complex organ existed, which could
not possibly have been formed by numerous, successive, slight modifica-
tions, my theory would absolutely break down. 14

Behe argues that the cell is filled with biochemical machines that are
irreducibly complex, and so could not have been formed by those
numerous, successive, slight modifications that Darwin required. There-
fore, in Behe's view, the theory has indeed broken down. The logical
chain of his argument begins with the claim of irreducible complexity,
and from it follows the conclusion of design. Here's one example of how
he applies that reasoning to a complex, cellular structure like the cilium:

But since the complexity of the cilium is irreducible, then it can not have
functional precursors. Since the irreducibly complex cilium can not have
functional precursors it can not be produced by natural selection, which
requires a continuum of function to work. Natural selection is powerless

when there is no function to select. We can go further and say that, if the
cilium can not be produced by natural selection, then the cilium was

designed."

There are many ways to answer Behe's arguments, and most of these
have already found their way into print. As a cell biologist, I was partic-
ularly amused by a biochemist's suggestion that the complexity of the
cilium is irreducible. A cross-section of the kind of cilium Behe has in
mind does reveal a structure of exceptional beauty and complexity (see
Figure 5.1). Nine pairs of microtubules surround two central micro-
tubules, each joined by an intricate series of spokes and linkers. Because
textbooks say that the "9+2" structure is found in everything from single-
celled algae to human sperm, a biochemist might easily have assumed
that this particular pattern was the only one that worked, hence the
conclusion of irreducible complexity.
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A phone call to any biologist who had ever actually studied cilia and
flagella would have told Behe that he's wrong in his contention that the
9+2 structure is the only way to make a working cilium or flagellum.
Comparative studies on a wide variety of organisms (as in Figure 5.2)
show that there are many ways to make a working cilium or flagellum
without some of the parts that Behe seems to believe are essential.

Sperm from the caddis fly Polycentropus are different—they have a
9+7 arrangement in which the central pair of microtubules, which Behe
believes is essential, is replaced by a cluster of seven microtubules. Mos-
quitoes of the genus Culex don't have a central pair at all—they have
just a single microtubule in the center, making them 9+9+1. Eel sperm

Nexin

• A tubule B tubule
Doublet microtubule

Figure 5.1. Detailed cross-section of a eukaryotic cilium. Cilia are whip-like

structures that cells use to generate force and movement. Microtubules,

arranged in a characteristic 9+2 pattern, form the core of most eukaryotic

cilia. This diagram, from a leading textbook on cell biology, emphasizes the
structural complexity of the 9+2 arrangement.

Figure 23-29 (a) from H. Lodish et al., Molecular Cell Biology, © 1995,
Scientific American Books, New York. Used by permission.
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Standard 9+2 9+1 9+0 6+0

Figure 5.2. The eukaryotic cilium is surely complex, but any claim that it is

irreducibly complex collapses upon inspection. Although the standard 9+2

arrangement is the most common form of this biochemical machine, Culex
mosquitoes are missing one of the two central pair microtubules, giving them a

9+1 arrangement." Sperm of the eel Anguilla are missing both of the central
doublets, making them 9+0." Lecudina tuzetae, a protozoan, is missing three
of the usual nine doublets as well as the central pair, a 6+0 arrangement."

Another protozoan, Diplauxis hatti, has a fully functional 3+0 flagellum,' and

a number of organisms have working motile structures that lack the radial
arrangement of microtubules altogether, including the fly Monarthropalpus
buxi, whose free-form arrangement of doublets is shown above in highly sim-

plified form.

flagella have a 9+0 arrangement, lacking any central structure whatso-
ever. The oyster shell scale insect Lipidosaphes is even stranger, featur-
ing rings of microtubules around a central core. The gall midges,
including Clinodiplosis, have a bizarre free-form arrangement in which
dozens of microtubule doublets are scattered throughout the sperm tail.
And finally, the protozoan Diplauxis hatti has a 3+0 arrangement in
which many of the supposedly indispensable parts of the 9+2 structure
are missing.'



GOD THE MECHANIC 143

In nature, we can find scores of cilia lacking one or more of the com-
ponents supposedly essential to the function of the apparatus. It should-
n't be surprising that these novel structures do not all work exactly like
the 9+2 arrangement. Nonetheless, they all do work, and each one is suc-
cessful in its own way. These are sperm cells, after all, and the price for a
gene that produces a defect in sperm function is instantaneous elimina-
tion from the next generation. What we actually see among cilia and fla-
gella in nature is something entirely consistent with Darwin's call for
numerous gradations from the simple to the complex. Once we have
found a series of less complex, less intricate, differently organized fla-
gella, the contention that this is an irreducibly complex structure has been
successfully refuted.

I suppose we could close the case right there. After all, the existence
of so many simpler molecular machines in protozoans and eels and gall
midges shows that Behe's central thesis, that the flagellum could not
have "functional precursors," is disproved, and that's that. But let's
look a little further.

EVOLVING COMPLEXITY

I want to continue to examine biochemical evolution because Behe's cen-
tral contention is one that I enthusiastically endorse. If Darwinism cannot
explain the interlocking complexity of biochemistry, then it is doomed. So
the real test is a simple one—can Darwinian evolution explain the devel-
opment of complex biochemical machines? Let's find out.

We have already seen in Chapter 4 that the evolution of new pro-
teins can be observed in the laboratory. An interesting aspect of this
phenomenon is how closely we can watch it happening. In 1997, a
group of scientists in California decided to watch the evolution of a
new interface between two proteins!' They did this with an important
signaling molecule, human growth hormone. This molecule, itself a
protein, binds to cells by means of receptors, precisely shaped mole-
cules on cell surfaces that fit the three-dimensional shape of the hor-
mone. The fit between hormone and receptor is almost like the fit
between a key and a lock—break off even a tiny part of the key, and it
may no longer turn the lock.
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To study the fit between the hormone key and the receptor lock, these
researchers figured they'd break off part of the receptor. They deleted a
tryptophan, a large amino acid found at the exact point in the receptor
where the hormone binds. Having lost that amino acid, the receptor's
shape changed and it could no longer bind the hormone. The key would
no longer fit the lock. Now the researchers let evolution take over.

Using the latest genetic technology, they randomly mutated the coding
regions for five amino acids in the growth hormone, generating roughly 10
million different mutant combinations. These mutant growth hormones
were then selected to find ones that could bind to the previously mutated
receptor. Was this too much to ask of a random process? Would we be
expecting too much for a single mutation or even a series of mutations to
refashion the hormone so that it now fit the mutated receptor? Was evolu-
tion stuck? Not at all. Their random mutation strategy generated a new
version of the hormone that fit the mutated receptor nearly one hundred
times tighter than the nonmutant version. Those random mutations so
scorned by the critics of evolution are the source of what produces what
looks for all the world like a perfectly designed fit between hormone and
receptor.

Watching the shapes of the protein as it changed did the usual study on
protein evolution one better. To the investigators' very great surprise, the
new parts of the hormone emerged from portions of the protein they
admitted they never would have thought of as a source of mutations to
restore the fit between hormone and receptor. The investigators wrote that
these experiments "reveal how large, functional changes can be rescued by
a limited number of mutations." More to the point, it illustrates how two
proteins, two parts of a biochemical machine, can evolve together.

A study like this shows that evolution can act in unexpected, unantici-
pated ways to fashion novel proteins. And it shows—in remarkable
detail—how protein-to-protein interactions are maintained. So long as
selective pressure, even slight selective pressure, exists, it will hone and
refine the interactions between two proteins of any biochemical machine.

Yes, I can see the skeptic nodding, admitting that this work shows
how one protein can be remodeled to fit another. But how do we
approach the larger question? How do we evolve a system of multiple
parts? Good question. Let's take a look at that next.
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PARTS IS PARTS

What happens if we step things up to the next level, asking evolutionary
mechanisms to develop a multipart system, a system that, in Behe's ter-
minology, would be irreducibly complex? The most direct way to do
this would be with a true acid test—by using the tools of molecular
genetics to wipe out an existing multipart system and then see if evolu-
tion can come to the rescue with a system to replace it.

The "lac" genes of bacteria are just such a system. Lactose is a sugar,
similar in many ways to sucrose, ordinary table sugar, that bacteria can
use as a food. In order to do this, they first have to produce an enzyme
that can cut lactose in half, releasing two simple sugars, glucose and
galactose, that the metabolism of the cell can use for energy. Not sur-
prisingly, bacteria are "smart" enough to "know" that there is no point
in making this enzyme—known as galactosidase—when there is no lac-
tose in the medium in which they are growing. In the absence of lactose
they automatically shut off the genes required to utilize lactose for food.
Clever biochemistry. Behe might say, "Clever design."

The bacterium pulls this feat off by combining highly sensitive control
genes with the structural genes that actually specify the amino acids in the
galactosidase enzyme. The control gene keeps the enzyme gene switched
off except when it needs to produce enough of the enzyme to metabolize
lactose. Could evolution have produced such a lovely two-part system?
Barry Hall' tested this possibility in 1982 by deleting the structural gene
for galactosidase. He then "challenged" cells with the deletion to grow on
lactose. At first, of course, they couldn't. Before long, however, mutant
strains appeared that could handle lactose nearly as well as the originals.

How could this be? How could these cells have reconstructed the infor-
mation from the missing gene in such a short time, using only the random,
undirected processes of mutation and natural selection? The answer is that
these bacteria didn't make the new galactosidase enzyme from scratch.
They made it by tinkering with another gene, in which a simple mutation
changed an existing enzyme just enough to make it also capable of cleav-
ing the bond that holds the two parts of lactose together. Now, you might
think that this wouldn't be enough, and you'd be right. Simply reengineer-
ing an existing protein to replace galactosidase would make no difference
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unless the control region of that gene was also changed to ensure that the
gene was expressed when lactose was present. Significantly, when Hall
looked at the control regions of the mutant replacement gene, he found
that they had been mutated as well—some of them were switched on all
the time, but a few of them responded directly to lactose, switching the
gene on and off as needed.

That would have been impressive enough, but Hall's clever germs
didn't stop there. When he selected them further to grow on another
sugar, lactulose, he obtained a second series of mutants with a new
enzyme that accidentally (in a sense) produced allolactose, the very
same chemical signal that is normally used to switch on all of the lac
genes. This important development meant that now the cells could
switch on synthesis of a cell membrane protein, the lac permease, that
speeds the entry of lactose into the cell. Summarizing this work, evolu-
tionary biologist Douglas Futuyma wrote:

Thus an entire system of lactose utilization had evolved, consisting of
changes in enzyme structure enabling hydrolysis of the substrate; alter-
ation of a regulatory gene so that the enzyme can be synthesized in
response to the substrate; and the evolution of an enzyme reaction that
induces the permease needed for the entry of the substrate. One could
not wish for a better demonstration of the neoDarwinian principle that
mutation and natural selection in concert are the source of complex
adaptations."

Think for a moment—if we were to happen upon the interlocking bio-
chemical complexity of the reevolved lactose system, wouldn't we be
impressed with the intelligence of its design? Lactose triggers a regulatory
sequence that switches on the synthesis of an enzyme that then metabo-
lizes lactose itself. The products of that successful lactose metabolism then
activate the gene for the lac permease, which ensures a steady supply of
lactose entering the cell. Irreducible complexity. What good would the per-
mease be without the galactosidase? What use would either of them be
without regulatory genes to switch them on? And what good would
lactose-responding regulatory genes be without lactose-specific enzymes?
No good, of course. By the very same logic applied by Michael Behe to
other systems, therefore, we could conclude that the system had been
designed. Except we know that it was not designed. We know it evolved
because we watched it happen right in the laboratory!
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No doubt about it—the evolution of biochemical systems, even com-
plex multipart ones, is explicable in terms of evolution. Behe is wrong.

THE SOUND OF SILENCE

One of the more striking charges in Darwin's Black Box is that the kind
of study I have just described, a test of the ability of ordinary evolution-
ary processes to produce complex biochemical systems, has never been
done. Obviously, Behe has overlooked a couple of papers. This is easy
enough to understand. The literature of science is so large that it would
be foolish of me to criticize Behe (or anyone else) for missing a paper
here or there. But the charges he makes are stunning in scope and
damning in character:

There is no publication in the scientific literature—in prestigious jour-
nals, specialty journals, or books—that describes how molecular evolu-
tion of any real, complex biochemical system either did occur or even
might have occurred."

Behe claims to have scanned all of the issues of the well-regarded Jour-
nal of Molecular Evolution, but found nothing. A stunning silence in the
face of what he regards as the "loud, piercing cry of design" at the level of
the cell itself. The silence, he implies, is damning. Evolution is silent, even
in its own journals, because it cannot answer the challenge of design.

Some of this silence, no matter what Behe says, makes good sense.
Before you can explain a complex system, you've got to know what it's
made of and how it works. Behe delights in talking about the bacterial fla-
gellum, a marvelous biochemical machine that actually produces rotary
motion from an electrochemical gradient across the cell membrane. Why
haven't evolutionary biologists explained how this structure was pro-
duced? Well, one good reason is that no one yet fully understands how all
its parts work. In 1998, fully three years after the publication of Behe's
book, structural biologist David DeRosier reviewed our current under-
standing of the workings of the bacterial flagellum in the journal Cell. He
concluded his state-of-the-art review by writing:

The mechanism of the flagellar motor remains a mystery. It is not clear if
there are any similarities of its mechanism to those used in eukaryotic
cells. The differences are apparent but we may not know about similarities
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until we have more detailed structures for the motor parts; we look for-
ward to the day when we do."

Before evolution is excoriated for failing to explain the evolution of
the flagellum, I'd request that the scientific community at least be
allowed to figure out how its various parts work. Speculating on the
evolution of a biochemical structure only partly understood is not going
to lead to good science.

Nonetheless, if we really do understand how a biochemical machine is
put together, I agree with Behe that there's no reason for evolution not to
come up with a good explanation. And in quite a few cases, that's exactly
what has happened.

I decided to take up Behe's challenge by having a quick look at the sci-
entific literature published immediately after his book's appearance. If he
was right, I should not have been able to find a single published Darwin-
ian explanation for the origin of a biochemical machine. In fact, even a
brief glance at the recent literature of molecular evolution turned up four
glittering examples of what Behe claimed would never be found.

In January 1998, in the lead article in American Scientist, a journal
of general science for technical audiences, Anthony M. Dean, described
in great detail the structural and biochemical changes that took place
millions of years ago to produce two enzymes, two biochemical
machines, essential to the subsequent evolution of life. Both enzymes
are known as isocitrate dehydrogenases (ICDH). To work its chemical
magic, an ICDH needs another compound to help it out, a compound
known as a cofactor, and there's the rub. There are only two known
cofactors (NAD and NADP) and all known ICDHs use either one or the
other. How could these two different forms of ICDH have evolved from
just one ancestral form?

Dean has the answer. Using a theoretical framework called the
"Neutral Theory" of molecular evolution (fashioned by Japanese scien-
tist Mootoo Kimura), Dean explored how random changes in a few key
amino acids could have effected dramatic shifts in enzyme activity. By
further testing the structural adaptations caused by each of these muta-
tions, Dean shows how natural selection could have supported each of
the changes necessary to produce one enzyme from the other. Because
ICDHs are essential to the metabolism of even the smallest cells, these
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adaptations were essential events in the early history of life, making it
possible to test his ideas against the known structures of ICDHs found
in scores of organisms, a test that both his analysis and evolution pass.
Score one for the evolution of a true biochemical machine, an important
enzyme.26

In 1997, John M. Logsdon and Ford Doolittle reviewed in detail how
these same mechanisms could have produced, in strictly Darwinian fash-
ion, the remarkable "antifreeze" proteins of Antarctic fish. The novelty
of this study is that it contained examples of how evolution could recruit
introns, the noncoding regions found in the middle of many genes, to pro-
duce dramatic changes in the characteristics of proteins. Another point for
evolution, this one a step up in subtlety and complexity.

Now for the evolution of a complex multipart biochemical structure.
In 1998, Siegfried Musser and Sunney Chan' described the evolution of
the cytochrome c oxidase protein pump, a complex, multipart molecular
machine that plays a key role in energy transformation by the cell. In
human cells, the pump consists of six proteins, each of which is necessary
for the pump to function properly. It would seem another perfect example
of irreducible complexity. Take one part away from the pump, and it no
longer works. Yet these authors were able to produce, in impressive detail,
"an evolutionary tree constructed using the notion that respiratory com-
plexity and efficiency progressively increased throughout the evolutionary
process."

How is this possible? If you believed Michael Behe's assertion that
biochemical machines were irreducibly complex, you might never have
bothered to check; and this is the real scientific danger of his ideas.
Musser and Chan did check, and found that two of the six proteins in
the proton pump were quite similar to a bacteria enzyme known as the
cytochrome bo 3 complex. Could this mean that part of the proton
pump evolved from a working cytochrome bo 3 complex? Certainly.

Critics of evolution have always loved to ask, "Of what use is half a
wing?" The implication, of course, is that evolution couldn't possibly
fashion complex organs like wings one step at a time because the wing
acquires its function as a flying organ only when it is complete. That's
not true. It's easy to show living examples of forelimbs only partly mod-
ified for flight that have useful functions as gliding appendages. Half a
wing, under the right circumstances, can be very useful. To evolution,
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the beauty of biochemistry is that it's even easier to demonstrate the
value of half a protein machine.

An ancestral two-part cytochrome bo3 complex would have been fully
functional, albeit in a different context, but that context would indeed
have allowed natural selection to favor its evolution. How can we be sure
that this "half" of the pump would be any good? By referring to modern
organisms that have full, working versions of the cytochrome bo 3 com-
plex. Can we make the same argument for the rest of the pump? Well, it
turns out that each of the pump's major parts is closely related to working
protein complexes found in microorganisms. This shows, once again, that
the notion of irreducible complexity is nonsense. Evolution assembles
complex biochemical machines, as Musser and Chan proposed, from
smaller working assemblies that are adapted to fit novel functions. The
multiple parts of complex biochemical machines are themselves assembled
from smaller, working machines developed by natural selection.

Last of all, remember Behe's assertion regarding the Journal of
Molecular Evolution. If any journal dealt with the evolution of bio-
chemical systems, this should be the one, but, he writes, "In fact, none
of the papers in The Journal of Molecular Evolution over the entire
course of its life as a journal has ever proposed a detailed model by
which a complex biochemical system might have been produced in a
gradual, step-by-step Darwinian fashion." 29 If that statement was cor-
rect when Darwin's Black Box was published early in 1996, by the
end of that year it was clearly in error.

In 1996, Enrique Melendez-Hevia and his colleagues published just
such a paper in the Journal of Molecular Evolution. As every high school
biology student learns, the Krebs cycle is an extremely complex series of
interlocking reactions that release chemical energy from food. If there was
any doubt that this paper represented exactly the kind of study that Behe
demanded, the authors removed it in their first two sentences:

The evolutionary origin of the Krebs citric acid cycle has been for a long
time a model case in the understanding of the origin and evolution of
metabolic pathways. How can the emergence of such a complex path-
way be explained?"

This paper is a head-on refutation of Behe's assertion that evolution
cannot account for the development of complex biochemical systems. Its
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authors applied the tests that Behe demands to their evolutionary
schemes—the requirement that each and every intermediate stage be func-
tional and favored by natural selection. Were they successful? Absolutely.
And their success was due in no small measure to their realization that the
parts of the Krebs cycle could be selected separately, adapted first to dif-
ferent biochemical functions that had nothing to do with the eventual
chemistry of the complete cycle. In other words, just like the evolution of
the cytochrome c oxidase protein pump, the individual parts of the com-
plex machine appear first as functional units, which then are borrowed,
loaned, or stolen for other purposes:

The Krebs cycle has been frequently quoted as a key problem in the evo-
lution of living cells, hard to explain by Darwin's natural selection: How
could natural selection explain the building of a complicated structure in
toto, when the intermediate stages have no obvious fitness functional-
ity? This looks, in principle, similar to the eye problem, as in "What is
the use of half an eye?" (see Dawkins 1986, 1994). However, our analy-
sis demonstrates that this case is quite different. The eye evolved because
the intermediary stages were also functional as eyes, and, thus the same
target of fitness was operating during ,the complete evolution. In the
Krebs cycle problem the intermediary stages were also useful, but for
different purposes, and, therefore, its complete design was a very clear
case of opportunism. The building of the eye was really a creative
process in order to make a new thing specifically, but the Krebs cycle
was built through the process that Jacob (1977) called "evolution by
molecular tinkering," stating that evolution does not produce novelties
from scratch: It works on what already exists. The most novel result of
our analysis is seeing how, with minimal new material, evolution created
the most important pathway of metabolism, achieving the best chemi-
cally possible design. In this case, a chemical engineer who was looking
for the best design of the process could not have found a better design
than the cycle which works in living cells."

How does evolution produce a biochemical pathway that looks as
though it were designed? The answer is right here, and it's the same answer
we've seen in other systems as well—by modifying existing structures and
proteins to produce new organs, new functions, and especially, new bio-
chemistry.

The Krebs cycle is a complex biochemical pathway that requires the
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interlocking, coordinated presence of at least nine enzymes and three
cofactors. And a Darwinian explanation for its origin has now been
crafted. Against the backdrop of these and many other studies, the
claim that Darwinism has failed to explain "even a single biochemical
machine" sounds a little hollow.

PLUGGING A LEAK

By now it should be clear that any claim that evolution cannot produce
complex, well-designed biochemical machines is just plain wrong. We
could, I think, fairly and reasonably close the books on the issue of irre-
ducible complexity, and move on to topics of genuine scientific interest.
In the interest of giving the insurgent point of view every benefit of the
doubt, however, let's go one more round—but this time we'll do it on
the critic's home turf.

One of Behe's favorite examples against evolution, for him a true case of
an irreducibly complex biochemical machine, is the process of blood clot-
ting, or coagulation as it is sometimes called. In Darwin's Black Box, Behe
details the intricate series of factors, activators, and chemical reactions used
to start and control the process of blood clotting. This collection of proteins,
more than a dozen in all, circulate in plasma, the fluid portion of the blood,
just waiting for an appropriate stimulus to set them off. As he describes it,
the clotting process is a "Rube Goldberg machine" of bewildering complex-
ity that requires each and every step to be performed perfectly to be effective.
And it could not have evolved, according to Behe, because the whole system,
each and every part, has to be present in order for the system to work.

This is a remarkable assertion, especially given the fact that Behe
describes, almost admiringly, the years of extraordinary work done by
molecular biologist Russell Doolittle on the evolution of the clotting
mechanism. Despite this work, Behe claims that "no one on earth has
the vaguest idea how the coagulation cascade came to be."'

Needless to say, all this came as a bit of a surprise to Doolittle him-
self. After reading Behe's book, he wrote about it in the Boston Review,

noting that his early interests in the evolution of blood clotting had led
him to devote thirty-five years of research to the general subject of pro-
teins and the evolution. He wrote (with just a twinge of sarcasm),
"Now it appears that I have wasted my career."
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Well, Russell Doolittle, a distinguished member of the National
Academy of Sciences, hasn't wasted his career. In fact, the human clot-
ting system lends itself to exactly the kind of evolutionary analysis that
seems impossible to Michael Behe.

The importance of the clotting process ought to be self-evident.
Every time we cut ourselves, this system comes into play to prevent
excessive loss of blood. Clotting saves us every time a bump or bruise
causes blood vessels to break within the body. Who needs to have a
clotting system? Well, we do, but so does any animal with a closed cir-
culatory system, one in which blood flows through vessels. As it turns
out, other mammals and most vertebrates have clotting systems that are
nearly identical to ours.

At its core, the actual mechanism of clotting is remarkably simple. A
fibrous, soluble protein called fibrinogen ("clot-maker") constitutes
about three percent of the protein in blood plasma. Fibrinogen has a
sticky portion near the center of the molecule, but the sticky region is
covered by little amino acid chains with negative charges. Because like
charges repel, these chains keep fibrinogen molecules apart.

When a clot forms, a protease (protein-cutting) enzyme called throm-
bin clips off the charged chains. This exposes the sticky parts of the mole-
cule, and suddenly fibrinogens (which are now called fibrins) start to stick
together, beginning the formation of a clot. To start the reaction, thrombin
itself must be activated by another protease called Factor X. Believe it or
not, Factor X requires two more proteases, Factor VII and Factor IX, to
switch it on; and still other factors are required to activate them (see Fig-
ure 5.3). Why so many steps? The multiple steps of the clotting cascade
amplify the signal from that first stimulus. If a single active molecule of
one factor could activate, say, twenty or thirty molecules of the next fac-
tor, then each level of the cascade would multiply the effects of a starting
signal. Put five or six steps in the cascade, and you've amplified a bio-
chemical signal more than a million times. Clotting with fewer steps
would still work, but it would take longer to produce a substantial clot,
and would be much less responsive to smaller injuries.

Michael Behe properly emphasizes the intricacy of this process. He is
correct to point out that if we take away part of this system, we're in trou-
ble. Hemophiliacs, for example, are unable to synthesize the active form of
an essential step in the cascade known as Factor VIII. This makes them
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unable to complete the final step of one of the clotting pathways, and
that's why hemophilia is sometimes known as the "bleeder's disease.""
Defects or deficiencies in any of the other factors are equally serious. No
doubt about it—clotting is an essential function and it's not something to
be messed with. But does this also mean that it could not have evolved?
Not at all.

The striking thing about this particular Rube Goldberg machine is
how similar most of its parts are. Nearly all of the regulatory molecules
belong to a single class of protein-cutting enzymes known as "serine
proteases," and that, as Russell Doolittle realized many years ago, is the
clue to understanding the system's evolution beginning with organisms
that lacked a protein-based clotting system.

So far as we know, protein-based clotting systems are found only in
vertebrates, crustaceans (animals such as crabs and lobsters), and other
arthropods (including the horseshoe crab). Does this mean that other
animals, such as starfish, sea urchins, and worms, automatically bleed
to death every time one of their blood vessels is cut? No, and for two
good reasons. First, their circulatory systems are under relatively low
pressure, and this helps to minimize blood loss.. Second, and more sig-
nificant, all of these organisms have one form or another of "sticky"
white cells in their bloodstreams. This means, just as the name implies,
that some of their blood cells are able to stick to certain materials and
form clumps. If a blood vessel is broken, white blood cells swept into
the broken tissue quickly stick to tissue proteins like collagen. Over a
few minutes' time, enough cells will stick to the exposed tissue proteins
to plug the leak, and the integrity of the circulatory system is preserved.

To be sure, this isn't nearly as good a system as we have. It works
slowly, and it's effective only when blood pressures are relatively low, as
they are in most invertebrates. In fact, it's exactly the kind of "imperfect
and simple" system that Darwin regarded as a starting point for evolution.

Could we object that even this simple system is too complex to have
been produced by evolution? Not a chance. Those white cells are
found in circulatory systems, open and closed, for a variety of pur-
poses that have nothing to do with clotting. Once there, what would
happen to them when the system sprang a leak? In a flash, these cells
would pass from one kind of cellular environment, a fluid and dynamic
one bounded by smooth walls and a liquid matrix, into a completely
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different one, an inflexible tissue environment packed with solid struc-
tures, fibrous extracellular proteins, and cable-like supporting mole-
cules. Any change in the surface proteins and carbohydrates of the
white cells that made them stick, even just a little bit, to that foreign
matrix of tissue proteins would be favored by natural selection because
it would help to seal leaks. At the molecular level, "sticking" is a matter
of shape and charge. Therefore, any mutation that changed a neutral
amino acid in a surface protein to a charged one, making the cell stick
more tightly to a tissue protein like collagen, would be favored by nat-
ural selection.

This would produce a powerful selective pressure in favor of surface
proteins that make white cells sticky. And given such pressure, it's
hardly surprising that sticky white cells are widespread among ani-
mals—in fact, all animals with hearts, those muscular pumps that send
blood coursing through the vessels of the circulatory system, have sticky
white cells. Blood clotting is not an all-or-none phenomenon. Like any
complex system, it can begin to evolve, imperfect and simple, from the
basic materials of blood and tissue.

Blood plasma is already laden with soluble proteins for reasons like
osmotic pressure that have nothing to do with clotting. It turns out that
serine proteases are abundant in the cells and tissues of the body, where
they are used to transform and process biochemical signals—once again
for reasons that have nothing to do with clotting. Therefore, when a bro-
ken blood vessel allows protein-rich plasma to flow into an unfamiliar
environment, tissue proteases—quite accidentally—are now exposed to a
new range of proteins, and they cut many of them to pieces. The solubility
of these new fragments varies. Some are more soluble than the plasma pro-
teins from which they were trimmed, but many are much less soluble. The
result is that clumps of newly insoluble protein fragments begin to accu-
mulate at the tissue-plasma interface, helping to seal the break and form-
ing a very primitive clot. A simple, nonspecific clotting mechanism like this
is used today by many invertebrates, so we know that it would have
worked for the ancestor's of today's vertebrates.

What happened next? Here's where Doolittle's exceptional work has
taken over. A series of ordinary gene duplications, many millions of years
ago, copied some of these serine proteases. One of these duplicate genes
was then mistargeted 35 to the bloodstream, where its protein product
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would have remained inactive until exposed to an activating tissue pro-
tease—which would happen only when a blood vessel was broken. From
that point on, each and every refinement of this mechanism would be
favored by natural selection. Where does the many-layered complexity of
the system come from? Again, the answer is gene duplication. Once an
extra copy of one of the clotting protease genes becomes available, natural
selection will favor slight changes in the copy that might make it more
likely to activate the existing protease. An extra level of control is thereby
added, increasing the sensitivity of the cascade."

The key to understanding the evolution of blood clotting is to appre-
ciate that the current system did not evolve all at once. Like all bio-
chemical systems, it evolved from genes and proteins that originally
served different purposes. The powerful opportunistic pressures of nat-
ural selection progressively recruited one gene duplication after another,
gradually fashioning a system in which high efficiencies of controlled
blood clotting made the modern vertebrate circulatory system possible.

Can we know for sure that this is how blood clotting, or any other bio-
chemical system, evolved? The strict answer, of course, is that we cannot.
The best we can hope for from our vertebrate ancestors are fossils that pre-
serve bits and pieces of their form and structure—and it might seem that
their biochemistry would be lost forever. But that's not quite true. Today's
organisms are the descendants of that biological (and biochemical) past,
and they provide a perfect opportunity to test these ideas.

If the clotting cascade really evolved the way I have suggested, the
clotting enzymes would have to be near-duplicates of a pancreatic
enzyme and of each other. As it turns out, they are. Not only is throm-
bin homologous to trypsin, 37 a pancreatic serine protease, but the six
clotting proteases (prothrombin and Factors VII, IX, X, XI, and XII,
shown in Figure 5.3) share extensive homology as well. This is consis-
tent with the notion that they were formed by gene duplication, just as
suggested. But there is more to it than that. We could take one organ-
ism—humans, for example—and construct a branching tree based on
the relative degrees of similarity and difference between each of the
clotting proteases. Now, if the gene duplications that produced the clot-
ting cascade occurred long ago in an ancestral vertebrate, we should be
able to take any other vertebrate and construct a similar tree in which
the relationships between the clotting proteases match the relationships
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between the human proteases. This is a powerful test for our scheme
because it requires that sequences still undiscovered should match a
particular pattern. And, as anyone knows who has followed the work
in Doolittle's lab over the years, it is also a test that evolution passes in
one organism after another."

Many other tests and predictions can be imposed on the scheme as
well, but one of the boldest was made by Doolittle himself more than a
decade ago. If the modern fibrinogen gene really was recruited from a
duplicated ancestral gene, one that had nothing to do with blood clotting,
then we ought to be able to find a fibrinogen-like gene in an animal that
does not possess the vertebrate clotting pathway. In other words, it ought
to be possible to find a nonclotting fibrinogen protein in an invertebrate.
Doolittle bet that it was possible. That was a mighty bold prediction,
because if it could not be found, it would cast Doolittle's whole evolution-
ary scheme into doubt.

In 1990, Xun Yu and Doolittle won the bet, finding a fibrinogen-like
sequence in the sea cucumber, an echinoderm." The vertebrate fibrino-
gen gene, just like genes for the other proteins of the clotting sequence,
was formed by the duplication and modification of preexisting genes.

Now, it would not be fair, just because we have presented a realistic
evolutionary scheme supported by gene sequences from modern organ-
isms, to suggest that we now know exactly how the clotting system has
evolved. That would be making far too much of our limited ability to
reconstruct the details of the past. Nonetheless, there is little doubt that
we do know enough to develop a plausible—and scientifically valid—
scenario for how it might have evolved. And that scenario makes spe-
cific predictions that can be tested and verified against the evidence.

A DIP IN THE LOBSTER POT

A further example of evolution's remarkable ability to fashion new uses
for existing proteins can be found in some of the crustaceans. Like us,
crabs and lobsters have circulating proteins that will gel to form fibrous
clots when blood vessels are broken. In fact, the superficial resem-
blances between crustacean and vertebrate clotting are so great that the
lobster clotting protein has actually been given the same name as our
own principal clotting protein, "fibrinogen." But lobster fibrinogen is
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an entirely different protein, and crustacean blood clots in an entirely
different way. It turns out that a lobster clot is formed when an enzyme
cross-links thousands of soluble fibrinogen molecules into a large, insol-
uble, flow-stopping clot. Where does the enzyme come from? The
enzyme, technically known as a transglutaminase, is found inside most
cells. When blood vessels are broken, cells are broken, too, and this
enzyme (along with many others) leaks out. Since there's always plenty
of lobster fibrinogen in the blood, the enzyme goes to work right away,
seals the clot, and enables the animal to survive. Next time you're pick-
ing out a live lobster for dinner, you may still want to avoid the one
that's missing a claw, but at least now you know why he didn't bleed to
death when he lost it.

Could this system have evolved? It does indeed fit the test of irre-
. ducible complexity—the cellular enzyme wouldn't be any good without
the fibrinogen protein, and it would be pointless to have fibrinogen in
the lobster's bloodstream without a cross-linking enzyme. Another
problem for evolution?

Not once you begin to look into things. The chemical differences
between crustacean and vertebrate fibrinogen were interesting enough to
Russell Doolittle that his laboratory isolated the lobster clotting protein
for analysis. As they suspected, the protein was not at all like vertebrate
fibrinogen. Unexpectedly, it was very, very much like another protein, one
called vitellogenin.

Lobsters, like other animals, lay eggs. In order to nourish their young,
they pack those eggs with as much nutritional value as their bodies can
spare, and vitellogenin is the key to how they deliver that nutrition. Cells
throughout the body manufacture this large protein and release it into the
bloodstream. The ovary takes up the protein, cuts it into smaller pieces,
and converts it into the proteins that make up the yolk of the egg. This
means that the circulatory systems of nearly all egg-laying animals, includ-
ing birds, amphibians, worms, and lobsters, are loaded with vitellogenin.
All of a sudden, the evolutionary origin of lobster fibrinogen becomes clear.

