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C harles Robert Darwin was laid to rest more than a century and a quarter

ago, yet his bones surely do not rest easily, even today. Like none other,
he had and has his defenders: passionate defenders. Like none other, he had and
has his critics: passionate critics.

Charles Darwin himself is controversial. There are those, scientists particu-
larly, who see in Darwin the ideal researcher—dedicated, persistent, innovative,
comprehensive, working patiently and professionally toward his ends, troubled by
illness yet not distracted. A man for whom the truth is the only value appropriate
for a scientist, himself willing to give and to sacrifice all to this end. At the same
time, this Darwin is a man of personal generosity, offering friendship and support
to all, close acquaintance and stranger alike. When his lieutenant Thomas Henry
Huxley fell sick, it was Darwin who at once passed the hat, making a typically
generous personal donation. This was the man he was.

There are others, however, who see a different Darwin. These people, fre-
quently trained professionally in history and related subjects such as cultural stud-
ies, see a man who is a classic upper-middle-class Victorian with the prejudices of
that class: racist, sexist, chauvinist, capitalist. Their Darwin has a second-rate
mind; he was one who stumbled upon ideas that were truly beyond his grasp; and
he was a man who quite probably stole most of his discoveries anyway. Rather
than a man of genuine warmth and generosity, these critics see a user who con-
cealed a heart of ice behind a facade of congeniality. They see one who used his
illness to avoid responsibility, and they find many failures stemming from Dar-
win’s personal inadequacies.

Controversial though Darwin himself may be, this is nothing to the work he
produced. At the center is his major book, On the Origin of Species. His supporters
and enthusiasts regard this work as a paragon of scientific excellence, a model of
how to do good science—clear, thorough, balanced, suggestive, innovative. They
think Darwin anticipated problems and—the mark of really important science—
left work to do for generations to come. Darwin’s detractors, however, see a
mishmash of ideas and suggestions and hypotheses and half thoughts—half-baked
thoughts!—that were strung together without order or reason, not just in the Ori-
gin but also in a series of secondary writings of genuine Victorian length and tedi-
um. And these were just the first editions. By the time Darwin had written and
rewritten his works in the face of criticism, one was left with material that
showed as many disparate pieces as a crazy quilt, and with about as much organi-
zation. Only those with their own personal agendas to satisty could find in Darwin
that of real worth and value.

Finally, there is Darwin’s legacy. His supporters today—neo-, ultra-, or just
plain Darwinians—think that he left us one of the most important theories hu-
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mankind has yet discovered. After the Origin, our thinking about the world and
about ourselves could never again be the same. Darwin’s was a revolution that
equaled that of Copernicus. Indeed, one might even say that in the secular realm,
Darwin’s ideas and influence equal-—and perhaps supercede—those of Jesus
Christ in the spiritual realm. Never before or again can there be a body of work of
this significance. But his detractors think just about the opposite. They appreciate
the “dangers” of Darwinism. They argue that Darwin’s ideas are overblown, un-
substantiated, and little more than ideology—secular religion—masquerading as
disinterested description and explanation. They think that Darwinians are delud-
ed, arrogant, and mischievously influential especially on the young. Destroying
the legacy of Charles Darwin must be the aim and obligation of every right-think-
ing person.

In the last century, several U.S. states banned the teaching of Darwin’s
ideas, and to this day we find boards of education warning teachers and students
against the dangers of accepting his theories. (See Figure 1.) Of course, you might
respond, one should always keep an open mind about anything one is told, espe-
cially in science. Was it not the great philosopher Karl Popper who warned us
that nothing in science is permanent that every idea may and someday probably
will fall to the ground? However, which high-school teacher feels the need to cau-
tion about the Copernican revolution, telling the class that it may be necessary to
revise and revamp, perhaps one future day going back to an earth-centered static
universe? None, obviously! But in the case of Darwin, students are told to beware
and to take heed. Perhaps one is going to be seduced from the true faith by vile
heresies and misrepresentations.

Now, obviously, when people fall out like this, there is something interest-
ing going on. There is no smoke without fire—although what is burning is per-
haps another matter. Indeed, trying to find the answer to this puzzle is one of the
reasons why I have written this book. I want to introduce you to Charles Darwin
and to his ideas, to the people who came before him and the people who came af-
ter. I want to see what it is that makes people so passionate, either for or against.
And achieving this aim is the reason why this book is structured as it is. I shall go
more or less historically, from the past to the present, and each chapter will be in-
troduced by a clash between people or groups: hence my title, The Evolution Wars.
But although I love a good fight as much as anyone, truly I want to dig out, going
behind the arguments and the polemics. I want to see why it is that people dis-
agree and what is at stake and whether there was or is or ever could be a solution
to what so divides the antagonists. A word of caution: I am not a social worker or
psychiatrist, so frankly I do not care whether a resolution is ever reached or
whether anyone feels happier when I have finished. I am a teacher, so I do care
very much whether you understand a lot more when I am finished.

Which brings me to my final point, and then we can begin in earnest. You
have a right to know where I stand. I think Darwin was a great scientist, and I
think his ideas were truly important. Although I think he was often wrong—and I
shall be telling you much more about his mistakes—I believe that essentially Dar-



Figure |

win got it right. This mattered back then, and it matters right now. Darwin told
us things of importance about the world and about ourselves. I think Darwin’s
ideas impinge on other areas of human inquiry and interest. Most importantly
they rub up against religion, the Christian religion in particular. And those who
say that religion and science can never be in conflict are deluding themselves. Sci-
ence and religion can be at war, they have been at war, and Darwinism is right in
the thick of it. But science and religion can work together; that is the other side to
the story. And Darwinism is in the thick of this too. Those who say that religion
and science must always be in conflict are likewise deluding themselves.

Prologue ® xiii
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But I have said that I am a teacher, and I take that responsibility seriously in
two ways. First, [ am not here to convert you one way or the other. It is my job
to give you the information, the tools, and then to let you work on things your-
self. I can fault you on your knowledge of the facts, but when it comes to the in-
terpretations, you are on your own. To be honest, I am indifferent as to whether
you end up agreeing with me or disagreeing with me. I always tell my students
that before I assign their marks, I do not look at their final sentences, in which
they give their conclusions. I do care about the arguments they use to get to their
conclusions, and I feel the same way about you. Agree or disagree with me as you
wish, but show me that I should take you seriously.

And this brings up my second responsibility as a teacher. If, when you have
finished, you do not care to argue with me, then I have let you down. Above all,
Darwin, Darwinism, the Darwinian legacy, is absolutely fascinating. It is the story
of terrific people and terrific ideas. These are important issues, and they matter—
to me and to you. I am not going to trivialize, and I am not going to glamorize.
You are not about to get the Disney version of Darwin. But I shall be very disap-
pointed if you do not think that this topic is something that makes learning worth-
while. We may be grubby little primates on a grubby little planet, but every now
and then we rise above ourselves. We escape the tawdry humdrum of everyday
life and make sense of the Christian claim that through our intellect we are made
in the image of God. Thinking on the questions raised in this book is one of those
times.

Further Reading & Discussion

The standard history of evolutionary thought is Peter Bowler’s Evolution: The History of an Idea, 3rd ed.
(Berkeley: University of California Press, 2003). This is very comprehensive and fair, although to be hon-
est a little bit of a textbook and reads like one. Very different is Robert J. Richards’s The Meaning of Evolu-
tion: The Morphological Construction and Ideological Reconstruction of Darwin’s Theory (Chicago: University of
Chicago Press, 1992). Short, opinionated, brusque with the views of others, it is fun to read and legitimat-
ed by its author’s very deep learning and understanding of his subject. My own Monad to Man: The Concept
of Progress in Evolutionary Biology (Cambridge: Harvard University Press, 1996) is very long and detailed.
Only graduate students working on their theses have to read it through from beginning to end; others
should read the short introduction and then dip into it as it interests them. It is written in a kind of modu-
lar form so you can easily move around from one point to another. You will find that there is a lot of detail
about the personalities and ideas of many of the people mentioned in this book.

My Mystery of Mysteries: Is Evolution a Social Construction? (Cambridge: Harvard University Press, 1998)
covers some of the same ground and is much easier going. It is the best, short, overall introduction to the
history of evolutionary thought around at the moment. Also let me recommend the Dictionary of Scientific
Biography (New York: Scribner, 1970, and supplementary volumes later). There are many excellent arti-

cles on the major figures in the history of evolutionary thought and useful guides to further reading.
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Chapter I

Ear])/ Evolutionists in the Debate: The Birth of the Idea

Overview

I n this chapter we will explore how an argument of vertebrates vs. inverte-
brates in 1830s France, 29 years before the publication of The Origins of
Species, began the Evolution Wars that continue today and remain hotly debated
by 21st century academics, religious believers and political leaders. This chapter
primarily discusses the life and work of four scientists who not only started the
debates, but also set the stage for the wars to continue—FErasmus Darwin, Jean
Baptiste de Lamarck, George Cuvier, and Etienne Geoffroy Saint-Hilaire.

Whereas later debates focus heavily on religion vs. science, these early scientists
were exploring, debating and disagreeing on evolution with both sides having
strong religious beliefs. Early evolutionists like Erasmus Darwin were neither ag-
nostics nor atheists. They tended to be deists, that is, to believe in God as a su-
preme being who created the physical universe, but who doesn’t intervene in its
operation. Their God works through unbroken law and there is no need of mira-
cles. Evolution, for them, therefore supports rather than detracts from the belief
in God.

Because theorists in the early Evolution Wars did not necessarily see evolution in
conflict with their religion, the early debates did not focus on religion vs. science,
but on three aspects of evolution itself: There is the very fact of evolution: the
slow, natural development of all organisms, living and dead, from simple, shared
forms, perhaps ultimately from inorganic materials. There is the path of evolution:
what direction did evolution take; are the birds for instance, descended from the
dinosaurs? Then there is the mechanism or cause of evolution: what drives the pro-

cess of Change?

Charles Darwin’s grandfather, late-cighteenth-century English physician Erasmus
Darwin was an early evolutionist. What really drove him, rather than any empiri-
cal facts, was The Social Doctrine of Progress, the belief that through our unaided
(by God) effort we can improve science, technology, and life generally, as evi-

denced by the Industrial Revolution.



The late-cighteenth-century and early-nineteenth-century botanist and zoologist,
French minor aristocrat Jean Baptiste de Lamarck, was the first to write a system-
atic account of evolution. Like Erasmus Darwin, he too was a deist who believed
in progress (hence his success, despite his noble status, during the Revolution).
He laid on this the belief that acquired characteristics (like the long neck of the gi-
raffe) can be inherited through parts that respond to use and disuse. This mecha-
nism, known as “Lamarckism,” fell out of favor as the modern theory of evolution

began to take hold.

The great, early-nineteenth-century French comparative anatomist Georges Cuvi-
er was skeptical about the progress theory. He was a practicing Christian (a Prot-
estant) who disliked the deistic notion of God. Further, he had empirical evidence
against evolution, citing the unchanged, mummified animals Napoleon’s scientists
had brought back from Egypt. But his main objection to evolution was that he
could not see that tightly designed, well-functioning organisms that he explored as
an anatomist could gradually change from one form to another. To him, this
meant that a midpoint organism would be literally neither fish nor fowl and hence
could not exist and reproduce.