Lobster fibrinogen didn't have to evolve from scratch because it was
already there in the form of large amounts of circulating vitellogenin
protein. The cross-linking protein didn't have to evolve from scratch
either, because cells already contain several transglutaminase enzymes.
What happens next? The ancestral forms of these two preexisting pro-
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teins would already allow for limited clot formation. That immediately
places some selective value on their ability to interact. What happened
next is clear, and as Doolittle's research has shown, is a common event
in the evolution of new proteins. A mistake in either DNA replication
or gene recombination accidentally duplicated the vitellogenin gene,
producing an extra copy. Gene duplications occur all the time, and they
are often of little importance. In this case, the existence of an extra copy
meant that a mutation favoring the clotting reaction could occur in one
of the genes without interfering with the yolk-building function of the
other. From that moment on, the two vitellogenin genes were headed in
different directions—one selected on the basis of its nutritional utility,
and the other selected on the basis of clot formation.

By the same token, duplicate transglutaminase enzymes would have
been selected for their cross-linking abilities, leaving the original versions to
carry out reactions in unbroken cells. Every step of this evolutionary path-
way, from the presence of the original genes to the separation of function in
duplicate genes, would be favored by the classic mechanisms of Darwinian
natural selection. 40 Over time, the split between classic vitellogenin and the
new fibrinogen gene becomes greater and greater, but the modified gene
still retains enough of its ancestral sequence to be recognizable. Enter mod-
ern science, and what do we see? A specialized set of clot-forming proteins
whose evolutionary history is revealed in the details of protein sequence.

Far from being a problem for evolution, blood clotting in these
organisms is a remarkable demonstration of the way in which evolution
duplicates and then remodels existing genes to produce novel functions.
The construction of a two-component clotting system nicely demon-
strates something else as well. It dashes any claim that there is only one,
irreducibly complex, mechanism to clot blood.

Michael Behe's purported biochemical challenge to evolution rests on
the assertion that Darwinian mechanisms are simply not adequate to
explain the existence of complex biochemical machines. Not only is he
wrong, he's wrong in a most spectacular way. The biochemical machines
whose origins he finds so mysterious actually provide us with powerful
and compelling examples of evolution in action. When we go to the trou-
ble to open that black box, we find out once again that Darwin got it right.

Remember the Darwin quotation that Behe used to justify his attack
on evolution?
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If it could be demonstrated that any complex organ existed, which could
not possibly have been formed by numerous, successive, slight modifica-
tions, my theory would absolutely break down.

In light of the biochemical systems we have just explored, it's too bad
that Behe didn't go to the trouble to print the sentence that followed:

But I can find no such case.

Neither, I would add, has Michael Behe.

GOD THE MECHANIC

The final blow to Behe's thesis comes, ironically, from Behe himself.
Displaying a generous circumspection, he waves off any conclusion that
the design he says he has found at the level of the cell can be shown to
be the work of God Himself. That would be asking too much of sci-
ence. Given the inadequacies of evolution, he says, the best we can do is
to conclude that life is the work of an "intelligent agent."^' Maybe God,
but maybe something or somebody else.

Despite this reticence, Behe clearly wants to make a case for God as
the designer of the cell's complex biochemistry. In Behe's view, God is a
mechanic whose craftsmanship can be observed directly in the machin-
ery of the cell. Behe makes the fatal theoretical mistake of taking him-
self a little too seriously. If God the mechanic did all this marvelous
work, then he must have done it at a particular time in natural his-
tory—and there's the problem.

The great explanatory power of evolution comes, at least in part,
from its ability to account for the sweeping changes in life that have
occurred throughout natural history. Perhaps just a bit envious of this,
Behe decided that the work of the God the mechanic had to be inserted
into natural history, too.

Having accepted the validity of the geological ages and the fossil
record—an intelligent scientist can hardly do otherwise—yet claiming
that the complex biochemical systems he extols were fashioned by an
intelligent agent, Behe faced a dilemma. Would he put forward the same
scenario proposed by Phillip Johnson—in which God becomes a magi-
cian who periodically inserts new creatures into the world? Or would
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he think of something else? When would his intelligent agent go to
work, and what exactly would he do? What Behe had to say on the sub-
ject amazed me:

Suppose that nearly four billion years ago the designer made the first

cell, already containing all of the irreducibly complex biochemical sys-

tems discussed here and many others. (One can postulate that the

designs for systems that were to be used later, such as blood clotting,

were present but not "turned on." In present-day organisms plenty of

genes are turned off for a while, sometimes for generations, to be turned

on at a later time.)"

According to Behe, our master mechanic rolled up his sleeves,
packed all of his sweat, craftsmanship, and biochemical skill into a sin-
gle, ancient cell, and then let things roll.

This explains, of course, why we don't observe biochemical miracles
anymore. It also means that 4 billion years ago a humble bacterium was
packed with genes that would be turned off for billions of years before
they would be used to make the eukaryotic cilium, not to mention genes
for blood clotting that would pass another billion inactive years in
genetic cold storage before blood itself even existed. Carrying around
all of the preformed genetic information required to make a human
being, this bacterium must have been quite a sight to behold. It would
have had to carry more than a thousand times the genetic information
of one of today's bacteria which, strangely, bear no trace of the genes
that once were "present," waiting to be "turned on" in the distant
future. Behe does not regard this as a minor point—in fact, he even
speculates that because of time travel, "biochemists in the future will
send back cells to the early earth that contain the information for the
irreducibly complex structures we observe today."'"

If we choose to give Behe's theory serious consideration, if we treat it as
a scientific hypothesis, then we are obliged to ask what would happen to
those preformed genes during the billions of years to follow? As any stu-
dent of biology will tell you, because those genes are not expressed, nat-
ural selection would not be able to weed out genetic mistakes. Mutations
would accumulate in these genes at breathtaking rates, rendering them
hopelessly changed and inoperative hundreds of millions of years before
Behe says that they will be needed. As he should know, this is exactly what



GOD THE MECHANIC 163

happens in controlled experiments when genes are silenced for long peri-
ods of time. This means, in genetic terms, that his idea of a designer doing
all his work on that "first cell" is pure and simple fantasy.

What this colossal mistake shows is that one cannot develop a nar-
rowly focused anti-evolution argument, like Behe's irreducible complexity,
without paying attention to its impact of the other lines of evidence,
including the fossil record, that profoundly support evolution. And that
evidence, which Behe makes clear he accepts scientifically, squeezes him
into a nonsensical position. It forces him, for the sake of consistency, to
cobble his acceptance of the earth's well-documented natural history into
the idea of God as a biochemical mechanic. The result is an absolutely
hopeless genetic fantasy of "preformed" genes waiting for the organisms
that might need them to appear gradually—and the utter collapse of
Behe's hoped-for biochemical challenge to evolution. As H. Allen Orr
wrote in The Boston Review, "The latest attack on evolution is cleverly
argued, biologically informed—and wrong."'"

QUO VADIS

In the last three chapters, we have considered three broad challenges to
evolution, and found each of them to be lacking. You might think, given
the revolutionary character of science, that people like Johnson and
Behe would be peppering the scientific press with well-considered
papers against evolution, that they'd be speaking at scientific meetings,
and challenging the dominance of evolution on its own turf. They
aren't, and neither are their colleagues.

To many scientists, this alone speaks volumes. It certainly means that
the anti-evolutionists are not eager to expose their ideas to a hail of well-
informed criticism, and quite a few of my scientific colleagues would go
further than that. Knowing that I have met—and even debated—many of
these critics, they ask me if the anti-evolutionists are "for real." They won-
der how anyone could accept such ideas in the face of so much evidence to
the contrary, and they question the sincerity and the motives of those
involved in the anti-evolution movement. The more suspicious among
them even wonder about a conspiracy.

The conspiracy idea makes little sense, owing to the dramatic dif-
ferences between the distinct schools of anti-evolutionism. Behe, for
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example, accepts the reality of evolutionary change to an extent that
even his supporters find surprising. In a 1995 debate," I presented him
with molecular evidence indicating that humans and the great apes
shared a recent, common ancestor, wondering how he would refute the
obvious. Without skipping a beat, he pronounced the evidence to be
convincing, and stated categorically that he had absolutely no problem
with the common ancestry of humans and the great apes. Creationists
around the room—who had viewed him as their new champion—were
dismayed. Behe's views stand in opposition to those of Phillip Johnson,
who rejects any notion of a common ancestry for humans and other
animals; and in bold contradiction to young-earth creationists like
Henry Morris and Duane Gish, who reject common ancestry altogether
and maintain that all species were separately created.

Johnson and Behe also accept what geologists tell us about the age
of the earth, what astronomers tell us about the age of the universe, and
what paleontologists tell us about the sequential appearances of species
in the fossil record. The young-earth creationists reject all of this, and
they view such concessions as logically fatal to their cause. Hard to
imagine these folks getting together to conspire about anything.

Nonetheless, one thing does unify them—evolution---even if they pre-
sent mutually contradictory arguments against it. As a group, their oppo-
sition to evolution is strong, passionate, almost visceral in a way that most
scientists cannot comprehend. Why is this? Is it because the critics of evo-
lution aren't very bright? Is it because they are blinded by a fundamental-
ism so total that it makes them impervious to scientific fact? Or is it
because Americans neither respect nor understand science, as a British col-
league once told me. I believe that none of these things are true.

By and large, the critics of evolution are not cynical opportunists.
They aren't stupid, and they certainly understand how strong the scien-
tific evidence is against them. So, why do they oppose evolution with
such passion and persistence? I think I know, and as we shall see in the
next chapter, many of my scientific colleagues, so baffled at the strength
and depth of anti-evolution feelings in the U. S., would be surprised to
discover that they are themselves a large part of the reason why.
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THE GODS OF DISBELIEF

From time to time, would-be intellectuals of various persuasions have
thought themselves justified—maybe even clever—to characterize evo-
lution as nothing more than a creation myth, as just one story among
many that account for the presence of our species on this planet. Cre-
ation myths serve many purposes. They produce a sense of unity and
purpose among believers, reassuring them of their place in the grand
scheme of things.' They'd like to believe, and to persuade others, that
the fabric of Darwinism is nothing more than a just-so story woven
from the desperation of secular humanism. By now it should be clear
that this analysis is just a bit too clever for its own good.

In the real world of science, in the hard-bitten realities of lab bench
and field station, the intellectual triumph of Darwin's great idea is total.
The paradigm of evolution succeeds every day as a hardworking theory
that explains new data and new ideas from scores of fields. High-
minded scholarship may treat evolution (and it should) as just another
scientific idea that could someday be rejected on the basis of new data,
but actual workers in the scientific enterprise have no such hesitation—
they know that evolution works. It works as a continuing process, and
it works as a historical framework that explains both present and past.

As the previous three chapters have shown, the scattered ideas that
have been put forward to disprove evolution do nothing of the kind.
They fail on direct scientific terms, and they fail most notably at a task
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for which evolution is especially persuasive—as a seamless explanatory
integration of past and present. Evolution does not just provide a his-
torical story of how we came to be—it also explains why we are the
way we are.

In 1998, the National Academy of Sciences matter-of-factly described
evolution as "the most important concept in modern biology."' Few biol-
ogists would disagree. In fact, many of my friends and colleagues in
research have told me flat-out they just cannot believe that evolution is still
regarded as controversial in some quarters. Yet it is. The very reason the
National Academy felt it necessary to say anything at all about evolution
was their concern that continued resistance to the teaching of evolution
has "contributed to widespread misconceptions about the state of biolog-
ical understanding and about what is and is not science."'

In response, National Academy commissioned a blue-ribbon com-
mittee to update public understanding. That committee produced what
is, by any standard, a fine document summarizing the scientific status of
evolution, and containing an excellent set of recommendations for the
teaching of evolution.' They left no doubt on the key scientific issues:

Compelling lines of evidence demonstrate beyond any reasonable doubt

that evolution occurred as a historical process and continues today.'

Is there any evidence that might support the alternatives to evolution
we have visited in the last three chapters? Clearly not.

It is no longer possible to sustain scientifically the view that living things

did not evolve from earlier forms or that the human species was not pro-

duced by the same evolutionary mechanisms that apply to the rest of the

living world.'

Couldn't have said it better myself.
Now that the National Academy has spoken, can we look forward

to a dramatic increase in public acceptance of evolution? I think not.
Whatever the scientific and logical virtues of their report, and they are

considerable, the National Academy failed to address—and maybe even to
understand—the two most important sources of creationism's enduring
appeal. The first, not surprisingly, is religion itself. Religion's power to
motivate and inspire remains undiminished, even in these modern times.
The second is the reflexive hostility of so many within the scientific corn-
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munity to the goals, the achievements, and most especially to the culture
of religion itself. This hostility, sometimes open, sometimes covert, sharp-
ens the distinctions between religious and scientific cultures, produces an
air of conflict between them, and dramatically increases the emotional
attractiveness of a large number of anti-scientific ideas, including cre-
ationism.

In a subtle way, the National Academy misread the issue, because pub-
lic acceptance of evolution—or any other scientific idea—doesn't turn on
the logical weight of carefully considered scientific issues. It hinges instead
on the complete effect that acceptance of an idea, a world view, a scientific
principle, has on their own lives and their view of life itself. America has
become the greatest scientific nation in the world, largely because the opti-
mistic and iconoclastic character of science is a perfect fit for the open and
vigorous social temperament of American society. In one sense, the popu-
lar culture embraces evolution just as it has the rest of science—wimess the
public fascination with fossils and dinosaurs and the extraordinary popu-
larity of movies like Jurassic Park, based on the central premise of evolu-
tionary change. But in another sense it rejects that premise soundly. Less
than half of the U.S. public believes that humans evolved from an earlier
species.' The reason, I would argue, is not because they aren't aware of
strength of the scientific evidence behind it. Instead, it is because of a well-
founded belief that the concept of evolution is used routinely, in the intel-
lectual sense, to justify and advance a philosophical worldview that they
regard as hostile and even alien to their lives and values.

THE BOSOM OF ABRAHAM

Presented modestly and accurately, evolution is still a simple scientific
idea. It claims only that material causes, the laws of physics and chem-
istry as played out in living things, are sufficient to account for the his-
tory and complexity of life. If evolution is neither more nor less than
this simple scientific idea, then why does it engender such hostility?
There are many reasons, but the most important ones are historical.

In a time when the world was beyond human comprehension, it was
only natural to attribute the wonders of nature to the power and mag-
nificence of the Creator. While any religious person today, myself
included, continues to believe in a Creator, at that time such faith
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included an affirmation that nature was, in whole and in part, beyond
our understanding. By any measure, the great and lasting gift of science
has been to lift the burden of that affirmation from human imagination.

We have been freed to understand the change of seasons not as
divine whim but as a consequence of the tilt of the earth's axis in rela-
tion to its orbit around the sun. We watch the movement of tides under
the calculable power of gravity, produce new substances by rearranging
the atoms of raw materials, and exploit the energy of elementary parti-
cles to power our homes and send messages through space. We have
learned enough of the natural world to understand that it operates
according to physical principles that are accessible through science.

In a sense, all that Charles Darwin did was to extend this under-
standing, so clear and so powerful in the physical world, into the sphere
of biology. Evolutionary biologist Douglas Futuyma echoed the senti-
ments of many scholars when he wrote:

By coupling undirected, purposeless variation to the blind, uncaring

process of natural selection, Darwin made theological or spiritual expla-

nations of the life processes superfluous. Together with Marx's material-

ist theory of history and society and Freud's attribution of human

behavior to influences over which we have little control, Darwin's the-

ory of evolution was a crucial plank in the platform of mechanism and

materialism—of much of science, in short—that has since been the stage

of most Western thought.'

Science, by this analysis, is mechanism and materialism. And all that
Darwin did was to show that mechanism and materialism applied to biol-
ogy, too. As I hope the preceding chapters have shown, there is something
very right about this. The application of materialist science has trans-
formed biology from the observational discipline of the nineteenth century
into a predictive and manipulative science that enters the twenty-first cen-
tury as the most dynamic and far-reaching of all the scientific disciplines.
Materialism in biology, the search for mechanistic and chemical explana-
tions for living phenomena, works, and it works brilliantly.

Evolution dashed the hopes of those who might have seen life as the
one thing in the natural world that science would never be able to explain.
One by one, the physical objects of our daily existence, even the stars and
sun, yielded to material explanations of their powers and origins. Maybe
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life would resist this trend. Maybe life would defy material explanation,
would require a vital spirit, a divine spark that could never be held by the
crude hands of the scientist. It didn't turn out that way. Life turned out to
be chemical after all, bridging the final gap between biology and the phys-
ical sciences when James Watson, Francis Crick, and Rosalind Franklin
elucidated the double-helical structure of DNA, the molecule of heredity.

In an important way, the modern science of molecular biology is the
child of what Darwin began, an ultimate unification of biology with other
sciences, all of which now seek to describe nature in material terms. So,
how does this threaten religion?

In a strict and scientific sense, it doesn't. And I find it puzzling and
disappointing that so many would have pinned their religious hopes on
the inability of science to explain the natural world. In fact, I will argue
later that an accurate and complete understanding of that world, even
in purely material terms, should deepen and strengthen the faith of any
religious person.

The National Academy of Sciences clearly endorses the view that sci-
ence and religion need not be in conflict. Responding to the question of
whether or not a person can believe in God and still accept evolution,
their report asserted that many people do exactly that:

At the root of the apparent conflict between some religions and evolu-

tion is a misunderstanding of the critical difference between religious

and scientific ways of knowing. Religions and science answer different

questions about the world. Whether there is a purpose to the universe or

a purpose for human existence are not questions for science. Religious

and scientific ways of knowing have played, and will continue to play,

significant roles in human history.'

I did not participate in the drafting of this careful language, although
I certainly approve of these sentiments. There is indeed a degree of sep-
aration between religion and science, and it is important to point out
that science and religion, in many respects, address quite different issues
about the nature of reality.

A few years ago, no less an evolutionist than Stephen Jay Gould
seemed to argue that science and religion occupy separate, but equally
important, places in the intellectual world. In March of 1997, Gould
devoted his monthly column in Natural History to a glowing analysis of
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the extraordinary letter that Pope John Paul II had written in 1996 to
the Pontifical Academy of Sciences. The papal letter made it clear that
there was no essential conflict between biological evolution and the
world's largest Christian faith. Gould wrote:

Science and religion are not in conflict, for their teachings occupy dis-
tinctly different domains....

The lack of conflict between science and religion arises from a lack
of overlap between their respective domains of professional expertise—
science in the empirical constitution of the universe, and religion in the
search for proper ethical values and the spiritual meaning of our lives.

The attainment of wisdom in a full life requires extensive attention to
both domains.'"

Gould's transcendent prose reserves a place of respect for religious
belief, and more than once I have pointed to this exceptional essay as
proof that evolution is not inherently hostile to religious belief.

The opponents of evolution are not at all convinced by these fine
words. In many respects they regard them as nothing more than a
smoke screen, a disarming party line intended to mute the opposition to
evolution. Some wonder if Gould, in his heart, really believes these
words. Late in 1997, Phillip Johnson described Gould's essay as "a tis-
sue of half-truths aimed at putting the religious people to sleep, or lur-
ing them into a 'dialogue' on terms set by the materialists."" Had John-
son seen Gould on television a year later, his sense of Gould's duplicity
might have been dramatically confirmed:

INTERVIEWER: Gould disputes the religious claim that man is at the center of
the universe. The idea of a science-religious dialogue, he says, is "sweet"
but unhelpful.

[Speaking to Gould]: Why is it sweet?

GOULD: Because it gives comfort to many people. I think that notion that we
are all in the bosom of Abraham or are in God's embracing love is—look,
it's a tough life and if you can delude yourself into thinking that there's all

some warm and fuzzy meaning to it all, it's enormously comforting. But I
do think it's just a story we tell ourselves."
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Other proponents of evolution would be neither so vague nor so
genteel. All scientists enjoy interpreting their discoveries to the public,
and sometimes this means commenting upon the meaning of scientific
ideas. Evolutionary biology has drawn more than its share of scientific
writers willing to tell an eager public what its discoveries mean. Many,
if not most, are frankly inclined to use evolution as a weapon against
religion, agreeing with the sentiments of Richard Dawkins—who, as we
have seen, counted among Darwin's achievements the fact that he
"made it possible to be an intellectually fulfilled atheist.""

Dawkins has actually gone much farther than that. The world revealed
by evolution, he tells us, is not at all the kind of world we would expect of
one that was subject to the designs of a Creator. Instead, a universe ruled
by materialist evolution

would he neither evil nor good in intention. It would manifest no inten-

tions of any kind. In a universe of physical forces and genetic replica-

tion, some people are going to get hurt, other people are going to get

lucky, and you won't find any rhyme or reason in it, nor any justice. The

universe that we observe has precisely the properties we should expect if

there is, at bottom, no design, no purpose, no evil and no good, nothing

but blind, pitiless indifference."

Nothing but "blind, pitiless indifference?" Little wonder that people
who see the world as a place of deliberate moral choice, who see clear
differences between good and evil, and who cherish virtues such as
courage, honesty, and truthfulness would take issue with that state-
ment. Since such characterizations are presented as the direct implica-
tion of evolutionary theory, one might fairly conclude from them that
evolution itself is their enemy.

If Dawkins left even a sliver of doubt as to the anti-religious implica-
tions of evolution, William Provine, biologist and historian of science at
Cornell, helped to remove it:

Modern science directly implies that there are no inherent moral or ethi-
cal laws, no absolute guiding principles for human society. . . . We must

conclude that when we die, we die, and that is the end of us. . . . Finally,

free will as it is traditionally conceived—the freedom to make uncoerced

and unpredictable choices among alternative courses of action—simply

does not exist. . . . There is no way that the evolutionary process as cur-



172 FINDING DARWIN'S GOD

rently conceived can produce a being that is truly free to make moral

choices.'s

Statements like these naturally provoke powerful reactions. One
such reaction, unfortunately, would be to take at face value the Provine
and Dawkins claim that evolution excludes God, and then move to pro-
tect religion by rejecting naturalism completely.

William A. Dembski, a philosopher at the Discovery Institute who has
championed intelligent design, has done exactly that: "As Christians we
know that naturalism is false. Nature is not self-sufficient."' e Somehow, in
casting "naturalism" as an intellectual devil, Dembski concludes that
Christians may accept material explanations for the change of seasons and
the light of the sun, but they apparently may not do so for the origin of
species. How he makes this conclusion is beyond me, but his motivation
for doing so is clear. He has seen the likes of Dawkins and Provine hone a
fine edge on evolution to craft it into an anti-religious weapon, and he is
determined to resist the use of that weapon at all costs.

Are such opponents of evolution sincere? Several years ago, I was
invited to Tampa, Florida, to debate the issue of evolution with Henry
Morris, founder of the Institute for Creation Research and one of the most
influential of the young-earth creationists. The debate had been occa-
sioned by the passage of a curriculum mandating the inclusion of so-called
creation science in high school biology. In front of a large audience, I ham-
mered Morris repeatedly with the many errors of "flood geology" and did
my best to show the enormous weight of scientific evidence behind evolu-
tion. One never knows how such a debate goes, but the local science teach-
ers in attendance were jubilant that I scored a scientific victory."

As luck would have it, the organizers of this event had booked rooms
for both Dr. Morris and myself in a local motel. When I walked into the
coffee shop the next morning, I noticed Morris at a table by himself fin-
ishing breakfast. Flushed with confidence from the debate, I asked if I
might join him. The elderly Morris was a bit shaken, but he agreed. I
ordered a nice breakfast, and then got right to the point. "Do you actually
believe all this stuff?"

I suppose I might have expected a wink and a nod. We had both
been paid for our debate appearances, and perhaps I expected him to
acknowledge that he made a pretty good living from the creation busi-
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ness. He did nothing of the sort. Henry Morris made it clear to me that
he believed everything he had said the night before. "But Dr. Morris, so
much of what you argued is wrong, starting with the age of the earth!"
Morris had been unable to answer the geological data on the earth's age
I had presented the night before, and it had badly damaged his credibil-
ity with the audience. Nonetheless, he looked me straight in the eyes.
"Ken, you're intelligent, you're well-meaning, and you're energetic. But
you are also young, and you don't realize what's at stake. In a question
of such importance, scientific data aren't the ultimate authority. Even
you know that science is wrong sometimes."

Indeed I did. Morris continued so that I could get a feeling for what that
ultimate authority was. "Scripture tells us what the right conclusion is. And
if science, momentarily, doesn't agree with it, then we have to keep work-
ing until we get the right answer. But I have no doubts as to what that
answer will be." Morris then excused himself, and I was left to ponder
what he had said. I had sat down thinking the man a charlatan, but I left
appreciating the depth, the power, and the sincerity of his convictions.
Nonetheless, however one might admire Morris's strength of character,
convictions that allow science to be bent beyond recognition are not merely
unjustified—they are dangerous in the intellectual and even in the moral
sense, because they corrupt and compromise the integrity of human reason.

My impromptu breakfast with Henry Morris taught me an impor-
tant lesson—the appeal of creationism is emotional, not scientific. I
might be able to lay out graphs and charts and diagrams, to cite labora-
tory experiments and field observations, to describe the details of one
evolutionary sequence after another, but to the true believers of cre-
ationism, these would all be sound and fury, signifying nothing. The
truth would always be somewhere else.

In 1996, Jack Hitt wrote an article for Harper's magazine, "On
Earth as It Is in Heaven," in which he captured this feeling exactly.
Describing a series of "field trips" in which he dutifully recorded the
curious geology taught by a succession of creationist professors, at last
he came upon Kurt Wise, a professor of science at Bryan College in Ten-
nessee. Wise's Ph.D. is from Harvard University, where his doctoral
advisor was none other than Stephen Jay Gould. Despite his scientific
pedigree, Wise is a committed and articulate young-earth creationist,
and Hitt was clearly taken by the depth of Wise's convictions.
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After listening to the stories and constructs of creationist geology,
Hitt found himself comparing them favorably to the, in his words,
"random evolution, meaningless mutations, trial and error (mostly
error), aimless procreation, the pointless void of space, the cold materi-
alism of Darwin's damn theory." On every intellectual level, as Hitt
made clear, evolution holds the scientific cards. Yet, when he considered
what it would feel like to embrace the creationism presented by Wise, it
produced an emotional tide powerful enough to sweep Darwin right off
the table:

I felt again the warmth of believing that for every inch of infinity there
has already been an accounting. Everything has a reason for being
where it is. . . . I had felt it before, in childhood, when everything
around me radiated with specific meaning and parental clarity. That,
after all, is what creationists feel that evolution has stolen from them."

To Wise and many others, the disciples of evolution have crushed the
innocence of childhood, poisoned the garden of belief, and replaced
both with a calculating reality that chills and hardens the soul. How
sweet it would be to close one's eyes to "Darwin's damn theory," and
once again sleep blissfully (Gould notwithstanding) in the bosom of
Abraham.

A DANGEROUS IDEA

At its heart, evolution is a modest idea, a minimal concept, just two
points, really. First, the roots of the present are found in the past; and
second, natural processes, observable today, fully explain the biological
connections between present and past. On purely scientific terms, those
two points leave very little to argue about.

But unlike mitosis, protein synthesis, or signal transduction, evolution
almost begs for extrapolation. The success of the natural sciences have led
one analyst after another to extend Darwinian thinking into a series of dis-
tinctly nonbiological enterprises, even into the study of religion.

Notorious among these was the social Darwinist movement of the
late nineteenth century. Comparing social and political units to living
organisms, Herbert Spencer argued that the state should not interfere
with the social equivalent of natural selection. This meant, according to
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Spencer, that aid to the poor, universal education, and laws regulating
factory working conditions were all bad ideas because they might inter-
fere with the natural order of social competition. Not surprisingly, these
views led Spencer to become an outspoken opponent of socialism who
counted American capitalist Henry Ford among his admirers."

Ironically, many of the proponents of socialism also declared their alle-
giance to Darwin. Speaking it Karl Marx's funeral in 1883, Friedrich
Engels proclaimed, "Just as Darwin discovered the law of development of
organic nature, so Marx discovered the law of development of human his-
tory."" Ten years earlier, Marx had sent Darwin a new edition of Das
Kapital, inscribed as a gift from a "sincere admirer."2'

For a biologist, the embrace of Darwinism by both capitalism and
socialism is easy to understand. Evolution is good science, and ideologi-
cal partisans, even contradictory ones, seek to bolster their causes by
associating with it. The truth is that evolution, however persuasive, is a
biological theory fashioned to explain descent with modification. By
what logic could anyone pretend that principles found to apply biologi-
cal systems must also apply to social organizations, societies, or
nations? Economic theorists may derive colorful analogies, insight, and
even inspiration from evolution, but to prove the validity of economic
theories by mere reference to evolution, a biological theory, seems to me
to be stretching Darwin's good work too far.

I raise this point not to pick on economics, but to illustrate how easily
evolution spills out of biology into other disciplines. The logic of Daniel C.
Dennett's 1995 book, Darwin's Dangerous Idea, is a perfect example of
what I mean. Dennett argues that Darwin deserves an award "for the sin-
gle best idea that anyone has ever had." 22 It's a sentiment I share. Dennett
is a philosopher who fully appreciates the explanatory power of evolu-
tionary theory in accounting for the complexity and apparent design of
complex biological systems. He also regards Darwin's idea as a kind of
"universal acid," an intellectual substance so powerful that it can dissolve
its way right out of the discipline of biology into fields as distant as moral
reasoning and cosmology. In each case, according to Dennett, Darwinism
is dangerous because of the threat it poses to nonmaterialist value systems.
In the end, Darwinism can be expected to revolutionize thinking in psy-
chology, ethics, art, politics, and every conceivable aspect of human cul-
ture.
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Dennett is particularly eager to invoke Darwinian mechanisms to
account for the development of the human mind:

If mindless evolution could account for the breathtakingly clever arti-
facts of the biosphere, how could the products of our own "real" minds
be exempt from an evolutionary explanation?"

In general, I agree. Although there is no reason to maintain that evo-
lution has not shaped the human brain in the same way as it has shaped
the rest of our bodies, this proposition has led him into a bitter acade-
mic food fight24 on the issue of human language. The controversy illus-
trates what happens when evolutionary explanations are pressed
beyond their scientific limits.

We share wide-ranging physical similarities with our nearest evolu-
tionary relatives, the great apes. These similarities led Darwin to suggest
that Africa, where gorillas and chimpanzees live today, would be the
best place to search for our common ancestors. The suggestion has
resulted in a rich harvest of hominid fossils. Molecular genetics has
underscored this relationship, showing clearly that we share nearly all
of our genetic information with our primate kin. These animals, as
intelligent and remarkable as they are, clearly do not share our capacity
for language. True, patient and sometimes controversial studies have
shown that gorillas and chimps can be taught to manipulate a handful
of symbols, articulate a few words, and maybe engage in a little bit of
abstract reasoning. Nonetheless, even the most generous analysis of lan-
guage development in these organisms shows an enormous gulf separat-
ing our verbal abilities from theirs.

Neural and cognitive scientists assert, on the basis of strong physiolog-
ical evidence, that human language ability is wired into the brain. We can
acquire and manipulate language so well because the generous circuitry of
our brains gives us the capacity to do so. The next question, of course, is
how the brain got that way. Whatever the answer to this question might
be, it will have to be a corollary of a larger, more basic one: How did nat-
ural selection act over the past 4 million years to enlarge the average size
of the australopithecine brain from just over 400 cubic centimeters to the
present human average of 1500 cubic centimeters?

A number of scientists have argued that the capacity for human lan-
guage is what Stephen Jay Gould calls a "spandrel," an artifact of an
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increase in brain size actually driven by selective forces acting on factors
other than language itself. An evolutionary spandrel, in Gould's rich and
expansive vocabulary, is an unexpected structure or capacity that appears
as the result of natural selection. He derives the term by reference to the
magnificent Church of San Marco in Venice, whose great ceilings arch
downward onto supporting columns. Where these arches merge into the
columns, they form tapering triangular spaces, spandrels, beautifully dec-
orated by San Marco's artists and craftsmen. As Gould and geneticist
Richard Lewontin pointed out in a landmark 1978 paper, 25 an uncritical
visitor might quickly assume that the spandrels were an intentional archi-
tectural feature of the church, key surface spaces that the builders intended
to create when they designed the structure. Nothing of the sort is true. The
spandrels were a feature coincidental to the architectural choice of circu-
lar arches to support the ceiling.

In Gould's view, our brain's remarkable capacity for language is just
such an unexpected spandrel of the brain's enlargement the past few
million years. In other words, natural selection supported larger brains
for reasons that had nothing to do with language. Once the brain was
large enough to make possible the creation and manipulation of lan-
guage; true human speech appeared.

Yes, the brain got big by natural selection . . . [but] the brain did not get

big so that we could read or write or do arithmetic or chart the sea-

sons—yet human culture, as we know it, depends upon skills of this

kind. . . . [T]he universals of language are so different from anything

else in nature, and so quirky in their structure, that origin as a side con-

sequence of the brain's enhanced capacity, rather than as a simple

advance in continuity from ancestral grunts and gestures, seems indi-

cated."

This means, of course, that Gould does not view language itself as
one of the adaptations favored by natural selection. Dennett does not
agree, and attacks this view with every weapon at his disposal. As one
of his main authorities, he uses the work of MIT scientist Steven Pinker,
who with Paul Bloom has written: " Me conclude that there is every
reason to believe that a specialization for grammar evolved by a con-
ventional neo-Darwinian process."" Dennett endorses their analysis, in
opposition to Gould:
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They [Pinker and Bloom] arrived at this . . . conclusion by a patient
evaluation of multifarious phenomena that show beyond a reasonable
doubt—surprise, surprise—that the "language organ" must indeed have
evolved many of its most interesting properties as adaptations, just as
any neo-Darwinian would expect."

The stakes in this little debate are much greater than they may
seem—at issue is nothing less than the independence of human thought
and reason. To Gould, language and the mind may exist because of nat-
ural selection, but were never the objects of selection. Therefore, any
attempt to explain all of human nature by means of evolutionary
advantage will fail. To Dennett, natural selection really does explain the
whole of language, mind, and culture. Therefore, every aspect of human
thought, reason, and emotion is a direct product of the forces of evolu-
tion that have shaped the human mind.