Cuvier and his one-time friend, another early-nineteenth-century French compar-
ative anatomist, Etienne Geoffroy Saint-Hilaire, clashed over the possibility that
there might be connections or significant similarities between vertebrates and in-
vertebrates. To accept these connections also meant accepting the very fact of
evolution mentioned earlier. This famous clash of two titan personalities in the
19th century European scientific community is the first battle in the Evolution
Wars that we will explore.

The Role of the Scientific Community

The work of the following scientists is discussed in this chapter. Short, biographi-
cal essays of these individuals appear in Biographies on page 607.

Erasmus Darwin (1731-1802)

Jean Baptiste de Lamarck (1744-1829)

Georges Cuvier (1769-1832)

Etienne Geoffroy Saint-Hilaire (1772—1830)

4 Early Evolutionists in the Debate



Setting the Stage

I t was 1830 and Georges Cuvier was angry. And when Cuvier, the most

powerful scientist in France, was angry, he was really livid. Pompous too.
And very dangerous. He knew more than anyone else, and he set the standards
and judged the results (Coleman 1964). You crossed him at your peril. For thirty
years now he had been listening to this stupid, unfounded, dangerous nonsense
from his fellow scientists. First there had been Jean Baptiste de Lamarck, and now
when finally Lamarck had died and peace was in the offering, Etienne Geoffroy
Saint Hillare—an old friend and a man who should have known much better—
had taken up the cudgels and was promulgating the same detritus of the intellec-
tual world, pseudoscience if ever there was such a thing. Action had to be taken.
No longer could this be a civilized debate between savants of the same stature and
learning. Things had to go public (Appel 1987).

No better forum could be found than the chief learned scientific society of
France, the Academie des Sciences, of which both Cuvier and Geoffroy were
members, and where indeed Cuvier was a Permanent Secretary, one of the chief
positions of power and authority. Yet as so often happens when things explode af-
ter many years of provocation, the ostensive topic of debate was very minor and
arcane. In October 1829, two unknown naturalists, Pierre-Stanislas Meyranx and
a Monsieur Laurencet—a man so obscure that no one today knows his first
name!—had submitted a memoir to the Academie on the subject of molluscs, a
well-known group of marine invertebrates, that is, animals without backbones.
They argued that there are significant similarities between the molluscs—they
took the cuttlefish as a typical example—and the vertebrates, that is, animals with
backbones. At least they argued—for nothing in this world is simple and straight-
forward—that if you bend a vertebrate backward in a bow, so that its head is vir-
tually sticking up its butt, then you can see similarities. Geoffroy (as a member of
the Academie) was asked to make a report on their claim, and his response came
in very positively. Rubbing salt into open sores, he quoted (without identifying ei-
ther source or author) an old paper of Cuvier’s that denied forcefully that there
could be any similarities between vertebrates and invertebrates. Now, claimed
Geoffroy, we see that this kind of zoology is outdated and unneeded.

Incandescent with rage—so much so that the unfortunate authors of the
memoir wrote earnestly to Cuvier, denying that their work had any implications
whatsoever or that they intended in any way to contradict “the admirable work
that you have written and that we regard as the best guide in this matter” (Appel
1987, 147)—Cuvier held forth before the Academie, with charts and tables show-
ing that similarities are absent and that only the truly deluded could think other-
wise. At which point, realizing that the best form of defense is attack and that Cu-
vier had forgotten far more about the invertebrates than he could ever learn,
Geoffroy switched topics, arguing now that real similarities across species could
best be discerned within the vertebrates (rather than across the verte-
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brate/invertebrate line). Now his point of argument was focused on the bones in
the ears of humans and cats, which although different in size, shape, and number
were (according to Geoffroy) essentially similar. Again Cuvier responded, and
again his arguments were mixed with scorn and derision. Define your terms, he
thundered at Geoffroy. “If our colleague had made a clear and precise response to
my requests, that would be a fine point of departure for our discussion.” Unfortu-
nately, all he does is introduce one airy-fairy philosophical construction after an-
other. All words and no substance. “It is to say the same thing in other terms, and
in much more vague, much more obscure terms” (p. 150).

And so the debate went back and forth, with Geoffroy bobbing and weaving,
always changing ground. Chasing him round the ring was Cuvier, flailing away,
every now and then landing a good hard punch but never able to strike his oppo-
nent on the chin and end the contest. Finally, the fight petered out, with the con-
testants threatening their opponents with long series of justificatory memoirs. But
not before the audience had had a wonderfully good time. Including the aged poet
Johann Wolfgang von Goethe, who exclaimed to a friend, “The volcano has come
to an eruption, everything is in flames”—an event that he saw as being “of the
highest importance for science” (Appel 1987, 1).

But, even accounting for poetic license, could this really be so? An event “of
the highest importance for science”? Are we truly talking about the same things:
the similarities between a cuttlefish and a vertebrate bent backward until it resem-
bled nothing so much as a participant in a prerevolutionary Cuban sex show? The
bones in the ears of humans and of cats? Who cares? Or rather, since some obvi-
ously did care, why should we care? To answer these questions, we must go back
a hundred years and start our story: then we shall see why it was that two distin-
guished French scientists did hammer it out in the spring of 1830, to the joy of

onlookers then and of historians ever since.

Essa Ly

Dgfinjng Evolution

We must not fall into the same trap that Cuvier accused Geoffroy of falling into.
We must be careful to define our terms. At least, we must be careful to define
one particular term. I realize that at this point you will probably start to groan and
fear that I have forgotten already what I said at the end of the Prologue about my
duty to be interesting and informative. You will find that I am a professional phi-
losopher, and you will remember that someone once told you that the trouble
with philosophers is that they are obsessed with language. They get hold of an im-
portant problem, start defining and redefining the pertinent terms, turning them
upside down and inside out, and then they end up by announcing triumphantly
that there was no genuine problem to begin with!

6 ° Early Evolutionists in the Debate



Georges Cuvier

I cannot deny that there is some truth to this. But terms and language are
important, and unless one does take care one can waste an awful lot of time. I ex-
pect many of us have gotten into heated arguments about the existence of God,
only to find at the end that we are arguing completely at cross purposes. The
atheist is denying a God who looks a little bit like Santa Claus in a bed sheet, sit-
ting on a cloud surrounded by angels with wings. The Christian is asserting a God
who is the ground of our being or some such thing. The Christian would be ap-
palled to learn that he or she is supposedly defending the odd entity that the
atheist is denying. The atheist has never really thought seriously about the being
that the Christian is affirming.

So, without further apology, let me turn to the term that is going to be at
the heart of this book: evolution. And let me tell you that, traditionally, there are
three things to which the term evolution applies (Ruse 1984). First, there is what
we might call the very fact of evolution. By this is meant the idea that all organ-
isms—you and I, cats and dogs, cabbages and kings, living and dead—are the end
result of a long process of development, from forms vastly different. Usually it is
thought that the original forms were very simple and today’s forms are rather
complex—some of them at least—and that everybody and everything is related in
some form through descent. We shall see, however, that there are variations on
this. Usually it is also thought that if you go back far enough then you pass from

Early Evolutionists in the Debate ® 7



the living to the merely material—chemicals and so forth. In other words, the or-
ganic (that is to say the living) came from the inorganic (that is to say the nonliv-
ing). We shall have to go into this. And usually evolution is said to be “natural,” in
the sense that the processes (more on these in a moment) that fuel evolution are
simply regular laws of nature—there is no need for divine or any other kinds of
interventions. Again this is a matter that will get a lot more attention.

Second there is the path or paths of evolution, known technically as phylogeny
(phylogenies). Here we are dealing with the tracks that evolution takes through
time. When did life first occur on earth? When did multicellular organisms evolve
from simpler forms? Was the Cambrian explosion one of a kind, or are there
many such events? Did the birds come from the dinosaurs or simply from ordi-
nary kinds of reptiles? When did the dinosaurs vanish, and was this associated with
any grand terrestrial events? What do we know of human origins? Did humans get
up on their legs and then the brains explode in size, or was it the other way
around? In many respects, it is this aspect of the idea that most people think of
when they think of evolution. “Missing links” is a favorite refrain of the critics of
evolutionism, meaning that there are gaps in the fossil record (so the critics claim)
where there should be transitions between one major kind (like land mammals)
and another major kind (like sea mammals, such as whales). As we shall learn, in
various ways the finding and establishing of paths stand somewhat aside from
much else in the evolutionary enterprise. How, why, and what this all means will
be a matter of some considerable interest.

Third and finally we have the question of the causes or mechanisms or theory of
evolution. What makes the whole process go and work? What drives evolution?
What is its motive force? In physics, this was Newton’s great achievement. He did
not discover that the planets go around the sun. This was the job of Copernicus.
He did not map the heavens accurately. Tycho Brahe did this. He did not find the
planetary motions. Kepler’s job. Nor did he work out what happens down here
on earth. Galileo. But he did find the law of inverse gravitational attraction and
show how everything follows from this—orbiting planets and soaring cannon
balls. For this reason alone, we venerate Newton and his genius. Likewise we
have such questions in evolutionary biology. Is there a biological equivalent to the
force of gravitational attraction and, if so, does it work in the same way? Is there
indeed one prime cause, or are there many such forces that collectively make for
the overall mechanism? And is the whole thing theoretical, and if so in what
sense?

This division of evolution into three is somewhat artificial. Obviously you
cannot have a path of evolution or a cause without the fact of evolution. And cer-
tainly any thoughts that you have about causes are going to be very much influ-
enced by the paths that you think that evolution took. For instance if you
thought—what nobody in fact has ever thought—that trilobites (a form of marine
invertebrate that went extinct over three hundred million years ago) gave birth in
one step to elephants, you would have a very different theory of evolution from
thinking that the trilobite-elephant link (even if it existed) took 500 million years

8 Early Evolutionists in the Debate
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with many, many intermediates. Indeed, if your fact of evolution includes the ori-
gin of life itself, then you are probably going to be thinking differently causally
than if you think that the question of ultimate origins lies outside your ken. But,
for all of the artificialities, it is useful to make a three-part division—fact, path,
cause—and it will help us to structure our discussions in this book. Let us use it
but not be ruled by it.

Now we are ready to start into our story, so let us go back to the eighteenth

century .

Erasmus Darwin

The ecighteenth century is called the Age of the Enlightenment, the time
when the discoveries in science were consolidated and extended and when in the
arts and in literature people started to turn from the past and look to the future.
It is the time when we find such great writers and critics as Voltaire; philosophers
such as David Hume and (a little later) Immanuel Kant; and the beginnings of so-
cial science in the hands of such men as the Scottish political economist, Adam
Smith. Physics had had its great revolutions in the two centuries previously.
Chemistry was to have its revolution toward the end of the century, thanks partic-
ularly to Antoine Lavoisier—whose reward was to be the loss of his head under
the guillotine. Biology was still looking forward (Roger 1997). But the way was
being prepared, thanks especially to the labors of two men. On the one hand,
there was the Frenchman Georges Louis Leclerc, Comte de Buffon, author of the
multivolumed Histoire Naturelle (from 1749 on), a discursive series of books that
covered nature from one end to the next. Then on the other hand, there was the
Swedish naturalist Linnaeus (Carl von Linne), whose ever-expanding Systema Na-

Early Evolutionists in the Debate ® 9



Erasmus Darwin

turae (first version 1735) introduced the modern system of organic classification,
wherein every animal and plant can be fitted into its own unique place in the or-
der of things.