Since no one has yet been able to determine which of many possible
adaptive traits caused natural selection to favor an increase in size of
the entire human brain, on what basis does either side of this debate
assert that they know anything about the forces that acted on just one
part of it—the capacity for language? As an experimental scientist, I
would carefully suggest that they know very little. They have been argu-
ing about two perfectly plausible schemes for how language might have
evolved, in the absence of enough data to assert with any certainty how
it actually did evolve. Disputes like this do not necessarily lend a stamp
of scientific fact to either viewpoint.

The explanations of both Gould and Dennett are perfectly reasonable
speculations on the evolution of language. I differ with them both, and
most especially with Dennett in his assertion that we can extend Darwin-
ian analysis to solve problems in nearly any field in truly scientific fashion.
Science works. And Darwinism is science. Therefore, he reasons, a Dar-
winian analysis of any discipline is also a scientific one. If that were true,
Darwin's great idea would be even more than the "greedy reductionism"
he condemns in his book. It would lead to the conclusion that any trait,
any character, and any behavior of any organism must be the direct prod-
uct of natural selection. No spandrels allowed, and no need, apparently, to
wait for experimental evidence.

Dennett's views, widely shared by social psychologists and behavioral
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ecologists, would allow every aspect of human thought to be explained
away as an evolutionary adaptation. As we have just seen, this applies to
the capacity for language, but just as surely it can be applied to the capac-
ity for religion. As a result, his view of evolution leaves no room for God,
except as a psychological curiosity to be studied and explained. Our abili-
ties to imagine the divine, which are surely part of human nature, must
exist because of natural selection. They surely do not exist because the
Deity is real.

By such logic, one begins with Darwin's great idea, and fashions
from it an ultimate weapon for the struggle against spirituality. Dennett
makes clear his intentions to use that weapon, his universal acid, to dis-
solve the hold that religion has on human thought:

What, then, of all the glories of our religious traditions? They should

certainly be preserved, as should the languages, the art, the costumes,

the rituals, the monuments. Zoos are now more or less seen as second

class havens for endangered species, but at least they are havens, and

what they preserve is irreplaceable. The same is true of complex memes

[religion] and their phenotypic expressions [churches]. . . .
29

My own spirit recoils from a God Who is He or She in the same way

my heart sinks when I see a lion pacing neurotically back and forth in a

small zoo cage. I know, I know, the lion is beautiful but dangerous; if

you let the lion roam free, it would kill me; safety demands that it be put

in a cage. Safety demands that religions be put in cages, too—when

absolutely necessary."

Although Dennett sees much value in the artistic, literary, and even the
social works of religion, his words make it clear that one of the hopes he
holds for Darwin's dangerous idea is that it will eventually put religious
beliefs safely behind bars. A believer is left to hope that the cages Dennett
imagines are only intellectual constructs, but one never knows for sure.

ON HUMAN NATURE

One of the boldest extensions of Darwinian analysis has come from a
biologist whose specialty is the study of behavior. This is not surprising
for the simple reason that behavior, in the broadest sense, is everything
that people do. Art, music, literature, and even science are all forms of
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human behavior. Throughout the ages, our ability to produce these ele-
ments of high culture has been taken as evidence of the specialness of
human nature. Such behaviors are the very things that distinguish us
from the animals, that make us human, and can be used to mark us as
the children of God.

Edward 0. Wilson is a Harvard University biologist whose own
research deals with ants, wasps, and bees, a fascinating group of animals
known as the social insects. Wilson and his associates have studied insect
societies for years, and we owe a great deal of our understanding of these
remarkable organisms to him. Wilson saw the exquisite behavior patterns
of the social insects as a special case of inherited behavior, and coined the
term "sociobiology" to refer to the biological basis of social behavior. Wil-
son is a brilliant man who has labored for many years to achieve a syn-
thesis between his biological analysis of behavior and other forms of
human endeavor.

On Human Nature, Wilson's 1978 Pulitzer Prize–winning book,
applied a Darwinian analysis of human behavior to a variety of social
institutions. It earned him praise, but no small amount of criticism, espe-
cially from feminists, who saw his biologically based arguments as noth-
ing more than sexist apologetics for an oppressive status quo. Liberal
social theorists also were bothered by what they saw as his biological
defenses of social inequality, and by his descriptions of Marxism as badly
flawed and "mortally threatened" by sociobiology. Some of Wilson's
sharpest barbs were reserved for religion. In his view, Darwinism had pro-
vided nearly enough information to exclude the existence of God.

If humankind evolved by Darwinian natural selection, genetic chance

and environmental necessity, not God, made the species. Deity can still

be sought in the origin of the ultimate units of matter, in quarks and

electron shells (Hans Kung was right to ask atheists why there is some-

thing instead of nothing) but not in the origin of species. However much

we embellish that stark conclusion with metaphor and imagery, it

remains the philosophical legacy of the last century of scientific

research."

If science can exclude, or almost exclude, the Deity, then where did reli-
gious belief come from? The core idea of sociobiology is that genetically
determined behaviors are really just biological traits. This means that nat-
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ural selection can act on those behaviors just as surely as it can act on the
shape of a wing or the color of fur. Those behaviors that are most favor-
able, that best aid their possessors in the struggle for survival and repro-
ductive success are, naturally enough, the ones that endure. This allows us
to understand why a female bird would give food to her babies even
though it means reducing the food that is available for her own survival.
If that food-giving behavior is programmed by genes (and it probably is),
then there a good chance that these genes are helping copies of themselves
to survive. How can this be true? Any gene present in the mother has a
fifty-fifty chance of being present in any one of the chicks. So a gene that
induces the feeding of offspring, which we might consider a fine and noble
thing to do, is actually a "selfish" gene, that programs a behavior to help
copies of itself (in the babies) to survive.'

This kind of analysis can be applied to the religious impulse, too. Not-
ing that religions are widespread throughout the world, however much
their specific rituals and traditions vary, Wilson concludes that the reli-
gious impulse is a universal aspect of human nature. I certainly agree, and
so would most sociologists and anthropologists. Wilson then steps back,
as a biologist used to analyzing insect societies might, and asks what the
adaptive significance of religious behavior might be.

The highest forms of religious practice, when examined more closely,
can be seen to confer biological advantage. Above all they congeal
identity. In the midst of the chaotic and potentially disorienting experi-
ences each person undergoes daily, religion classifies him, provides him
with unquestioned membership in a group claiming great powers, and
by this means gives him a driving purpose in life compatible with his
self-interest."

In Wilson's view, it is essential to remember that we humans, even at
our most primitive, are social animals. This means that any gene pro-
gramming a behavior to make one small group or tribe more cohesive
than another might be favored by natural selection. A band of slightly
religious hunter-gatherers might be just a little bit better in hunting and
gathering than one that was less cohesive. To put it another way:

When the gods are served, the Darwinian fitness of the members of the
tribe is the ultimate unrecognized beneficiary. "
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If this is true, as Wilson believes, then it is even possible to develop a
Darwinian critique of social inequalities that have religious roots.

Consequently religions are like other human institutions in that they

evolve in directions that enhance the welfare of the practitioners.

Because this demographic benefit must accrue to the group as a whole, it

can be gained partly by altruism and partly by exploitation, with certain

sectors profiting at the expense of others.

There are problems, big problems, with this analysis. Not the least
of these are the grand dimensions of Wilson's extrapolation from socio-
biology to human society. Starting with biological fact—that all social
behaviors in an organism (like an insect) that cannot learn must have a
genetic basis—he leaps to conclusions that infer genetic causality to
nearly all behaviors in humans, the very creatures that have taken
learned behavior to new heights. At the very least, this kind of reason-
ing would allow Wilson to assign a genetic basis for any behavior
observed in human society. While this is no doubt true for some behav-
iors, the human ability to generate culture, tradition, and language
makes this a problematic claim, to state it kindly.

On just this score, Wilson has been roundly criticized. To be sure, he
has agreed that culture and learning make a difference, but even on this
point he is unwilling to concede that the difference could be very large.

The genes hold culture on a leash. The leash is very long, but inevitably

values will be constrained in accordance with their effects on the human

gene pool."

In other words, even cultural values are subject to natural selection,
making them the products of evolution rather than of human con-
sciousness. Not even Daniel Dennett was willing to go quite this far,
especially with respect to religion.

Long before there was science or even philosophy, there were religions.

They have served many purposes (it would be a mistake of greedy reduc-

tionism to look for a single purpose, a single summum bonum which

they have all directly or indirectly served)."
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of the tribe, ensuring the survival of the group. The success of evolution
in explaining how social behaviors can be the objects of natural selec-
tion has led Wilson to a hubris in which all social behaviors are there-
fore presumed to be the results of natural selection. It's important to
note that this could only be the case if selection could have acted
directly upon each social behavior, including religion. Despite Wilson's
willingness to construct Paleolithic stories of religious cohesion favored
by group selection, there is little genuine evidence to support that claim.

Edward Wilson is a great scientist whose contributions to the study of
behavior have earned him a lasting place in the scientific pantheon. He is
kind and generous, an inspiring teacher and a supportive mentor. I have
nothing but admiration for the man and his scientific work, and most
especially for the depth and imagination of his writings on nature.
Nonetheless, if opponents of evolution wanted to point to the works of
just one biologist to argue that evolution is inherently hostile to religion,
they would be hard-pressed to make a better choice than Ed Wilson.

Not only does Wilson dispute the validity of religious teachings,
morals, and institutions, he also contends that his explanation for the
existence of the religious impulse is the death knell for belief.

We have come to the crucial stage in the history of biology when reli-
gion itself is subject to the explanations of the natural sciences. As I have
tried to show, sociobiology can account for the very origin of mythology
by the principle of natural selection acting on the genetically evolving
material structure of the human brain. If this interpretation is correct,
the final decisive edge enjoyed by scientific naturalism will come from
its capacity to explain traditional religion, its chief competitor, as a
wholly material phenomenon. Theology is not likely to survive as an
independent intellectual discipline."

To Wilson, once an evolutionary explanation for the existence of
religion has been fashioned, the very idea of God is doomed."

Wilson never asks if there might be another way to view the religious
impulse, that even if it is more the product of genes than culture, it still is
fair to ask whether or not those genes might be the way a Deity ensured
His message found receptive ground.

Wilson's reasoning is clear. Step-by-step, he has used the tools of
Darwinism to explain every human behavior, including our sense of the
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divine, as the product of blind, uncaring natural selection. All of a sud-
den, Gould's questionable truce between the nonoverlapping spheres of
science and religion has come completely unglued. In Edward 0. Wil-
son's hands, Darwin's idea has become dangerous indeed.

THE FABRIC OF DISBELIEF

I'd love to be able to claim that the anti-religious writings of Wilson,
Dennett, and Dawkins, as well as the more refined slights of Gould,
were aberrations. These folks are supposed to be scientists, and one
might think that science—dealing with the material—should have noth-
ing to say about religion—which deals with the spiritual. Their personal
views on religion are just that—individual opinions on questions of
faith that reside outside the sphere of science. But the reality of acade-
mic life is different.

Western intellectual life is tolerant almost by reflex. The academic
establishment recoils instinctively at overt expressions of racism or anti-
Semitism, and reacts with solemn outrage at anything that can be iden-
tified as prejudice or bias. On the surface, this tolerance extends to reli-
gion. I have never seen an American university that failed to make clear
to prospective students, benefactors, or granting agencies just how open
and tolerant a place it really was. But this happy prospect falls well
short of complete embrace, especially when the issue is religion.

The problem is not intolerance in the old, ethnically driven sense. It
is easy to get by on most American campuses identifying oneself as an
ethnic Jew, a Muslim, a Catholic, or even a Southern Baptist. Religion is
studied carefully in history, sociology, psychology, and philosophy
departments. The varieties of religious experience that individuals bring
to academic life are treasured as gifts to scholarship and experience.
The problems come when one attempts to take religion seriously, actu-
ally to believe the stuff. Academia just isn't prepared for that.

The conventions of academic life, almost universally, revolve around
the assumption that religious belief is something that people grow out
of as they become educated. The prospect of an educated person who
sincerely believes in God, who prays and fasts, or who is naive enough
to think that there is actually such a thing as sin, is just not taken seri-
ously. There is, in essence, a fabric of disbelief enclosing the academic
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establishment. My colleagues do their best to be open, fair-minded, and
tolerant. They practice the wonderful virtues of free inquiry and free
expression. But their core beliefs do not allow them to accept religion as
the intellectual equal of a well-informed atheistic materialism.

In practice, their exultation at seeing evolutionary biology successfully
provide material explanations for the origins of species and the history of
life leads to triumphant excess. Even though philosophical conclusions
about meaning and purpose are generally thought to lie outside science,
any number of self-assured scientists display no hesitation in claiming that
evolutionary biology is capable of making a powerful and profound state-
ment on the ultimate meaning of things. Writing in the journal Nature,
biologist David Hull asserted that evolutionary biology could tell us about
the nature of God Himself.

Whatever the God implied by evolutionary theory and the data of nat-

ural history may be like, He is not the Protestant God of waste not,

want not. He is also not a loving God who cares about His productions.

He is not even the awful God portrayed in the book of Job. The God of

the Galapagos is careless, wasteful, indifferent, almost diabolical. He is

certainly not the sort of God to whom anyone would be inclined to

pray.40

The veiled condescension Gould had displayed towards religion
could well be shrugged off—it's just his personal opinion, and not one
for which he claims the authority of science. But such is not the case for
the others. Dawkins draws directly on evolution to say that life is with-
out meaning. Wilson finds that evolution can explain God away as an
artifact of sociobiology. And Dennett is ready to dig quarantine fences
around zoos in which religion, held safely in check, can be appreciated
from a distance.

All of these writers have gone well beyond any reasonable scientific
conclusions that might emerge from evolutionary biology. Without say-
ing so directly, they have embraced a brand of materialism that excludes
from serious consideration any source of knowledge other than science.
They are not alone. Harvard geneticist Richard Lewontin endorses this
view in so many words, and explicitly proclaims that it should be part
of a social program to transform human society. As he puts it, when sci-
ence speaks to the masses,
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the primary problem is not to provide the public with the knowledge of
how far it is to the nearest star and what genes are made of, for that vast
project is, in its entirety, hopeless. Rather, the problem is to get them to
reject irrational and supernatural explanations of the world, the demons
that exist only in their imaginations, and to accept a social and intellec-
tual apparatus, Science, as the only begetter of truth."

Surely Lewontin means that science is the only begetter of material
truth, or that science is the only reliable way to discover the workings
of the physical universe, right? He means a little more than that:

We take the side of science in spite of the patent absurdity of some of its
constructs, in spite of its failure to fulfill many of its extravagant
promises of health and life, in spite of the tolerance of the scientific com-
munity for unsubstantiated just-so stories, because we have a prior com-
mitment, a commitment to materialism. It is not that the methods and
institutions of science somehow compel us to accept a material explana-
tion of the phenomenal world, but, on the contrary, that we are forced
by our a priori adherence to material causes to create an apparatus of
investigation and a set of concepts that produce material explanations,
no matter how counter-intuitive, no matter how mystifying to the unini-
tiated. Moreover, that materialism is absolute, for we cannot allow a
Divine Foot in the door."

Richard Lewontin's eloquent hostility to anything connected to God
rises naturally from his conception of science as "the only begetter of
truth"—a conception, incidentally, that relies on a prior commitment to
philosophical materialism. To Lewontin, science is in the midst of a
"struggle for possession of public consciousness between material and
mystical explanations of the world," a struggle against ignorance and spir-
ituality that it cannot afford to lose.

A RIGHTEOUS REACTIONISM

Confronted by intellectual aggressions as great as those of Lewontin, it
is easy to see why religious people might conclude that evolution is a
threat to everything they hold most dear—maybe even a threat to free-
dom of religion itself. If evolution leads logically to the exclusion of
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God from a meaningless universe, then evolution must be fought at
every opportunity. As distasteful as it might be to creationists to see
themselves as intellectual reactionaries, given the overt hostility of the
evolutionary establishment, their defensiveness is easy to understand.

Kurt Wise, Gould's own creationist Ph. D. student, has no doubts as to
the stakes of the struggle with materialism, and his carefully chosen words
in a review of his mentor's book Wonderful Life serve to define the terms
of the battle. One of the central ideas of Wonderful Life is the historical
contingency of the evolutionary process, a theme that Gould develops to
highlight what he views as the wild improbability of humankind's pres-
ence on the earth. As Wise puts it:

If, as Gould argues, the evolutionary tape were played again, human life
would not be expected. In fact, even if it were replayed a million times
or more, man would not be expected again.

To conclude, as Gould does, that man is "a wildly improbable evolu-
tionary event," "a detail, not a purpose," and "a cosmic accident" is
disconcerting to some, but not to Gould. To him, release from any pur-
pose is "exhilarating" as it also releases any responsibility to any other,
"offering us maximum freedom to thrive, or to fail, in our chosen way."
If ever evolutionary theory has been elaborated to the point of complete
incompatibility with a Christian world view, it is by the pen of Stephen
Jay Gould in this, his most recent tome."

As Wise makes clear, he believes that the real danger of evolutionary
biology to Christianity is not at all what most scientists might suspect.
It is not that evolution's version of natural history threatens to unseat
the central Biblical myths of unitary creation and the Flood. Rather, it is
the chilling prospect that evolution might succeed in convincing human-
ity of the fundamental purposeless of life. Without purpose to the uni-
verse, there is no meaning, there are no absolutes, and there is no rea-
son for existence.

To Bruce Chapman, former chief of the United States Census Bureau
who serves as president of the Discovery Institute, theft of meaning perpe-
trated by evolution has resulted in much more than personal disillusion-
ment to those who have accepted the scientific worldview. It has had prac-
tical consequences.
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It can be argued that materialism is a major source of the demoraliza-

tion of the twentieth century. Materialism's explicit denial not just of

design but of the possibility of scientific evidence for design has done

untold damage to the normative legacy of Judeo-Christian ethics. A

world without design is a world without inherent meaning. In such a

world, to quote Yeats, "things fall apart; the center cannot hold."'

Why is this so important? What happens if "the center cannot
hold?" To the critics of evolution, the likes of Lewontin, Dennett, and
Dawkins inhabit a world of absolute materialism in which God is truly
dead. That may be fine for members of the intellectual elite, but if ordi-
nary people were to discover that the ethical and moral principles
derived from religion were nothing more than a convenient social fic-
tion, all hell might break loose. They might behave as if anything were
permitted, and society would come apart in a flash.

This is exactly what Johnson, Chapman, and their colleagues fear
has already begun—a moral dissolution caused by the uncontrolled
leakage of Darwinism into "soft sciences" such as sociology and psy-
chology. Also in the postscript to Dembski's Mere Creation, Chapman
described a pivotal case in American law as emblematic of the sad con-
sequences of Darwinism.

In 1925, just before his trip to Tennessee to argue in the Scopes trial
(on the issue of evolution), Clarence Darrow defended accused murders
Nathan Leopold and Richard Loeb. These rich, well-educated youths
had murdered a fourteen-year-old boy, and eventually admitted they
had done so just for the thrill of it. Darrow advised them to enter pleas
of guilty, and then, in a closing statement lasting twelve hours over two
days, argued brilliantly against the death penalty. The judge, John R.
Caverly, may have been moved by Darrow's arguments. He sentenced
the murderers to life in prison, commenting on his belief that to
Leopold and Loeb, "the prolonged years of confinement may well be
the severest form of retribution and expiation."

Chapman, however, looks beyond the issue of the death penalty to
another important argument introduced by Darrow—namely, that a swirl
of deterministic forces made Leopold and Loeb less than fully responsible
for their crimes. It was to accomplish this feat, according to Chapman,
"that Darrow first introduced Darwinian arguments into criminology."
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Brilliantly and successfully, Darrow, their attorney, argued against the
death penalty, asserting that the "distressing and unfortunate homicide"
happened mainly because a normal emotional life failed to 'evolve'
properly in the defendants. Speaking of Richard Loeb, he demanded, "Is
Dickie Loeb to blame because . . . of the infinite forces that were at
work producing him ages before he was born . . . ? Is he to blame
because his machine is imperfect?"

Leopold and Loeb—Darrow repeatedly called them children—were
really helpless agents of their genes. "Nature is strong and she is pitiless.
She works in her own mysterious way, and we are her victims. We have
not much to do with ourselves. Nature takes this job in hand, and we
play our parts.""

It seems that Richard Dawkins wasn't the first one to find a "blind,
pitiless indifference" in nature. Clarence Darrow got there first, and used
that characterization to drive a historic wedge between behavior and per-
sonal responsibility. In Chapman's view, no doubt, the world has traveled
a Darwin-inspired straight line of moral decline ever since. If evolution is
capable of breaking the legal and moral ties between criminal behavior
and the individual, then the very foundations of our society are at risk. To
Johnson and other opponents of evolution, the real risk is that evolution
tells people that God is dead. And if people were to believe that, they
might indeed behave as if all is permitted. Social chaos would result—or
has resulted, depending upon the degree of pessimism with which one
views the present state of American society.

The depth and emotional strength of objections to evolution some-
times baffle biologists who are used to thinking of their work as objec-
tive and value-free. The backlash to evolution is a natural reaction to
the ways in which evolution's most eloquent advocates have handled
Darwin's great idea, distilling from the raw materials of biology an acid
of hostility to anything and everything spiritual.

This clash of two cultures extends over a battle line encompassing
every moral, ethical, and legal issue of modern life. The giddy irony of
this situation is that intellectual opposites like Johnson and Lewontin
actually find themselves in a symbiotic relationship—each insisting vig-
orously that evolution implies an absolute materialism that is not com-
patible with religion. This means, in a curious way, that each validates
the most extreme viewpoints of the other.
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Johnson's willingness to dismiss scientific evidence confirms Lewon-
tin's fear that someone "who could believe in God could believe in any-
thing." Anything clearly includes the nonsense of creationism, which one
might think Lewontin would want to counter by a vigorous exposure to
the sunlight of truth. But he writes that "it is not the truth that makes you
free. It is your possession of the power to discover the truth."" Lewontin,
the evolutionist, is not interested in universal understanding and enlight-
enment. What he's shooting for is a social order in which right-thinking
people (like him) will hold the absolute reins of cultural and intellectual
power. To Lewontin, direct enlightenment of the public is impossible." We
evolutionists simply have to grab hold of power and run things because
history tells us we are right. His sentiments confirm the worst fears of the
creationists—that evolution isn't really about science, but is instead an
ideology of belief, power, and social control.

Evolution is not any of those things. It really is about science, and this
means that the question of evolution is fundamentally different from
issues of social and moral values. It means that by looking at nature, we
can find out whether or not evolution took place, whether it continues
today, and whether it serves as an adequate explanation of the range and
diversity of life. As we have already seen, it does. So, what are we to make
of the clash of values between the spiritualism of the creationists and the
materialism of the evolutionists? Just this: that the conflict depends, as
most intellectual struggles do, on an unspoken assumption shared by both
sides. That assumption is, if the origins of living organisms can be
explained in purely material terms, then the existence of God—at least any
God worthy of the name—is disproved. What I propose we do next is to
ask if that assumption is true.

In a scientific sense, it is certainly true that the world runs according
to material rules, that we are material beings, and that our biology
works by means of the laws of physics and chemistry. To all of this, evo-
lution added one important fact—namely, that our biological origins

are material as well. The triumphalists of materialism now act as
though this last achievement is enough to exclude the spiritual. The
reactionists of creationism respond in kind, tilting comically at evolu-
tion's windmill with every trick at their disposal.

But what if both sides are wrong?
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Is it possible that the proud materialism of evolution is entirely com-
patible with a religious world of value and meaning? The vocal advo-
cates of absolute materialism certainly don't think so. Richard Lewontin
has written, "To appeal to an omnipotent deity is to allow that at any
moment the regularities of nature may be ruptured, that miracles may
happen."" Exactly true. Orderly science requires the regularity of
nature, a willingness to exclude the supernatural from its ordinary
affairs. I do not explain experimental results in my lab as the product of
divine intervention, so why should we allow for the Deity's work in
nature outside the laboratory walls? Makes sense.

But Lewontin has missed something, something important. What if the
regularities of nature were fashioned in a way that they themselves
allowed for the divine? What if the logical connections he makes between
materialism and atheism are flawed? What if the very foundations that
seem to lock evolution and religion into conflict were built upon suspect
ground? In other words, what if the gods of disbelief were false?



7

BEYOND MATERIALISM

My ancestors knew the gods, and so did yours. For thousands of gen-
erations, these men and women, mothers and fathers of all our families,
huddled in fear each time the sun god dipped below earth's cold hori-
zon. They prayed as children, asking mercy from the gods of darkness,
the demons of the night, imploring favors from the moon and stars.
Gods of the hunt and field controlled their tables, and fortunes rose or
sank according to the whims of fairies and devils. For proof of their
existence, one had to look no farther than a flower or a snowflake, the
passage of the seasons, the slow and steady movement of the stars
across a nighttime sky. What human hand could weave a rainbow or
fashion a sunrise? What voice could stay the coming of a storm or tell
us how the eagle flies?

Our gods did magic. They did the work of nature, and they ruled the
lives of man. They warmed us some days, and on others they made us
shiver. They healed us when they wished, and other times they struck us
down with sickness and death. Most of all, they filled a need that all men
have, a need to see the world as sensible and complete. Gods filled the voids
in nature we could not explain, and they made the world seem whole.

Then something happened. Something wonderful. A few of our
ancestors began to learn the rules by which nature worked, and after a
while, we no longer needed Apollo to pull the sun's chariot across the
sky. We no longer asked Ceres to waken seeds from winter sleep. The
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movements of the sun and moon became part of a mechanism, a celes-
tial machine in which each motion could be calculated and explained.
The boldest among us, having weighed the sun and moon and plotted
the orbits of the planets, took inventory of the substance of the earth.
They harnessed the fearsome power of the thunderbolt, drew fuel from
the ground itself, and built machines that turned nighttime into day.
The gods had lost their power.

Gradually, humans took up the greatest challenge of all—we sought to
understand life. We learned the causes of sickness, and with such knowl-
edge conquered the very diseases that had slain so many and produced
such fear. We discovered the units of life itself, learned to read and under-
stand the language of inheritance, and even began to edit and change the
code of life. How did we do all this? What changed a minor species of
bipedal primates into the masters of the planet? In a word, we learned to
explore nature in the systematic way we now call science.

To be sure, the gods of our ancestors left stories, and from such trea-
sures we fashion the literature and art that adorn a hundred human cul-
tures. We should always be grateful for those riches, but the gods them-
selves are gone, and we are no longer subject to their tyranny. We live in a
world where the real dangers come not from demons and spirits, but from
the awful consequences of our own excesses as a species. And serious
though they are, very few of us would be so foolish as to exchange those
worries for a regression to the abject darkness of the past.

Whether you look at human history as an optimist or a pessimist,
whether you greet a new century with dread or with enthusiasm, there is
no denying the transforming reach of science and technology on human
affairs. We are much better off in the material sense as a result of science,
but in many ways that is a minor consequence of the rise of scientific
thinking. The more profound effects of science have been to change the
ways in which we view the world around us. As Richard Dawkins has
pointed out, originally the gods themselves were a kind of scientific theory,
invented to explain the workings of nature. As humans began to find
material explanations for ordinary events, the gods broke into retreat.
And as they lost one battle after another, a pattern was set up. The gods
fell backwards into ever more distant phenomena until finally, when all of
nature seemed to yield, conventional wisdom might have said that the
gods were finished. All of them.
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LIGHTING A CANDLE

Why should this be so? By definition, a god is a nonmaterial being who
transcends nature, so why should science, which deals only with the
material world, have anything to say about whether or not a god exists?
In the rigorous, logical sense, it shouldn't. But we are a practical species,
interested in getting results. Humans like to feel that their beliefs have a
link to reality, and here's where science has it all over religion:

You can go to the witch doctor to lift the spell that causes your perni-
cious anemia, or you can take vitamin B12. If you want to save your
child from polio, you can pray or you can innoculate. If you're inter-
ested in the sex of your unborn child, you can consult plumb-bob dan-
glers all you want (left-right, a boy; forward-back, a girl—or maybe it's
the other way around), but they'll be right, on average, only one time in
two. If you want real accuracy (here, ninety-nine percent accuracy), try
amniocentesis and sonograms. Try science.'

A cynical critique of science might regard it as nothing more than a
new kind of magic, useful only when it works as well as it does in these
examples. But there is something genuinely different about this particu-
lar brand of magic. Trying science makes sense because science comes
with a track record. Science works because it is based on causality.
Once you understand a process, even a complex one, you can reduce it
to the mechanistic sum of its parts. Then, everything that happens
becomes an obligatory outcome of how those components interact. It's
just something that happens. No longer magic, but just a simple (and
predictable) outcome. That, to paraphrase the title of Carl Sagan's final
book, is why science serves "as a candle in the dark" in this "demon-
haunted world."

We can light that candle to explain the commonplace activities of
everyday life, by showing that an understandable, material mechanism is
at work in each of them—in short, by showing that the phenomenon at
hand is a property of the ordinary stuff of nature. That is the working
assumption of materialism—namely that nature itself is where we can find
the explanations for how things work. It is also the credo of science—
making science, by definition, a form of practical, applied materialism.

A key to the success of scientific materialism, which soon became a
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unifying assumption, was the finding that actions taking place at each
level of nature could be explained as the effects of actions at lower lev-
els. Heat was molecular movement. Sound was molecular vibration.
Light was a form of electromagnetic radiation. The blink of my eye
could surely be explained in physical and electrical terms. Everything fit
together perfectly. Each part, each level of nature was part of a machine
with predictable and understandable actions.

Scientific materialism rules out the influence of the divine from a par-
ticular phenomenon by the application of what we might call "determin-
istic reductionism." We can exclude the spiritual as the immediate cause
for any event in nature by showing how that event is determined in mate-
rial terms. All the levels in nature connect according to well-defined rules.

As time has gone by, every suggestion of miracle has seemed to yield to
science's analytic touch. Until finally, near the end of the nineteenth cen-
tury, scientists could be confident that they had found a truly interlocking
mechanism in nature. There were a couple of loose ends in physics—
including a few curious measurements for the speed of light—but those
seemed merely troublesome details. The infant science of biochemistry
already suggested that the molecules in living things obeyed the same rules
of chemistry as everything else, and evolution had extended materialism to
the origins of species as well. As biology advanced, life would surely gain
a material explanation for each of its remarkable properties—and so it
has. The living cell works by purely material rules.

The most important conclusion from the success of scientific materi-
alism was philosophical as much as it was scientific. It had shown us
that nature was organized in a systematic, logical way.

Science had shown that material mechanisms, not spirits, were
behind the reality of nature. It had found that each level of analysis was
connected to ones above and below in the same way that the function of
a clock is connected to the gears and shafts and springs within. And it
had given mankind a new view of ourselves as material beings.

Could there be anything left for God to do?

THE ARCHITECT
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small detail, at that. The Western concept of God has never been as a
grab bag of little animist tricks, sparkling in the fire and dancing on the
tides, weaving fairy nets in the morning mist. The Western Deity, God
of the Jews, the Christians, and the Muslims, has always been regarded
more as the architect of the universe than the magician of nature. In a
way, that places Him above much of the materialist fray.

This very Western idea of God as supreme lawgiver and cosmic plan-
ner helped to give the scientific enterprise its start. Many Eastern religions
take the view that reality is entirely subjective, and that man can never
truly separate himself from the nature he wishes to understand. Whatever
the contemplative value of these ideas, the ancient Eastern intellectual was
thereby relieved of any feeling that the workings of nature might reflect the
glories of the Lord. The Westerner was not, and this is one of the reasons
we can say—despite the extraordinary technical prowess of many Eastern
cultures—that true empirical, experimental science developed first in the
West. Hindu philosophers were left to contemplate the ever-changing
dance of life and time, while Western scholars, inspired by the one true
God of Moses and Muhammad, developed algebra, calculated the move-
ments of the stars, and explained the cycle of the seasons.

In the past, the idea that nature was a complete, functional, self-sufficient
system was seldom thought to be an argument against the existence of
God. Quite the contrary, it was regarded as proof of the wisdom and skill
and care of that great architect. The heavens in all their regularity reflected
the grandeur of the Lord. And scientific investigation was regarded as a
fine and appropriate way to get closer to the Creator's ways. According to
Newton, "This most beautiful system of the sun, planets, and comets,
could only proceed from the counsel and dominion of an Intelligent and
Powerful Being." 2 Carolus Linnaeus (Carl von Linne), the founder of the
modern system of biological classification, put it differently (and some-
what less modestly): "Deus creavit. Linnaeus disposuit." 3 This God, the
architect, was a grand fellow indeed.

At one time this deist view of God was sufficiently persuasive to claim
many of the leading men of the American Revolution, including Jefferson
and Franklin, among its adherents. Part of their attraction to deism, no
doubt, was that it suggested a moral logic to the universe, a kind of nat-
ural law that today we see reflected in the stirring language of the Decla-
ration of Independence and the logic of the American Constitution.
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Whatever the political attractions of this viewpoint, there was no denying
that the seamless linkage of events in strict causality left precious little for
deism's architect to do in the present—except to be that grim and distant
first cause, the great designer who plumbed the heavens and set the stars
in motion. And who now, presumably, snoozes in retirement.

Even with such illustrious supporters, deism was not to last as a seri-
ous religious movement. Its first great flaw was religious. Whatever
their differences, the three leading Western religions generally agree on
the existence of an active, personal, involved Creator. The retired clock-
maker envisioned by deism could hardly be more removed from these
traditions, and each emphatically rejected such a passive God.

Deism's second flaw may well have been scientific. In its purest form,
deism is satisfying only when we visualize a static, controlled, finished
creation, a mechanism of precise laws and well-kept orbits. In the seven-
teenth and eighteenth centuries, that was pretty much what natural sci-
ence said about the universe. But by the time the nineteenth century drew
to a close, that view was gone forever. Not only had a generation of geol-
ogists shown that the earth itself was changeable, but Charles Darwin
had established the mutability of species, and severed forever Linnaeus's
direct connection between each living thing and the hand of God.

To use the lingo of the information age, the real problem with deism
was the synergy between itself and the physical sciences. In a universe
ruled according to Newtonian laws, a physics of precision would govern
the movements of atoms as well as the movements of stars. And this
meant, once the material basis of life had been established, that all events,
past and future, could be reduced to the predictable meshwork of cosmic
gears. The human role could involve nothing more than watching the
pages of history turn inflexibly towards a preordained future. A deist law-
giver might have been great and wise, but if he was thought of in the con-
text of the Newtonian clockwork, our lives would become about as inter-
esting as billiard balls, each move governed only by the forces and collisions
of particles already set in motion. Lucky for us, that depressing prospect
would never prevail—because at the very beginning of the twentieth cen-
tury the clockwork upon which it depended would be broken forever.
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HOT METAL

If you have ever held a metal wire over a gas flame, you have borne wit-
ness to one of the great secrets of the universe. As the wire gets hotter, it
begins to glow, to give off light. And the color of that light changes with
temperature. A cooler wire gives off a reddish glow, while the hottest
wires shine with a blue-white brilliance. What you are watching, as any
high school physics student can tell you, is the transformation of one
kind of energy (heat) into another (light). As the wire gets hotter and
hotter, it gets brighter. That's because if there is more heat energy avail-
able, more light energy can be given off, which makes sense.