Although neither was entirely successful in holding the dike, essentially both
men had static pictures of nature. They had pictures that were, if not directly
biblically based, then at least were views of life that might be called “Creationist,”
in the sense that God had created animals and plants basically in the forms that we
see today, subject perhaps to a certain amount of variation, particularly of a de-
generative kind. But the Age of the Enlightenment was above all an age of change,
both as people saw the world around them and as the leading thinkers of the time
saw the course of history. It is true that Christianity is itself a historical religion.
One starts back with the Creation in Genesis and works through the Old Testa-
ment until the Incarnation, in the form of Jesus Christ. Then one moves forward
until some time in the future when God judges us all, for good or for ill. But al-
though our actions are certainly relevant, it is not a history over which we have
much control. Indeed, ultimately, our greatest gains “count for naught” and we
are dependent on God’s grace for our salvation. With the development of science,
however, and the advances of literature and philosophy and political economy and
more, people began to develop the confidence that not only is there change, but
this can be permanent and brought about by us, through our own efforts. More-
over, whatever the naysayers may have claimed to the contrary, this was thought

to be change for the good. Progressive change, in short. Such a philosophy, if one
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may so call it so, was bound to have an effect on thinking about the organic
world, and now as we shall see it truly did (Ruse 1996).

Erasmus Darwin, the grandfather of Charles, was a physician in the British
Midlands in the second half of the eighteenth century (McNeil 1987). Famed for
his skill—his diagnostic abilities were formidable—Darwin several times refused
the earnest entreaties of poor oft-times mad King George the Third to come south
and take on the role of court physician. He was happy in his station in life and par-
ticularly in his place in the country, which was just then experiencing the first
wave of the Industrial Revolution. Around him enterprising engineers were put-
ting to use the powers of coal and steam in the running of those machines that
were to produce finished goods at a rate far more rapid than could ever be
achieved by hand. The Midlands and the North of England were the sites of the
action, and Darwin was in the thick of it, mixing with industrialists, scientists, en-
gineers, and others, and himself contributing knowledge and advice drawn from
his medical studies and experience, not to mention his general grasp of things sci-
entific. A particular interest was the world of agriculture, something that had to

experience no less of a revolution than industry, as people moved from the land
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to the cities, and as population numbers exploded, and hence as there was need to
produce far more food with far less remaining available labor.

Erasmus Darwin was a man big in every sense of the word. His appetites
were gargantuan. He loved his food so much that it was necessary to cut a semi-
circle in his table so that he could get close to the action. Preparing for one of his
visits required considerable forethought and expense. Expensive dishes—prefera-
bly many of them—were expected and appreciated. But Darwin gave as he re-
ceived. He was a wonderful conversationalist and a much-loved friend, valued for
his sensible advice. Yet, for all that he was fat, was missing his front teeth, and
(with or without them) stammered badly, there was a romantic side to Dr. Dar-
win. Sexually, he was a man of some considerable action. Three children with a
first wife, two with a mistress during a kind of interregnum, and then seven more
when, nearing fifty, he married the widow of one of his patients. This last he did
in the face of several younger suitors. Intellectually also there was a lighter side to
Darwin. In his day, he was one of England’s better known and appreciated poets,
as well as a writer of prose on many and varied subjects.

One of Darwin’s closest friends was the potter Josiah Wedgwood, he who
was responsible for the development of the British china trade—cups and saucers,
plates and dishes, as well as vases and other objects of great beauty. In this prerail-
way age, the chief mode of transportation—especially safe and careful transporta-
tion—was by water. Supplementing the sea and the rivers, the eighteenth century
was a time of great canal building: something that required an intimate knowledge
of geology, especially when there were questions of boring tunnels through
mountains. Wedgwood was a major figure in this work, and Darwin was in the
midst of this activity, looking and searching and thinking and exclaiming. “I have
lately travel’d two days journey into the bowels of the earth, with three most able
philosophers, and have seen the Goddess of Minerals naked, as she lay in her in-
most bowers” (King-Hele 1981, 43).

Erasmus Darwin was absolutely fascinated by discoveries such as these.
Looking back two centuries later, there is no “smoking gun” that proves defini-
tively just what it was that tipped him toward evolutionism or (as, in those days,
he would have called it) transmutationism. Most probably it was the marine re-
mains (shells and fossil fish) found hidden away in that mountain, in the middle of
England, where he journeyed with his companions. Certainly, soon thereafter
Darwin adopted E conchis omnia (Everything from shells) as his personal motto,
and to celebrate he had the phrase painted on the door of his own carriage. He did
not rush into print, however. Setting a pattern that was to be followed by his
grandson Charles, Erasmus Darwin took some 20 years before he felt ready to an-
nounce his thinking to the outside world.

His ideas were first written about explicitly in his major medical treatise
Zoonomia, although one could hardly say that the treatment there was particularly
systematic. Darwin made little or no attempt to disentangle the various threads of
his thinking. Claims about the fact of evolution were mingled with ideas about the
paths of evolution, and then threaded through the whole discussion were all sorts
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of hypotheses and speculation about the causes of evolution. Quite often he would
start a paragraph talking about paths and then end up talking about causes. Or he
would start off talking about causes and end up arguing for the general fact. He
may have been an innovative thinker; he was no great systematist (Darwin
1794-1796, Vol. 1, 500-505).

Trying our best to disentangle his thinking, we find that probably there were
two direct arguments that Erasmus Darwin put forward for the fact of evolution.
First of all, he was much impressed by the analogy that he presumed between in-
dividual development and group development. If we can transform the individu-
al—“from the feminine boy to the bearded man, and from the infant girl to the
lactescent woman”—then why should we not transmute the group? Second, he
thought very significant the similarities that he saw holding between the parts of
the members of quite different species. These similarities, which today we call
“homologies,” were taken—as, indeed, they are taken today—to be evidence of
common ancestry. Although, as I have just said, it is almost certain that it was fos-
sil discoveries that made Darwin an evolutionist in the first place, he did not really
bring in the fossils as a major piece of information in favor of the fact of evolution.
They are mentioned but not as an important plank in the evidential foundation.

Today, we would surely want to use the fossils as evidence of pathways. Er-
asmus Darwin made no move in this direction either, although in fairness he had
virtually none of the evidence that today makes the fossil record so important a
source of information. As we shall see in a moment, he had an overall vision of
the path of evolution, but as far as the specifics are concerned, he said little. In his
opinion, the best source of information for actual pathways lay in the natures of
living organisms. Take the presumed transition from sea to land. Erasmus Darwin
touched on the peculiarities of animals like whales, seals, and frogs. He seemed to
think that animals of this kind are somehow representative of those transitional
forms that must have existed when life made its move from the sea to the land.
Since we have such hybrid types today, it is reasonable to assume that they existed
in the past, and these types today give us some clue as to their former nature.

What interested Erasmus Darwin more was the question of causes. He col-
lected and offered all sorts of jumbled anecdotal bits and pieces of information. As
you might expect, given that Darwin was living in a particularly important agri-
cultural part of England, many of his suggestions were based on the folklore of an-
imal and plant breeders. Indeed, Darwin spoke explicitly of “the great changes in-
troduced into various animals by artificial and accidental cultivation.” He was a
strong supporter of the idea that characteristics acquired by an organism in one
generation can be passed straight to members of the next generation. He in-
stanced the docking of dogs’ tails. Darwin believed that this practice eventually
results in the birth of animals without tails at all, and therefore without any need
of docking. This inheritance of acquired characteristics is today known as “La-
marckism” after the great French evolutionist of that name, although it should be
noted that Lamarck’s writings came at least a decade after Darwin put pen to pa-

per. (Actually, the inheritance of acquired characteristics is an idea much older
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The homology between the forelimbs of

vertebrates

than either Erasmus Darwin or Lamarck, although indeed it was Lamarck who
made much of the mechanism as a force for evolutionary change.)

Naturally, as a physician, Erasmus Darwin was much interested in the nature
of the mind and in the ways in which mental attributes can affect and be affected
by physical causes. The popular psychological theory of his day—the brainchild of
the eighteenth-century thinker David Hartley—was known as “associationism.” In
line with the general associationist position, Erasmus Darwin thought that habits
and experiences could lead to new beliefs, and that these beliefs could be passed
straight on thanks to reproduction. Hence, people’s mental attributes could be a
result of things having happened in the past to members of earlier generations.
From this, there was an easy analogical slide to the physical world: “I would apply
this ingenious idea to the generation or the production of the embryon or new an-
imal which partakes so much of the form and propensities of the parent” (p. 480).
Also, most interestingly, there was an anticipation of an idea that was promoted
by grandson Charles. Erasmus Darwin thought that it was entirely possible that
the body throws off small parts; these are carried around, presumably by the
blood; and finally they are gathered in and transmitted via the sex organs. This
supposedly gave a physiological backing to the already mentioned Lamarckism.
The blacksmith’s arms get stronger and stronger through use. These newly devel-

oped arms cast off modified particles that go down to the sex organs. And so the
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children of the blacksmith are born with strong arms as part of their biological
heritage.

Truly, though, for Erasmus Darwin it was the big picture that counted. He
found the nuts and bolts of evolutionism to be rather boring. Later in life, he was
much given to poetic expression of his evolutionary vision:

Organic Life beneath the shoreless waves
Was born and nurs’d in Ocean’s pearly caves;
First forms minute, unseen by spheric glass,
Move on the mud, or pierce the watery mass;
These, as successive generations bloom,
New powers acquire, and larger limbs assume;
Whence countless groups of vegetation spring,
And breathing realms of fin, and feet, and wing.
Thus the tall Oak, the giant of the wood,
Which bears Britannia’s thunders on the flood;
The Whale, unmeasured monster of the main,
The lordly Lion, monarch of the plain,
The Eagle soaring in the realms of air,
Whose eye undazzled drinks the solar glare,
Imperious man, who rules the bestial crowd,
Of language, reason, and reflection proud,
With brow erect who scorns this earthy sod,
And styles himself the image of his God,;
Arose from rudiments of form and sense,
An embryon point, or microscopic ens!
(Darwin 1803, 1, 295-314.)

Understanding the Past

We are going to be looking at a lot of evolutionists before we have finished, so I
do not want to linger too long over any one. Fortunately, the overall ideas of Er-
asmus Darwin are not too hard to follow. We start at the bottom with the most
primitive form, what was then often called the “monad,” and we work our way up
to the most complex and best form, what was then (unself-consciously) known as
the “man.” From butterfly (monarch) to king (monarch), as he expressed himself
on another occasion. From that which is totally without value to that which we
value above all else. A progressive rise up the chain of life. Yet, straightforward
though this vision may be, I do want to make a couple of points before we move
on.

The first is a general point but applied specifically to Erasmus Darwin. It is
about the way in which we should treat figures in the past. There is a temptation
to go too far in one way or the other, to see too many virtues or too many faults.
Either we see the historical figure as a pure genius, with no flaws, and as having
anticipated just about everything. Or we see him or her as a real fool, who found
his or her way in the history books by chance or default or even fraud. Erasmus
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Darwin is a good case in point. On the one hand, he surely did come up with evo-
lution as fact long before a lot of other people. He was right on there. Moreover,
he did pick up on some good points. Fossils are important. The similarities be-
tween the bone structures of very different organisms are puzzling at the least,
and surely suggestive of some hidden links. And embryology? Well, we do devel-
op from primitive beginnings, so why should not the same be true of life itself?