Why does the color of that light change with temperature? Throughout
the nineteenth century, that deceptively simple question baffled the best
minds of classical physics. As the wire gets hotter and hotter, the atoms
within it move more rapidly. Maybe that causes the color (the wavelength)
of the light to change? Well, that's true, but there's more to it. Every time
classical physicists used their understanding of matter and energy to try to
predict exactly which wavelengths of light should be given off by a hot
wire, they got it wrong. At high temperatures, those classical predictions
were dramatically wrong. Something didn't make sense.

Late in the year 1900, Max Planck, a German physicist, found a way
to solve the problem. Physicists had always assumed that light, being a
wave, could be emitted from an object at any wavelength and in any
amount. Planck realized that it was exactly those assumptions that were
getting them in trouble, so he thought of a quick fix. He proposed that
light could only be released in little packets containing a precise amount
of energy. He called these packets "quanta," from the Latin word for
"amount." All of a sudden, everything fell into place. Theory matched
experiment, and the color spectrum emitted from glowing metal could
now be precisely predicted. Problem solved.

Well, sort of. Planck's solution was more than a little trick with
numbers. It had an important physical implication. It meant for open-
ers, that light, packed into those tiny quanta, actually behaved like a
stream of particles. In 1900, no one, least of all Planck, thought that
made much sense. He assumed that the quantum was just a mathemati-
cal convenience, and that the real story would emerge before long.

Just two years later, another physicist turned Planck's experiment
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around in a most revealing way. In 1902, Philipp von Lenard explored a
phenomenon known as the photoelectric effect. When a beam of light
strikes a metal plate in a vacuum, electrons are kicked out of the metal.
Since light is a form of energy, it is only natural that it can knock things
around, so the ejection of the electrons made perfect sense. Lenard set up
a clever apparatus that enabled him to measure the energies of the elec-
trons as they were ejected from the plate. He discovered, to his amaze-
ment, that the energies of the electrons had nothing to do with the intensity
of the light. Twice as much light ejected twice as many electrons, but the
energies of those electrons did not change. Incredibly, it was the color of the
light—its wavelength—that determined the energies of the electrons.

Lenard's results kicked around for a couple of years until a young
patent office clerk named Albert Einstein explained them in a brilliant
paper that won him his first (and only) Nobel Prize. Seizing upon Planck's
ideas, Einstein proposed that the energy to eject a single electron from the
plate came from a single quantum of light. That's why a more intense light
( more quanta) just ejects more electrons. But the energy in each of those
packets, the quantum wallop if you will, is determined by the wavelength,
the color, of the light. At a stroke, Einstein had shown that Planck's quanta
were not just theoretical constructs. Light really could behave as if it were
made of a stream of particles, today known as photons.

All of this might have been sensible and comforting were it not for the
fact that light was already known to behave as if it were a wave! So many
experiments already had shown that light could be diffracted, that light
had a frequency and a wavelength, that light spread out like a wave on the
surface of a pond. Could all those experiments be wrong? No, they were
not. All of those experiments were right. Light was both a particle and a
wave. It was both a continuous stream and a shower of discrete quantum
packets. And that nonsensical result was just the beginning.

Classical physics had prepared everyone to think of physical events as
governed by fixed laws, but the quantum revolution quickly destroyed this
Newtonian certainty. An object as simple as a mirror can show us why. A
household mirror reflects about ninety-five percent of light hitting it. The
other five percent passes right through. As long as we think of light as a
wave, a continuous stream of energy, it's easy to visualize ninety-five per-
cent reflection. But photons are indivisible—each individual photon must
either be reflected or pass through the surface of the mirror. That means
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that for one hundred photons fired at the surface, ninety-five will bounce
off but five will pass right through.

If we fire a series of one hundred photons at the mirror, can we tell in
advance which will be the five that are going to pass through? Absolutely
not. All photons of a particular wavelength are identical; there is nothing
to distinguish one from the other. If we rig up an experiment in which we
fire a single photon at our mirror, we cannot predict in advance what will
happen, no matter how precise our knowledge of the system might be.
Most of the time, that photon is going to come bouncing off; but one time
out of twenty, on average, it's going to go right through the mirror. There
is nothing we can do, not even in principle, to figure out when that one
chance in twenty is going to come up. It means that the outcome of each
individual experiment is unpredictable in principle.

Any hopes that the strange uncertainty of quantum behavior would be
confined to light were quickly dashed when it became clear that quantum
theory had to be applied to explain the behavior of electrons, too. Elec-
trons are one of the building blocks of atoms, essential for determining the
chemical properties of matter. Electrons are also subject to quantum
effects. Their behavior in any individual encounter, just like the photon
fired at the mirror, cannot be predicted, not even in principle.

As we try to analyze the behavior of photons and subatomic particles,
things get very strange. Werner Heisenberg formulated the essence of the
problem as the "uncertainty principle," which states, basically, that we
just can't know everything about a particle, no matter how hard we try.
Our knowledge of the mass of a particle and our knowledge of its momen-
tum are interrelated in a frustrating way. If we determine a particle's posi-
tion with absolute precision, we will know nothing about its momentum.
Likewise, if we contrive an experiment in which its momentum can be
measured precisely, we will lose all information regarding its position.

What had begun as a tiny loose end, a strange little problem in the rela-
tionship between heat and light, now is understood to mean that nothing
is quite the way it had once seemed. As Heisenberg himself wrote:

I remember discussions ... which went through many hours till very

late at night and ended almost in despair, and when at the end of the dis-

cussion I went alone for a walk in the neighboring park, I repeated to

myself again and again the question: "Can nature possibly be absurd as

it seemed to us in these atomic experiments?"'
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One hundred years after the discovery of the quantum, we can say that
the answer is yes, that is exactly what nature is like. At its very core, in the
midst of the ultimate constituents of matter and energy, the predictable
causality that once formed the heart of classical physics breaks down.

AN UNCERTAINTY OF MEANING

Does the quantum nature of submicroscopic reality mean anything to
us "big" folks who inhabit the "real" world? It certainly does. A slew
of popularizers have spared nothing in inspired efforts to clarify the
meanings of these discoveries. They range from Heisenberg himself,
who wrote Physics and Philosophy in 1958 (5)  to speculate on the deeper
implications of his discoveries, to Fritjof Capra, whose Tao of Physics'
explored a theme of parallels between modern physics and Eastern mys-
ticism. For the interested reader, few subjects in contemporary science—
except, perhaps, for evolution—have been blessed by so many pages of
explanatory prose.'

For present purposes, I wish to emphasize two points. First, it is impor-
tant to appreciate that the uncertainties inherent to quantum theory do
not arise because of gaps in our knowledge or understanding. It's not as
though someday either the precision of our measurements or the level of
our understanding will increase to the point where we can predict which
photon will go this way, and which one will move another way. On the
contrary, the more accurately we measure individual events, the clearer it
becomes that the outcomes of those events are indeterminate.

Second, there is a pattern to these uncertainties, and these patterns
account for the fact that the universe seems pretty orderly to us. Although
we cannot predict the outcomes of individual events with any certainty,
the overall outcomes of thousands of such events fall into very predictable
statistical patterns. A mirror reflects ninety-five percent of the light hitting
it, a subatomic particle is found within a certain distance of its atomic
nucleus eighty-eight percent of the time, and at a particular energy level we
can say precisely what the odds are that a chlorine atom will be in an
excited, chemically reactive state. These probabilities give order to the
physical and chemical world. They are the reasons why quantum indeter-
minacy does not produce universal chaos.

The apparent orderliness of nature does not mean that quantum events
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are irrelevant details dreamed up by physicists with too much time on their
hands. Nor does it mean that quantum effects will always average out sta-
tistically, so that up here in the big world we inhabit, things will always be
predictable and causal. Even though quantum effects are small by defini-
tion, we can easily design an apparatus that magnifies these subatomic
happenings, transferring their inherent unpredictability to just about any-

thing we like.
Figure 7.1 shows how easy it is to construct a machine built upon

these events with actions that are inherently unpredictable. In the center
of a chamber, we place a radioactive pellet that emits beta particles,
which are energized, high-speed electrons. We choose the amount of the
isotope carefully so that we can expect, on average, one radioactive dis-
integration per second for several weeks. Since each atom of the isotope
is identical, we cannot tell which will be the next to send out a beta par-
ticle, and we also cannot predict the direction of the particle. If we sur-
round the pellet with four separate detectors, each covering a quarter of
the surface of the chamber, every time a beta particle hits one of the

Figure 7.1. The nature of atomic events makes it easy to design a machine
whose actions are unpredictable. A radioactive source, surrounded by four
detectors, is attached to a computer system that interprets input from each of
the detectors as a command to move in a different direction. Because the tim-
ing and the direction of radioactive disintegrations are unpredictable in princi-
ple, so are the movements of a device controlled by this system.
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detectors it will send out a signal to a computing system that records the
energized detector as a numerical value.

Next we write a simple program that controls the direction of move-
ment in a remote-controlled mouse. The value sent by detector number
one tells the mouse to move forward, number two backward, number
three right, and number four left. As beta particles crash into the four
detectors, we can now step back and watch our mouse execute a ran-
dom walk across the experimental desktop.

The important thing about this demonstration is not that we can
make a mouse move back and forth. Rather, it is that the movements of
this large object are inherently and absolutely unpredictable. There is lit-
erally no way we can tell in advance what the moves will be, no matter
how much we know about the apparatus. We have found a way to link
the unpredictability of atomic-level events to observable everyday events
that have meaning and significance in the "real" world. How much sig-
nificance? That depends entirely on the mechanism. If we had liked, we
could have linked the firing of a gun, the opening of a drawbridge, or any
other macroscopic event to our four randomly activated detectors. What
this contrived example shows is that any machine, even a natural one,
that is influenced by quantum phenomena is inherently unpredictable.
Quantum theory makes it possible to construct, according well-under-
stood principles of physical law, a genuine machine whose actions are
indeterminate.

Quantum theory has further implications, of course. Events large and
small taking place in nature all the time are unpredictable, even in princi-
ple, since quantum phenomena are important in energy absorption, chem-
ical bonding, and radioactive disintegration. The unpredictability of
nature means that the clockwork assumptions of extreme materialism—
namely, that knowing past history and mechanism relegates all events in
the future to a predictable, rule-based playing out of chemistry and
physics—are simply wrong. Wrong at their core, wrong in implication,
and most especially wrong in terms of the philosophy that they support.

Quantum reality is strange, troublesome, and downright illogical,
but its unexpected discovery solves one of the key philosophical prob-
lems faced by any religious person: How could a world governed by
precise physical law escape a strictly deterministic future? Imagine for a
moment that light really is just a continuous wave, and therefore every



204 FINDING DARWIN'S GOD

diffraction effect is predictable. Imagine that electrons occupy distinct,
determinate positions around their nuclei. Imagine that radiometric
decay is the result of an internal, analyzable, nuclear mechanism. If all
these things were true, as they were presumed to be prior to 1900, they
would render nature into a system of parts whose energies, positions,
and velocities, if known, would be absolutely sufficient to predict each
and every future position of the system. Reality would be set in stone.

Now, everybody realizes that the universe is way too big a place for us
actually to determine the exact position, energy, and momentum of each
and every particle. So there would always be a practical problem in mak-
ing specific predictions for the future. However, practical problems don't
bother philosophers—nor should they. If each and every future state of the
universe is—in principle—predictable from the current state, then the role
of any Creator was finished at the moment the universe came into being.
There would be literally nothing for Him to do except to watch His clock-
work spin. And there would be nothing for us to do, either, except blindly
follow the determined instructions of the machines within us.

Fortunately, neither is the case. The indeterminate nature of quantum
behavior means that the details of the future are not strictly determined by
present reality. God's universe is not locked in to a determinate future, and
neither are we. Sadly, few theologians appreciate the degree to which
physics has rescued religion from the dangers of Newtonian predictability.
I suspect that they do not know (at least not yet) who their true friends are!

WHAT Is LIFE?

If quantum-induced uncertainty were a mere detail, something that
showed up only in the rarefied environment of a physics laboratory, we
might let it go as unimportant. But it's not. It underlies the behaviors of
individual electrons and individual atoms, the basic stuff of matter
itself. This being a book about biology, the sensible next question is
whether or not the quantum revolution really has anything to do with
life. It surely does.

Erwin Schriidinger, an Austrian physicist born in 1887, was a pioneer
of quantum mechanics who fashioned one of the key mathematical tools
with which physicists now describe reality. The Schrodinger wave equa-
tion makes it possible to calculate a wavelength for anything, even for
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things that we commonly think of as matter. For example, by solving the
Schrodinger equation for an electron moving at one percent of the speed
of light, we discover that the electron has a wavelength of 7 angstroms,
several times larger than the diameter of a typical atom. This means that
electrons will show wavelike properties such as diffraction and interfer-
ence when they pass through matter and interact with particles on the
atomic scale. By contrast, the wavelength of a compact car weighing 1,000
kilograms is more than a billion billion times smaller: 10-2' angstroms.
Since the wavelength of a car is so much smaller than the dimensions of
another car (about 3 meters, or 3 * 10 10 angstroms), cars do not behave
like waves when they interact. Instead, they act like particles—they crash.

In 1943, Schrodinger gave a series of lectures at Trinity College in
Dublin, later published under the provocative title What Is Life? Cor-
rectly anticipating the direction that genetics and biochemistry might
take in the next decade, SchrOdinger's analysis was, above anything
else, a direct attempt to argue that the events that take place within liv-
ing organisms can be accounted for by physics and chemistry. He
thought they could, and set about to suggest what sorts of evidence
might be needed to show this was the case.

His starting point was to ask what he called an "odd, almost ludicrous
question: Why are atoms so small?" No doubt every schoolchild, frus-
trated that matter is made of particles too small to be seen, has wondered
the same thing. However, Schrodinger realized that the more important
question was a little different: "Why must our bodies be so large com-
pared with the atom?"' The answer he gave was that we are big relative to
the atom to insulate us and our senses from atomic-level events.

Schrodinger reasoned that in order to work properly, organisms
need to base their physiologies on predictable, physical laws. Imagine
the chaos that would result if we could hear each atom that smashed
against our eardrum, react to each water molecule touching our skin,
see the very oxygen and nitrogen that we inhale with every breath.'
Because we are so large relative to the atom, we can live in a world
where our bodies only have to deal with events caused by hundreds of
thousands of atoms. Because our parts are so large, we are able to live
in an orderly, predictable world in which the random movements of
molecules and the haphazard chaos of molecular movements disappear
into the background. That's why atoms are so small.
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But Schrodinger wasn't finished. If all of this was true, how could
physics and chemistry account for the astonishing fidelity of biologi-
cal inheritance? Even in 1943, biologists knew that genes were located
on chromosomes, but they also knew—significantly—that genes
themselves were very small. Schrodinger estimated that genes might
have an upper limit of a million (10 6 ) atoms, an incredibly small num-
ber compared to the 600 billion billion (6 x 10 20 ) atoms in just a drop
of water.

The tiny size of the gene posed two problems. First, how could an
assembly of atoms so small be spared the molecular chaos that our own
bodies manage to avoid only by being so big? How could a tiny gene find
stability in a sea of crashing atoms? Second, if the atoms of the gene were
bound into some sort of extra-stable array to solve the first problem, how
could we then account for the tendency of genes to mutate, to change sud-
denly from one form to another?

Schrodinger's answers to both questions showed remarkable fore-
sight. He argued that the hereditary substance would have to be an ape-
riodic crystal, a "code-script" not at all unlike the Morse code, in which
individual clusters of atoms were arranged in a fixed sequence. To
Schrodinger, the arrangement of this information-carrying aperiodic
crystal was the key. It had to be unlike any other substance known to
date. As he put it:

Living matter, while not eluding the "laws of physics" as established up
to date, is likely to involve "other laws of physics" hitherto unknown,
which, however, once they have been revealed, will form just as integral
a part of this science as the former."

Today we can look back on this statement with a smile, knowing
what Schrodinger did not, that the base-pairing mechanisms at the
heart of the Watson-Crick model of DNA structure explain the stability
of the genetic code-script brilliantly. These, if you like, are the "other
laws of physics" he was hoping for.

If these other laws made the tiny code-script exceptionally stable,
then how could mutations occur? Not knowing the exact chemical
nature of the genetic material, Schrodinger couldn't say, but there was
more than enough physical evidence to think about an answer.



BEYOND MATERIALISM 207

[It is] conceivable that an isomeric change of configuration in some part

of our molecule, produced by a chance fluctuation of the vibrational

energy, can actually be a sufficiently rare event to be interpreted as a

spontaneous mutation. Thus we account, by the very principles of quan-

tum mechanics, for the most amazing fact about mutations, the fact by

which they first attracted de Vries's attention, namely, that they are

"jumping" variations, no intermediate forms occurring."

Today we know that Schrodinger was exactly right. The DNA mole-
cule is structured in precisely a way that makes the behavior of individ-
ual atoms, even individual electrons, significant. When a mutation, a
mistake in copying DNA, occurs, there are no intermediate chemical
forms. One of the four DNA bases is changed completely into another
base, and that change has a direct (and possibly permanent) effect on
the code-script of the gene. As a result, events with quantum unpre-
dictability, including cosmic ray movements, radioactive disintegration,
and even molecular copying errors, exert direct influences on the
sequences of bases in DNA.

This means that life is built around a chemistry that provides an ampli-
fying mechanism for quantum events, not unlike our randomized mouse,
but with far greater significance. Mutations, which provide the raw mate-
rial of genetic variation, are just as unpredictable as a single photon pass-
ing through a diffraction slit. Schrodinger didn't wonder what this could
tell us about evolution, but the lesson is clear—the fact that mutation and
variation are inherently unpredictable means that the course of evolution
is, too. In other words, evolutionary history can turn on a very, very small
dime—the quantum state of a single subatomic particle.

CHEATING FAUST

A great story like the legend of Faust is destined to be told many times,
in many ways. In additional to the classic originals, I have enjoyed the
Faust theme retold as a caustic commentary on the legal profession in
the film The Devil's Advocate, the desperation of a woeful baseball
team in the play Damn Yankees, and the personal ambitions of a musi-
cian in Thomas Mann's novel Doktor Faustus. 12 In a few retellings of
the Faust legend, such as Goethe's, the outcome is happy reconciliation;
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in others, including the original, it is damnation. In some, Faust's quest
is noble and enlightened; in others, he is driven by vanity and greed. In
every case, the Faust legend remains at heart the story of a man willing
to sell his soul to the devil for absolute knowledge.

I suspect that Faust captivates us repeatedly because we so easily see
ourselves in his place. If Romeo and Juliet is all about the urge to repro-
duce, as at least one critic has said, then Faust concerns an urge almost
as great—the desire to understand. In a world where all too few people
care about science, it would be easy to understate the intensity of that
passion. But visit any research laboratory, engage a young scientist in
conversation about her work, and the emotional hunger for knowledge
will come rising to the surface. There is no mistaking the brightness of
that desire to understand.

More than one of my friends, baffled by a research problem, has told
me they'd be willing to make the Faustian bargain. One friend has even
imagined Mephistopheles laying out the terms of the deal: "You will
achieve complete understanding of man and nature. You will possess this
understanding for the rest of your life. And at the end of your life, you will
repay me with . . . your soul." My friend scratches his head, looks at old
Mephistopheles, and asks, "So, what's the catch?"

Well, Mephistopholes notwithstanding, there really is a catch, and it
has nothing to do with payback. You cannot make the bargain of Faust
even if you want to. Quantum physics tells us that absolute knowledge,
complete understanding, a total grasp of universal reality, will never be
ours. Not only have our hopes been dashed for ultimate theoretical knowl-
edge of the behavior of a single subatomic particle, but it turns out that in
many respects life is organized in such a way that its behavior is inherently
unpredictable, too. It's not just a pair of colliding electrons that defy pre-
diction. The mutations and genetic interactions that drive evolution are
also unpredictable, even in principle.

This is something biologists, almost universally, have not yet come
to grips with. And its consequences are enormous. It certainly means
that we should wonder more than we currently do about the saying that
life is made of "mere" matter. The true materialism of life is bound up
in a series of inherently unpredictable events that science, even in princi-
ple, can never master completely. Life surely is explicable in terms of the
laws of physics and chemistry, just as Schrodinger hoped, but the catch
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is that those laws themselves deny us an ultimate knowledge of what
causes what, and what will happen next.

This also means that absolute materialism, a view that control and
predictability and ultimate explanation are possible, breaks down in a
way that is biologically significant. It means that after we have obtained
understanding of so much of the world around us, the ultimate mastery
of even the tiniest bit of matter in the universe will always elude us. The
fact that the key events of life itself pivot on these points of uncertainty
makes it even more maddening.

I suppose we could look at it this way. Strong, absolute, God-excluding
materialism offers us a bargain in simple terms. We should regard science
as a way of knowing that excludes theism, because science can explain
how things work and theology cannot. Where theology promises only
miraculous explanations for nature, science can show you the real expla-
nations. The refraction of white light is caused by moisture droplets in the
air, and from such calculable physics comes the beauty of the rainbow.
Exchange your belief in God for a material theology of disbelief, and com-
plete knowledge will be yours. Like the idea so far? Faust certainly would
have. But Faust might have been skeptical enough to ask if the offer was
genuine, if the knowledge to be obtained at the price of his soul would
indeed be complete.

Imagine his reaction if Mephistopheles were to own up to the fact that
the best he could offer was a statistical description of events, a calculation of
the probabilities that emerge only when hundreds or thousands of unpre-
dictable quantum events are averaged out. How complete can knowledge be
when it cannot link cause and effect for something so basic as the movement
of an electron? How can it claim to fully describe the universe when it can-
not tell me whether something as humble as a single atom of carbon will per-
sist into the next instant or disintegrate in a burst of radioactive energy? For
any sensible Faust, the promises extended by this Mephistopheles are bogus.
The core assumptions supporting the "scientific" disbelief of the absolute
materialist are wrong, even by the terms of science itself.

THE MIND OF GOD
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that science's ultimate goal, complete knowledge, will never—indeed,
can never—be realized for even the smallest of nature's individual parts.
That's a given, and it matters to us today because the classic science-
versus-religion mentality we still encounter took shape within a nine-
teenth century mind-set that saw any advance in scientific understand-
ing as a threat per se to the idea of God. At one time, that might have
made sense. Had Darwinism prevailed in a strictly Newtonian world,
we would have been left to view our biological history—and our
future—as strictly determined as the outcome of any shot on a billiard
table.

Well, Darwinism has prevailed, and has done so dramatically. And
by reflex, the nineteenth century logic that its triumph would be
unavoidably tied to the downfall of religion has kicked in, too. As one
oft-told tale goes, a member of British society, when told about Dar-
win's theory, gasped at its implications: "Let us hope that it is not true.
But if it is, let us hope that it does not become generally known!"

This intellectual reaction is common because the science-versus-
religion argument has been framed within the classical view of physics
that shaped such dialogues in the last century. Such misunderstand-
ings persist because the field of biology has not yet fully reacted to the
revolution in modern physics. It hasn't had to, because nearly all
experimental biology takes place in a realm where quantum effects are
averaged out into statistical laws.

A critic might say this is precisely because the indeterminacy of mod-
ern physics doesn't really matter in biology. But that's not true at all. It's
just that it crops up in ways we generally fail to recognize. Wonderful

Life, Stephen Jay Gould's book on the Burgess shale, provides us with a
perfect example.

The Burgess shale is a remarkable formation of sedimentary rock in
British Columbia that contains an exquisite set of animal fossils from the
Cambrian period of geologic history, roughly 530 million years ago.
Gould described a groundbreaking reinterpretation of the fossils in the
late 1980s by a number of paleontologists, including Harry Whittington,
Derek Briggs, and Simon Conway Morris. Their elegant analytical work
on Burgess shale specimens showed that many of the fossils once thought
to be members of existing animal phyla were different, very different, from
anything alive today. Research on the Burgess specimens continues, and
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recent finds of Cambrian fossils in China have increased our understand-
ing of Cambrian biodiversity.

This is more than just a bookkeeping change. The phylum is the next-
to-highest level of biological classification. Only kingdom is higher, and all
animals belong to the same kingdom (Animalia). Each phylum represents
a distinctive body plan. The recognition that this little grouping from the
floor of an ancient sea contained animals from as many as nine completely
extinct phyla was a surprise that could be savored only by specialists—
until Gould used the shale to ask an interesting question. When we look at
these novel body plans, when we compare the specimens from extinct
phyla with the ones that persist to this very day, can we understand why
some succeeded and some perished? Gould's answer is no, we cannot.

According to Gould, this is not just because of practical difficulties in
identifying which forces were most powerful in shaping the course of life
600 million years ago. There's more to it than that. It's because even if we
could reconstruct exactly what that ancient world was like, even if we
could know everything about the relative fitness, differential reproduc-
tion, and physiologic efficiency of these ancient animals, we still couldn't
predict which would have been the winners and which the losers in the
evolutionary sweepstakes. We couldn't have known because the results of
that ancient lottery were, to some extent, a matter of chance. And, accord-
ing to Gould, that's how evolution works—in unforseeable ways.

I believe that the reconstructed Burgess fauna, interpreted by the theme

of replaying life's tape, offers powerful support for this different view of

life: any replay of the tape would lead evolution down a pathway radi-

cally different from the road actually taken."

Gould's metaphor of the tape of life, in his view, "promotes a radical
view of evolutionary pathways and predictability. "14 He obviously believes
that he has added something new and radical to our understanding of evo-
lutionary history. What he has actually done, of course, is to make a more
modest observation on the contingent nature of history in general. Every
event in time, no matter how small, exerts some influence on the future
course of history. If some of those events are inherently unpredictable,
then the course of history is going to be just as unpredictable.

The observation that Gould finds so remarkable follows naturally
from the cause-and-effect links that extend upward from quantum
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physics through chemistry and biochemistry into the undirected input
of variation into living, genetic systems. Gould may not have recognized
the physical roots of his observations, but they are nonetheless there for
all to see. The natural history of evolution is unrepeatable because the
nature of matter made it unpredictable in the first place. Wind that tape
back, and it will surely come out differently next time around, not just
for the Burgess shale, but for every important event in the evolutionary
history of life.

Does this tell us something important about reality? Does the perva-
siveness of quantum indeterminacy enable us, in a sense, to "know the
Mind of God," as Stephen Hawking so memorably put it? In some
respects, I think it does. Albert Einstein's oft-quoted comment, "God does
not play dice," reflected his profound discomfort with an indeterminate
world. Einstein believed as a matter of faith that physics did have some-
thing important to tell us about ultimate reality, and didn't like the idea
that any event was truly indeterminate. In the end, Einstein's dissent failed.
His distaste for chance notwithstanding, the physical evidence for the
indeterminate nature of quantum reality won out. As Neils Bohr said of
his friend's remark, "Who is Einstein to tell God what to do?"

I suspect that the seeming randomness derived from quantum reality is
one of the things that makes evolution so offensive to its frustrated oppo-
nents. They have a visceral dislike of any scenario in which the present is
a random product of the past, of a history in which literally anything could
have evolved, so that we just happen to be here. If we're just the product
of chance, their reasoning must go, then how could we be the intentional
creations of a loving God who meant us to be here? This concern, clearly,
is at the very heart of creationist objections to evolution.

Part of their problem surely comes from the act of confusing "random"
with "indeterminate." In ordinary speech, when we say that something is
random, we generally mean that anything can happen, with all outcomes
having equal probabilities. The shuffling of a deck of cards, in the hands
of a competent and honest dealer, produces a truly random outcome in
which any of the many (fifty-two-factorial) arrangements of the shuffled
deck are equally probable. Physical events, generally speaking, are not at
all random in this sense because all outcomes are not equally probable.
The possible locations of an electron around an atomic nucleus are given
by a probability wave that tells us which locations for the electron are
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most likely and which are so unlikely that they need not be considered as
possible. Until we actually observe the location of the electron, we cannot
tell where it will show up in that probability wave, and that is why its
actual location is indeterminate. But this does not mean that an electron
could, with equal probabilities, be just anywhere. Events at the atomic
level are indeterminate, but not random—they follow understandable sta-
tistical patterns, and those patterns are the ones we sometimes elevate to
the status of physical laws.

Remarkably, what the critics of evolution consistently fail to see is
that the very indeterminacy they misconstrue as randomness has to be,
by any definition, a key feature of the mind of God. Remember, there is
one (and only one) alternative to unpredictability—and that alternative
is a strict, predictable determinism. The only alternative to what they
describe as randomness would be a nonrandom universe of clockwork
mechanisms that would also rule out active intervention by any
supreme Deity. Caught between these two alternatives, they fail to see
that the one more consistent with their religious beliefs is actually the
mainstream scientific view linking evolution with the quantum reality
of the physical sciences.

We need not ask if the nature of quantum physics proves the exis-
tence of a Supreme Being, which it certainly does not. Quantum physics
does allow for it in an interesting way, and certainly excludes the possi-
bility that we will ever gain a complete understanding of the details of
nature. We have progressed so much in self-awareness and understand-
ing that we now know there is a boundary around our ability to grasp
reality. And we cannot say why it is there. But that does not make the
boundary any less real, or any less consistent with the idea that it was
the necessary handiwork of a Creator who fashioned it to allow us the
freedom and independence necessary to make our acceptance or rejec-
tion of His love a genuinely free choice.

Committed atheists like Richard Dawkins would attack with
ridicule any suggestion that room for the work of a Deity can be found
in the physical nature of reality. But Dawkins's personal skepticism no
more disproves the existence of God than the creationists' incredulity is
an argument against evolution. What matters is the straightforward,
factual, strictly scientific recognition that matter in the universe behaves
in such a way that we can never achieve complete knowledge of any
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fragment of it, and that life itself is structured in a way that allows bio-
logical history to pivot directly on these tiny uncertainties. That ought
to allow even the most critical scientist to admit that the breaks in
causality at the atomic level make it fundamentally impossible to
exclude the idea that what we have really caught a glimpse of might
indeed reflect the mind of God.

DEISM, REAL AND IMAGINED

Ironically, the anti-evolutionists, just like the extreme materialists, seem
to work in an intellectual world uninformed by modern physics. To
their way of thinking, scientific materialism necessarily implies a com-
plete, causal, mechanistic description of natural reality. They have seen
the profound successes of biology in providing material explanations
for the nature of life, and they are worried. Molecular biology has suc-
ceeded in finding a material mechanism for the details of inheritance,
and is now in the process of discovering the rules by which DNA-coded
instructions are executed in development—providing ever more detailed
glimpses into the drama by which a single cell grows into an adult
organism.

In 1995, one of my colleagues ended a seminar on developmental biol-
ogy by summarizing his own recent work but then mocking its limited
scope, quipping that "for the really big things, like telling right from left,
all we can say is that the embryo still relies on God." What he meant was
that for all our understanding of embryonic development, some basic
questions, like how a few cells lay down an axis along which the left and
right sides of the body differentiate, remain unanswered. We might as well
just say that God did it. Like everyone else in attendance, I appreciated his
self-deprecating modesty. Only three years later, I had occasion to remem-
ber his words with a chuckle. The mechanism by which the vertebrate
embryo tells right from left was finally discovered in 1998." I suppose you
could say that God had lost another job, but for anyone who had seriously
followed the progress of the life sciences, this small advance in our under-
standing was just another page in a long story. Any idea that life requires
an inexplicable vital essence, a spirit, an elan vital, has long since vanished
from our lives and laboratories, a casualty of genetics and biochemistry.

This clearly has been noticed by the opponents of evolution, who see
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each new materialist, scientific explanation for a natural phenomenon
as a retreat for the primacy of God. They are willing to fix on anything
that seems unlikely to have a material explanation as proof of the divine
agency they seek. And given biology's remarkable successes in account-
ing for life's workings today, they are obligated to find those miracles in
the past. In this respect, they are the unlikely and unwitting allies of vig-
orous atheists like Dawkins, Provine, and Lewontin who would agree
enthusiastically that a complete success for materialist science con-
demns any search for God to ultimate failure.

One hundred years ago, the very same logic might have pointed to the
sun's fire as evidence of the divine—and in the days before fusion, who
could have argued against it? Wouldn't an open-minded science have
admitted that the sun's fire, inexplicable by any analogy to earthly chem-
istry, might indeed be a miracle? Well, sure . . . except, of course, for any-
one who had watched the steady progress of science in explaining physical
phenomena, and therefore might have suspected that it could be counted
upon to extend its reach to our nearest star. Which is exactly what it did.

The anti-evolutionists have, in essence, treated the origins of species as
a kind of unexplained solar fire in which the inability of science to provide
immediate explanation becomes proof for the existence of God. God,
therefore, becomes the default explanation, their refuge of choice, for any
event in natural history we cannot yet explain. The successes of scientific
materialism, especially in biology, have led the anti-evolutionists to pro-
pose that the only feasible way for the Creator to have interacted with liv-
ing organisms was to have made them, sometime in the distant and unob-
servable past. Hence their insistence that the origins of species, the
appearance of the first cells, and even the biochemical design of the flagel-
lum must be the direct and miraculous work of a designer.

I have done my best to hammer this desperate strategy with facts in the
first few chapters of this book. Strong scientific evidence exists to show
that evolution can account for the natural history of life. No doubt we
have a great deal yet to learn, but we really do understand the essence of
the sun's fire, and we really do understand the forces that brought our
species into existence. There is no point in pretending that we don't.

Nonetheless, to creationists like Johnson, Behe, and Dembski, a fixa-
tion with biological origins is an essential element of their theology,
because they argue that otherwise the role of God could be nothing
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more than a super-architect, a great designer who fashioned a self-
contained universe, gave it a shove, and then let it run. They ridicule the
notion of a passive, deist God whose activity comes to an end once the
essential constants of the universe are fixed. In Dembski's words:

The world is in God's hand and never leaves his hand. Christians are not

deists. God is not an absentee landlord."