On the other hand, if ever anyone was credulously open to absurd argu-
ments it was Erasmus Darwin. There was no systematic treatment with things
properly quantified—the very things that, by the end of the eighteenth century,
one took for granted in the physical sciences. Again and again the reader would
get something far more suited for Ripley’s Believe It or Not than for anything with
pretensions to being serious science. One prominent anecdote told by Dr. Darwin
was of a man who had fathered a dark-eyed daughter in a family of otherwise very
fair children. How had this come about? Darwin tells that when the man’s wife
was pregnant, he (the father) had become totally enamored sexually of the dark-
eyed daughter of one of his tenant farmers. Yet, although the man offered the girl
money for sex, she would have nothing to do with him. The obsession remained,
however, and “the form of this girl dwelt much in his mind for some weeks, and
that the next child, which was the dark-eyed young lady above mentioned, was
exceedingly like, in both features and colour, to the young woman who refused
his addresses” (Darwin 1794, 523-524).

There was much more in this vein. For instance, we are told about the “the
phalli, which were hung round the necks of the Roman ladies, or worn in their
hair, might have effect in producing a greater proportion of male children” (p.
524). At times, even those who liked Darwin’s work showed a tone of regret
about the level at which he was writing. “If Dr. Darwin had indulged less in theo-
ry and enlarged the number of his facts our satisfaction would have been com-
plete” (McNeill 1987, 174, quoting an anonymous writer in the Monthly Review
1800). The simple fact of the matter is that by the end of the eighteenth century,
the notion that artificial penises hanging at the ends of chains supposedly affected
the sex of future children was just not taken seriously by people who cared about
serious science.

What am I trying to tell you? Basically, that at a certain level there was
something rather ambiguous or questionable about both the quality and the status
of the evolutionary speculations of Dr. Erasmus Darwin. Of course, we today
would think this; but the point I am making is that even in the eyes of his contem-
poraries the ideas of Darwin were somewhat dubious or suspect. Which raises an-
other question. If Darwin was indeed writing at such a loose or unsubstantiated
level, why was he driven to do so? He was no fool, nor was he an unsophisticated
thinker about technical issues. I told you that he truly had a great and justified
reputation as a physician. Why then did he write as he did about evolution, and
why was it that others at the time responded favorably to his ideas?

The answer has been given already. Darwin and his followers were absolute-

ly obsessed with the new philosophy of the day: the philosophy or ideology of
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progress. For Darwin and his supporters, the Industrial Revolution—which was
now going ahead at full steam, to use an apt metaphor—was the best thing that
had ever happened to rural, sleepy, church-dominated England. What was need-
ed, therefore, was a complete change of worldview. A worldview making central
the success of machines and of the men of purpose who devised and drove them.
That is to say, a worldview making central the achievements and aims of Darwin
himself and of his industrialist friends. Evolution for Darwin, and for his support-
ers, was very much part and parcel of this philosophy or vision. Darwin (as we
saw just above) did not see evolution as a slow, meandering process going no-
where. Rather, he saw it as an upwardly directed, progressive process reflecting
the social progress that Darwin thought was now highly desirable. In fact, Darwin
himself drew the connection, saying that evolution “is analogous to the improving
excellence observable in every part of the creation; such as in the progressive in-
crease of the wisdom and happiness of its inhabitants” (Darwin 1794, 509).

All in all, therefore, the evolutionism of Dr. Darwin was the industrialist’s
philosophy of action made flesh—or embedded in the rocks! One goes from “an
embryon point, or microscopic ens!” to “imperious man, who rules the bestial
crowd.” At work here is a full-blown circular argument, or perhaps more charit-
ably one might say a feedback argument. You start with the idea of progress, the
philosophy of the British industrialist. You read this into nature. And then you
read it right back to confirm your philosophy. “All nature exists in a state of per-
petual improvement ... the world may still be said to be in its infancy, and con-
tinue to improve FOR EVER and EVER” (Darwin 1801, 2, 318).

Is this the philosophy of a man who has turned his back against religion? In a
sense, this has to be true. Erasmus Darwin was certainly putting himself in oppo-
sition to conventional Christianity. For the Christian, the overall history of the
world is one of miraculous creation, of subsequent sin and fall, and of the need
for redemption that comes through, and only through, God’s grace. Christ’s great
sacrifice on the cross and his miraculous rising from the dead wash away the sins
of us all. For the Christian, therefore, Providence is the key to understanding his-
tory and the future. We humans can do nothing, save only with God’s help and
love. Darwin, as a progressionist, was arguing strongly that we humans are capa-
ble of improving our lot ourselves. So, in this sense, quite apart from the fact that
as an evolutionist he had no place for the creation story of Genesis, Darwin was
putting himself against traditional religion.

However, one should not at once conclude that Darwin was an atheist, or
even an agnostic in the sense of having any doubts about God’s existence. Darwin
was no Christian, but like many intellectuals of his age (including many of the ear-
ly American presidents), Darwin believed in a God who was an unmoved mover.
He believed in a God who has put things in motion and who then stands back and
watches how things work out through the agency of unbroken law. To use the
technical language of scholars, Darwin was a deist, as opposed to a theist, tradi-
tionally a Christian, a Jew, and a Muslim. A deist sees the greatest mark of God’s
power and forethought in the working out of unbroken law, as opposed to the

theist who sees God’s power in direct intervention, that is, in miracles.
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The progressive history of life, as
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Using a modern metaphor, what one might say is that Darwin’s god—the
god of the deist—has preprogrammed the world so that he did not have to inter-
vene further. Evolution, therefore, can be seen as the greatest triumph of God. It
is the strongest proof of his existence. It is certainly not something that disproves
the need for or existence of a Creator or Designer. In Darwin’s own words,
“What a magnificent idea of the infinite power of The Great Architect! The Cause of
Causes! Parent of Parents! Ens Entium!” (Darwin 1794, 509)
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Jean Baptiste de Lamarck

I am not now sure that you would want to say that Darwin’s evolutionism
was a religious theory, nor even am I quite sure what that might mean. But this is
the first moment at which you should start to realize that the science-religion rela-
tionship—the relationship in the context of evolution—is more complex than you
might have thought. Those people (and there are many) who seem to think that
evolutionists become atheists in the morning and then think up their theories in
the afternoon, as a kind of bad joke, could not be more mistaken. Certainly, Eras-
mus Darwin—the man who can first claim unambiguously the label of “evolution-
ist’—became an evolutionist as much because of his religious beliefs as despite

them. And that is a good point on which to move forward.

Jean Baptiste de Lamarck

As it happens, forward and sideways, for we cross over the Channel to France.
Had things been normal, there is no telling what effect Erasmus Darwin might
have had. But things were not normal. At the end of the century came the French
Revolution, that bloody explosion that destroyed the Old Regime and absolutely
terrified the rest of Europe, especially Britain. At once, all radical progressivist
ideas came under heavy attack, being seen (with some considerable justification)
as one of the major factors that brought on the events in France. Erasmus Darwin,
enthusiast for the American and then the French Revolutions (until the latter got
out of hand), ardent progressionist, came under particularly bitter attack from the
conservatives. Devastating was a brilliant and cruel parody of one of his major
poems—where he extolled the love of the plants, his detractors extolled the love
of the triangles! The world laughed at him, his reputation sagged, and his evolu-
tionism was crushed beneath the reaction.

But in France, for all of the revolution, evolution proved a more hardy
plant. The key figure was Jean Baptiste Pierre Antoine de Monet, chevalier de La-
marck, son of minor nobility, who on being invalided out of the army became a
botanist under the patronage of Buffon in the Jardin du Roi (Burkhardt 1995). Sci-

Early Evolutionists in the Debate ® 19



entists did well in the revolution: they represented the kind of forward-looking
attitude the leaders cherished (Lavoisier, the obvious exception, lost his head be-
cause he was also a tax collector). Although Lamarck found it politic to change his
name from the hitherto more aristocratic de la Mark, he found himself in the
newly reconstituted Jardin, now called the Museum d’Histoire Naturelle, in
charge of (what he himself was to name) the invertebrates.

It is often said that the really revolutionary scientists tend to be young—
mathematicians are all washed up by the time they are thirty. You need to have
the vitality to move into new fields and not yet to have acquired the vested inter-
ests to stay with the old. I am not sure how true this really is—the man who (a
few years ago) cracked Fermat’s Last Theorem was 40—but Lamarck is certainly
an exception to the rule. Although by century end he was 56, it was not until
then that he swung from a lifetime’s commitment to a static world picture and
became an evolutionist. The particular trigger apparently was those invertebrates
over which he had just assumed control. There were many fossil specimens for
which Lamarck could find no living counterparts, yet since most were marine he
could think of no competitors so strong and violent as to make them go extinct
without trace. Hence, Lamarck came to the conclusion that they must have
changed into other forms, or rather have given birth to other forms, without leav-
ing descendants like themselves. This insight, if we may so call it, was enough to
spur Lamarck to further speculation, and before long he was a full-blown evolu-
tionist, a position he articulated fully in his major work, Philosophie zoologique
(1809).

Lamarck believed unequivocally in the fact of evolution. Complex forms
come from older simpler forms. Moreover, for Lamarck there can be no question
but that evolution encompasses the production of life from nonlife. He endorsed
venerable ideas of “spontancous generation,” believing that heat and lightning (just
at that time, electricity was a very trendy phenomenon thanks to the experiments
of Franklin and others) and other natural causes would stir up mud and other sub-
stances. From this, supposedly, would emerge primitive life-forms—worms and
mites and the like. Indeed, not only did Lamarck believe in spontaneous genera-
tion, but he thought that it is going on all of the time, in the past and down to and
including the present.

It is when we come to the path of evolution that Lamarck starts to get con-
fusing and really quite interesting. Today, thanks to Charles Darwin, we tend to
think of life’s history in terms of the metaphor of a tree—the tree of life. Primi-
tive forms are down by the roots, and then (going up the trunk with time) we
have branching out into the major life-forms, with today’s organisms (including
us) up at the top, facing up to the sun. In diagrams given in the Philosophie zoolo-
gique, Lamarck rather gives the idea that this is his position also. But it was not. I
have spoken of the main motive force for Erasmus Darwin as being that of prog-
ress—the progress, as we have seen, of a British industrialist who thinks that
through human effort things will get better and happiness and so forth will be dis-
tributed and maximized. Lamarck likewise was a progressionist, but of a distinc-
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A medieval rendering of the
Chain qf Being

tively French variety. For him, from a near feudal country with no major indus-
try, the improvement of progress tended to be intellectual: improvement in the
arts and literature and science and philosophy. To this he tied a very old idea—it
goes back to the Greek philosopher Aristotle—that all organisms can be put in a
line from the simplest to the most complex. This idea, the great Chain of Being or
the scala natura as it is called in Latin, which was very popular in medieval times,
was based on the idea that God would have left no gaps. It would have been in-
compatible with His Goodness and Greatness that, had it been possible to create
intermediate forms, He would have failed to have done so (Lovejoy 1936).

Before Lamarck, the Chain was completely static. It was a way of laying out
the living world. It followed, supposedly, from the creative nature of God and as
such had no implications about origins. Lamarck fused it with his progressivism—
things getting better all of the time—and his evolutionism emerged. One point of
immediate interest therefore is that Lamarck had a somewhat ambiguous relation-

ship with the fossil record. It was fossils that made him into an evolutionist. You
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might therefore think that he was then going to use the fossils to trace out the
path of evolution through time, from simpler to more complex. Indeed, he was
read that way by later commentators, notably by Charles Lyell the Scottish geolo-
gist (who thus gave a distorted picture of Lamarck to a whole generation, includ-
ing Charles Darwin). But in fact Lamarck (like Erasmus Darwin) was basically un-
interested in the record as evidence of the path of evolution. The path—from mo-
nad to man—was given to him through the Chain, and no more was needed.

Somewhat connected to all of this is the fact that, appearances to the con-
trary, Lamarck’s evolution was not essentially treelike. Rather it was a series of
climbs up the Chain: a staircase no longer but now an escalator. Organisms
hopped on at the beginning, thanks to spontaneous generation, and then kept go-
ing right up to the top, penultimately as orangutans and then as humans. Thus,
rather than a tree, we have parallel upward progressions, as life keeps starting
over and over again. For someone who believes in a tree, extinction is forever.
The dinosaurs will not reappear. Their branch has come to an end. For Lamarck,
however, extinction is always a matter of time. If tigers were wiped out, then it
might be a while before they reappeared, but they would—when the next escala-
tor reaches the appropriate point. It is as simple as this.

But then how do you account for the tree-diagrams given in Lamarck’s
book? Here we need to turn to the third arm of the evolutionary picture: we need
to look at causes. Notoriously, Lamarck believed in the inheritance of acquired
characteristics—the giraffe’s neck is long because ancestral giraffes with short
necks stretched and stretched and stretched to reach the leaves high up in tree.
Now their descendants are born with necks suited to the job. Although, as we
have seen, this mechanism is to be found in Erasmus Darwin—it is indeed part of
a cluster of very old ideas, although not previously used in a full-blooded evolu-
tionary context (remember how Jacob tricked Laban by altering his sheep and
goats before they were born)—the mechanism is today known as Lamarckism. It
is this that Lamarck thought makes for irregularities in the chain of being—some
organisms get deflected off the main path—and it was this that Lamarck was try-
ing to show in his pseudotree diagram.

But if Lamarckism is the minor mechanism, what are the main mechanisms?
Here things get a little fuzzy, mainly because Lamarck’s thinking was itself a little
fuzzy! He thought, in a mechanical materialist fashion, that there are bodily fluids
(the sentiment interieur) that flow through organisms, carving out new paths and
constantly complexifying things. Hence, we get a constant movement up the
Chain, brought about by purely mechanical causal factors. Yet one might well ask
why it is that organisms stay on the path that leads upward to human beings. Here
we get no answer from Lamarck, but the impression one has is that in some sense
this upward passage is foreordained. In other words, to use the language of the
philosophers, Lamarck’s is a “teleological” system, meaning that the end point in
some sense influences the activities before it is achieved. Whereas normal causa-
tion works from back to front, from past to present to future—the banging door
(past) made the servant jump (present) and then she dropped the plate (future)—
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in teleology (or, as it is sometimes called, “final causes” or “purposeful” or “end-
directed” situations), the future somehow reaches back to affect the present.

Now normally, there is nothing terribly mysterious about any of this teleo-
logical thinking: what we have are human beings or God thinking about the fu-
ture, and based on these thoughts (which although referring to the future are in
the present) we take action. But some people, Aristotle 2,500 years ago was one
and at the beginning of this century the French philosopher Henri Bergson was an-
other, have thought that life itself—even if it is not conscious—has a kind of for-
ward-looking aspect to it. This is said to happen, not through thought but through
something analogous to it—a kind of life force or “vital force” as it is often called.
(Bergson called it an élan vital and his contemporary, the German embryologist
Hans Driesch, spoke of an “entelechy.” Supporters of such a position are known as
“vitalists.”) Although Lamarck denied strenuously that he was a vitalist—the op-
posite position is often known as “materialism,” implying that there is nothing but
material substance and forces—one has to say that there is a whiff of this about his
thinking. Somehow everything fits together just too patly. I am not implying that
Lamarck was a hypocrite or deceitful—claiming one thing and doing another—
but rather that he was in respects more of a prisoner of his own past than he real-
ized himself.

You might want to say that, given all of this, you do not really want to speak
of Lamarck as an “evolutionist” at all. After all, evolution has been defined in
terms of unbroken regular laws. But this seems to me to be too strict. What we
have to recognize is that his evolutionism was not as unambiguously scientific as
one might find in physics and chemistry. Which of course makes us all rather
wonder if Lamarck, like Erasmus Darwin, had religious factors at play, driving
him in his thinking. And the answer is that he certainly did. In fact, in respects his
thinking was very much like that of Erasmus Darwin: Lamarck was no orthodox
Christian, but he was a deist, seeing God as working through unbroken laws. It is
just that the laws for Lamarck probably included something akin to vital forces.
But the important point is that for Lamarck, as for Darwin, together with the vital
influence of progress, it is true to say that he was an evolutionist far more because
of his religious beliefs than despite them. A god who works through law, rather
than through miracle, is a god who creates through evolution rather than in one

creative spurt in six days at the beginning of time.

Georges Cuvier

Lamarck had a pretty shaky reputation. People admired and respected him for his
taxonomic skills, but he was altogether too given to wild hypotheses. He had
some really daft ideas about meteorology, which he suckered the French govern-
ment into supporting at great expense. Supposedly on one occasion he offered his
Philosophie zoologique to the Emperor Napoleon, who spurned it with contempt. It
turns out that this was less because the Emperor was a creationist than because he

thought he was being offered yet more wild and inaccurate weather forecasts! For
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A mastodon as reconstructed by Cuvier

most people, Lamarck’s evolutionism had altogether too much of the speculative
about it. It was not that they were close minded, but that they had heard much of
this kind of guff from Lamarck before.

No one felt more strongly on this subject than Cuvier. So, as I reintroduce
him, let me start by stressing that he had every right and authority to feel this
way. As a student of the life sciences, Georges Cuvier was head and shoulders
above his contemporaries. His anatomical studies were simply outstanding—right-
ly he is known as the “father of comparative anatomy”—and then he turned to pa-
leontology, taking what was a mess of fragmented ideas and hypotheses and leav-
ing a full-blown scientific discipline. By any standard, this man was a really great
scientist. He knew it and his contemporaries knew it. But he did not like evolu-
tion: he thought it unnecessary, he deemed it bad science, he found it philosophi-
cally offensive, he knew it was socially dangerous, and he found it threatening to
him personally. Let us start to unpack these objections.

First, there is the question of the science. Cuvier appreciated that one had to
speak to origins. Although he himself was rather inclined to think that the present
state of knowledge did not make any real suggestions plausible or convincing, he
was not faulting Lamarck for the very attempt to give an explanation. Cuvier’s
own geological explorations and his work on the fossil record around Paris per-

suaded him that the earth is subject to violent periodic convulsions—what his En-

9y

glish supporters were to deem “catastrophes”—and that life in some sense starts
anew after each catastrophic event. He rather inclined to think that new life came
in from elsewhere, invading now empty territory, but on this he did not say
much. The point is that historical inquiry as such was certainly legitimate. In fact,
judged as a historical record, Cuvier was inclined to accept the biblical account of
the Flood as the last catastrophe. But, as a sophisticated French scientist, the last
thing that Cuvier was going to do was to appeal to the Creation account of Gene-
sis as the beginning and end of inquiry. This was not how one did science. More
on this point in a moment.

Why not evolution, especially since it was Cuvier’s paleontological inquiries
that were first starting to show in a definitive fashion that the fossil record is
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roughly progressive, leading up from strange and unknown forms to fossil remains
not so very different from beings living and breathing today? The record itself,
however, was taken as speaking against evolution, especially because, even if pro-
gressive, it was not continuously so. One got all sorts of gaps, with abrupt transi-
tions from one distinct form to another. There was no way that this could be the
record of continuous change. Better by far to speak of extinctions and then of res-
tockings. In any case, argued Cuvier, drawing on specimens brought back by Na-
poleon’s savants from the ill-fated French incursions into Egypt, the mummified
forms of cats and birds and other organisms—beings that lived literally thousands
of years ago—are absolutely identical to forms living today. Where then is the
evolution, the change, in all of this? If Lamarck be right, we should expect to see
some change right before our eyes, and this we do not see.

In a way, though, all of this was surface for Cuvier. He had much deeper
reasons for dislike of evolution—reasons that were part scientific, part philosophi-
cal. Cuvier, born in a border state between France and Germany, was educated in
Germany and clearly felt the influence of the philosophy of the great German phi-
losopher Immanuel Kant. This was reinforced by readings of Aristotle—some-
thing Cuvier was able to do when, with enforced leisure during the worst ex-
cesses of the revolution, he lived far from Paris in Normandy, tutoring the chil-
dren of a noble family. Like Aristotle, Kant took a teleological view of living na-
ture—in particular, like Aristotle, Kant thought that one must try to understand
organisms in terms of ends or purposes and not just prior causes.

We are not now dealing with the wide sweep of history, so we are not now
dealing with vital forces. We are rather dealing with the way in which an individ-
ual organism is put together and organized—and for Aristotle and Kant (and Cu-
vier following them) the secret is that all of the parts are to be understood as
seeming as if designed to serve the ends of the organism’s well-being. Something
like the hand or the eye is not just a piece of an organism, but rather an intricately
integrated composition, which serves the end—which has the purpose or func-
tion—of the organism’s well being. We have teleology, because we are trying to
understand the present hand or eye in terms of what we think they will do in the
future. Obviously, no one is saying that the hand and the eye are actually caused
by the future well-being. What if the organism died young?

Cuvier (1817) spoke of this teleological way of regarding organisms as the
“conditions of existence”—these are the kinds of integrative principles that one
must have if organisms are to live and work and function. Random collection of
bits will not do. He thought (with some justification) that with this approach he
had a very powerful way of analyzing organisms, since one knows that many parts
must fit together harmoniously with the whole. Apparently proving what he was
doing, he was fond of taking some isolated fossil bone and “deducing” the whole
of the rest of the organism. A carnivorous tooth, for instance, would imply feet
and claws designed for chasing and holding and killing—one could not have the
hooves of a horse—as well as a stomach ready to digest huge chunks of raw

meat—the digestive system of the cow would not do—and so on and so forth.
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One or two cases where he did this inference correctly, working out from frag-
mentary bone parts the nature of the whole organism (which was later discov-
ered), convinced his fellows that his method was indeed as powerful as he
claimed.

The conditions of existence did more than this. Translated into practice,
which Cuvier called the “correlation of parts,” it gave him a way of classifying or-
ganisms in a “natural” manner. If once you have a basic part in place—the back-
bone for instance—then you cannot have many of the features of an inverte-
brate—an exoskeleton for instance. Then, if the vertebrate is a meat eater, once
you have got the carnivorous teeth in place, you cannot then have the features of a
herbivore. With the carnivore, if once you have the features of the cat in place,
you cannot then mix them up with the features of the dog. And so forth. Every-
thing has it place—starting (Cuvier thought) with four great divisions, what he
called “embranchements™ vertebrates, molluscs (like clams), articulates (like in-
sects), and radiates (like starfish).

You can see now why Cuvier had to be, absolutely and completely, against
evolution. Moving from one form to another would smash to smithereens his
beautiful static picture of the organic world. Nothing would be permanent and ev-
ery inference would be open to doubt. And you can see now why Geoffroy’s at-
tack was so powerful and why it had to be resisted. Geoffroy, by endorsing the
analogy between the vertebrate and the mollusc, was suggesting precisely that Cu-
vier’s nice neat system was open to fundamental revision. Ultimately nothing re-
mains the same. Everything is open to change. If you can go from one embranche-
ment to another, or if you can find evidence that there are links between one em-
branchement and another, then the game is over. The way is open for evolution to
come flooding in and spoil everything.