Richard Dawkins agrees. Reacting to those who might take satisfac-
tion in a view of God as responsible merely for the physical constants of
the universe, he writes:

The trouble is that God in this sophisticated, physicist's sense bears no

resemblance to the God of the Bible or any other religion. If a physicist

says God is another name for Planck's constant, or God is a superstring,

we should take it as a picturesque metaphorical way of saying that the

nature of superstrings or the value of Planck's constant is a profound

mystery. It has obviously not the smallest connection with a being capa-

ble of forgiving sins, a being who might listen to prayers, who cares

about whether or not the Sabbath begins at 5 pm or 6 pm, whether you

wear a veil or have a bit of arm showing; and no connection whatever

with a being capable of imposing a death penalty on His son to expiate

the sins of the world before and after he was born."

Just like the creationists, Dawkins rejects any notion that a deist
God could be compatible with the essential tenets of Western religion.
For what it's worth, so do I. But something interesting is going on here.
At the heart of their anti-evolutionism, the creationists have hidden a
stunning inconsistency in their own logic.

Consider this: Creationists would reject any notion that God is unable
to act in the world today. Indeed, Christianity, like Islam and traditional
Judaism, regards the continued, personal activity of God to be an essential
element of belief. Now, let's step back a bit and think about this.

As a matter of unshakable faith, they believe that God can act in the
world at the present time. And that, presumably, He can work His will in
any way He likes—with power or with subtlety, by works of nature, or by
the individual actions of His creatures. The very same people, bowing to
the explanatory power of molecular biology and biochemistry, would also
agree that life today can be understood as a wholly material phenomenon.
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None that I know of would reject the proposition that a single fertilized
egg cell—the classic specimen of developmental biology—contains the full
and complete set of instructions to transform itself into a complex multi-
cellular organism. Neither would any respectable creationist challenge the
assertion that every step of that developmental process is ultimately explic-
able in terms of the material processes of chemistry and physics. Miracles
aren't required—the complexities of molecular biology will do just fine.

This means that the biological world of today, which we can test and
study, analyze and dissect, is one that works according to purely material
rules. But this world is also one in which believers, as a matter of faith,
accept sincerely the tenet that God can and does work His will. Obviously,
they do not see any conflict in the idea that God can carry out the work He
chooses to in a way that is consistent with the fully materialist view of
biology that emerges from contemporary biology. Neither do I.

But there's the rub. Curiously, they somehow regard those very same
mechanisms—adequate to explain God's power in the present—as inad-
equate to explain His agency in the past. For some reason, God acted in
the past in ways that He does not act in the present, despite the fact that
we assume in the present that he can do anything and everything. This
inconsistent reasoning is at the heart of their desperation to show that
evolution—which depends on the material mechanisms of biochemistry
and genetics—could not have created the multitude of new species that
have appeared throughout the geologic record of life.

Such reasoning shows a curious lack of faith in the creative power of
God. Creationists act as though compelled to go into the past for evi-
dence of God's work, yet ridicule the deistic notion of a designer-God
who's been snoozing ever since His great work was finished. They want
a God who is active, and active now. So does any believer. But why then
are they so determined to fix in the past, in the supposed impossibility
of material mechanisms to originate species, the only definitive signs of
God's work? If they believe in an active and present God, a God who
can work His will in the present in ways consistent with scientific mate-
rialism, then why couldn't that same God have worked His will in
exactly those ways in the past?

The more sensible and self-consistent position, scientifically and the-
ologically, would be quite different from theirs. The real, actual, work-
ing world that we see around us is one that is ruled by chemistry and
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physics. Life works according to its laws. If God is real, this is the world
He has to work in. Therefore any effort to view God's work in light of
modern science must find a way to understand how His will can be
accommodated at all times, not just in some distant past.

Sadly, the creationists reject this notion, which leads to a remarkable
conclusion. Namely, that the true deists, the ones who presuppose a period
of creative power only in the past followed by passive inaction in the pre-
sent, are actually the creationists. By holding steadfastly to the view that
the observable, material processes of evolution could never explain the
appearance of new species, they cast themselves, ironically, into the deist
mold. Their view of God places unintentional but profound limits upon
His actions in the present. They require that His power to originate species
be banished to a period in the past, and in so doing limit His ability to act
in the present. Their God created and destroyed countless species in bursts
of miraculous, nonmaterial activity in the distant past, but in their deist
present, He is curiously constrained from such actions.

Neither Christian theology nor scientific theory contains justification
for such limitations. In the traditional view of God's power held by all
Western religions, God's presence and His power are part of the continu-
ing truth of existence. What this means, in plain and simple terms, is that
ordinary processes, rooted in the genuine materialism of science, ought to
be sufficient to allow for God's work—yesterday, today, and tomorrow.

A SCIENCE OF BELIEF

At the end of the day, the stunning successes of the life and material sci-
ences have forever changed our picture of the world. We have grown up
as a species, if only because we now know where and how to look for
answers. We therefore seek materialist and scientific explanations for
the things around us. The superstitions that hobbled our ancestors have
been overcome, and our successes have given us stewardship of this
planet to a degree that biblical writers could hardly have imagined.

With the smoke of so many victories in the air, why not celebrate the
triumph of materialism? Why not proclaim the absolute death of religious
belief? Why not assert, in Richard Lewontin's words, that it is time to
accept science "as the only begetter of truth?" Why not take Faust's bar-
gain? Part of the reason, as we have seen, is that science has an inherent
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limitation in how much it can tell us about reality. Because of this, it would
be a serious scientific mistake to assert that the successes of molecular biol-
ogy and biochemistry in explaining how living things work, and the com-
plementary successes of evolution in explaining how they got that way,
can justify a triumphantly anti-theistic materialism. No matter how hard
we probe, the peculiar quantum nature of reality does not allow us to pre-
dict the behavior of even a single electron with certainty. And this uncer-
tainty, which theory suggests we can never overcome, prevents science
from ever attaining a complete understanding of nature.

"So what?" the extreme materialist might say. Why does it matter if
a few events at the atomic level are unpredictable? Or even if life itself is
built upon an apparatus that amplifies those events into significance? It
matters because materialist science, even in principle, cannot tell us why
the universe of matter is structured in a way that prevents us from
understanding it fully. Or why nature forever entangles the observer
with the system he seeks to understand. Or even why we should con-
cern ourselves with seeking the answers to such questions.

We began this chapter by asking whether the advances of science,
which have so thoroughly displaced the pagan superstitions of animism,
have now ruled out even a Western, monotheistic God. Had classical
physics reigned triumphant, they might well have. Unexpectedly, the ulti-
mate physics of nature did not complete a chain of cause and effect. It left
an open window on events, a break in causality that is significant not
because science cannot master a few tiny details of the physical universe—
but because it cannot even address the question of why nature should be
constructed along such elusive lines. In the final analysis, absolute materi-
alism does not triumph because it cannot fully explain the nature of reality.

It would be foolish to pretend that any of this rigorously proves the
existence of God. If it did, we should expect missionaries to win souls
by explaining two-slit diffraction and by showing the derivation of
Planck's constant. But the tools of science itself have discovered that sci-
entific materialism has a curious, inherent limitation. And we are cer-
tainly left to wonder what to make of that. It could be just a puzzling,
curious fact about the nature of the universe. Or it could be the clue
that allows us to bind everything, including evolution, into a worldview
in which science and religion are partners, not rivals, in extending
human understanding a step beyond the bounds of mere materialism.
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THE ROAD BACK HOME

Ironically, when I have publicly advanced the idea that God is compati-
ble with evolution, I find that my agnostic and atheistic colleagues are
generally comfortable with such ideas, but many believers are dumb-
founded. "How can you reconcile divine will with a random, chance
process like evolution?" is a common question. Biologists, who appreci-
ate the importance of historical contingency in evolution, might well
agree: "Sure, God could have produced us by evolution—so long as He
was willing to take His chances that He might have wound up with
nothing better than big-brained dinosaurs."

The believers have detected something important. From time to
time, the National Academy of Sciences spins out high-minded reports
on the inclusive compatability of religion and science. I would like to
think that these documents reflect a genuine appreciation for the value
of religious thought, but those who know firsthand the sentiments of
many evolutionists (Dawkins: "I am against religion because it teaches
us to be satisfied with not understanding the world.") may be forgiven
if they take those fine words as a cloak for something else.

On an emotional level, neither the formulaic acceptance of religion
by the National Academy nor an admission like E. 0 Wilson's that sci-
ence can never completely rule out God sound truly convincing.

A scientifically compatible version of religion could mean something
weak and pale and very different from the forms of religion embraced
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by most Americans. Indeed, the variety of religious beliefs is so great
that one might fairly wonder if those scientists who proclaim compati-
bility with religion have something very nonreligious in mind. When I
tell my students I believe in God, they suppose that I couldn't possibly
mean anything traditional, but rather something smart, modern, and
sophisticated. Something subtle. Maybe I mean that God is love, or God
is the universe itself, or, being a scientist, maybe I mean that God is the
laws of nature.

Well, I don't. Such views, however carefully stated, dilute religion to
the point of meaninglessness. As Carl Sagan noted, such a God would be
"emotionally unsatisfying ... it does not make much sense to pray to the
law of gravity."' Nor, I might add, does it make any sense to pray to the
second law of thermodynamics, which has never given me a break, and
probably never will.

Such "Gods" aren't God at all—they are just clever and disingenuous
restatements of empirical science contrived to wrap an appearance of reli-
gion around them, and they have neither religious nor scientific signifi-
cance. In this book I am interested in a traditional view of God—the one
described by the great Western monotheistic religions. That's the God that
believers wonder about, that's the one they pray to, and that's the one who
seems to be threatened by evolution. And that is the God whose actions,
intentions, and existence I wish to consider in this chapter.HE

 WHO AM

Many of my scientific colleagues would think me crazy to write any-

thing about God. Too many dangers, too many traps. They tell me you
can't say anything even remotely scientific about religious issues like the
virgin birth, the trinity, the role of the prophets, or the meaning of scrip-
ture. And even if you could, anything you say would get people upset—
lots of people. Point taken.

The world has many religions but just one science, and that tells us
something about both. I do not mean, of course, that all scientists
agree all the time on all issues. Science thrives on controversy and dis-
agreement. But there is one science, worldwide, in the sense that scien-
tific issues can be addressed by a common set of principles. All scien-
tists use experiment, observation, and analysis to settle scientific issues,
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and ultimately all subscribe to a final test of their theories in the reality
of nature. Among scientists, whatever our individual prejudices and
however differently we might see things, we can get together and talk
about genuine scientific issues, like the control of DNA replication,
using a common language of understanding. However imperfect, there
really is a single, worldwide, scientific culture.

This isn't even remotely true for religion. In fact, many skeptics
point to the extreme plasticity of human faith as a prime reason for
their own disbelief in God. Could God be real when equally sincere
people of faith hold different opinions on issues so basic as to who
might be God's chosen people, whether the Messiah has come, or
whether it is sinful to make a graven image? Given so many different
versions of God, so many religions, so many churches, how can anyone
hope to talk sensibly of the relationship between God and science?

If our goal is to analyze in fine detail the precise fit between evolu-
tionary biology and each and every shade of religious belief, we might
as well give up now. But let's not. It seems to me that, whatever their
doctrinal differences, the three great Western religions share a core of
belief. With those common elements in mind, we can approach the
issues that matter most.

The first common belief is the primacy of God in the universe. Judaism,
Christianity, and Islam all believe in a genuine, personal God who cre-
ated the universe and everything within it by an act of His own volition.
Their God is eternal, but the world He created has a distinctive begin-
ning and may eventually come to an end.

Second, we exist as the direct result of God's will. We are the intentional
creations of God, creatures with physical bodies but immortal, spiritual
souls. He has endowed us with free will, allowing us to choose good or
evil, to love God or reject Him.

Third, God has revealed Himself to us. God has spoken through the
prophets, or by the words of Jesus, or through Muhammad, and by
direct, personal contact with individuals of faith. In each age He finds a
way to bring His message directly to us.
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Each of these religions also makes a crucial distinction between the
spiritual and the material. As Saint Thomas Aquinas pointed out, the
very idea of God requires that He be a nonmaterial being; in other
words, a spirit. This also means, for any religious believer, that there is
a spiritual reality that surpasses the physical reality of nature.

Some religions have explicit ways of showing this. For example, many
Christian faiths carry out a ritual in which they believe ordinary bread and
wine are changed into the body and blood of Jesus. They do not mean, to
speak like a biologist, that the consecrated wine contains hemoglobin, red
cells, or platelets. They do not mean that the gluten and plant protein of
the transubstianted host is suddenly changed into the collagen and fibrin
of human tissue. At the same time, they do not mean that the transforma-
tion is merely symbolic. The bread of a communion service, they believe,
actually becomes the spiritual flesh of Christ. They believe, as an element
of faith, that the spiritual is just as real as the material.

Finally, each of these great faiths believes that God is active in the
world in a personal sense. Their God is one who answers prayers—or,
keeping a Garth Brooks song in mind, sometimes chooses not to answer
them. Their God provides hope and inspiration, performs miracles, and
provides the resources needed for individual salvation. Let there be no
doubt about it: The God I am speaking of is the one who whispered to
Moses from the burning bush, "I am He whom am." Most readers of this
book, whether they believe in Him or not, will recognize Him immediately.

The question is, what does He think of evolution?

IN THE BEGINNING

Prior to the age of science it might have been possible to assert that the
universe, if not the earth itself, had always existed. The recurrence of
seasons, the changeless patterns of stars, the ebb and flow of cycles in
nature all suggested stability, eternal and pervasive. Time itself, the
most fundamental of all variables, might have seemed to be infinite,
flowing seamlessly from an endless past into an eternal future. Then up
popped a little problem from thermodynamics. The enormous energy
expended by the sun and its multitude of sister stars had to come from
somewhere, for eventually it would burn down to nothing. The New-
tonian universe might have been a clockwork, but in energetic terms at
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least, the spring of that clock must somehow have been wound up. Such
a job would have required even the passive God of deism to roll up His
sleeves and get busy—at least once.

The vague notion of an energetic beginning became much more specific
with the discovery of radioactivity. The persistence of radioactive disinte-
gration deep within the earth suddenly explained why our planet's core
refused to cool—but it also placed an upper limit on the planet's age. To
take just one example, when geophysicists determined that the half-life of
235U, a radioactive isotope of uranium, was roughly 700 million years,2 it
became self-evident that the earth could not be infinitely old. Only one-
half of the planet's original 

235
U would remain if the planet were 700 mil-

lion years old. One-quarter if its age were 1.4 billion. One-sixteenth if the
earth had been formed 2.8 billion years ago. In fact, if the planet were
older than 10 billion years, the amount of 235U should have dwindled to the
point of undetectability. Well, it hasn't. There is indeed very little of the
stuff around, but still more than enough to fashion the implements of
nuclear power and nuclear warfare, as our modern history records. The
earth had a beginning, it was "only" a few billion years ago, and the date
of that beginning is written like a signature into the very ground upon
which we stand.

In 1929, Edwin Hubble extended the notion of a beginning to the
universe itself. He examined light reaching the earth from distant galax-
ies, and found that the Frauenhofer lines of such light are shifted, some-
times substantially, into the red region of the spectrum. The most sensi-
ble explanation for this shift, as Hubble realized, is that the distant
galaxies are moving away from the earth at great speeds. The greater
the red shift, the faster the galaxy is moving, just like a speeding loco-
motive whose whistle deepens in pitch as it moves away from an
observer. To Hubble's initial amazement, the most distant galaxies were
moving the fastest—almost as though everything in the universe had
been blown apart from a great initial explosion at a single point in
space and time, an explosion known popularly as the big bang.

So, what caused the big bang? What set the fuse? What existed prior
to that great explosion? Good questions, and questions for which an
astonishingly large number of people would like to know the answers.
Stephen Hawking's popular book A Brief History of Time' was an
ambitious attempt to answer these and other questions on the initial
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state of the universe. Its technical density notwithstanding, it became a
best-seller, which is unusual for any scientific book and demonstrates
the intensity of public interest in such subjects. Hawking's successful
work was followed by a number of more readable popular accounts of
cosmological theory, including Timothy Ferris's playfully titled The
Whole Shebang.'

Although these accounts are laced with heavy doses of speculation,
they also involve a tantalizing amalgam of serious science—astronomy,
cosmic history, and basic physics. The reason, of course, is that when
one makes a run backwards in time to the moment just before the big
bang, one must imagine inconceivable amounts of mass and energy con-
centrated at a single point in space. To understand the behavior of mat-
ter and energy under such conditions requires that physical principles—
developed in the relaxed, scattered, low-energy environments of the
universe today—be stretched right up to (or maybe just beyond) the
breaking point. Trying to get an experimental handle on how matter
behaves under such conditions has been, in fact, one of the principal
reasons for trying to build larger and larger accelerators to smash parti-
cles into each other.

One of the most remarkable findings of cosmological science is that the
universe did have a beginning, and a spectacular beginning at that. Dis-
cussions of first causes used to be dry philosophical constructs, theoretical
arguments against an infinite regression of events backwards in time. The
big bang made the first cause real. It placed a wall at the beginning of time,
closing to inquiry (but not, of course, to speculation) all events that might
have occurred before that cosmic explosion. In the view of many scientists,
the big bang casts a distinctly theological light on the origin of the uni-
verse. Here's how astrophysicist Robert Jastrow put it:

At this moment it seems as though science will never be able to raise the

curtain on the mystery of creation. For the scientist who has lived by his

faith in the power of reason, the story ends like a bad dream. He has

scaled the mountains of ignorance; he is about to conquer the highest

peak; as he pulls himself over the final rock, he is greeted by a band of

theologians who have been sitting there for centuries.'
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Either there is a God, and the big bang dates the moment of His cre-
ation of the universe, or there is a tendency of matter to create itself
from nothingness. If that is the case, the big bang merely marks the
moment of that self-creation or the latest oscillation in a grand series of
cosmic cycles: big bang followed by big crunch, followed by yet another
big bang.

If cosmology provided us with a way to distinguish between these
two extreme alternatives, we might then wait for the scientific word
from on high on the status of the Almighty. Unfortunately, it doesn't,
and we can't. As Timothy Ferris puts it:

So it seems reasonable to ask what cosmology, now that it is a science,

can tell us about God.

Sadly, hut in all earnestness, I must report that the answer as I see it

is: nothing. Cosmology presents us neither the face of God nor the

handwriting of God nor such thoughts as may occupy the mind of God.

This does not mean that God does not exist, or that he did not create the

universe, or universes. It means that cosmology offers no resolution to

such questions.'

Cosmology, despite the best hopes of believers, will not resolve the
issue of God's existence, or for that matter, of the meaning and purpose
of life. You may share Ferris's disappointment in discovering this. But I
see the situation differently. What we do know is that the universe, our
planet, and life itself all had distinct origins, their own beginnings, and
so did we. This does not prove that the ultimate beginning must be
attributed to the divine, but neither does it provide any scientific basis
for ruling God out. Remember that first common belief of Western reli-
gion, the primacy of God in bringing the universe into existence? What-
ever its faults and uncertainties, science has confirmed, in remarkable
detail, the distinctive beginning that theology has always required.
Maybe Jastrow's theologians have reason to smile, after all.

STACKING THE DECK?

Emotionally, one of the most powerful arguments against the existence
of God would seem to be the structure of the universe itself. Here we
sit, having once thought ourselves the center of that universe, only to
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learn that we occupy a tiny planet swinging around a star of below-
average intensity, at the periphery of a nondescript galaxy dwarfed by
thousands of others larger and more magnificent than our own. If there
is a God, and if He created this universe just for us, He seems to have
waited billions of years to get around to us, and when He did, He stuck
us off in an insignificant cosmic backwater.

The scale of the universe might argue that we are insignificant, but the
physical structure of the very same universe seems to say something quite
different. Gravity is a good example. Newton showed that the force of
gravity between two bodies is related to the product of their masses,
divided by the inverse square of the distance between them. Specifically:

trni*m2F _  * g
d

This simple equation has a good deal of common sense built into it.
For example, if I have a mass of 80 kilograms and another person
weighs just 40 kilograms, gravity will pull on me twice as hard as it
pulls on him. If we travel to a planet one-fourth the mass of the earth,
gravity there will be about four times weaker than it is on earth. And as
we move away from the earth, the force of gravity will diminish by the
square of the distance. At a distance of 2 million kilometers, the force of
the earth's gravity is only one-fourth of its strength at 1 million kilome-
ters. This is all well and good. At a glance this equation tells us all of
these things about the relative strength of gravity. But what about its
absolute strength? To find this, we have to multiply the masses and
positions of the bodies by the universal value of g, the gravitational con-
stant, which determines the ultimate strength of gravity everywhere in
the universe. The value of g, in case you are interested, is 6.67 * 10-"
(the units of g are: Newtons – Meters squared over kilograms).

So much for remedial physics—now let's have some fun. Does g have

to be 6.67 * 10-' 1 ? What if g were a little larger or a little smaller? It turns
out that the consequences of even very small changes in the gravitational
constant would be profound. If the constant were even slightly larger, it
would have increased the force of gravity just enough to slow expansion
after the big bang. And, according to Hawking, "If the rate of expansion
one second after the big bang had been smaller by even one part in a hun-
dred thousand million million it would have recollapsed before it reached
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its present size."' Conversely, if g were smaller, the dust from the big bang
would just have continued to expand, never coalescing into galaxies, stars,
planets, or us.

The value of the gravitational constant is just right for the existence
of life. A little bigger, and the universe would have collapsed before we
could evolve; a little smaller, and the planet upon which we stand would
never have formed. The gravitational constant has just the right value to
permit the evolution of life.

Our luck didn't stop there. Gravity is one of four fundamental forces
in the universe. If the strong nuclear force were just a little weaker, no
elements other than hydrogen would have been formed following the
big bang. If it were just a little stronger, all of the hydrogen in the uni-
verse would be gone by now, converted into helium and heavier ele-
ments. Without hydrogen, no sun, no stars, no water.

If another fundamental force, electromagnetism, were just a little
stronger, electrons would be so tightly bound to atoms that the forma-
tion of chemical compounds would be impossible. A little weaker, and
atoms would disintegrate at room temperature. If the resonance level of
electrons in the carbon atom were just four percent lower, carbon atoms
themselves would never have formed in the interiors of stars. No car-
bon, no life as we understand it.

As astronomers B. J. Carr and M. J. Rees put it in a 1979 review in
the scientific journal Nature:

The possibility of life as we know it evolving in the Universe depends on

the values of a few basic physical constants—and is in some respects

remarkably sensitive to their numerical values.'

It almost seems, not to put too fine an edge on it, that the details of
the physical universe have been chosen in such a way as to make life
possible. Recognition of this has led to the formulation of what is
known as the "anthropic principle." The physical constants of the uni-
verse in which we live have to be favorable to human life, because if
they were not, nobody would be around to observe them. In other
words, the very fact that we are here to make a fuss means that the
physical constants of the universe were set up in a way that made our
existence possible.
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Now, before we get carried away, let's keep in mind that the physical
constants we have been discussing are just that—constants. We have no
way of knowing for sure how those constants were determined, whether
or not they might be different in another universe, whether they were fixed
by the conditions of the big bang itself, or whether they reflect an
unchanging physical reality that predated the big bang and the origin of
our universe. We also have to keep our minds open to the possibility that
future advances in physics may one day explain the apparent coincidences
that seem to link many of these constants.

Having considered all that, Carr and Rees are still amazed.

Even if all apparently anthropic coincidences could be explained in this
way, it would still be remarkable that the relationships dictated by phys-
ical theory happened to be those propitious for life.'

Physicist Freeman Dyson is dazzled as well.

I do not feel like an alien in this universe. The more I examine the uni-
verse and study the details of its architecture, the more evidence I find
that the universe in some sense must have known we were coming."

In a way, the anthropic principle plucks us out of that cosmic back-
water and once again makes us the center of the universe. No less an
authority than Stephen Hawking has said:

The odds against a universe like ours emerging out of something like the
Big Bang are enormous. I think there are clearly religious implications."

Naturally, the notion that we might be here as the result of an inten-
tional choice of the constants that govern physical laws is a little too
much for nonbelievers to swallow. Daniel Dennett, a champion of evo-
lution whose applications of Darwinian logic to biological questions I
much admire, immediately recognizes the danger.

Believers in any of the proposed strong versions of the Anthropic Princi-
ple think they can deduce something wonderful and surprising from the
fact that we conscious observers are here—for instance, that in some
sense the universe exists for us, or that perhaps we exist so that the uni-
verse as a whole can exist, or even that God created the universe the way
He did so that we would be possible.'2
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But don't think for a moment that Dennett, a vocal opponent of
religion, is going to cede any ground on this point. He does have an
alternative in mind, but the length to which he must go in order to prop
up that alternative shows exactly how much he fears the anthropic
principle.

We live, so far as we can tell, in just one universe, but what if there were
more? What if the forces of nature were somehow capable of spinning out
multiple, independent universes? Better still, what if the physical constants
of each of those universes were slightly different? We'd then have, in effect,
a way to generate, given unlimited time and space, every conceivable kind
of universe, including our own.

Dennett eagerly embraces the idea of multiplying universes, because he
sees them as a way to contain the looming theological problems posed by
the anthropic principle. He notes that physicist Lee Smolin has suggested
a cosmology in which black holes are the birthplaces of alternate uni-
verses. This means that the black holes in our own universe might
be, in a cosmological kind of way, the organs of reproduction from which
new universes emerge. The fundamental constants of each of a black hole's
"offspring" universes are slight variations of those found in the "parent"
universe, and for Dennett, this is a way out of the anthropic trap.

Using Smolin's ideas as the engine to produce a nearly infinite num-
ber of universes, Dennett reasons that sooner or later—and quite acci-
dentally—in one of those universes the combination of laws and con-
stants would be just right for the evolution of life, and bingo: a couple of
billion years later, beings like us appear. Eager, curious, and annoyingly
scientific. We wouldn't know anything about all those other universes,
and we'd probably conclude that our universe had been tailored just
for us.

In Dennett's view, these multiple universes have undergone a kind of
Darwinian natural selection—only a few of them had physical constants
that were ultimately capable of supporting life, and those are the only ones
in which living observers could have evolved. You and I, living in just such
a universe, find our good fortune amazing, but Dennett knows it's nothing
of the sort. Though the person with a winning lottery ticket believes him-
self to be incredibly lucky, the organizer of the lottery knows very well that
one person will always win the prize. To the lottery broker, the emergence
of a winner is a certainty, not a stroke of luck.
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The same logic, incidentally, explains why evolution is able to "find" a
working solution for so many problems of physiology and biochemistry.
Looking backwards, the path that evolution has taken to produce any
individual result, any protein, organ, or species, looks remarkably lucky,
but the reason for such great "luck" is the fact that evolution throws so
many different variations into the wind for natural selection to sort out.
The ability of organisms to generate, shuffle, and test multiple versions of
their genetic information is the reason why evolution does not require a
programmer to get things right the first time.

Dennett figures that he can apply the same approach to account for the
pleasant convergence of physical constants that makes life possible. Evo-
lution works on a multitude of genetic variations in a population of organ-
isms, so he reasons that there could be a multitude of universes, each with
varying physical constants. The problem, of course, is that we know that
organisms reproduce. But universes? Dennett knows that we will never be
able to find, even in principle, evidence for any of those parallel universes.
If they existed, we could neither communicate with them nor observe
them. Nonetheless, he is willing to postulate their existence because it
relieves us of the need to find another reason for the elegant "anthropic
coincidences" of our universe. To those who doubt his solution, he writes
that a multiplying swarm of universes is at least as good an explanation
"as any traditional alternative.""

Dennett's willingness to advance Smolin's replicating universe idea in
a book ostensibly on Darwinian evolution shows the importance he
attaches to finding an answer to the anthropic argument. It also, however,
has the unintended effect of revealing the strength of that argument.
Remember that Dennett holds this idea up as his only counter-proposal
to the "traditional alternative." Human beings, even those educated in
the scientific tradition, have begun to wonder why the universe is orga-
nized in a way that is distinctly hospitable to life. This is an important
question, and Dennett realizes that it demands an answer. He's found
one, he tells us, in the multiple universe hypothesis. Unfortunately, he
must also admit that we may never, even in principle, find evidence for
another universe. Deprived of empirical evidence, the best he can manage
is to assure his readers that his non-theistic explanation is "at least as
good" as a theistic one. The other side of that coin may not be apparent
to Dennett. By writing that his explanation is just as good as its "tradi-
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tional alternative," Dennett unwittingly admits that the "traditional
alternative" is valid as well.

The traditional alternative, of course, is God. Even as we use experi-
mental science and mathematical logic to reveal the laws and structure of
the physical universe, a series of important questions will always remain,
including the sources of those laws and the reason for there being a uni-
verse in the first place." Before we began this journey, we knew that we
existed, and that alone should have told us, from the beginning, that our
universe was one that made life possible. Therefore, we should not be even
slightly surprised to learn that the physical constants of gravity, electro-
magnetism, and the nuclear forces are compatible with life. Nonetheless, if
we once thought we had been dealt nothing more than a typical cosmic
hand, a selection of cards with arbitrary values, determined at random in
the dust and chaos of the big bang, then we have some serious explaining
to do.

JUST SHEER, DUMB LUCK?

A little side trip into the constants of the universe may be invigor-
ating, but let's keep in mind that evolution is a biological theory,
not a cosmic one. The success or failure of the anthropic principle
may be relevant to whether or not we can find God in the stars, but it
does not tell us whether or not we can find Him in the evolution of
species. To do that, we have to look directly at the events that drive
evolution.

The explanatory power of evolution derives from its simplicity. Nat-
ural selection favors and preserves those variations that work best, and
new variation is constantly generated by mutations, gene rearrange-
ments, and even by exchanges of genetic information between organ-
isms. This does not mean that the path of evolution is random in the
sense that anything can happen as we jump from one generation to the
next. Although the potential for change is always constrained by reali-
ties of physiology, the demands of the environment, and the current
complexities of the genetic system, the input of variation into any genetic
system is unpredictable. Although not completely random, chance does
affect which mutations, which mistakes, appear in which individuals. As
we saw earlier, this inherent unpredictability is not a matter of inade-
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quate scientific knowledge. Rather, it is a reflection that the behavior of
matter itself is indeterminate, and therefore unpredictable. It is one of
the reasons why we cannot predict, with any detailed certainty, the
future path of evolution.

For many religious people, here lies the problem with evolution. No
matter how much experimental or historical evidence can be mar-
shaled to support it, evolution is still a chance, random process.
Doesn't the very randomness of evolution rule out any notion of divine
purpose? More to the point, if mankind is the intentional creation of
God, as all Western religions teach, how could He possibly have used
evolution to fashion the very creatures He made in His own image and
likeness?

Did God rig the evolutionary process to give rise to us? Did He only
make things look natural, allowing us to emerge at the long end of a
chain of events that might look random, but really aren't? And if He did,
why? Why would He have gone to such trouble to make our appearance
seem to be the result of a random, natural process when He could
have simply brought us into existence in a flash? This is an aspect of evo-
lution that has bothered believers for a long time. Even Darwin struggled
with the issue, exchanging letters on the subject with Harvard botanist
Asa Gray, one of his strongest scientific supporters but also a devout
Christian. In March of 1860, Gray wrote a strongly positive review of
The Origin in the American Journal of Science, but privately he wrote to
Darwin expressing concern about its implications for Christianity. Gray
supported evolution and its mechanism, natural selection, but he won-
dered how a natural world ruled in this way could leave room for the
divine. Darwin's glum reply was of little help, allowing only that he was
"inclined to look at everything as resulting from designed laws, with the
details, whether good or bad, left to the working out of what we may call
chance.""

There, in a nutshell, is the problem. If evolution really did take
place, then God must have rigged everything. Otherwise, how could He
have been sure that evolution would have produced us? And if He did-
n't, isn't our species, Homo sapiens, nothing more than, as Gould put it,
a "tiny twig on an improbable branch of a contingent limb on a fortu-
nate tree?" Surely we could not be both the products of evolution and
the apple of God's eye?



234 FINDING DARWIN'S GOD

Well, in fact we could. The great problem posed by evolution's inde-
terminacy is more apparent than real.

To appreciate this, let's step back from the specific issue of evolu-
tion and ask a more basic question: Is chance real? Are there events in
nature whose outcomes are genuinely uncertain? In physics the answer
is a resounding yes, but we don't have to aim photons through diffrac-
tion slits to confirm the reality of chance. A state lottery, properly con-
ducted, is a genuine chance event. We speak of "chance encounters,"
the "luck of the draw," being in the "wrong place at the wrong time."
A tornado destroys the houses on one side of a street, but leaves the
other side untouched. One soldier survives a bombardment, but
another is killed by shrapnel. The fragments of an airplane, shattered
by a bomb, crash down upon a handful of people in an unsuspecting
community. Most on the ground are spared, but a few are not. Are all
these events matters of chance? In ordinary terms, they certainly are.
There's a reason for the wry saying that it's better to be lucky than
good.

For a person who believes in God, how do such chance events fit
into the scheme of things? One might say that chance is an illusion—
that actually, everything is controlled by the hand of God. You're going
to win the Megabucks tonight if God wants you to, and if He doesn't,
you might just as well not buy a ticket. When a stray bullet is randomly
fired into a crowd, God decides who will get hit, and who will survive.
When the biggest hurricane of the year hits Key West and not Miami, it
had to be God's will. You could, I suppose, cast the Almighty in this
guise, make Him a cosmic tyrant, a grand puppeteer pulling every string
at once, and then nothing would be left to chance. But most people
would find this view of God disturbing. Putting God in charge of every
trip and stumble of our daily lives does take chance out of the picture,
but at what price? God is now personally responsible for falling limbs
and power lines, for your daughter's illness, and even for the school bus
full of children slipping off an icy road.

A different view, one widely held by Western religions, is that chance
events are genuine because the physical world has an existence indepen-
dent of God's will. When you and I flip a coin to decide who gets to eat
that last slice of pizza, the outcome is not known in advance—God really
doesn't care who has already eaten his share of pepperoni. Chance is not
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only consistent with the idea of God, it is the only way in which a truly
independent physical reality can exist.

Even deeply religious people can fully appreciate the role that chance
can play in human history. During the Second World War, the Japanese
destroyer Amagiri literally sliced a tiny American boat in half, killing
two of the thirteen crewmen on board. The collision took place at 2
A.M. in near-total darkness. Had her commander, Lieutenant John E
Kennedy, been near the center of the PT-109 at the moment of impact
or had the bow wave from the Amagiri not doused the flames in the sec-
tion of the boat into which Kennedy was flung, the political history of
the United States would have been quite different. The contingent
nature of history routinely enlarges simple matters of chance into events
of historical significance. Retreat far enough into the past and you will
find that individual choices and chance events of seemingly minuscule
importance have reversed the tides of history.