What about religion? If the evolutionists were all deists, might we infer that
Cuvier was not—that in fact he was a theist, a Christian and that this was part of
his opposition to evolutionism? As a matter of fact, Cuvier was a Christian, and
interestingly a Protestant—a legacy of that border state where he had been born.
(It was not in fact incorporated into France until after he was born.) There is no
question but that, as their deism influenced the evolutionists, so also Cuvier’s
theism influenced his antievolutionism. He did believe that God was the Creator
and that He had intervened miraculously to place organisms here on earth. They
could not have appeared naturally. But, as I have explained, Cuvier was anything
but a literalist. It may have been legitimate to use the Bible as a historical record.
It could never be a source or substitute for serious scientific research. Genesis
should simply not be read that way. It is the story of our moral relationship to
God. It is not a scientific text.

Finally, let me raise some social questions (Outram 1984). Cuvier was a
powerful scientist, but his was a power circumscribed and defined by his circum-
stances. He had been trained in Germany, and his training was less as a profession-
al scientist and more as a civil servant—as a bureaucrat. He was big on deference,

by him to his superiors, to him by his inferiors. Lamarck and Geoffroy galled pre-
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cisely because they would not accept his status and thought of him as an equal.
Cuvier knew that it was politic for him to serve the ends of his masters, first Na-
poleon and then the government after the Restoration. And he knew that, given
the revolution, his masters were terrified of any social upheaval or of any philoso-
phy that tended that way. Since evolution was so blatantly a tool of change and
turmoil, he saw it as his task to oppose it as best he could whenever he could. If
he was going to be really useful to the State, this was a place where he could show
it. And so, Cuvier did.

But there was more than this, and here the personal factor comes in. As a
Protestant, and by no means high-born, in Catholic France—Catholic France,
which became increasingly conservative in the early decades of the nineteenth
century—Cuvier had to tread carefully. Not only had he to show his personal
worth to the state, but he had to be nonthreatening. Here, science was the perfect
medium. At least, a science shorn of value and culture and ideology was the per-
fect medium. Cuvier could, as it were, say to his masters: “Look, give me power
and status in science, and feel no threat because science is precisely that area of in-
quiry where there is no place for culture or value. The fact that I am a Protestant
might be worrisome in a sensitive area like education or the like [in fact, Cuvier
was put in charge of Protestant education in France], but in science uniquely my
religion does not count. Trust me, for my personal ideological and religious com-
mitments are irrelevant.”

When people like Lamarck and Geoffroy came along, touting their philoso-
phies and ideologies and religions dressed up as serious science, using their au-
thorities as senior scientists, they threatened to wreck Cuvier’s careful social
strategy no less than they threatened to wreck Cuvier’s careful scientific strategy.
No wonder he was drawn into public dispute. And now we can see what hidden
depths there were beneath a technical and dry debate about cuttlefish classifica-
tion, and why Goethe was spot on when he explained to his friend: “I am speaking
of the contest, of the highest importance for science, between Cuvier and Geof-
froy Saint-Hilaire, which has come to open rupture in the Academy” (Appel
1987, 1).
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Further Reading & Discussion

There are several good books on the main characters in this chapter. The aeronau-
tical engineer Desmond King-Hele is somewhat of an Erasmus Darwin buff and
has written many books on and around his subject. The latest version is Erasmus
Darwin: A Life of Unequalled Achievement (London: De La Mer, 1999). Richard
Burkhardt has produced the standard biography of Lamarck, The Spirit of System:
Lamarck and Evolutionary Biology (with a New Foreword by the Author) (Cambridge:
Harvard University Press, 1995); and William Coleman wrote a really good sci-
entific biography of Cuvier: Georges Cuvier Zoologist: A Study in the History of Evolu-
tionary Thought (Cambridge: Harvard University Press, 1964). Somewhat more
technical, but top-quality scholarship, is Toby Appel’s account of the dispute be-
tween Geoffroy and Cuvier, The Cuvier-Geoffroy Debate: French Biology in the Decades
before Darwin (New York: Oxford University Press, 1987). She is really sensitive
to the science of the day and to the institutional background.

Unfortunately, in a book like the Evolution Wars, you do have to be awfully
selective, else you just end with a massive encyclopedia that only recommends it-
self because it leaves no one unmentioned. There was a terrific amount of activity
between the disputes at the beginning of the nineteenth century and the contro-
versies that erupted once Charles Darwin had published the Origin of Species. A re-
ally great book dealing with some of this activity in England in the pre-Origin
years is Adrian Desmond’s The Politics ovao]ution: Morphology, Medicine and Reform
in Radical London (Chicago: University of Chicago Press, 1989). I should tell you
that Desmond is an ardent “social constructivist,” meaning that he thinks that
there is no ultimate truth, that science does not progress in any absolute way, and
that evolution is to a great extent less a description of objective reality and more a
reflection of the culture of its day. In Mystery of Mysteries (Cambridge: Harvard
University Press, 1999) I argue strongly against this philosophy of history, but this
is not at all to deny Desmond’s brilliance as a historian and the deep understand-
ing he brings to the history of evolution. Almost always, I learn more from those
with whom I disagree than from those whose thinking parallels my own.

Finally, let me recommend another of my books, Darwin and Design: Does Evo-
lution have a Purpose? (Cambridge: Harvard University Press, 2003). It is about the
whole question of the design-like nature of the organic world and the consequent
problem of explaining in the life sciences. As you might expect, Cuvier has a big
role in the book, as I try to explain how in one sense you might think him very
wrong to oppose evolution, but in another sense you might think his ideas about
purpose were an absolutely fundamental piece of the puzzle as scientists moved

toward acceptance of evolution.
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Chapter %

Conflict Before, During and After The Origin of Species:
The Legacy ofChar]es Darwin

Overview

T his chapter is a detailed and fascinating look at the step by step develop-
ment of an idea, the survival of the fittest, as a young, brilliant, well-
trained scientist observes the factual world in front of him and integrates these ob-
servations with the wide and conflicting theories around him. Unlike some of the
prominent scientists of the day, Darwin was not dogmatic, allowing him to meld
the factual world he saw with the wide range of theses he delved so deeply into.
He readily absorbed the latest treatises and debates on geology, biology, theology,
animal husbandry and even sociology and integrated them with his own observa-
tions, developing the remarkable theory of natural selection while still a young
man. So revolutionary and complete was the theory because of its integration into
so many disciplines, that Darwin had concerns regarding its impact on a Victorian
scientific community that could be as remarkably progressive as it was rigid. He
did not publish The Origin of Species for twenty years after its development. Ulti-
mately it was the anticipated publication of a similar theory by Alfred Russel Wal-
lace that forced Charles Darwin’s hand and the release of The Origin of Species.

There are three main parts to the Origin. First, Darwin tries to convince the read-
er of the reasonableness of natural selection using the analogy of artificial selec-
tion, the process by which animal and plant breeders improve their stock. Second,
Darwin gives arguments showing first that there is an ongoing struggle for exis-
tence, and then, that the struggle for existence leads to natural selection, or sur-
vival of the fittest. Third, and for most of the Origin, Darwin applies his mecha-
nism to the findings of the biological world—instinct, paleontology, biogeograph-
ical distribution, morphology and anatomy, systematics, and embryology. He uses
his theory of natural selection to explain these areas and, conversely, the success
of the explanations makes natural selection plausible.

Over that span of time he had his own internal religious battles as he moved from
a literal interpretation of the bible to a more deist approach that his grandfather
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had favored. But he found that even this approach, which emphasized the basic
beauty of organism design as being God given, gradually gave way as he drifted
toward agnosticism.

The thought of a man like his father, Robert Darwin, a man whom Charles
loved and venerated above all others, being condemned to eternal damnation be-
cause of his lack of religious belief, acted powerfully on Charles Darwin, and

moved him toward skepticism about any kind of God.

The Role of the Scientific Community

The work of the following Victorians is discussed in this chapter. Short, biograph-
ical essays of these individuals appear in Biographies on page 607.

Reverend Archdeacon William Paley (1743-1805)

Reverend Thomas Robert Malthus (1766-1834)

Charles Lyell (1797-1875)

Alfred Russel Wallace (1823-1913)
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Setting the Stage

C harles Darwin and Alfred Russel Wallace really liked each other. This was

just as well, for their names are forever linked as the two men who dis-
covered the chief cause of evolutionary change. It would have been so easy for
them to have quarreled: Darwin resenting Wallace, who came many years later
but who yet drove Darwin into action; Wallace resenting Darwin because the
older man had beaten him to the punch and then hogged all of the limelight. But
although their followers and supporters have tried their best to divide the two,
the friendship and respect lasted all of their lives. Wallace admired Darwin for the
great scientist that he was; Darwin appreciated Wallace for his genius and his
modesty and his firm convictions in the search for the truth.

This said, they rarely agreed about anything. They battled over their jointly
parented child in a way that makes today’s custody battles look like Quaker meet-
ings. If Darwin had an idea, then Wallace opposed it. If Wallace had a thought,
Darwin thought he must be wrong. You thought that cuttlefish classification was a
boring topic. Try female bird coat color. Darwin (1859) had an elaborate theory
to explain what is known as “sexual dimorphism”: the differences between males
and females in the same species. Of course, you have got to have some differ-
ences. If everyone had a penis you would be as badly off as if no one had a womb.
But why do you have the big and visible differences? Why do human males have
beards when the women are hairless—at least on their faces and chests and so
forth. Why do men go bald, for that matter, and not women? Why are male wal-
ruses so much bigger than the females—so much bigger that sometimes the fe-
males get crushed to death during copulation? Why do stags have massive heads of
antlers and the females go around with little or nothing? And why, why, does the
peacock have such a magnificent backside when the female has nothing—magnifi-
cent and yet kind of stupid, because who can escape with tail feathers like that
when the predator comes calling?

Darwin tended to put the emphasis on the male. Stags have massive heads of
antlers because they do combat with each other in the rutting season—winner
takes all, and that is why there are the horns. Females hang around passively, not
competing, and so they do not need or obtain such appendages. The same sort of
thing is true of walruses, who fight like mad for possession of a harem of females.
And in the case of the peacocks, it is basically the males’ showing off that counts.
It is true that the female chooses the male with the most magnificent display, but
it is the male who is (literally) the center of attention.

Wallace (1870) felt very uncomfortable about this. He could not deny that
the stags fight and so do the walruses and that such an attribute probably is the
cause of the differences in those sorts of species. But he disliked intensely the
claim that the peacock grew his feathers because the peahen was attracted to beau-
tiful backsides. Rather, he suggested that Darwin had got things bottom back-
ward, as one might say. It is not so much that the males are beautiful and showy
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Charles Darwin

as that the females are drab and inconspicuous. Sometimes, Wallace argued, being
the center of attention is precisely what one does not want—and this sometimes
occurs particularly when one is sitting on eggs, incubating them. Wallace thus
claimed that sexual dimorphism is a function of female camouflage, protecting the
females from predators, rather than male gaudiness with consequent female pref-
erence.

Why the quarrel? Was it just a matter of fact or facts? Well, in a sense it
was, as obviously the cuttlefish classification was a matter of fact or facts. Wallace
thought he had good evidence of the significance of such things as coloration in
mimicry and camouflage, so it was natural to apply his findings to an important
question such as dimorphism. But there was a lot more than just that. Today’s fe-
minists would at once suspect that prejudice and attitudes were involved—Dar-
win was excluding the active input of females, whereas Wallace was making this
absolutely central. In fact, as we shall see, the feminist would not be so far
wrong. Darwin was a bit of a male chauvinist, and Wallace was exceptional in his
sensitivity to the significance of the female sex. Yet, there was something even
more important, and without now giving away the game completely, let me point
out to you that Darwin was claiming that the female peahen’s aesthetic sense was
very much like a human aesthetic sense. She chooses a feather display for the same

reasons as we find it beautiful. And if a peahen’s aesthetic sense is like a human’s
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aesthetic sense, then a human aesthetic sense is like a peahen’s aesthetic sense.
And this was a matter that neither Darwin nor Wallace thought trivial. But let’s
explore first how they got to their opposing, but not entirely dissimilar, points of

view.

Essa ly

The Making qfa Modern Day Scientist in Victorian Times

Charles Robert Darwin was born to a life of upper-middle-class English privilege
(Browne 1995, 2002; Desmond and Moore 1992). His father, Robert—oldest
son of Erasmus Darwin—was a very successful physician and financier, and his
mother was the daughter of Erasmus Darwin’s old friend, Josiah Wedgwood.
There was simply lots of cash in Darwin’s background, and this was augmented
when at the age of 30 he married his first cousin, Emma, another grandchild of
Josiah Wedgwood. 1 make this point right at the beginning because it is an abso-
lutely vital key to understanding Darwin’s actions and much of his thinking. For
instance, it is often said that Darwin never worked for a living, with an implica-
tion that he simply was not bright enough to obtain and hold down a proper uni-
versity professorship. But this is to distort matters entirely. Darwin never worked
for money (although he was good with his investments and canny in his dealings
with publishers) because he never had to. Not for him were boring department
meetings and officious administrators and whining students intent on mark grub-
bing. He could avoid all of that.

More significantly, because Darwin did so well out of Victorian society, one
should not expect to find him a rebel in the sense of repudiating all of his back-
ground. Why should he? He was doing very nicely out of it, thank you! This is not
in any sense to minimize Darwin’s achievements but to point out that Darwin’s
achievements will most probably involve taking what he has been given and rear-
ranging them into a new pattern. We should not look for Darwin to be the Chris-
tian God, making everything out of nothing. Rather, Darwin will be the sculptor
or modeler who takes what he has and makes of it something new.

As a boy, Darwin was sent to one of England’s famous private schools (mis-
leadingly they are known as “public” schools, but they are anything but). Some-
thing of a square peg in a round hole—the main educational diet was Latin and
Greek, a terrible bore and burden for the already science-sensitive Darwin—he
went next, as had his father and grandfather before him, to the University of Ed-
inburgh to train as a physician. Revolted by the operations and driven to madness
by the tedium of the lectures—Darwin hated having to rise on dark Scottish win-
ter mornings to listen to dry old men with incomprehensible accents lecture on
dry old topics with incomprehensible significance—by the age of 19 he was back
home and at a loose end. Desperate that young Charles not slouch into a life of in-

dolent ease—one son was already going that way—Robert Darwin (himself an
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A cartoon (prarWin as a student at

Cambridge

atheist) somewhat cynically pushed Charles to the path of an Anglican clergyman,
a traditionally safe and respectable position for a young man of wealth and mini-
mal career objectives. This meant getting a degree from an English university, and
so, in 1828, Charles Darwin enrolled at Christ’s College in the University of
Cambridge.

It was a fortuitous move. Although there were then no formal courses in the
sciences—Darwin did not get a science degree at Cambridge because there were
none—this was just the time when a group of men was starting to take a serious
interest in the natural sciences (including geology and biology). Anyone with a
like concern, including an untutored undergraduate, was welcome to join in. For
three years then, Darwin did formal courses—ILatin, Greek, mathematics—and
informal courses covering many aspects of the contemporary sciences.

An Invitation to Sail on the Beagle

In 1831, when he graduated, came the big break. The Napoleonic wars now well
behind, the Industrial Revolution was starting to get its second breath. Industry
demands markets, and some of the biggest were in South America, long settled by
Europeans and very wealthy. Ships were going out from the British ports—Lon-
don, Liverpool, Glasgow—Iaden down with factory-made goods. There was a
need for good naval charts, and so the British Navy was sending a ship down to
the southern continent to map the coasts and shoals and waters. The captain of
this ship, Robert Fitzroy of H.M.S. Beagle, was only 23 and—faced with a long
and lonely trip, given that as captain he would be a person apart from the crew—
was looking for a gentleman who could be his friend and traveling companion. It
had to be someone outside the chain of command, personable and able to pay his
own mess bills. Through a friend of a friend, Darwin got the call, he fit the ticket
entirely, and so—for all that his father grumbled that he ought to be settling
down and starting on the career as a clergyman—he spent the next five years
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The voyage qfthe
Beagle
(1831-1836)

(1831-1836) eventually going around the whole globe as what became, de facto,
ship’s naturalist, on H.M.S. Beagle.

Revealed vs. Natural Religion

Darwin did not become an evolutionist on the voyage, but it was the experiences
and discoveries on the voyage that turned him into one shortly after he returned
(spring 1837). Since religion is going to play a large role in our account, as a pre-
liminary let me make a distinction that will help our understanding. Students of
religion make a division between two kinds of inquiry: revealed religion or theol-
ogy and natural religion or theology. Revealed religion is the religion of faith—it
is what you get when you read your Bible or have direct insights from God or (es-
pecially if you are a Catholic) what the Church tells you to believe. So, for the
Christian, revealed religion covers such things as Jesus’ birth and death, the mira-
cles and the resurrection, and that sort of thing. Natural religion or theology is
the religion of reason—it is what you get when you try to get at God through
pure thought. If someone says that a good proof for the existence of God is the
fact that everything has a cause and so the world must have a cause—call this
“God”—they are in the realm of natural religion. (This particular argument is
known as the “cosmological” argument.)

There is a lot of debate between theologians as to the significance of the two
branches of religion, and their relationships. Here, we need not bother with this.
It is enough that they exist and that they will both prove pertinent in the Darwin
story.

Darwin’s Shift Toward Deism and the Influence of Charles Lyell

Going back now to our hero, it is revealed religion that is first up front and rele-
vant. When he left England, by his own admission Darwin believed in the Bible
pretty literally, and this extended to the origins of the earth and of organisms. But
his views started to change as the Beagle worked its way around South America. It
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The frontispiece of Lyell’s Principles
of Geology. Lyell is using this picture
to show that land sinks (hence the
erosion of the pillars) and then rises
(hence the pillars out of water), as
confirmation of his theory of climate.

is clear that the major influence—the major influence always on Darwin—was a
new book just appearing: Principles of Geology (1830—1833), in three volumes by
the Scottish-born sometime lawyer Charles Lyell. (Darwin took the first volume
with him, and the other volumes were sent out as they appeared.)

The full title to Lyell’s work gives the clue to what it was about: The Princi-
ples zf Geology, being an Attempt to Explain the Earth’s Sugface by Rgference to Causes
now in Operation. Lyell wanted to counter the catastrophic geology of Cuvier
(1813) —a geology that had found much favor in Britain—by arguing that if one
has enough time (indefinite time as far as he was concerned) then causes that we
see around us today, governed by laws operating today, are quite enough to ex-
plain everything: seas, mountains, rivers, canyons, and all else. All one needs is
time, and then rain and wind and earthquake and volcano and the rest can do the
work. Above all else, one has no need of miracles, in the sense of divine interven-

tions from above mixing things up and creating anew.

L)/e]] & Deism

This forswearing of miracles and reliance on unbroken law will probably ring a
bell and so it should! Could it be that Lyell had inclinations toward deism, away
from conventional Christianity (which seemed to fit well with catastrophism)?
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The answer is that he did very much—his geological philosophy of “uniformitar-
ianism” was deism in the stones, as it were. And this rang a bell or a chord in Dar-
win also. For all that he had had a conventional Christian (Anglican) education, in-
tending to be a priest no less, in ways his formal belief sat lightly on him. His
mother’s family (the Wedgwoods) were practicing Unitarians—people who deny
the Trinity, hence the divinity of Christ and the legitimacy of all of his miracles,
and thus deists by another name. Before he was long into the voyage, it is clear
that Darwin saw himself likewise moving toward deism (a position he was to hold
almost the rest of his life), and we know already how that inclines one to views

like evolution.

A Grand Theory of Climate

But Lyell had another part to play. Not only was he an enthusiast for unbroken
law and causes—causes of a kind and intensity we see around us today—he had a
particular theory that was intended to reinforce this uniformitarianism. The catas-
trophists tended to see the earth as directional, cooling from an original incandes-
cent state down to the temperate state that it has today: this they saw as a back-
ground to the progressivism that Cuvier had found in the fossil record. As the
world took on the form it has today, so its denizens took on the form they have
today. Lyell to the contrary argued that there is no genuine direction to earth his-
tory. Yesterday was much like today. Today will be much like tomorrow.

Yet he could not deny some change: there is fluctuation. The fossil plants
around Paris are definitely tropical, implying that the climate was warmer. So
herein came Lyell’s “grand theory of climate”: he argued that temporary fluctua-
tions of earth climate are a direct function of the distributions of land and sea
around the globe. The Gulf Stream, that body of water that flows up across the
Atlantic from the West Indies to Britain, makes for a much more temperate cli-
mate in Britain than the latitude would suggest. But, like all else, this will be tem-
porary: the world is in a constant state of rising and falling. As rivers deposit silt
at their bottoms, they press down the earth; then, like a gigantic water bed, an-
other part of the earth rises upward. Thus the currents are altered and the local
climates are changed. But overall, the general state is one of uniformity. Within
limits, nothing changes. There is no direction to earth history.

Darwin bought into this theory all the way down (or up!). Much of the geo-
logical work he did on the Beagle voyage was devoted to finding evidence that the
carth is (and was) in a constant state of rising and falling. But what kind of evi-
dence does count at a time like this? Fossils are helpful, of course, but even more
so are the distributions of animals and plants around the globe: what is known as
“biogeography” or “biogeographical distribution.” Lyell was a bit vague about
where he thought organisms come from—for all his deism, he was not keen on
evolution because he thought it would downgrade the status of humankind—but
he was fairly certain that they come into being on a regular basis and that by and
large the new arrivals tend to be fairly similar to those most recently arrived.
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The finches of the
Galdpagos

Thus, if (for instance) we find two groups of animals, very similar, divided by a
natural barrier like a river or mountain, we can infer that the barrier is fairly re-
cent. If, on the other hand, the animals are very different, we might infer that the

barrier is ancient.

The Creativity that Set Darwin Apart

I explain this all in some detail, because here we are about to see one of the most
important aspects of scientific creativity. Finding the answers is easy. It is asking
the right questions that is difficult, and important. Once you know where to look,
you are on your way. It is finding the right direction that is what counts. The Bea-
gle lands in the Galapagos and evolution is on its way to becoming a fact. Keyed by
Lyell’s climate theory, looking intently at biogeographical distributions, Darwin
was well primed when the Beagle put in (in 1835) at the Galapagos Archipelago, a
group of volcanic islands in the mid-Pacific. At first he saw nothing very peculiar,
as he collected the birds on the various islands and goggled—as did everyone
else—at the giant tortoises that live on the islands. Then, thanks to information
furnished by the governor of the archipelago, Darwin realized that from island to
island the inhabitants are different. Even on islands within calling distance one has
different forms of bird and tortoise. This had to be significant, especially since on
the South American mainland (which Darwin had just left), one sometimes found
the same animal inhabiting the land from top to bottom, from steamy Brazilian
jungle to snowy Patagonian desert.