The same is certainly true of biological history, a theme explored ele-
gantly in Gould's book Wonderful Life. Considering the events in nat-
ural history that led to our own emergence on this planet, we can ask
whether events leading to the evolution of the human species had to
come out the same way? Did the ancestors of vertebrates have to sur-
vive the Cambrian? Did mammals have to evolve from the vertebrates?
Did one group of mammals, the primates, have to take to the trees? Was
one tiny African branch of these tree climbers absolutely predestined to
survive and give rise to Homo sapiens? The answer in every case is no.17
Those events didn't have to come out that way, any more than Lieu-
tenant Kennedy was certain to survive a collision with a ship fifty times
larger than his. As time goes by, in any historical process, human or bio-
logical, contingency casts smaller and smaller events, many governed by
chance, into fate's most important roles.

Does this leave no room for God? Does this mean, as Gould asserts, that
we cannot view our species as the handiwork of the Creator? Not at all.

Let's make it personal. Just about every preacher I have had the
patience to listen to has eventually said that God has a plan for each of
us. That God wanted you and me to exist. That God knew us and loved
us even before we were born. That idea is consonant with all of the
great Western religions. Should I be required to reject it if can be shown
that chance played a role in making me who I am?
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Chance did, of course. As a biologist, I am perfectly well aware that
important aspects of the sorting of chromosomes, a process called "meio-
sis" that takes place when reproductive cells are formed, are random—
matters of genuine, blind chance. That means that the person who I am,
the selection of genes from my mother and father that determined my
physical characteristics, was very much a matter of chance. For that mat-
ter, so was the fact that my parents ever met, brought together by the great
calamity of World War II, a soldier boy from Indiana smiling at a pretty
girl from New Jersey at a USO dance near Fort Dix.

Since chance—and for that matter, free will—played such an impor-
tant role in bringing me to life, does this mean that I cannot view my
own existence as part of God's plan? Of course not. Any clergyman,
very much in the Christian tradition, would caution me that God's pur-
pose does not always submit to human analysis. God's means are
beyond our ability to fathom, and just because events seem to have
ordinary causes, or seem to be the result of chance, does not mean that
they are not part of that divine plan. This is the reason why no reli-
gious person would take issue with a geneticist's assertion that the sort-
ing of chromosomes in meiosis is random. Sure it is, every bit as ran-
dom as the flipping of a coin, the impact of a meteor, or a sudden shift
in climate that drives one species to extinction and allows another to
survive.

A Christian, specifically, sees his life, his family, and his small place in
history as parts of God's plan. He has faith that God expects him to use his
talents and abilities in God's name. He accepts the adversity that comes
into his life as a challenge from God, and he sees apparent misfortune as
an opportunity to do good in the service of both God and man. These non-
controversial elements of Christian teaching are so ordinary that we some-
times forget what they imply about the interplay of history, free will, and
chance. To put it simply, they mean that God, if He exists, surpasses our
ordinary understanding of chance and causality. Christians know that
chance plays an undeniable role in history, and nonetheless accept the
events that affect them in their daily lives as part of God's plan for each of
them. This means that Christians already agree that the details of a histor-
ical process can be driven by chance, that to allow for individual free will
the outcome of such a process need not be preordained, and that the final
result of the process may nonetheless be seen as part of God's will. These
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ordinary elements of religious teaching merge smoothly into everything we
know about evolution.

Biological history, just like human history, is a contingent process. The
chance extinction of a rare species can profoundly affect the course of evo-
lution in the same way that the unexpected death of a single person could
change political or economic history. Wind the tape of history back to the
era of the Civil War. Maybe this time Pickett's charge succeeds. Maybe this
time the bullet from Booth's gun fails to kill the President. Maybe this time
an ancestor of Kennedy or Nixon or Reagan does not recover from his
wounds, and a political figure does not appear four generations hence.
Allow any of these chance events another roll of the dice, and the twenti-
eth century could easily have been very different—the next century more
different still.

On earth in the year 2000, the most important single nation, in eco-
nomic, political, and military terms, is the United States of America.
Would it be unfair to say that no one could have predicted this a thousand
years earlier? Of course not. Was the establishment of the American nation
and its rise to power inevitable? Hardly. The historical position of any
country comes about as the result of choices made by millions of people,
by the actions of those who rise to power in many nations, and by their
interplay with the outcomes of a host of fundamentally indeterminant
events. History itself is an unpredictable process, and it need not have
turned out the way it did. That much is almost self-evident. The question
for us now is whether the inherent unpredictability of history should lead
any person to conclude that God could not have used that historical
process to produce the world in which we live today. I submit that the
answer is no, that the ebb and flow of human history is entirely consistent
with the Western conception of God.

Evolution answers the question of chance and purpose in exactly the
same way that history answers questions about the course of human
events. To a biologist, evolution is subject to chance and unpredictability,
just like human history. Its outcome is uncertain, and likely to be unre-
peatable, just like human history. And evolution admits to no obvious pur-
pose or single goal, just like human history. History, like evolution, seems
to occur without divine guidance. No one seems to think that a religious
person engaged in the study of history must find a way that God rigged
human events in order to cause the Civil War, the Industrial Revolution, or
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the Holocaust. Yet curiously, that is exactly what many expect of a reli-
gious person engaged in the study of natural history—they want to know
how God could have ensured the success of mammals, the rise of flower-
ing plants, and most especially, the ascent of man.

My answer, in every case, is that God need not have. Evolution is not
rigged, and religious belief does not require one to postulate a God who
fixes the game, bribes the referees, or tricks natural selection. The real-
ity of natural history, like the reality of human history, is more interest-
ing and more exciting.

The freedom to act and choose enjoyed by each individual in the
Western religious tradition requires that God allow the future of His
creation to be left open. This leaves the future accessible to human
choice, and to the multitude of possibilities that we ourselves create. If
events in the material world were strictly determined, then evolution
would indeed move towards the predictable outcomes that so many
people seem to want; but if this were the case, how could the future
truly be open? As material beings, our actions and even our thoughts
would be preordained, and our freedom to act and choose would disap-
pear within a tangle of biochemical machinery. But events in the mater-
ial world are not strictly determined, the outcome of evolution is not
predictable, and as a result, our freedom to act as independent beings is
preserved.

So, how is a random, chance process like evolution consistent with
the will of a Creator? As physicist and religious scholar Ian Barbour, the
author of a dozen books on science and religion," puts it:

Natural laws and chance may equally be instruments of God's inten-

tions. There can be purpose without an exact predetermined plan."

How is this possible? I would submit that if we can see the hand of
God in the unpredictable events of history, if we can see meaning and
purpose in the challenges and trials of our daily lives, then we can cer-
tainly see God's will emerging in the grand and improbable tree of
life.

Would God's purpose have been realized if evolution had turned out
a little differently? How can we say for sure? But this much I think is
clear: Given evolution's ability to adapt, to innovate, to test, and to
experiment, sooner or later it would have given the Creator exactly
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what He was looking for—a creature who, like us, could know Him
and love Him, could perceive the heavens and dream of the stars, a
creature who would eventually discover the extraordinary process of
evolution that filled His earth with so much life.

FINDING WORK

Obviously, few religious people find it problematical that their own per-

sonal existence might not have been preordained by God, that they
might not be here but for the decisions of their parents or the chance
events that brought them together. But strangely, some of the very same
people find it inconceivable that the biological existence of our species
could have been subject to exactly the same forces. If we can see God's
will in the flow of history and the circumstances of our daily lives, we
can certainly see it in the currents of natural history.

A similar argument applies to another concern—the notion that evo-
lution, making nature self-sufficient, leaves nothing for God to do. It
becomes necessary—a theological imperative—to find some element of
the natural world that cannot be explained by scientific materialism. If
we find such elements, we can rescue God from the ranks of deist unem-
ployment, making Him active and necessary once again—or so the
thinking goes.

As we saw in Chapter 7, the adherents of this viewpoint always feel
constrained to find events in the past for which the direct action of a
designer is invoked, even though they steadfastly maintain that God acts
in the present. That's exactly how He acted in the past—should not God's
will and His means of executing it be consistent through the ages?

The Christian God isn't a deist one; neither is Allah, or the God of
Abraham. Any God worthy of the name has to be capable of miracles,
and each of the great Western religions attributes a number of very spe-
cific miracles to their conception of God. What can science say about a
miracle? Nothing. By definition, the miraculous is beyond explanation,
beyond our understanding, beyond science. This does not mean that
miracles do not occur. A key doctrine in my own faith is that Jesus was
born of a virgin, even though it makes no scientific sense—there is the
matter of Jesus's Y-chromosome to account for. But that is the point.
Miracles, by definition, do not have to make scientific sense. They are
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specific acts of God, designed in most cases to get a message across.
Their very rarity is what makes them remarkable.

An atheist, of course, will argue that miracles are bogus and are
stitched together from the needs and desires of human imagination.
Maybe so. To a believer, miracles are more than "violations of the laws
of nature," as they were once described by David Hume. They reflect a
greater reality, a spiritual reality, and they occur in a context that makes
religious, not scientific, sense. To the nonbeliever, there is no spiritual
reality, and hence there are no miracles. To a person of faith, miracles
display the greater purposes of God, giving them a meaning that tran-
scends physical reality.

If this is true, why shouldn't we allow that the creation of our species
was a miracle? Or why not agree that the sudden explosion of life in the
Cambrian era might have been a miracle? Both might have been. In 1900,
we could easily have said that the sun's fire was a miracle. Unable to
explain the biological basis of immunity, we could have chalked that up to
God, too. And for good measure we could have told our students that the
interior heat of the earth might be the work of the devil.

We are now far enough along in the development of science to
appreciate that its track record suggests that ultimately it will find nat-
ural causes for natural phenomena. God has fashioned a self-consistent
reality in nature, and He allows us to work within it. This may be frus-
trating to those who look for signs and wonders, but it's clearly the way
life is. Comedian Bill Cosby's wonderful "Noah" routine emphasizes
this point brilliantly. God's voice comes from above, instructing Noah
to build an ark. Cosby's Noah, more south-side Philly than biblical,
snickers, "Who is this, really?" The voice echoes back, "This is God!"
And Noah answers, "Yeah, right. Am I on Candid Camera?" A bit
annoyed, God establishes His identity and gets to the business of
instructing Noah on the details of the ark. But Noah, a little less than
eager to construct this huge boat, asks the question that must have
occurred to every child who has ever read the biblical passage: "If you
want this ark, why don't you build it yourself?" "Noah," God's voice
thunders, "you know I don't work that way!"

Exactly. God's miracles are not routine subversions of the laws of
nature. If they were, then the issue of why so many extinct forms of life
preceeded us would be a conundrum, since each one would have to be the
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intentional creation of the mind of God. If each were just another chapter
in an unfolding plan driven by the laws and principles of nature, the issue
is not important. If God were just a magician, He could have made the
present world appear in a puff of smoke. But He isn't. As the good Dr.
Cosby has pointed out, we already know He doesn't work that way!

Theologically, the care that God takes not to intervene pointlessly in
the world is an essential part of His plan for us. Ian Barbour claims that
human freedom would be impossible without God's willingness to limit
His actions.

If all power is on God's side, what powers are assignable to
humanity? . . . But if omnipotence is defended, and everything that hap-
pens is God's will, then God is responsible for evil and suffering and
God's goodness is compromised.20

This does not mean, as Barbour is careful to explain, that God can-
not or does not act in the world. It simply means that He is wise enough
to act in ways that preserve our own freedom, allowing us to reap the
rewards and consequences of our own free will.

Even the most devout believer would have to say that when God
does act in the world, He does so with care and with subtlety. At a min-
imum, the continuing existence of the universe itself can be attributed to
God. The existence of the universe is not self-explanatory, and to a
believer the existence of every particle, wave, and field is a product of
the continuing will of God. That's a start which would keep most of us
busy, but the Western understanding of God requires more than univer-
sal maintenance. Fortunately, in scientific terms, if there is a God, He
has left Himself plenty of material to work with. To pick just one exam-
ple, the indeterminate nature of quantum events would allow a clever
and subtle God to influence events in ways that are profound, but scien-
tifically undetectable to us. Those events could include the appearance
of mutations, the activation of individual neurons in the brain, and even
the survival of individual cells and organisms affected by the chance
processes of radioactive decay. Chaos theory emphasizes the fact that
enormous changes in physical systems can be brought about by unimag-
inably small changes in initial conditions; and this, too, could serve as
an undetectable amplifier of divine action.

Another opportunity for divine action can be found in time itself. John
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Polkinghorne, a distinguished theoretical physicist who is also an Anglican
priest, has pointed out that if Western theologians agree on anything, it is
on the eternal nature of God. 21 This means that God, who always has been
and always will be, transcends time and therefore is the master of it. We,
on the other hand, traverse time in a linear fashion. An eternal being who
is present everywhere and at all times could easily act to alter what both
physicists and Hollywood call the space-time continuum in ways that pro-
foundly affect events. Locked into a single point in time and moving in a
single, unchanging path from the present to the future, we wouldn't have
a clue. And God, the Creator of space, time, chance, and indeterminacy,
would exercise exactly the degree of control He chooses.

Finally, any traditional believer must agree that God is able to influ-
ence the thoughts and actions of individual human beings. We pray for
strength, we pray for patience, and we pray for understanding. Prayer is
an element of faith, and bound within it is the conviction that God can
affect us and those for whom we pray in positive ways. With great
effort, I suppose we could break the possibilities for God's actions
within us into cellular and biochemical terms. We would then find that
the same arguments regarding indeterminacy and chaotic systems can
be applied to individual neurons, the activities of which are the physical
basis of our thoughts and feelings. God could, in principle, act without
being scientifically detectable, but even within us, He would still face
the same problems of agency and free will that confront any divine
action. No religious person believes that God ever acts so decisively as
to force us to do good, or compel us to obedience. The common experi-
ence of religious people is that God provides assistance, inspiration, and
strength—but to accept those gifts still requires an act of human will, a
free choice to do what is right despite the burden and even the suffering
that may result.

John Polkinghorne puts it this way:

The actual balance between chance and necessity, contingency and

potentiality which we perceive seems to me to be consistent with the will

of a patient and understanding Creator, content to achieve his purpose

through the unfolding of process and accepting thereby a measure of the

vulnerability and precariousness which always characterize the gift of

freedom by love."
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By any reasonable analysis, evolution does nothing to distance or to
weaken the power of God. We already know that we live in a world of nat-
ural causes, explicable by the workings of natural law. All that evolution
does is to extend the workings of these natural laws to the novelty of life
and to its changes over time. A God who presides over an evolutionary
process is not an impotent, passive observer. Rather, He is one whose
genius fashioned a fruitful world in which the process of continuing cre-
ation is woven into the fabric of matter itself. He retains the freedom to
act, to reveal Himself to His creatures, to inspire, and to teach. He is the
master of chance and time, whose actions, both powerful and subtle,
respect the independence of His creation and give human beings the gen-
uine freedom to accept or to reject His love.

TAKING THE SCENIC ROUTE

"I know that God didn't use evolution to produce us," the parent of a
high school student once told me, "because it would have taken too
long." If God's ultimate purpose was to produce human beings, then
why would He have fooled around with a process that took billions of
years? As easy as it might be to answer an argument based simply on
the notion that God (who is eternal) must have been in a hurry, let's
extend it a bit. Gould has fashioned similar arguments based on his
analysis of the nature of evolutionary change over the epochs of geolog-
ical time. He believes that a proper understanding of natural history
undermines any species-based conceit that animals stand at the
inevitable pinnacle of life:

But the real enigma—at least with respect to our parochial concerns

about the progressive inevitability of our own lineage—surrounds the

origin and early history of animals. If life had always been hankering to

reach a pinnacle of expression as the animal kingdom, then organic his-

tory seemed to be in no hurry to initiate this ultimate phase. About five

sixths of life's history had passed before animals made their first appear-

ance in the fossil record some 600 million years ago."
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did most of the earth's history pass without it? If the 4.5 billion years of
earth's history were represented as a single twenty-four-hour day, then
animals would appear only in the last three hours and fifteen minutes.
According to Gould, that seems pretty late if animals were ultimate and
inevitable. If the purpose of the whole process was to produce our
species, as my friend implied, shouldn't we be bothered by the fact that
human beings arose only in the last thirty-eight seconds?'

If you find this reasoning appealing, keep going. Even the immensi-
ties of geological time dwindle against the age of the universe. How are
the heavy elements of the universe produced? By 10 or 15 billion years
of cooking in the interiors of stars, which must then collapse and
explode to throw them into space where they become available to form
secondary stars, like our sun; and planets, like the earth. Now we really
look like an afterthought, don't we, if indeed we are a thought at all!

In the view of my friend, who knows that creating us was God's inten-
tion from the beginning, such facts are enough to rule out evolution itself.
But why should they? Evolution is a natural process, and natural processes
are undirected. Even if God can intervene in nature, why should He when
nature can do a perfectly fine job of achieving His aims all by itself? It was
God, after all, who chose the universal constants that made life possible.
The notion that God had to act quickly and directly to produce us contra-
dicts not only the scientific evidence of how our species arose, but even a
strictly theological reading of history. Why should so many nonhuman
species have preceded us on this planet? Good question. We might just as
well ask why so many human civilizations preceded our own. We could
ask why God, if He was interested in all the peoples of the world, first
revealed Himself only to a few desert tribes in the Middle East. And if He
was interested in redeeming all people from their sins, why did He allow
scores of generations to pass unsaved before He sent His divine son?

If we are sure enough of the Creator's thoughts to know that He would
have made our species by a more direct route, then what are we to make
of the highly indirect routes that led to our modern civilizations, our lan-
guages, and even our personal lives? What was God's purpose in allowing
evolution to produce the great dinosaurs of the Jurassic? Beats me. But I
am equally clueless with respect to God's purpose in the Mayas, the
Toltecs, and the other great civilizations of the Americas that rose and fell
without ever being exposed to His word. To demand that a person of faith
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account for each and every event in human history or natural history is to
demand the impossible—that they know every detail of God's actions.

Whatever God's characteristics, impatience is not one of them. A
genuine believer trusts not only in the reality of the divine, but also in
its wisdom, and sees history, indirect, comic, and tragic, as the unfold-
ing of His plan. There is no religious justification for demanding that
the Creator hold to a certain schedule, follow a defined pathway, or do
things exactly according to our expectations. To God, a thousand years
are as a twinkling, and there is no reason to believe that our appearance
on this planet was for Him anything other than right on time.

NO MORE MR. NICE GUY

Of all the concerns expressed by Christians with respect to evolution,
the strangest, the least logical, the most bizarre is the idea that evolution
is too cruel to be compatible with their notion of a loving God. In this
view, the Darwinian concept of natural selection, a struggle for survival,
puts the weak at the mercy of the strong. It rewards the ruthless and
punishes the kind. It leads to "nature red in tooth and claw," and could
never have produced the world of harmony, beauty, and balance that
surrounds us.

Darwin himself was worried about this, and tried to assuage Victo-
rian sensibilities with a few kind words placed at the conclusion of the
third chapter of The Origin:

All that we can do, is to keep steadily in mind that each organic being is

striving to increase at a geometrical ratio; that each at some period of its

life, during some season of the year, during each generation or at inter-

vals, has to struggle for life, and to suffer great destruction. When we

reflect on this struggle, we may console ourselves with the full belief,

that the war of nature is not incessant, that no fear is felt, that death is

generally prompt, and that the vigorous, the healthy, and the happy sur-

vive and multiply."

Could evolution really be so cruel as to require such an apology? To
answer that question we have to keep two things in mind. The first is
that cruelty is relative. As a New Englander, I enjoy few things more
than a lobster dinner, especially at the end of a long summer day. The
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preparation of that meal, from the point of view of the lobster, is an act
of unmitigated cruelty, perpetrated by me, the cook. The cats patrolling
our barn are lovable family pets, but I assure you that their actions in
keeping that barn vermin-free meet the highest standards of viciousness.
Like beauty, the brutality of life is in the eye of the beholder.

The second is that we cannot call evolution cruel if all we are really
doing is assigning to evolution the raw savagery of nature itself. The real-
ity of life is that the world often lacks mercy, pity, and even common
decency. If you doubt that, read Jack London's short story "To Build a
Fire," and think of yourself freezing to death; or better still, spend some
time watching the operations at a well-run commercial slaughterhouse.
You might even try what Darwin did one spring, to systematically record
each individual plant in a patch of garden as it sprang to life. You could
then follow them throughout the growing season. After a few months, you
would know how many of them survive to reproduce. The answer: very
few. Even an English garden is subject to the law of the jungle, a law that
affects our species, too. Ironically, anyone who believes that evolution
introduced the idea of systematic cruelty to human nature is likely over-
looking many acts of biblical cruelty, especially God's killing of the Egypt-
ian firstborns, Herod's murder of the innocents, or the complete and inten-
tional destruction of the cities of Sodom and Gomorrah.

Evolution cannot be a cruel concept if all it does is reflect the reali-
ties of nature, including birth, struggle, life, and death. It is a fact—not
a feature of evolutionary theory, but an objective reality—that every
organism alive will eventually die. Some will leave offspring and some
will not. And from those two facts come the forces that drive and con-
trol natural selection. Darwin immediately focused on the obvious—
that competition exists among individuals for food, for resources, and
for mates. As a result, evolution is generally cast as a struggle for exis-
tence in which the interests of the individual are paramount. Greed,
self-interest, and exploitation may be cardinal virtues in such a world,
but here is where the value of Darwin's work is especially clear.

His simple and durable framework held the key for explaining some-
thing that seems most undarwinian, something that baffled Darwin
himself—altruism. In a world that ought to be filled with vicious com-
petition, why are there so many examples of animals being nice to each
other? Why does a bird protect her nest, her offspring with her very
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life? Why do caribou form herds in which the strongest guard the
youngest from advancing predators? Why do worker bees enthusiasti-
cally end their own lives to sting, kamikazi-style, any threat to their
hives? Why do worker ants, those heroes of socialist labor, eagerly
share the food they have gathered with all the members of their colony?
Shouldn't self-interest dictate, in every case, that these altruists, these
brave individuals, would be better off ignoring their fellows and look-
ing out for themselves? Doesn't evolution say that the only thing that
matters is looking out for number one? As it turns out, it doesn't.

One of the most recent additions to evolutionary theory has come from
the field of sociobiology, which studies the biological basis of social behav-
ior. Although mammals and birds can learn behaviors, in most other ani-
mals, especially the insects, behaviors are instinctive—they are inherited. A
female mosquito finds your exposed skin even in total darkness, because
her genes have programmed her to follow—instinctively—chemical sig-
nals in the vapors of carbon dioxide and moisture that rise from your
body. In her case, the genes for that behavior are favored by natural selec-
tion because they increase her chances of getting a meal, enabling her to
lay more eggs, and increasing the chances that she will have lots of off-
spring in the next generation. The fact that such behaviors are inherited
means that instinctive behavior can be shaped by natural selection, just as
surely as any physical trait.

Darwin appreciated that fact, and he figured that natural selection
would favor behaviors that helped to find food, attract mates, and provide
for self-defense, all of which it does. But what about altruistic behavior?
What about self-sacrificing behavior? What about cooperative behavior?
Shouldn't genes for these nice behaviors, which help other individuals, lose
big in the competition against nasty, ruthless, self-promoting behaviors?
As farsighted biologists like Edward 0. Wilson have shown, the answer is,
not necessarily.

Altruistic behaviors in nature are most often directed towards helping
close relatives—an animal's offspring, its cousins, sometimes its siblings.
The unique genetic systems of social insects guarantee that nearly all the
members of the colony are even more closely related than full brothers and
sisters. 26 Why does this matter? For the very simple reason that if a gene
produces altruistic behaviors that are directed towards close relatives,
there is a good chance (fifty percent in the case of parent and offspring)
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that the gene is actually helping a copy of itself to survive. The implica-
tions of this simple statement, which were wonderfully explored in
Richard Dawkins's book The Selfish Gene, are profound. Darwinian evo-
lution can produce cooperation and care just as surely as conflict and com-
petition. The care and self-sacrifice seen in animal families are not excep-
tions to evolution—rather, they are the straightforward results of natural
selection acting to favor instinctive altruism. Under the right circum-
stances, nice guys really do finish first. Once again, Darwin got it right.

Evolutionary success, it turns out, is rooted a little deeper than shal- -
low self-preservation. To be sure, natural selection produces speed and
cunning, claws and teeth, but it also fills the world with a beauty that is
almost beyond description. Part of that beauty can be found in the lov-
ing care of a mother for her young, in the exuberant play of packs and
herds, and even in the signs and signals by which the tiniest of insects
build their nests and work the soils of the earth.

As a biologist, I confess to viewing nature with a certain passion.
What I see in life, and what is seen by others who share that passion, is
for sure a little rough around the edges. Life is never tidy, never
restrained, never willing to behave according to our rules. In the eyes of
those who recoil from the realities of nature, this no doubt means that
the hard lessons she would teach must be resisted or denied. There are
greater lessons, in my view, greater poetry to be learned from a world of
harsh songs and terrible beauty. Annie Dillard, author of Pilgrim at Tin-

ker Creek, put it perfectly:

The wonder is—given the errant nature of freedom and the burgeoning

of texture in time—the wonder is that all the forms are not monsters,

that there is beauty at all, grace gratuitous, pennies found, like mocking-

bird's free fall. Beauty itself is the fruit of the creator's exuberance that

grew such a tangle, and the grotesques and horrors bloom from the

same free growth, that intricate scramble and twine up and down the

conditions of time."

SEEING IT HIS WAY
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record of past life to document descent with modification, and we can
observe rapid evolutionary change in the lab and in the field with our
own eyes. Despite all of this, there remains one objection I can never
answer as a scientist, and I've heard it many times: "My God wouldn't
have done things that way." The personality of God, in the eyes of such
a skeptic, is such that He would find evolution distasteful.

There is no scientific answer to this objection—how can science pos-
sibly respond to an argument built around the personality of the Cre-
ator? How can we even conceive of scientific evidence that might tell us
anything about the attitude of God, and whether or not it is compatible
with evolution? I have already argued that science cannot give us a
definitive answer as to whether or not God exists; and if that question is
out of bounds for science, how can we possibly expect it to tell us what
sort of fellow He may be?

Obviously, science isn't going to satisfy anyone who makes the "argu-
ment from personality."

Starting not as a scientist, but simply as a believer, I will address the
question this way: Is what science tells us of the physical world, includ-
ing evolution, compatible with what we think we know about God? In
other words, if we try to put ourselves in God's shoes, could evolution
have been part of His plan of creation?

Ultimately, it is impossible to answer this question. We cannot know
everything God had in mind, but we can know this about our beliefs of
God: All of the Western monotheistic religions maintain that God
brought the universe into being, that He intended to create creatures
deserving of a soul, and that He wished that universe to be a place in
which those creatures had a truly free choice between good and evil,
between God and darkness. Given those theological basics, let's see
where we can go.

Our first step would be to assume that an all-powerful Deity decided to
make creatures and to endow them with free will and the ability to make
moral choices. He loved these creatures, but He did not wish to place them
into the same spiritual reality that He Himself occupies. Instead, He con-
structed a material universe in which these creatures would exist, upon
which their lives would depend. As science tells us, that dependence is real,
not an illusion. The Creator could, I suppose, have commanded stones to
live. He could have made creatures whose substance was no different from
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the inanimate objects around them. Being intelligent (as was His wish),
they eventually would have discovered that their composition was no dif-
ferent from that of nonliving objects. The direct dependence of their ani-
mus, their life, upon the will of God would then have been obvious. But if
that was His goal, then why make a distinct material world at all? The
genius of the Creator's plan was that by creating a separate world, a world
that ran by its own rules, He would give His creatures the "space" they
would need to become independent, to make true moral choices.

Although we might like to think there is a divine spark within us, in
fact, our lives and the lives of every animal, plant, and microorganism
of this planet have a physical basis in the chemistry of cells and tissues.
We share a physical continuity with the lives of others, and are inextri-
cably linked to all life on earth. New individuals do not spring, like
Athena, from the minds of gods, but rather are born of the flesh, from
the union of sperm and egg. No question about it—our origins as indi-
viduals come entirely from the materials of life. The Creator fashioned a
world in which matter became the basis of life.

In constructing this physical world, the Creator faced a practical
problem, not unlike the problem facing a zoologist who wishes to pro-
vide a wild animal with something close to its natural habitat. How
should the matter of this physical world behave, what rules should it
follow? If the Creator made the behavior of this material world logical
and sensible, He would ultimately allow His intelligent creatures to
investigate the universe and discover the properties of the matter He
has created. If the behavior of that matter, at all levels, were to be gov-
erned by laws making the outcomes of all natural processes inherently
predictable, then the entire structure of that universe would be a self-
contained and self-sufficient clockwork. Two profound problems
would result. The Creator would be unable to intervene, except by sus-
pending the laws of His world in a visible way. And what is perhaps
more important, His creatures could not have the freedom He desired
for them. How could they, if they were only machines, made up of bits
and pieces of matter following precise laws? Worse still, they might
eventually figure that out.

The only way He could avoid His creatures' eventual discovery of
their own determinant clockwork would be to limit their ability to
question, learn, and discover—something that He clearly would not
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want to do if He wanted these creatures to be free to choose Him or to
reject Him. So, what could the Creator do? Exactly these problems led
many of the best minds of the eighteenth and nineteenth centuries to
reject God as a logical impossibility, but it turned out that our Creator
had a brilliant solution to all of these problems.

His solution was to fashion a material universe in which the conditions
of precise determinism do not apply. On the larger scale, He made the
averaged behavior of matter sensible and predictable, making it possible
to construct organisms and environments that work according to natural
laws, which His creatures were sure to discover. Then He ensured that the
behavior of the material fine structure of the universe was inherently
unpredictable due to the multiple effects of quantum indeterminacy. This
would allow His creatures to develop a science that applies to large-scale
interactions, but one that is forever forbidden from grasping the detailed
behavior of the units from which the material world is fashioned. That, of
course, is exactly the world in which we live.

To be sure, there is nothing about quantum indeterminacy at the
base of our existence that proves it was the work of God. Or of a design
to the universe clearly put there by an intelligent force to accommodate
living things. However, if there is a God, consider what a master stroke
quantum indeterminacy was. To create an orderly material world that
didn't require constant intervention, the Creator had to make things
obey defined laws. But if those laws were to run all the way down to the
building blocks of matter, they would also have denied free will. They
would have made it possible for His creatures (eventually) to figure out
that all past events and all future ones could be inferred from a single
reading of the state of the physical world at any given time.

Remarkably, what quantum indeterminacy does is to deny us the pos-
sibility of that ever happening. We cannot uncritically extrapolate the
details of the present backwards to learn the past; and the future is what
we make of it. Were this not the case, the future would be what our parti-
cles make of us. Instead, we are inextricably locked into the present, with
our thoughts, words, and deeds helping to construct the future, a future
that remains open to our own choices, to a world of possibilities.

Once He had fixed the physical nature of our universe, once He had
ensured that the constants of nature would create a chemistry and physics
that allowed for life, God would then have gone about the process of pro-
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ducing the creatures that would share this new world with Him. He could
have created anything He wanted, of course, by any means He cared to
use. But He had already decided that the living world would be physically
independent of direct divine intervention, and that life would find its sup-
port in the physics and chemistry that He was careful to create.

How should He bring His creatures into existence? The storytellers of
intelligent design assert that He could have done it just one way—by
assembling every element, every interlocking bit and piece of tissue, cell,
organ, and genetic code in single flashes of creative intensity. Since His
creatures would inhabit a planet in which the flow of nutrients, the com-
plex cycles of carbon, nitrogen, and oxygen, and the balanced intricacy of
food chains and nutrient webs would be required to sustain life, all of
these would also have to be assembled with the same care, involvement,
and detail given to each of the billions of organisms spread across the face
of the planet.

Curiously, once set in motion, the ordinary operations of physics
and chemistry would be more than sufficient to adjust these networks
and cycles to the changing challenges of life on the planet; and just as
curiously, new individuals would find their origins in the ordinary
processes of cellular life, dependent in every respect upon the very sub-
stance of matter. In other words, God would use material processes to
bring their individual lives into existence, although the very same
processes were not sufficient to bring their species into existence. Did
the world of the Creator require Him to fashion such a stunning discon-
tinuity between the present and the past? I think not.

Having decided to base life on the substance of matter and its fine-
tuned properties, a Creator who had already figured out how to fashion
the beauty of order without the hobble of determinism could easily have
saved His greatest miracle for last. Having chosen to base the lives of
His creatures on the properties of matter, why not draw the origins of
His creatures from exactly the same source? God's wish for consistency
in His relations with the natural world would have made this a perfect
choice. As His great creation burst forth from the singularity of its ori-
gin, His laws would have set within it the seeds of galaxies, stars, and
planets, the potential for life, the inevitability of change, and the confi-
dence of emerging intelligence.

When creatures evolved who were ready to know Him, beings wor-
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thy of souls, His work would have reached a pinnacle of power and
subtlety. That is the point, the religious person might say, where God
decided to reveal Himself to us. And that revelation, in all traditions, is
understood as persuasive without being forceful, compelling and not
coercive. The Western God stands back from His creation, not to absent
Himself, not to abandon His creatures, but to allow His people true
freedom. A God who hovers, in all His visible power and majesty, over
every step taken by mere mortals never allows them the independence
that true love, true goodness, and true obedience requires.

For our freedom in this world to be genuine, we must have the capac-
ity to choose good or evil, and we must be allowed to face the conse-
quences of our own actions. No God could have created individuals who
were free to sin but never chose to do so. As Barbour points out, "Virtues
come into being only in the moral struggle of real decisions, not ready-
made by divine fiat." 28 Having lived through much of a century that has
seen unspeakable evil visited upon mankind, I think it clear that no person
could maintain their faith in God's goodness if they believed He was the
reason for such bloodshed and horror. He is not. Our sins are made on
earth, not heaven. If we choose to trace any of them to God, we will find
at their sources only the value He places on human freedom.

The ultimate purpose of the work of this God may never be under-
stood by the mind of man. Perhaps it was, as the Baltimore Catechism
told me long ago, that God wanted to be known, loved, and served. If
that is true, He did so by devising a universe that would make knowl-
edge, love, and service meaningful. Seen in this way, evolution was
much more than an indirect pathway to get to you and me. By choosing
evolution as His way to fashion the living world, He emphasized our
material nature and our unity with other forms of life. He made the
world today contingent upon the events of the past. He made our
choices matter, our actions genuine, our lives important. In the final
analysis, He used evolution as the tool to set us free.

THE BOOK OF BEGINNINGS

Evolution has traditionally been seen as a problem for religion, a trou-
bling boulder in the pathway to God around which believers must tip-
toe. Nearly all of the resistance to evolution derives from the reluctance



254 FINDING DARWIN'S GOD

of religion to make this adjustment. Believers who proclaim their accep-
tance of evolution are presumed to have found a way to compromise or
reconfigure the key elements of their faith in order to sidestep the prob-
lems presented by scientific materialism. However they have done this,
the presumption is that they have found a way to bend their under-
standing of God to fit the harsh and unyielding facts of science.

Nonbelievers, by the same token, feel absolved from such adjust-
ments. Evolution, they maintain, is proof of the nonexistence of any tra-
ditional Deity, testament to an absence of purpose to the universe, and
proud foundation to a philosophy of absolute materialism. Richard
Dawkins speaks for many when he writes: "The more you understand
the significance of evolution, the more you are pushed away from the
agnostic position and towards atheism.""

In the late nineteenth century, the German naturalist Ernst Haeckel
was more than willing to step outside of biology to make this point
explicit:

The cell consists of matter called protoplasm, composed chiefly of car-
bon with an admixture of hydrogen, nitrogen, and sulfur. These compo-
nent parts properly united produce the soul and body of the animated
world, and suitably nursed became man. With this single argument the
mystery of the universe is explained, the Deity annulled, and a new era
of infinite knowledge ushered in."

Haeckel's prequantum fantasy of infinite knowledge, a product of
nineteenth century rationalism, dissolved a century ago, but the emo-
tional certainty of his absolute materialism remains.

Haeckel's archaic certainty no doubt owes more to the Book of Gen-
esis than to any book of biochemistry. There is simply no theological
reason to argue that life cannot have a material basis. There is, however,
an abundance of scientific evidence showing that Genesis could not pos-
sibly be a step-by-step, factual account of actual events in natural his-
tory. Haeckel, like absolute materialists today, sees this as a fatal flaw.
Since Christianity and Judiasm base their beliefs on the Bible, the fact
that the opening pages of the good book are scientifically incorrect
means that the whole thing is rubbish. Biblical literalists, holding the
other side of the absolutist coin, use the same conflict to conclude that
evolution is rubbish. Both sides are wrong.
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The irony is that even the most extreme critics of evolution are not
biblical literalists, including three of the anti-evolutionists—Berlinski,
Johnson, and Behe—whom we met in earlier chapters." Berlinski claims
not to be a believer. Johnson and Behe, both professing Christians, are
not biblical literalists. Neither, for that matter, were the early fathers of
the Church, including Saint Basil and most especially Saint Augustine.
For Christians, Saint Augustine's understanding of Genesis is critical.
His work, The Literal Meaning of Genesis, was a detailed attempt to
explore every aspect of the Bible's first book in the prescientific schol-
arly traditions of early Christianity. One may dispute Augustine, but
one could hardly call him either anti-Christian or an apologist for Dar-
win. Keeping that in mind, Augustine's reading of Genesis is tough
going for anyone who regards the words of the Bible as distinctly hos-
tile to an evolutionary view of life. Key to this, as physics professor
Howard Van Till describes it, was Augustine's conception of the charac-
ter of the world:

The universe was brought into being in a less than fully formed state but
endowed with the capacities to transform itself, in conformity with
God's will, from unformed matter into a marvelous array of structures
and lifeforms. In other words, Augustine envisioned a Creation that
was, from the instant of its inception, characterized by functional
integrity."

Augustine was not an evolutionist. Nonetheless, he saw creation as a
continuing and unfolding process in which the commands of the Cre-
ator were fulfilled progressively, not instantaneously. And more to the
point, he was adamant that even the "literal" meaning of Genesis must
not stand in contradiction to the kind of knowledge that today we
would call "scientific."

Even a non-Christian knows something about the earth, the heavens,
and the other elements of this world, about the motion and orbit of the
stars and even their size and relative positions, about the predictable
eclipses of the sun and moon, the cycles of the years and the seasons,
about the kinds of animals, shrubs, stones, and so forth, and this knowl-
edge he holds to as being certain from reason and experience. Now it is
a disgraceful and dangerous thing for an infidel to hear a Christian, pre-
sumably giving the meaning of Holy Scripture, talking nonsense on
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these topics; and we should take all means to prevent such an embarass-
ing situation, in which people show up vast ignorance in a Christian and
laugh it to scorn."

Sacred scripture, in Augustine's words, "has been written to nourish
our souls," not to present us with a scientific description of the world.
He goes on to scold those who put forward interpretations of Genesis
that any scientifically knowledgeable non-Christian would recognize as
nonsense:

Reckless and incompetent expounders of Holy Scripture bring untold
trouble and sorrow on their wiser brethren when they are caught in one
of their mischievous false opinions and are taken to task by those who
are not bound by the authority of our sacred books."

How might a Christian approach those who claim that the Genesis
narrative teaches a natural history that must contradict the evolutionary
account? Perhaps by reminding them, as Augustine did, that great dam-
age is done to Christian belief by asserting in the face of scientific fact
that their contradictory readings of Scripture must be true.

How, then, is a Christian to read Genesis in light of evolution and
the knowledge it provides from reason and experience? I suggest that
the answer is in Genesis itself, and it fully supports Augustine's view. As
more than one modern reader has noted, Genesis 1 and Genesis 2 pre-
sent creation narratives differing dramatically in their essential details.
For example, Chapter 1 describes the simultaneous creation of man and
woman in the same verse (27):

So God created man in his own image, in the image of God created he
him; male and female created he them.

In Chapter 1 we don't learn exactly how the creation was accom-
plished, and we don't learn the actual substance from which male and
female were formed. But in Chapter 2 the story is told again, and in
verse 7 we read something quite different:

And the Lord God formed man of the dust of the ground, and breathed
into his nostrils the breath of life; and man became a living soul.
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ground, produces rivers to water the trees, tells the man to avoid the fruit
of the tree of knowledge, and finally requires the man to give a name to
every living creature. Only much later (Genesis 2:22), when Adam goes to
sleep, is Eve, the first woman, created. The obvious conflict between these
two accounts requires even a biblical literalist to apply interpretation to fix
upon the meaning of each passage. I make this point not to criticize any
particular reading of Genesis, but rather to observe that any reading of
that book requires interpretation and judgment."

So, what does this mean for any believer, Muslim, Jew, or Christian,
who sees scripture as the word of God? To any biochemist, even an evo-
lutionary biochemist, the notion that human life was formed from the
dust of the earth is not only poetic, but scientifically accurate to an
astonishing degree. An extreme literalist—of the sort abjured by Augus-
tine—might use Genesis 2:7 to argue that the elemental composition of
the human body should match that of ordinary dust. 36 A broader and
more sensible reading would tell us simply that the materials of the
human body were taken from the earth itself, which of course is true.
To understand Genesis, to find the greater truth, I would argue, all one
has to do is to apply the more sensible reading throughout.

As a scientist, I know very well that the earth is billions of years old
and that the appearance of living organisms was not sudden, but grad-
ual. As a Christian, I believe that Genesis is a true account of the way
in which God's relationship with the world was formed. And as a
human being, I find value in both descriptions. In order to reveal Him-
self to a desert tribe six thousand years ago, a Creator could hardly
have lectured them about DNA and RNA, about gene duplication and
allopatric speciation. Instead, knowing exactly what they would
understand, He spoke to them in the direct and lyrical language of
Genesis. He indicated His will that the waters "bring forth abun-
dantly" creatures that swim, that the earth "bring forth" all manner of
plants and animals, and spoke freely of having "created" and "made"
many other species. His will to create, of course, was reflected in the
construction of matter itself, from the laws of chemistry to the gravita-
tional constant, and made the evolution of life in the universe a cer-
tainty. By any standard, God's work in creating the universe
amounts—literally—to a command that the earth and its waters bring
forth life. The words of Genesis do not amount to natural history, but
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to a believer they do reflect a true and accurate spiritual history of God
and His creation.

Augustine warned early Christians against making scientific extrapola-
tions from the powerful imagery of Genesis, He spoke of the "light" cre-
ated by God as being spiritual, not physical, and He made it clear that the
"days" encompassed in Genesis 1 were not to be understood as ordinary
twenty-four-hour days.' Today we can see, with Augustine's guidance,
that evolution does not deny the biblical account, but rather completes it.

For far too long, the critics of religion have used Genesis as a conve-
nient punching bag. Their seconds have been creationists and biblical lit-
eralists eager to abandon scientific fact and read Genesis as a history text
rather than a narrative "written to nourish our souls." But Genesis, prop-
erly understood, does not lend itself to such abuse. The God of the Bible,
even the God of Genesis, is a Deity fully consistent with what we know of
the scientific reality of the modern world.

All too often, religious people find themselves trying to find a way of
apologizing religious belief into scientific fact. As a scientist and a
Christian, I do not believe that such apology is necessary. What we have
learned from science explains, for the first time in human history, how
God could have solved the overpowering logical problems of His divine
nature by creating for us a distinctive world of meaning and substance.

To the nonbeliever, that world exists and operates entirely in the
absence of God. The self-sufficiency of nature, exemplified most notably
by evolution, implies an autonomy that requires neither explanation nor
justification in divine terms. Scientifically, that self-sufficiency can be iden-
tified, tested, theorized, and explored, but its meaning and the reason for
its existence cannot be explained or even addressed by science. This—and
not any departure from the discipline of science—is what distinguishes a
believer from a nonbeliever. To a believer, the world makes sense, human
actions have a certain value, and there is a moral order to the universe.

The irony is that only those who embrace the scientific reality of evo-
lution are adequately prepared to give God the credit and the power He
truly deserves. By recognizing the continuing force of evolution, a religious
person acknowledges that God is every bit as creative in the present as He
was in the past. That—and not a rejection of any of the core ideas of evo-
lution—is why I am a believer. A strong and self-confident religious belief
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cannot forever pin its hopes on the desperate supposition that an entire
branch of science is dramatically wrong, thereby to teeter always on the
brink of logical destruction. To be sure, genuine faith requires from its
adherents a trust in God, but it also demands a confidence in the power of
the human mind to investigate, explore, and understand the evolving
nature of God's world.



9

FINDING DARWIN'S GOD

The great hall of the Hynes Convention Center in Boston looks noth-
ing like a church. So what was I doing there, smiling in the midst of an
audience of scientists, shaking my head and laughing to myself as I
remembered another talk, given long ago, inside a church to an audi-
ence of children?

Without warning, I had experienced one of those moments in the pre-
sent that unexpectedly connects with the scattered recollections of our
past. Psychologists tell us that such things happen all the time. Five thou-
sand days of childhood are filed, not in chronological order, but as bits and
pieces linked by words, or sounds, or even smells that cause us to retrieve
them for no apparent reason when something refreshes our memory. And
just like that, a few words in a symposium on developmental biology had
brought me back to the day before my First Communion. I was eight years
old, sitting with the boys on the right side of our little church (the girls sat
on the left) and Father Murphy, our pastor, was speaking.

Trying to put the finishing touches on our year of preparation for the
sacrament, Father was trying to impress us with the reality of God's power
in the world. He pointed to the altar railing, its polished marble gleaming
in sunlight, and firmly assured us that God Himself had fashioned it.
"Yeah, right," whispered the kid next to me. Obviously worried that there
might be the son or daughter of a stonecutter in the crowd, the good
Father retreated a bit. "Now, he didn't carve the railing or bring it here or
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cement it in place . . . but God Himself made the marble, long ago, and left
it for someone to find and make into part of our church."

I don't know if our pastor sensed that his description of God as
craftsman was meeting a certain tide of skepticism, but no matter. He
had another trick up his sleeve, a can't-miss, sure-thing argument that
no doubt had never failed him. He walked over to the altar and picked
a flower from the vase.

"Look at the beauty of a flower. The Bible tells us that even Solomon
in all his glory was never arrayed as one of these. And do you know
what? Not a single person in the world can tell us what makes a flower
bloom. All those scientists in their laboratories, the ones who can split
the atom and build jet planes and televisions, well, not one of them can
tell you how a plant makes flowers." And why should they be able to?
"Flowers, just like you, are the work of God."

I was impressed. No one argued, no one wisecracked. We filed out of
the church like good little boys and girls, ready for our First Communion
the next day. And I never thought of it again, until this symposium on
developmental biology. Sandwiched between two speakers working on
more fashionable topics in animal development was Elliot M. Meyer-
owitz, a plant scientist at Caltech. A few of my colleagues, uninterested in
any research dealing with plants, got up to stretch their legs before the
final talk, but I sat there with an ear-to-ear grin on my face. I jotted notes
furiously, I sketched the diagrams he projected on the screen, and wrote
additional speculations of my own in the margins. Meyerowitz, you see,
had explained how plants make flowers.

The four principal parts of a flower—sepals, petals, stamens, and pis-
tils—are actually modified leaves. This is one of the reasons why plants
can produce reproductive cells just about anywhere, while animals are
limited to a very specific set of reproductive organs. Your little finger isn't
going to start shedding reproductive cells anytime soon. But in springtime,
the tip of any branch on an apple tree may very well blossom and begin
scattering pollen. Plants can produce new flowers anywhere they can grow
new leaves. Somehow, however, the plant must find a way to "tell" an
ordinary cluster of leaves that they should develop into floral parts. That's
where Meyerowitz's lab came in.

Several years of patient genetic study had isolated a set of mutants that
could form only two or three of the four parts. By crossing the various
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mutants, his team was able to identify four genes that have to be turned
on or off in a specific pattern to produce a normal flower. Each of these
genes, in turn, sets off a series of signals that "tell" the cells of a brand-
new bud to develop as sepals or petals rather than ordinary leaves. The
details are remarkable, and the interactions between the genes are fasci-
nating. To me, sitting in the crowd thirty-seven years after my First
Communion, the scientific details were just the icing on the cake. The
real message was, "Father Murphy, you were wrong." God doesn't
make a flower. The floral induction genes do.

Our pastor had made a mistake. Knowing all too well that there was
much in nature that science had not mastered, he sought proof for the exis-
tence of God in one of those unsolved mysteries. "Explain this!" was the
challenge he might have seen himself throwing at the feet of science. Hear-
ing silence, he could turn back to his eight-year-old charges and say, "See.
There's your proof."

Passing up a trial subscription to Scientific American was not
Father Murphy's critical mistake. His assumption was that God is best
found in territory unknown, in the corners of darkness that have not
yet seen the light of understanding. These, as it turns out, are exactly
the wrong places to look. And even Father Murphy should have
known that.

Knowing that science in 1956 had not yet explained the production of
flowers, he accepted this as proof that it never would. On that score, it
would take three or four decades to prove him wrong; but his mistake
went well beyond the bad luck of choosing a problem that would eventu-
ally be solved. He embraced the idea that God finds it necessary to cripple
nature. In our pastor's view, God would not have fashioned a consistent,
self-sufficient material universe that could support the blooming of a daf-
fodil without His direct intervention. We can find God, therefore, by look-
ing for things around us that lack material, scientific explanations.

SEARCHING THE SHADOWS

In his own way, our parish priest had taken a page from the creation-
ists' book. They claim that the existence of life, the appearance of new
species, and most especially the origins of mankind have not and cannot
be explained by evolution or any other natural process. By undercutting
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the self-sufficiency of nature, they believe, we can find God (or at least a
designer) in the deficiencies of science.

The danger to both arguments is clear. Science, given enough time,
has explained things that seemed baffling to the best minds of the past.
That leads to the conclusion that natural phenomena will have natural-
istic explanations, and suggests that creationists would be well-advised
as a matter of strategy to avoid telling scientists what they will never be
able to figure out. History is against them.

Before the age of science, one might have argued that the world would
never yield its secrets to the feeble powers of the human mind. Neither the
towers of heaven nor the depths of the earth were accessible to man, and
life in all its forms seemed the greatest mystery of all. As we know, all of
that has changed. We have walked on the moon, probed the depths of the
skies, and even decoded the secrets of life. The good old days of utter mys-
tery may not be gone, but they are fading fast. And a scientific detective list
of solved cases, like it or not, includes evolution.

Science writer John Horgan, in his 1996 book The End of Science,'
made exactly this point in a chapter entitled "The End of Evolutionary
Biology." No doubt to the disappointment of creationists, the "end" of his
title did not proclaim the collapse of a dying theory, but the finality of Dar-
winism's ultimate triumph. As Horgan explained, the revisionists, pre-
tenders, and critics of The Origin have all come up short: "If any scientific
idea has proved its ability to overcome all challengers, it is Darwin's the-
ory of evolution."' Horgan's book was controversial among scientists
because of its bold suggestion that science is running out of problems to
solve. As a researcher, I don't much like that idea, and neither do most of
my colleagues. Nonetheless, at the core of his thesis was an observation
that met with agreement among most of the scientists I know—namely,
that in a general way, we really do understand how nature works. And
evolution forms a critical part of that understanding.

Contrary to the views of creationists that evolution is untested
dogma, the core ideas of evolutionary biology have been subjected to
examination time and time again in the ordinary conduct of experimen-
tal and historical biology. As Horgan noted, one of the biggest problems
facing those who pursue careers in evolutionary biology is how to make
their mark on a discipline in which the fundamental problems have
already been solved, and solved brilliantly:
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The discipline of evolutionary biology can be defined to a large degree

as the ongoing attempt of Darwin's intellectual descendants to come to

terms with his overwhelming influence.'

On one level, this is exactly why the creationist critique of evolution-
ary biology is wrong. Evolution really does explain the very things that
its critics say it does not, as we saw in the opening chapters of this
book. Claims disputing the antiquity of the earth, the validity of the fos-
sil record, and the sufficiency of evolutionary mechanisms vanish upon
close inspection. Michael Behe was correct to point out that Darwinian
explanations of biochemical machines are rare, but his arguments
require that they be absolutely nonexistent. When a paper explaining
the biochemical evolution of the Krebs cycle appeared in the same year
as his book, his assertion that no such explanation could ever be found
was exposed as just so much wishful thinking.

As the fossil record becomes more complete, it sometimes provides the
very intermediate forms the nonexistence of which the creationists were
willing to predict in writing. To pick just one telling example, many such
writers, including Michael Behe and Dean Kenyon,4 were foolish enough
to assert in print that paleontologists would never discover transitional
fossils linking land mammals to the cetaceans, swimming mammals such
as whales and dolphins. Arch-creationist Duane Gish went so far as to
say that such intermediate creatures were biologically impossible, and put
audiences in stitches with an amateurish cartoon showing a ridiculous
creature that was half cow, half whale. Unknown to most of them, in the
mid-1980s Phillip Gingerich and his associates at the University of Michi-
gan had unearthed important clues suggesting that this evolutionary tran-
sition took place near the Indian subcontinent roughly 50 million years

ago. Once science knew where to look, the anti-evolutionists were in
trouble.

By 1994, Gingerich and fellow paleontologists, including Hans
Thewissen, had found not one, but three intermediate species' linking
land mammals to the archeocetes, the oldest swimming mammals. The
midpoint of the series, a marvelous animal called Ambulocetus natans
(the "swimming whale who walks," figure 9.1), displayed exactly the
combination of terrestrial and aquatic adaptations that critics of evolu-
tion had called impossible, even in principle.'
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nature is not self-sufficient. By such logic, just as Father Murphy
claimed that only God could make a flower, they claim that only God
could have made a species. Both assertions support the existence of God
only so long as they are shown to be true, but serious problems for reli-
gion emerge when the assertions are shown to be false.

If a lack of scientific explanation is proof of God's existence, the
counterlogic is unimpeachable: a successful scientific explanation is an
argument against God. That's why this reasoning, ultimately, is much
more dangerous to religion than it is to science. Eliot Meyerowitz's fine
work on floral induction suddenly becomes a threat to the divine, even
though common sense tells us it should be nothing of the sort.

The reason it doesn't, of course, is because the original premise is
flawed. The Western God created a material world that is home to both
humans and daffodils. God's ability to act in that world need not be
predicated on its material defects. There is, therefore, no theological
reason for any believer to assume that the macromolecules of the plant
cell cannot fully account for the formation of a flower. Life, in all its
glory, is based in the physical reality of the natural world. We are dust,
and from that dust come the molecules of life to make both flowers and
the dreamers who contemplate them.

The critics of evolution have made exactly the same mistake, but on a
higher and more dangerous plane. They represent no serious problem for
science, which meets the challenge easily. Their claims about missing inter-
mediates and suspect mechanisms can be answered directly by providing
the intermediates and demonstrating the mechanisms. Religion, however,
is drawn into dangerous territory by the creationist logic. By arguing, as
they have repeatedly, that nature cannot be self-sufficient in the formation
of new species, the creationists forge a logical link between the limits of
natural processes to accomplish biological change and the existence of a
designer (God). In other words, they show the proponents of atheism
exactly how to disprove the existence of God—show that evolution
works, and it's time to tear down the temple. As we have seen, this is an
offer that the enemies of religion are all too happy to accept.

Once again, the premise of the argument is flawed. If their God exists,
He acts in the world today in concert with natural laws and works His will
in the present through the contingent events of human and natural history.
All that evolution does is to point out that the workings of natural
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processes are also sufficient to explain the contingent events of natural his-
tory in the past, including the origin and extinction of species. There is nei-
ther logical nor theological basis for excluding God's use of natural
processes to originate species, ourselves included. There is therefore no
reason for believers to draw a line in the sand between God and Darwin.
The opponents of evolution have put their money on the wrong horse, and
they fail to see that betting so consistently against science is a losing propo-
sition—not for science, but certainly for religion.

As a Christian, I find the flow of their logic particularly depressing.
Not only does it teach us to fear the acquisition of knowledge, which
might at any time disprove belief, but it suggests that God dwells only
in the shadows of our understanding. I suggest that if God is real, we
should be able to find Him somewhere else—in the bright light of
human knowledge, spiritual and scientific.

FAITH AND REASON

Each of the great Western monotheistic traditions sees God as truth,
love, and knowledge. Each and every increase in our understanding of
the natural world should be a step towards God, and not, as many peo-
ple assume, a step away. If faith and reason are both gifts from God,
then they should play complementary, not conflicting, roles in our
struggle to understand the world around us.

Understanding evolution and its description of the processes that gave
rise to the modern world is an important part of knowing and appreciat-
ing God. As a scientist and as a Christian, that is exactly what I believe.
True knowledge comes only from a combination of faith and reason.

A nonbeliever, of course, puts his trust in science and finds no value in
faith. And I certainly agree that science allows believer and nonbeliever
alike to investigate the natural world through a common lens of observa-
tion, experiment, and theory. The ability of science to transcend cultural,
political, and even religious differences is part of its genius, part of its
value as a way of knowing. What science cannot do is to assign either
meaning or purpose to the world it explores. This leads some to conclude
that the world as seen by science is devoid of meaning and absent of pur-
pose. It is not. What it does mean is that our human tendencies to assign
meaning and value must transcend science, and ultimately must come
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from outside of it. The science that results, I would suggest, is enriched
and informed from its contact with the values and principles of faith. The
God of Abraham does not tell us which proteins control the cell cycle. But
He does give us a reason to care, a reason to cherish that understanding,
and above all a reason to prefer the light of knowledge to the darkness of
ignorance.

As more than one scientist has said, the truly remarkable thing about
the world is that it actually does make sense. The parts fit, the mole-
cules interact, the darn thing works. To people of faith, what evolution
says is that nature is complete. God fashioned a material world in
which truly free, truly independent beings could evolve. He got it right
the very first time.

In obvious ways, the various objections to evolution take a narrow
view of the capabilities of life—but they take an even narrower view of
the capabilities of the Creator. They hobble His genius by demanding
that the material of His creation ought not to be capable of generating
complexity. They demean the breadth of His vision by ridiculing the
notion that the materials of His world could have evolved into beings
with intelligence and self-awareness. And they compel Him to descend
from heaven onto the factory floor by conscripting His labor into the
design of each detail of each organism that graces the surface of our liv-
ing planet.

Sadly, none of this is necessary. If we can accept that the day-to-day
actions of living organisms are direct consequences of the molecules
that make them up, why should it be any more difficult to see that similar
principles are behind the evolution of those organisms. If the Creator
uses physics and chemistry to run the universe of life, why wouldn't He
have used physics and chemistry to produce it, too?

The discovery that naturalistic explanations can account for the
workings of living things neither confirms nor denies the idea that a
Creator is responsible for them. To believers, however, it does signify
something important. It shows that their God created not a creaky little
machine requiring constant and visible attention, but a true, genuine,
independent world in which our existence is the product of material
forces. Those who choose to reject God already know (and so do we)
that they need not live in fear of His hand reaching into the sandbox to
check our childish actions. God loves us, but He is perfectly willing to
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allow us to make our own mistakes, commit our own sins, make war on
ourselves, and ravage the planet that is our home.

To some, the murderous reality of human nature is proof that God is
absent or dead. The same reasoning would find God missing from the
unpredictable fits and turns of an evolutionary tree. But the truth is deeper.
In each case, a Deity determined to establish a world that was truly inde-
pendent of His whims, a world in which intelligent creatures would face
authentic choices between good and evil, would have to fashion a distinct,
material reality and then let His creation run. Neither the self-sufficiency
of nature nor the reality of evil in the world mean God is absent. To a reli-
gious person, both signify something quite different—the strength of
God's love and the reality of our freedom as His creatures.

THE WEAPONS OF DISBELIEF

At least a few of my learned colleagues in evolutionary biology are fond
of saying that evolution does have something profound to tell us about
the meaning of life—which is that it does not have one. Douglas
Futuyma's comments along these lines are typical:

Some shrink from the conclusion that the human species was not

designed, has no purpose, and is the product of mere mechanical mecha-

nisms—but this seems to be the message of evolution.'

As heartfelt as such bleak pronouncements may be, they occupy a
curious position on the landscape of scientific logic. The strength of sci-
ence, we are told, is the impartial objectivity it applies to nature, even to
human nature. Questions about good and evil, about the meaning and
purpose of existence, the sorts of things that have busied philosophers
since ancient times, have no place in science, because they cannot be
addressed by the scientific method. By what logic, then, do so many
invoke science when they presume to lecture on the pointlessness of
existence? Something is not quite right. Apparently it is fine to take a
long, hard look at the world and assume scientific authority to say that
life has no meaning, but I suspect I would be accused of anti-scientific
heresy if I were to do the converse, and claim that on the basis of sci-
ence I had detected a purpose to existence.

The concept of purpose, my colleagues would be quick to remind
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me, stands outside of science. I agree. But if it does, then so does its
exact opposite, that the human species has no purpose, which is the
claim made by Futuyma.

I will not pretend to know why so many scientists feel free to invoke
the authority of their discipline when they assert a lack of meaning and
value to the world. Perhaps it is symptomatic of a culture of atheism,
maybe it is a willingness to imprint one's own lack of spiritual values
onto science, or perhaps it is a delayed reaction to perceived hostility
from religion itself. After dealing with so many religiously inspired chal-
lenges to scientific inquiry, maybe it's just human nature to strike back
with first rhetorical weapon at hand, the special authority of science.

A religious person should be able to respect such statements, how-
ever hostile, as honest disagreements about the nature of things—but he
need not and should not accept them as the necessary conclusions of
science itself.

For several hundred years, anti-theists have gotten off easy by allowing
Genesis to do the hard work for them. An extreme literal reading of Gen-
esis implies that the earth is only a few thousand years old, that all organ-
isms were simultaneously created, and a single worldwide flood accounts
for nearly all extinctions and for the whole of the geological record. By the
end of the eighteenth century, it was already clear to natural scientists that
the actual history of planet earth was quite different from this, and most
were quick to reject the scientific authority of Genesis as a result.

Unfortunately, as we saw in Chapter 3, the lure of this simplistic reading
of Genesis is still with us. As I have tried to argue, the most effective weapons
used by the agents of disbelief are those that believers have handed them
willingly. By insisting that Genesis is a scientific document—not a spiritual
one—they have made it almost too easy to do exactly what Augustine
feared: "to show up vast ignorance in a Christian and laugh it to scorn."

This need not be the case. Even a literal reading of the good book
does not require the believer to subscribe to the bogus natural history so
easily demolished by scientific fact. As we saw in Chapter 8, our current
scientific view of nature is remarkably consonant with the existence of
the God we know from Western tradition. Nonbelievers may wish to
challenge that assertion, to find other, nonspiritual explanations for the
nature of physical reality, the origins of the universe, and the meaning
of good and evil. People of faith should look forward to dialogue with
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them, but they should also, at the very least, demand that nonbelievers
carry the heavy logical burden of their absolute materialism all the way
to its conclusion, and not provide them with the absurdly easy shortcut
of Genesis as science.

Having said that, I will add my own observation that even if nonbe-
lievers are denied the easy, first-round knockout afforded by Genesis,
most think they still have a winning strategy in reserve—the issue of his-
toric inevitability.

As a species, we like to see ourselves as the best and brightest. We
are the intended, special, primary creatures of creation. We sit at the
apex of the evolutionary tree, the ultimate products of nature, self-
proclaimed and self-aware. We like to think that evolution's goal was
to produce us.

In a purely biological sense, this comforting view of our own posi-
tion in nature is false, a product of self-inflating distortion induced by
the imperfect mirrors we hold up to life. Yes, we are objectively among
the most complex of animals, but not in every sense. Among the sys-
tems of the body, we are the hands-down winners for physiological
complexity in just one place—the nervous system—and even there a
nonprimate, the dolphin, can lay down a claim that rivals our own.

More to the point, any accurate assessment of the evolutionary process.
shows that the notion of one form of life being more highly evolved than
another is incorrect. Every organism, every cell that lives today is the
descendant of a long line of winners, of ancestors who found successful
evolutionary strategies time and time again, and therefore lived to tell
about it—or at least to reproduce. The bacterium perched on the lip of my
coffee cup has been through just as much evolution as I have. I've got the
advantage of size and consciousness, which matter when I get to write
about evolution, but the bacterium has the advantage of numbers, of flex-
ibility, and most especially, of reproductive speed. That single bacterium,
given the right conditions, could literally fill the world with its descendants
in a matter of mere days. No human, no vertebrate, no animal could boast
of anything remotely as impressive.

What evolution tells us is that life spreads out along endless branch-
ing pathways from any starting point. One of those tiny branches even-
tually led to us. We think it remarkable and wonder how it could have
happened, but any fair assessment of the tree of life shows that our tiny
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branch is crowded into insignificance by those that bolted off in a thou-
sand different directions. Our species, Homo sapiens, has not tri-
umphed in the evolutionary struggle any more than has a squirrel, a
dandelion, or a mosquito. We are all here, now, and that's what mat-
ters. We have all followed different pathways to find ourselves in the
present. We are all winners in the game of natural selection. Current
winners, we should be careful to say.

That, in the minds of many, is exactly the problem.
In a thousand branching pathways, how can we be sure that one of

them, historically, unavoidably, would lead for sure to us? Consider
this: We mammals now occupy, in most ecosystems, the roles of large,
dominant land animals. But for most of their history, mammals were
restricted to habitats in which only very small creatures could survive.
Why? Because another group of vertebrates dominated the earth—until
the cataclysmic impact of a comet or asteroid drove those giants to

extinction. As Stephen Jay Gould writes:

If dinosaurs had not died in this event, they would probably still domi-

nate the domain of large-bodied vertebrates as they had for so long with

such conspicuous success, and mammals would be small creatures in the

interstices of their world. This situation prevailed for 100 million years;

why not for 60 million more? . . . In an entirely literal sense, we owe our

existence, as large and reasoning animals, to our lucky stars.'

So, what if? What if the comet had missed, and what if our ances-
tors, not the dinosaurs, turned out to be the ones driven to extinction?
Or, to use one of Gould's metaphors, what if we wind the tape of life
backwards to the Devonian, and imagine the obliteration of the small
tribe of fish known as rhipidistians. If they had vanished without
descendants, and with them hope of the first tetrapods, vertebrates
might never have struggled onto the land, leaving it, in Gould's words,
forever "the unchallenged domain of insects and flowers."9

No question about it. Rewind that tape, let it run again, and events
might come out differently at every turn. Surely this means that
mankind's appearance on this planet was not preordained, that we are
here not as the products of an inevitable procession of evolutionary suc-
cess, but as an afterthought, a minor detail, a happenstance in a history

that might just as well have left us out. I agree.
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What follows from this, for skeptic and true believer alike, is a con-
clusion the logic of which is rarely challenged—that no God would ever
have used such a process to fashion His prize creatures. He couldn't
have. Because He couldn't have been sure that leaving the job to evolu-
tion would have allowed things to work out the "right" way. If it was
God's will to produce us, then by showing that we are the products of
evolution, we would rule Him out as our Creator. Therein lies the value
or the danger of evolution. Case closed?

Not so fast. The biological account of lucky historical contingencies
leading to our own appearance on this planet is surely accurate. What
does not follow is that a perceived lack of inevitability translates into
something that we should regard as incompatible with a divine will. To do
so shows no lack of scientific understanding, but it seriously underesti-
mates God, even as He is understood by the most conventional of Western
religions.

When examined closely, the notion that we must find historical
inevitability in a process in order to square it with the intent of a Creator
makes absolutely no sense. Yes, the explosive diversification of life on this
planet was an unpredictable and historically contingent process. So, for
that matter, were the rise of Western civilization, the collapse of the
Roman Empire, and the winning number in last night's lottery. We do not
regard the indeterminate nature of any of these events in human history as
antithetical to the existence of a Creator, so why should we regard simi-
larly indeterminate events in natural history any differently? There is no
reason at all. If we can look at the contingent events in the families that
produced our individual lives as being consistent with a Creator, then cer-
tainly we can do the same for the chain of circumstances that produced
our species.

Clearly, many people look at the string of historical contingencies lead-
ing to our species as something that diminishes the special nature of
humankind. What they fail to appreciate is that the alternative, a strictly
determined chain of events in which our emergence was preordained,
would require a strictly determinant physical world. In such a place, all
events would have predictable outcomes, and the future would be open
neither to chance nor independent human action. A world in which we
would always evolve is also a world in we would never be free. Seen this
way, I think it is only fair for religious people to view the contingency and
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improbability of our origins as something deeper. The special nature of the
particular history that led to us can make us understand how truly
remarkable we are, how rare is the gift of consciousness, how precious is
the chance to understand, and to the believer, how great are the gifts and
expectations of God's love.

Can we really say that no Creator would have chosen an indetermi-
nate, natural process as His workbench to fashion intelligent beings?
Gould argues that if we were to go back to the Cambrian era and start
over a second time, the emergence of intelligent life exactly 530 million
years later would not be certain. I think he is right, but I also think this
is less important than he believes. Is there some reason to expect that
the God we know from Western theology had to preordain a timetable
for our appearance? After 4.5 billion years, can we be sure He wouldn't
have been happy to wait a few million longer? And, to ask the big ques-
tion, do we have to assume that from the beginning he planned intelli-
gence and consciousness to develop in a bunch of nearly hairless,
bipedal, African primates? If another group of animals had evolved to
self-awareness, if another creature had shown itself worthy of a soul,
can we really say for certain that God would have been less than
pleased with His new Eve and Adam? I don't think so.

God's statement in Genesis 1:26, "Let us make man in our image,
after our likeness,"" is sometimes taken to exclude this possibility. A lit-
eral reading of "image" and "likeness" would result in the requirement
that God look like us, that He be human in form and appearance,
which would mean that the emergence of creatures exactly like us had
to be preordained. Yet God is also said to be a spirit, a nonmaterial
being who reveals Himself in many ways—as a burning bush, a dove,
tongues of fire. A nonmaterial being could take any form, even the form
of a specific person, but theologians have long maintained that any
vision of God as a physical person of a particular age, dress, and
appearance is necessarily in error. If we are made in the image of God, it
must be in some way that transcends physical appearance.

What the Genesis phrase does imply, in the most conventional theolog-
ical terms, is that God is like us. That He understands us. That we can
trust our moral senses and faculties to find what He regards as good and
true. The common sense of this phrase even extends to science. Some
doubt the validity of the quantum picture of matter, suggesting that the
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submicroscopic world seems strange only because our brains have evolved
to function in the macroscopic, "big" world of everyday events. By such
reasoning, we should abandon our attempts to fashion a complete descrip-
tion of nature, because the inherent limits of our animal minds make logic
itself untrustworthy.

Genesis 1:26 tells us something very different. We are assured that
our efforts to understand nature are valid, because our hearts and
minds are fashioned in the likeness of God. Our senses, the ultimate
sources of scientific knowledge, are imperfect, but they are not deceit-
ful. Nature does not give up her secrets easily, and our first explanations
are not always correct. Nonetheless, if we persist, if we apply the tools
of reason and the power of the human mind, the world will yield its
secrets; and so it has. The God in whom believers put their trust may
surpass our understanding, but the assurance that we are made in His
image means that He and His world are accessible to our best efforts.
The world actually does make sense.

The vastness of the universe itself gives a hint that this was exactly
God's approach. If a Creator were to fashion a world in which the con-
stants of matter and energy made the evolution of life possible, then by
forming millions of galaxies and billions of stars with planets, he would
have made its appearance certain. With a sample size of only one, we can
hardly look at earth's natural history and be assured that the evolution of
intelligence and consciousness is the unavoidable outcome of life here or
anywhere else. But given the size of the universe, it is easy to imagine that
there may be many such experiments in progress. For all we know, God
has revealed Himself to us, according to our many religious traditions,
because we were the first of these experiments to be ready; or because we
were merely the latest of His many encounters with creation.

Given our late start in exploring the cosmos, no one should pretend to
know the answers to such questions, but neither should anyone assume
that the great range of evolution's possible outcomes somehow runs con-
trary to the demands of faith. It may demonstrate instead the Creator's
determination to fashion a world in which His creatures' individual
choices and actions would be free to affect the future. And it is only in such
a world that conscious beings would face true moral choices, and know
the certainty of genuine peace made possible by such a Creator.
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AMAZING GRACE

Believers since the earliest times have sought certainty, and still do. The
opposite of faith is doubt, and both are part of human character. To
resolve their doubts, many people of faith seek a direct link to God in
nature. They hunger for the indisputable miracle in stone, the unevolv-
able protein, the unbridgable gap in the fossil record—something that
will show them a "Made by Yahweh" stamp inside of the machinery of
nature. In principle, it is always possible that we will find such a mark,
but scientific history argues that it is very unlikely. Time and time again,
science has shown that natural phenomena have naturalistic causes, and
that the physical logic of the universe is self-consistent.

We could, if we wished, hold up the origin of life itself as an unex-
plained mystery, and find in that our proof of God at work. Since nei-
ther I nor anyone else can yet present a detailed, step-by-step account of
the origin of life from nonliving matter, such an assertion would be safe
from challenge—but only for the moment. We already know, from care-
ful experiments, that simple molecules of the sort found on the early
earth can combine to form many of the larger, more complex molecules
required for life. We also know that under certain conditions, some
molecules, including RNA, are capable of self-replication. We know
that membrane-like barriers can form spontaneously from simple lipids
and fatty acids, and we also know that the ancient earth had enormous
supplies of energy, solar, chemical, and geothermal, available to drive all
manner of chemical reactions. None of these facts proves that life origi-
nated purely of naturalistic causes, and therefore none of them proves
that the first cell was not the direct, miraculous, intentional work of a
Creator. At least not yet, and there's the danger.

My point is that there is no religious reason, none at all, for drawing
a line in the sand at the origin of life. The trend of science is to discover
and to explain, and it would be foolish to pretend that religious faith
must be predicated on the inability of science to cross such a line. Evo-
lution, after all, does not require that life must have originated from
naturalistic causes—only that its biological history is driven by the same
natural forces we observe every day in the world around us. Remember,
once again, that people of faith believe their God is active in the present
world, where He works in concert with the naturalism of physics and
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chemistry. A God who achieves His will in the present by such means
can hardly be threatened by the discovery that He might have worked
the same way in the past.

I devoted much of the first part of this book to reviewing the evidence
that supports evolution, and to exposing the intellectual weaknesses of the
many challenges against it. One would like to think that all scientific ideas,
including evolution, would rise or fall purely on the basis of the evidence.
If that were true, public opinion of evolution would long since have passed
from controversy into common sense. That is exactly what has happened
within the scientific community, but unfortunately, not among the general
public. In the minds of many, evolution remains a dangerous idea. For
biology educators, it is a source of never-ending strife.

I believe much of the problem lies with atheists in the scientific com-
munity who routinely enlist the material findings of evolutionary biology
in support their own philosophical pronouncements. Sometimes, as we
have seen, these take the form of stern, seemingly dispassionate pro-
nouncements about the meaninglessness of life. Other times, we are lec-

tured that the contingency of our presence on this planet invalidates any
sense of human purpose. And very often we are told that the raw reality
of nature strips the trapping of authority from any human system of
morality.

In the first chapter of this book I quoted an exceptional passage from
George C. Williams's compelling book, The Pony Fish's Glow." He
described Sarah Hrdy's study of infanticide among one of our primate rel-
atives, noting how from time to time a strong outsider will attack and
defeat the single dominant male and take charge of his harem. In
Williams's words, each female "accepts the advances of her baby's mur-
derer, and he becomes the father of her next child." Williams then asks
each of his readers to come to a theological conclusion on the basis of this
natural history lesson: "Do you still think God is good?"

No doubt Williams would have argued that if evolution is both the
instrument of God and also the source of murder and rape within the
harem, then the God of evolution must be a pretty nasty fellow, certainly
not the God we think we know through prayer and worship. In making
the same argument today, we could go further than Williams. We might
note a 1998 Canadian study u comparing the rate of infanticide in
human families headed by a child's biological father to that of families



278 FINDING DARWIN'S GOD

headed by a stepfather. Fortunately, the absolute rate of infanticide is
very small in either case. However, infanticide committed by a stepfa-
ther occurs at almost sixty times the rate of killing by a child's biologi-
cal father. We could note, if we cared to, that Hrdy's observations were
explicable in evolutionary terms, because in monkeys such infanticide
would increase the proportion of the new harem-master's genes in the
next generation. Do the human data mean that stepfathers have a pre-
programmed evolutionary instinct to kill their new wives' children?
And if it does, can we still think God is good?

I do think God is good, and I believe the stepfather data should be read
another way. George C. Williams literally wrote the book on evolutionary
adaptation, but like many nonbelievers he fundamentally misunderstands
what faith in God implies about the nature of good and evil. To begin
with, the harem-murders of Hrdy's monkeys are not moral lessons, but
animal behaviors. Evolution, under some circumstances, may indeed favor
the development of behaviors in which one individual kills others of its
own species. For example, the first, instinctive action of a newly emerged
queen bee is to sting to death her pupating sisters before they can emerge
to challenge her rule. A true naturalist like Williams should recognize that
any pronouncement of such behaviors as good or bad does not come from
science. We find the murder of a nursing monkey shocking not in itself,
and certainly not in its evolutionary logic, but only by analogy, because it
is so easy to compare such actions to our own.

Did evolution give human stepfathers the instinct to kill? I think not.
The very low rates at which stepchildren are murdered or harmed sup-
port a different generalization; namely, that the vast majority of stepfa-
thers are kind, effective, and loving parents. What evolution has done is
to imprint upon biological fathers an incredibly strong instinct against
harming their own offspring. The evolutionary basis of this is clear—
genes that predispose parents against the killing their own children are
actually helping copies of those genes to survive into the next genera-
tion. In this case, what evolution has done is to produce such a strong
aversion to infanticide of one's own child that the killings of another's
child, however rare, stand out in statistical contrast.

Can God be good when there is evil, even murder, in the living world?
Of course He can. To religious people, God is the embodiment of good.
Why, then, does He allow evil to exist? How could a kind and loving God
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allow a father to murder his child? How could He permit the carnage of
war, the terror of natural disaster, the inhuman agony of famine and dis-
ease? He allows such things because He has made us material creatures,
dependent upon the physical world for our existence. In such a world, the
destruction of one form of life comes about as a natural consequence of
the existence of another. We are connected to that natural world. We are
born in pain, we struggle for our food and drink and shelter, we age, and
eventually we die. He allows such things as a consequence of the gift of
human freedom. The ability to do good means nothing without the free-
dom to do evil. In a world of individuals, some will always choose the lat-
ter, and their actions form an unfortunate backdrop to which the moral
choices of virtue, charity, and honesty stand in contrast.

As creatures fashioned by evolution, we are filled, just as E. 0. Wil-
son says, with instinctive behaviors important to the survival of our
genes. And there is no doubt that some of these behaviors, though
favored by natural selection, can get us into trouble. Our desires for
food, water, reproduction, and status, our willingness to fight and our
tendencies to band together into social groups, can all be seen as behav-
iors that help to ensure evolutionary success of individuals who carry
such tendencies in their genes. Sociobiology, which studies the biologi-
cal basis of social behaviors, tells us there are circumstances in which
natural selection will favor cooperative and nurturing instincts, "nice"
genes that help us get along together. There are also circumstances that
will favor aggressive, self-centered behaviors ranging all the way from
friendly competition to outright homicide. Could such Darwinian ruth-
lessness be part of the plan of a loving God?

Naturally, it could. If life on this planet is distinguished by anything,
it is by its durability. Species have come and gone, but each new species,
each evolutionary branch, each twig of the tree of life represents part of
its continuing triumph. So do we. To survive on this planet, the genes of
our ancestors, like those of any other organism, had to produce behav-
iors that protected, nurtured, defended, and ensured the reproductive
successes of the individuals that bore them. It should be no surprise that
we carry such passions within us, and it is hardly the fault of Darwinian
biology for giving their presence a biological explanation. Indeed, the
Bible itself gives ample documentation of such human tendencies,
including pride, selfishness, lust, anger, aggression, and murder.
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Darwin can hardly be criticized for pinpointing the biological origins
of these drives. All too often, in finding the sources of our "original
sins," in fixing the reasons why our species displays the tendencies it
does, evolution is misconstrued as providing a kind of justification for
the worst aspects of human nature. At best, this is a misreading of the
scientific lessons of sociobiology. At worst, it is an attempt to misuse
biology to abolish any meaningful system of morality. Evolution may
explain the existence of our most basic biological drives and desires, but
that does not tell us it is always proper to act on them. The fact that
evolution provided me with a sense of hunger when my nutritional
resources are running low does not justify my clubbing you over the
head to swipe your lunch. Evolution explains our biology, but it does
not tell us what is good, or right, or moral. For those answers, however
informed we may be by biology, we must look somewhere else.

Every one of us, as a human being, is born with a raw core of passion
that religion knows all too well. That core is part of our biological human-
ity just as surely as are the bones of our hands or the blood that travels
through our veins. The sweeping process of change we know as evolution
shaped every part of us, and made us the creatures we are today. Our
faults, our strengths, our weaknesses, and our creative imaginations are
part of that biological heritage. For those who lack a sense of the spiritual,
the reality of that heritage may be all there is to mankind; but for people
of faith, there is something more.

There is no scientific way to describe the spiritual concept of grace,
which makes it less than real to an absolute materialist. To a believer,
grace is as real as the presence of God Himself. Do Darwin's revela-
tions—the discoveries that locate the sources of human passions in sur-
vival mechanisms—contradict the reality of grace? Not in the least. To a
believer, grace is a gift from God that enables us to place our lives in
their proper context—not by denying our biological heritage, but by
using it in His service. To be sure, our fears, our desires, our jealousies
provide us with reasons to fail, but they also provide us with the means
and the opportunity to succeed. To a believer, God's great gift was to
provide us with a means to understand, to master, and to do good using
both the strengths and weaknesses of human nature.

Where does science sit in all of this? I would argue that any scientist
who believes in God possesses the faith that we were given our unique
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imaginative powers not only to find God, but also to discover as much
of His universe as we could. In other words, to a religious person, sci-

ence can be a pathway towards God, not away from Him, an additional
and sometimes even an amazing source of grace.

VESTIGES

In 1844, an extraordinary book was published, Vestiges of the Natural
History of Creation. The stated theme of the book was that by close
examination of the natural world we could understand the natural his-
tory of God's creation, maybe even uncover something of the personal-
ity of the Creator Himself. At the time, invoking a theological motive
for delving into the works of nature was commonplace, but much of
what this book had to say was anything but routine.

Author Robert Chambers, an Edinburgh journalist and amateur nat-
uralist, wove his theology throughout his writing, consistently attribut-
ing the wonders of the natural world to the magnificence of its Creator:

Here science leaves us, but only to conclude, from other grounds, that

there is First Cause, to which others are secondary and ministrative, a

primitive almighty will, of which these laws are merely the mandates.

That great Being, who shall say where is his dwelling-place or what his

history! Man pauses breathless at the contemplation of a subject so

much above his finite faculties, and only can wonder and adore!"

Pretty conventional, praise-God-as-nature, nineteenth century stuff.
But Chambers was enough of a naturalist to understand that geology
had been sending very dangerous messages to biology, and he did made
sure that his readers understood what they were. One of these, he
noted, was that geology seems "inconsistent with the Mosaic record."
But that was the least of his shockers. Chambers presented to the pub-
lic, straight on, the great reality of the fossil record—that species do not
appear simultaneously, and that over time "there is a progress of some
kind"" to the emergence of species on the earth.

Chambers worried that this observation might result in "a storm of
unreasoning indignation,"" and one could easily view his frequent
invocations of the Almighty as intended solely to blunt the religious
concerns of his readers. Nonetheless, he was remarkably straightfor-
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ward about what the progressive appearance of species implied about
the work of the divine:

In what way was the creation of animated beings effected? The ordinary

notion ... [is] that the Almighty author produced the progenitors of all

existing species by some sort of personal or immediate exertion. But

how does this notion comport with what we have seen of the gradual

advance of species, from the humblest to the highest? ...

Can we suppose that the august being who brought all these count-

less worlds into form by the simple establishment of a natural principle

flowing from his mind, was to interfere personally and specially on

every occasion with a new shell-fish or reptile was to be ushered into

existence on one of these worlds? Surely, this idea is too ridiculous to be

for a moment entertained."

So, if not by divine fiat, how did all those forms appear? Chambers
suggested that throughout earth's history, a process of "creation by
law" had been taking place that accounted for the gradual appearances
of animated forms, following rules and principles laid down by the
Almighty. As he put it,

To a reasonable mind the Divine attributes must appear, not diminished

or reduced in any way, by supposing a creation by law, but infinitely

exalted."

In Chambers's view, a Creator who could set up a process driven by
natural law that would drive continuing creation for millions of years
was clearly even more clever than a designer who had to do it all "per-
sonally and specially," one species at a time.

Chambers anticipated evolution more than a decade before Darwin.
He wasn't the first; he was preceded on that score by Erasmus Darwin
(Charles's grandfather), Jean Baptiste Lamarck, and several others. But
Chambers put it most directly and most publicly. Vestiges sold well and
was widely read. We hear little about Chambers today, largely because
his book was badly weighted down by scientific errors and misconcep-
tions. Thomas Henry Huxley, soon to be Darwin's champion, called it
"pretentious nonsense," and Darwin wrote to a colleague that Cham-
bers's "geology strikes me as bad, and his zoology far worse."

Such attacks from the scientific community were mild compared to the
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theological hostility engendered by the work. Adam Sedgwick wrote,
"From the bottom of my soul, I loathe and detest the Vestiges," and other
religious critics were even less charitable. Sensibly, Chambers had seen it
coming. His work was published anonymously, and he did not allow his
connection to Vestiges to be revealed until well after his death in 1871.19
So thorough was his subterfuge that critics of the work were given to refer-
ring to its author as "Mr. Vestiges." Charles Darwin had to deny that he
was its anonymous author, and its effect on Darwin's own work was sig-
nificant. According to Gavin de Beer, "In 1844, the same year as that in
which Vestiges appeared, Darwin had finished his Essay on evolution by
natural selection; but seeing how the ideas in Vestiges raised the hackles of
scientists and theologians alike, he held his hand and kept his secret to
himself.""

Darwin would eventually write that Vestiges "has done excellent ser-
vice in this country in calling attention to the subject, in removing preju-
dice, and in thus preparing the ground for the reception of analogous
views."' As de Beer would put it, Chambers's book served as a lightning
rod, sparing Darwin "from at least some of the thunderbolts which would
otherwise have fallen on him and the Origin of Species."' Darwin's mag-
nificent work endured because not only did it avoid Chambers's many bio-
logical errors, but it offered something Chambers could not—a mechanism,
natural selection, that could drive the processes of evolutionary change.

Despite the significant scientific weaknesses of Chambers's work, it is
impossible not to be moved by the strength and sincerity of his conviction
that the study of nature is akin to the worship of God. In our own time,
human culture has long since grown too sophisticated to pretend that sci-
ence could be a calling from God. But I worry that such sophistication is
self-deceptive.

In graduate school I once attended a seminar that dealt, somewhat
indirectly, with the evolution of an important protein. During the question
and answer period, another student had the impertinence to note that the
speaker's university was religious in nature, and inquired as to whether her
mention of the "evolutionary implications" of her work was proper. She
smiled. Obviously, it was not the first time she had faced the question. "If
you deny evolution, then the sort of God you have in mind is a bit like a
pool player who can sink fifteen balls in a row, but only by taking fifteen
separate shots. My God plays the game a little differently. He walks up to
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the table, takes just one shot, and sinks all the balls. I ask you which pool
player, which God, is more worthy of praise and worship?" Robert Cham-
bers would have smiled; I certainly did.

I bring up Chambers's quaint, even archaic, attempts to infer the
character of the Creator from the nature of His creation because many
biologists today seem to believe they can do exactly the opposite—to
use nature to explain away the Creator, or more specifically, to explain
why we are so willing, so gullible as to believe in Him.

Edward 0. Wilson fired a shot along these lines, asserting in On
Human Nature that the tendency to believe in God could be explained
by natural selection. If group cohesion is strengthened by common
belief in the supernatural, then natural selection will produce, in the
most successful human groups, an unreasoning tendency to commit to
the supernatural. Having made this link, Wilson thinks he knows why
people believe in God, and he also knows what he wants to do with that
knowledge:

If religion, including the dogmatic secular ideologies, can be systemati-
cally analyzed and explained as a product of the brain's evolution, its
power as an external source of morality will be gone forever."

That clearly is Wilson's goal—to destroy forever religion's power as
a source of morality. If religion is just another behavioral product of
evolution, how can it possibly claim special authority—indeed, any
authority at all—in questions of morals, ethics, and values?

What Wilson never seems to grasp is that science, being also a prod-
uct of evolutionary forces shaping the human brain, could be discred-
ited by exactly the same logic. If he can explain away a believer's faith
as a product of evolutionary forces, that believer can turn around and
do exactly the same thing, attributing Wilson's lack of faith to the pres-
sures and demands of evolution on his brain. Genes for curiosity and
skepticism, valuable as survival tools in the recent past, may well pro-
vide the behavioral platform upon which science is built. Wilson's pur-
ported scientific views of life and nature could then be explained away
as illusory artifacts of primate evolution, constructed to fit the demands
of survival, not the objective reality of existence. That evolution helped
to create our capacities for both faith and science is undeniable. To
maintain that either is thereby invalidated fails the test of logic.
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Cognitive scientist Steven Pinker approaches religion in a similar way.
To Pinker, the brain is a series of "mental modules," each evolved to
"solve specialized problems" in the world around us. The modules are
formed and shaped by classic Darwinian forces, with each particular mod-
ule enduring only if its "assumptions worked well enough in the world of
our ancestors."' One of these, as Pinker and other scientists have said, is
a "God module," which predisposes to belief in the Almighty. The exis-
tence of this module explains, according to the MIT psychologist, "why a
mind would evolve to find comfort in beliefs it can plainly see are false."25
Pinker does not believe (a subtle difference from Wilson) that this is a dis-
tinct adaptation, but a byproduct of the activities of other modules,
including "intuitive psychology, the desire for prestige, and acquiescence
to experts." 26 Nonetheless, Pinker likewise explains away religion as an
unwelcome holdover from our primitive evolutionary past.

The God module is an intriguing way to explain the capacity for belief,
but as an effort to delegitimize religion, it turns and fails, like Wilson's, on
a logical point. If my evolution-honed brain is predisposed to believe in
God, by what evolutionary predispositions is Steven Pinker's brain predis-
posed to believe in modules? Is there a "module module?" By what feat of
logic does Pinker declare that his brain has risen far enough above its evo-
lutionary influences that he can step outside the bounds of cognitive biol-
ogy to find a cause for religion, whereas the brains of believers are still
mired in their mystical, evolution-induced fogs?

It is a wonderful strategy to claim that you have found a scientific
reason to explain why the other guy believes what he does (he's the pris-
oner of biology, of course), and slickly declare that your own beliefs rise
above such impediments. In fact, a believer might well say that of

course people have an evolutionary predisposition to accept the divine.
That's how the Creator knew that it was time to endow them with the
souls that they believe, as a matter of faith, serve to complete the physi-
cal and spiritual reality of human nature. Pinker's evolutionary forces
then become just one more tool in the hands of the Almighty.

WHAT KIND OF WORLD?
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complete. We no longer explain the specializations of an animal or the
multiple levels of a food chain in terms of how they fit into God's will,
but seek instead to understand the natural forces that shaped each of
them over time. As a result, the way in which we appreciate the natural
world has changed forever, almost exactly as Charles Darwin had antic-
ipated:

When the views advanced by me in this volume ... or when analogous

views on the origin of species are generally admitted, we can dimly fore-

see that there will be a considerable revolution in natural history. . . .

When we no longer look at an organic being as a savage looks at a

ship, as at something wholly beyond his comprehension; when we

regard every production of nature as one which has had a history; when

we contemplate every complex structure and instinct as the summing up

of many contrivances, each useful to the possessor, nearly in the same

way as when we look at any great mechanical invention as the summing

up of the labour, the experience, the reason, and even the blunders of

numerous workmen; when we thus view each organic being, how far

more interesting, I speak from experience, will the study of natural his-

tory become!"

Well, the views contained within The Origin have now been "gener-
ally admitted," and the study of natural history has indeed become, as
Darwin understated it, "far more interesting." Together with the other
makers of modern scientific reality, Darwin lifted the curtain that
allowed us to see the world as it really is. And to any person of faith,
this should mean that Charles Darwin ultimately brought us closer to
an understanding of God.

Darwin himself clearly worried that he had done exactly the oppo-
site. Desmond and Moore, whose excellent biography of Darwin
describes these doubts and fears, concluded a stirring summary of the
events surrounding Darwin's death and burial in Westminster Abbey
with these lines:

Darwin's body was enshrined to the greater glory of the new profession-

als who had snatched it. The burial was their apotheosis, the last rite of

a rising secularity. It marked the accession to power of the traders in

nature's marketplace, the scientists and their minions in politics and reli-

gion. Such men, on the up-and-up, were paying their dues, for Darwin
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had naturalized Creation and delivered human nature and human des-
tiny into their hands.

Society would never be the same. The "Devil's Chaplain" has done
his work."

Which is it? Did Darwin contribute to the greater glory of God, or
did he deliver human nature and destiny into the hands of a profes-
sional scientific class, one profoundly hostile to religion? Darwin's own
views on the subject are so complex and ambiguous that they offer little
help. At one time, he said that "agnostic would be the most correct
description of my state of mind"; 29 but at another, he wrote that he was
overwhelmed by

the extreme difficulty, or rather the impossibility, of conceiving this
immense and wonderful universe, including man with his capacity for
looking far backwards and far into futurity, as the result of blind chance
or necessity. When thus reflecting I feel compelled to look to a First
Cause having an intelligent mind in some degree analogous to that of
man; and I deserve to be called a Theist.30

Cementing his reputation as a fence-sitter, in The Origin Darwin
took special care to take neither position, declaring his work religiously
neutral:

I see no good reason why the views given in this volume should shock
the religious feelings of any one. It is satisfactory, as showing how tran-
sient such impressions are, to remember that the greatest discovery ever
made by man, namely, the law of the attraction of gravity, was also
attacked by Leibnitz, "as subversive of natural and inferentially
revealed, religion." A celebrated author and divine has written to me
that "he has gradually learnt to see that is it just as noble a conception
of the Deity to believe that He created a few original forms capable of
self-development into other and needful forms, as to believe that He
required a fresh act of creation to supply the voids caused by the actions
of His laws."'

Darwin, significantly, presented this expansive "conception of the
Deity" only as the idea of another, keeping his own views guarded. His
cautious language may have been the result of genuine conviction, or
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could have been intended, as some biographers have written, to spare
his family social embarrassment. No matter. The importance of what
Darwin has done rises or falls on its own merits, and not on his per-
sonal intentions, hopes, or fears. What matters to us today is whether
Darwin's work strengthens or weakens the idea of God, whether it

serves to enlarge or to diminish a theistic view of the world.
The conventional wisdom is that, whatever one may think of his sci-

ence, having Mr. Darwin around certainly hasn't helped religion very
much. The general thinking is that religion has been weakened by Dar-
winism, and has been constrained to modify its view of the Creator in
order to twist doctrine into conformance with the demands of evolu-
tion. As a result, even if we were generous enough to accept science and

religion as coequal ways of knowing, Orwellian common sense would

tell us that one of these partners is more equal than the other. Much
more equal. As Stephen Jay Gould puts it, with obvious delight,

Now the conclusions of science must be accepted a priori, and religious

interpretations must be finessed and adjusted to match unimpeachable

results from the magisterium of natural knowledge!"

Science calls the tune, and religion dances to its music.

Even the most fervent atheists will stipulate that one can apologize a
theistic vision, with due retrospective care, onto almost any scientific
reality. This makes God a pesky and elusive target, hard to pin down
and impossible to exclude. Nonetheless, to absolute materialists it also
means that the aftermath of Darwin is a diminished, roundabout,
apologetic version of belief in which religion must constantly be modi-
fied to the demands of the scientific moment.

This sad specter of God, weakened and marginalized, drives the con-
tinuing opposition to evolution. This is why the God of the creationists
requires, above all else, that evolution be shown not to have functioned in
the past and not to be working now. To free religion from the tyranny of
Darwinism, their only hope is to require that science show nature to be
incomplete, and that key events in the history of life can only be explained
as the result of supernatural processes. Put bluntly, the creationists are
committed to finding permanent, intractable mystery in nature. To such

minds, even the most perfect being we can imagine still wouldn't be per-
fect enough to have fashioned a creation in which life would originate and
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evolve on its own. The nature they require science to discover is one that
is flawed, static, and forever inadequate.

Science in general, and evolutionary science in particular, give us some-
thing quite different. Through them we see a universe that is dynamic,
flexible, and logically complete. They present a vision of life that spreads
across the planet with endless variety and intricate beauty. They suggest a
world in which our material existence is not an impossible illusion
propped up by magic, but the genuine article, a world in which things are
exactly what they seem, in which we were formed, as the Creator once
cared to tell us, from the dust of the earth itself.

It is often said that a Darwinian universe is one in which the random
collisions of particles govern all events and therefore the world is with-
out meaning. I disagree. A world without meaning would be one in
which a Deity pulled the string of every human puppet, and every mate-
rial particle as well. In such a world, physical and biological events
would be carefully controlled, evil and suffering could be minimized,
and the outcome of historical processes strictly regulated. All things
would move towards the Creator's clear, distinct, established goals.
Those who find discomfort in evolution often say that lack of such cer-
tainty in the outcome of Darwin's relentless scheme of natural history
shows that it could not be reconciled with their faith. Maybe so. But
certainty of outcome means that control and predictability come at the
price of independence. By being always in control, the Creator would
deny His creatures any real opportunity to know and worship Him.
Authentic love requires freedom, not manipulation. Such freedom is
best supplied by the open contingency of evolution, and not by strings
of divine direction attached to every living creature.

The common view that religion must tiptoe around the findings of
evolutionary biology is simply and plainly wrong.

One hundred and fifty years ago it might have been impossible not to
couple Darwin with a grim and pointless determinism. I believe this is why
Darwin in his later years tried and failed to find God, at least a God con-
sistent with his theories. If organisms were mechanisms, and mechanisms
were driven only by the physics and chemistry of nature, then we humans
were trapped in a material world in which past and future were interlocked
in mindless certainty. In such a world, the only chance for God's action
would have been in the construction of organisms themselves. Darwin
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surely felt he had denied himself that refuge by accounting for the illusion
of design. As a result, he may well have felt, despite his unwillingness to
admit to a world produced by "blind chance or necessity," that he had
ruled out any realistic possibility for God. That his God could never be
found.

Things look different today. Darwin's vision has expanded to encom-
pass a new world of biology in which the links from molecule to cell and
from cell to organism are becoming clear. Evolution prevails, but it pre-
vails with a richness and subtlety its originator may have found surprising,
and in the context of developments in other sciences he could not have
anticipated.

We know from astronomy that the universe had a beginning, from
physics that the future is both open and unpredictable, from geology
and paleontology that the whole of life has been a process of change
and transformation. From biology we know that our tissues are not
impenetrable reservoirs of vital magic, but a stunning matrix of com-
plex wonders, ultimately explicable in terms of biochemistry and mole-
cular biology. With such knowledge we can see, perhaps for the first
time, why a Creator would have allowed our species to be fashioned by
the process of evolution.

If he so chose, the God whose presence is taught by most Western reli-
gions could have fashioned anything, ourselves included, ex nihilo, from
his wish alone. In our childhood as a species, that might have been the only
way in which we could imagine the fulfillment of His will. But we've
grown up, and something remarkable has happened—we have begun to
understand the physical basis of life itself. If the persistence of life were
beyond the capabilities of matter, if a string of constant miracles were
needed for each turn of the cell cycle or each flicker of a cilium, the hand
of God would be written directly into every living thing—His presence at
the edge of the human sandbox would be unmistakable. Such findings
might confirm our faith, but they would also undermine our indepen-
dence. How could we fairly choose between God and man when the pres-
ence and the power of the divine so obviously and so literally controlled
our every breath? Our freedom as His creatures requires a little space,
some integrity, a consistency and self-sufficiency to the material world.

Accepting evolution is neither more nor less than the result of respect-
ing the reality and consistency of the physical world over time. We are
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material beings with an independent physical existence, and to fashion
such beings, any Creator would have had to produce an independent
material universe in which our evolution over time was a contingent pos-
sibility. A believer in the divine accepts that God's love and His gifts of
freedom are genuine—so genuine that they include the power to choose
evil and, if we wish, to freely send ourselves to hell. Not all believers will
accept the stark conditions of that bargain, but our freedom to act has to
have a physical and biological basis. Evolution and its sister sciences of
genetics and molecular biology provide that basis. A biologically static
world would leave a Creator's creatures with neither freedom nor the inde-
pendence required to exercise that freedom. In biological terms, evolution
is the only way a Creator could have made us the creatures we are—free
beings in a world of authentic and meaningful moral and spiritual choices.--

Those who ask from science a final argument, an ultimate proof, an
unassailable position from which the issue of God may be decided, will
always be disappointed. As a scientist I claim no new proofs, no revolu-
tionary data, no stunning insight into nature that can tip the balance in
one direction or another. But I do claim that to a believer, even in the most
traditional sense, evolutionary biology is not at all the obstacle we often
believe it to be. In many respects, evolution is the key to understanding our
relationship with God. God's physical intervention in our lives is not
direct. But His care and love are constants, and the strength He gives,
while the stuff of miracle, is a miracle of hope, faith, and inspiration.

When I have the privilege of giving a series of lectures on evolutionary
biology to my freshman students, I usually conclude with a few remarks
about the impact of evolutionary theory on other fields, from economics
to politics to religion. And I find a way to make it clear that I do not regard
evolution, properly understood, as either anti-religious or anti-spiritual.
Most students seem to appreciate those sentiments. I expect that they fig-
ure that Professor Miller, a nice guy but probably an agnostic, is trying to
find a way to be unequivocal about evolution without offending the uni-
versity chaplain. There are always a few who find me after class and want
to pin me down, Usually they ask me point-blank, "Do you believe in
God." And one-on-one, I carefully tell them, "Yes." Puzzled, they ask
what kind of God? Over the years, I have struggled to come up with a sim-
ple but precise answer to that question. Eventually I found it.

I ask my inquiring students to reread the final chapter of Darwin's
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On the Origin of Species. The brief and simple "Recapitulation and
Conclusion" summarizes the coherent power of Darwin's great idea. It
lays out a few of the most obvious objections to evolution, and shows
how easily they are answered. It shows the range of topics affected by
evolution, and finally, it presents its readers with a perspective on the
immense diversity of life.

By asking my students to read this chapter, I hope to make the point
that my beliefs do not depend upon a flaw of evidence or logic in The

Origin. I want to establish that evolution is something worth learning
about, which is my goal even in an introductory class. I hope they will
share the author's amazement

that these elaborately constructed forms, so different from each other,
and dependent upon each other in so complex a manner, have all been
produced by the laws acting around us.

I also hope that they will find the answer to their question in the
final sentence of the book:

There is grandeur in this view of life; with its several powers having
been originally breathed by the Creator into a few forms or into one;
and that, whilst this planet has gone cycling on according to the fixed
law of gravity, from so simple a beginning endless forms most wonderful
and most beautiful have been, and are being evolved."

What kind of God do I believe in? The answer is in those words. I
believe in Darwin's God.
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