Back home in England, John Gould, the leading ornithologist of the day, as-
sured the young Darwin that his collections did indeed represent different species
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(Darwin was already making enough of a name for himself that the top people
were happy to look at his specimens). For someone who was thinking in terms of
unbroken law, for someone who was nevertheless trying to fit everything into a
scheme that was designed by an understanding and good Creator, to someone
who had read his grandfather’s works and was well aware of Lamarck’s ideas
(Lyell conveniently gave a digest in the second volume of the Principles, intending
to dissuade his readers of the attractions of evolutionism), there was only one an-
swer to the problem. One simply had to argue that the birds and reptiles had
come to the Galapagos, and then once there had changed in significant ways as
they moved from island to island. Evolution had to be the key! This was evolution
as fact.

But straightaway Darwin had his basic picture of the path of evolution. He
was thinking of ancestors coming to the islands and then evolving as they moved
around. This at once gives a treelike pattern to life’s history. Not for Darwin was
the upward parallelism of Lamarck—an aspect of the Frenchman’s theory that, in-
cidentally, Darwin quite missed. I have mentioned how, in Lyell’s discussion of
the French naturalist, he had mistakenly presented Lamarck’s theory as a response
to a progressive fossil record, that is, as a one-off phenomenon no doubt compli-
cated by branching. Yet still there was the question of evolution as cause, and to
show how he was far ahead of his grandfather in scientific sophistication—no evo-
lution as pseudoscience for Charles Darwin—we find that the young naturalist
now spent some 18 months searching systematically for an answer. His teachers at
Cambridge had instilled in him the importance of causal thinking—after all, this
was the achievement of the great Newton, and a biologist should aspire to no less

(Ruse 1979).

An Evolutionist Because Qins Re]igion

As with earlier evolutionists, it is surely true to say that Darwin became an evolu-
tionist because of his religious beliefs, rather than despite them. The same is true
of his path to causal understanding. Darwin was ever a Lamarckian believing in
the inheritance of acquired characteristics, but he knew that this alone could not
be adequate. One needed some overall cause—a kind of force equivalent to a
Newtonian power. But it could not be any kind of force. Cuvier may not have
been an evolutionist, but his legacy hung over everything anyone thought about
the organic world. In particular, one had to pay attention to _function. This was a
given, even for the evolutionist. Not that Darwin wanted to dispute this. By the
time of the Beagle’s return, he was thinking of himself as a professional scientist,
and as such he knew that one might modify and build on Cuvier’s legacy, but one
ignored it at one’s peril. Moreover, his own personal Cambridge theological
training had likewise convinced him of the significance of a functional—a teleo-
logical—approach to organisms. It is here that natural religion or theology starts

to become important.
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Archdeacon William Paley

Actually, we have already encountered natural religion or theology at work
in Darwin’s thinking. When he worried about God’s wisdom in creating separate
species for each Galapagos island, he was appealing to the kind of Supreme Being
that reason would dictate. But now natural religion was to become really impor-
tant, a direct function of Darwin’s having read at Cambridge the classic text on
the subject: Natural Theology ([1802] 1819) by the Reverend Archdeacon William
Paley (an Anglican clergyman). Paley gave the definitive version of the argument
from design (for God’s existence), also known as the teleological argument. He
pointed out that in many respects the mammalian eye is just like a telescope—the
lens, the way it focuses images, and so forth. But telescopes, argued Paley, have
designers and creators. Hence the eye must have a designer and creator: the Great

Optician in the Sky.

Design as Proqf (y( God’s Existence

Darwin no longer accepted Paley’s belief that this designer had to be a miraculous
intervener—all was to happen through unbroken law—but he accepted entirely
Paley’s premise that the eye seems as if designed. And more generally, Darwin
agreed entirely with the theologians that the definitive mark of the living is that
organisms seem not have been put together randomly, but that they seem as if
they were designed. The features that help organisms to thrive, to survive and re-
produce—features that go under the heading of “adaptations®™—were for Darwin,
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as they had been for Cuvier and the natural theologians, things that bore all of the
marks of intentionality and forethought.

The point is that any adequate evolutionary mechanism or cause had to be
able to speak not just to change, but to change of a particular sort. It had to be
able to speak to the evolution of adaptation, meaning it had to be able to show
how designlike features come into being, even though—especially though—all
was going to be done (by God as Darwin still thought) at remote control through
regular laws of nature. The cause of evolution therefore had to produce design.

Darwin soon realized how this could be done in principle. He was perfectly
stationed, living with his family in the heart of England, where the rural revolu-
tion was still in full swing. It had been necessary to produce such animals as cows
and sheep and such plants as vegetables—especially the turnip, crucial for feeding
overwintering animals—of far better quality than hitherto. Breeders had come to
see that the secret lies in selective breeding: one chooses the animal or plant with
the features that one most desires and one breeds from it, discarding all of the
others. Fatter cows, shaggier sheep, fleshier turnips appear almost by magic,
thanks to the selective skill of the professional breeder.

A Political Economy That Points the Way to Survival (yf the Fittest

But how is this to occur in nature? Finally, after months of searching, at the end of
September 1838, Darwin read a well-known political-economic tract by yet an-
other English Anglican clergyman. This time it was the Essay on a Principle of Popu-
lation, by the Reverend Thomas Robert Malthus, the sixth edition of which (the
edition read by Darwin) had appeared a dozen years earlier, in 1826. Here we see
in action the precise point made above about Darwin’s rearranging parts that he
had received from others. Malthus’s work was conservative and appealed strongly
to the segment of society from which Darwin arose. The Essay argued that state
welfare schemes are pointless—worse than pointless—because population num-
bers have always a tendency to outstrip the supplies of food and space. There is
bound to be a struggle for existence, which can only get worse if one feeds and
coddles the poor and destitute. Better by far to let them suffer at the immediate
level: then they will be persuaded to work and support themselves and to practice
prudence and temperance and to restrict their family sizes.

This was music to the ears to people like the Wedgwoods, whose manufac-
turing enterprises depended on low taxes—no large, state welfare bills to pay—
and lots of cheap and desperate labor. If it could all be wrapped up in the guise of
God’s stern unbending laws, so much the better. Charles Darwin, however, took
Malthus’s ideas, standing them on their head. He generalized from population
pressures among humans to population pressures occurring throughout the animal
and plant world, arguing that numbers will always have the potential to outstrip
food and space. Consequently, there will always be an ongoing struggle for exis-

tence (and more importantly, struggle for reproduction).
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A cartoonist’s vision qf‘ what might
happen if the struggle for existence is

relaxed

But far from this having conservative do-nothing, go-nowhere effects, it is
the motive force required to fuel a kind of selection: a lawbound natural kind of
selection throughout the living world, which will lead to permanent and signifi-
cant change. Only a few organisms will be able to get through—to survive and to
reproduce—and those that do will tend on average to be different from those that
do not. Those that do survive and reproduce (those that later Darwin was to call
the “fitter”) will do so precisely because they have features that the losers do not
have. They will be faster, stronger, sexier, and so forth. In time, this will lead to
a full-blown evolution, and moreover, it will be evolution in the direction of
adaptive advantage. This new mechanism, that Darwin was to call “natural selec-
tion,” has the effect precisely of producing the designlike effects of which Cuvier
and the natural theologians had made so much.

The Long Dela)/

Having a bright idea is one thing. Having a full-blown theory that will convince
other people, especially doubters and critics, is quite another. In science, no less
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than in the fast-food business, what counts is the sizzle not just the steak. Darwin
realized fully that he was going to have to work to put things together into a fully
finished form that would be presentable to others. In the end, it took him 20
years to do this, which is cautious by anybody’s standards. If nothing else, it
shows just how much science has changed over the past century and a half and
how it has become a collaborative big business. No one today could sit on an im-
portant idea for 20 years. Jim Watson and Francis Crick discovered the double
helical shape of the DNA molecule in 1953. Can you imagine if they had con-
cealed their finding until 1973?! Of course, they could not have done so. Some-
one would have scooped them. In any case, today most scientists are funded by
governments and big business, unlike Darwin, who was supported by the family
fortune. If you want to keep the grants coming, you had better come up with a
steady stream of results.

In fact, I do not think that Darwin suspected that the delay would be any-
thing like as long as it eventually proved. Within a year or two he had put things
together in theory form—he wrote a 35-page outline in 1842, and then a full ver-
sion of 230 pages in 1844. But a number of factors intervened. One was that Dar-
win fell very sick from some unknown illness. It slowed him right down. From
being a vibrant young man who had braved the elements on the Beagle and
through South America, he became a near invalid, wracked with headaches and
other ailments. He and his increasingly large family spent long periods at spas and
other places of treatment as vainly he searched for relief. He became a recluse, to-
tally dependent on his wife for every minor item of everyday life.

This was not a man to take on the scientific community with a daring and
dangerous new hypothesis. Especially given that in 1844 there appeared an anony-
mously authored evolutionary tract: Vestiges of the Natural History of Creation. This
caused a huge sensation, being wildly popular with the general public, especially
women. Almost naturally, all of the Oxbridge science professors who were Dar-
win’s teachers and mentors took a leading role in opposition. Adam Sedgwick
(1845, 1850), Cambridge Professor of Geology, evangelical Christian, and ardent
catastrophist, led the attack with an 85-page critical review, followed by a 300-
page Preface and a 500-page Afterword—all condemnatory of Vestiges—added to
an inoffensive little 30-page essay on good conduct by undergraduates at universi-
ty. Having suggested that the anonymous author had such low standards that it
had to be a woman, Sedgwick drew back and denied that any member of the fair
sex could have penned so vile a work.

In the same vein were the sentiments of David Brewster, Scottish man of
science and biographer of Newton: “Prophetic of infidel times, and indicating the
unsoundness of our general education, “The Vestiges ... ’ has started into public
favour with a fair chance of poisoning the fountains of science, and sapping the
foundations of religion” (Brewster 1844, 471). He knew wherein lay the trouble:
“The mould in which Providence has cast the female mind, does not present to us
those rough phases of masculine strength which can sound depths, and grasp syllo-
gisms, and cross-examine nature” (p. 503).
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In the light of all of this, Darwin wisely decided to remain silent. He buried
himself in a massive project of barnacle taxonomy, letting a few selected friends in
on the great secret. His reputation grew, meanwhile, both as a scientist and as a
general man of letters, thanks to a wonderful travel book that he produced from
the diary kept on his long journey from England. Darwin was a man known,
loved, and respected by the Victorian public, and so it was perhaps no great sur-
prise that in the summer of 1858 a young naturalist and collector, then in the Ma-
lay Peninsula, should have sent to Darwin of all people a copy of an essay that he
had penned just after recovering from a malarial attack. Shocked beyond belief,
Darwin read this piece, by Alfred Russel Wallace (1858), realizing that at last
someone had hit on exactly the same ideas as he some 20 years earlier. Material
was rushed into print, Darwin wrote frantically, and in the autumn of 1859, On
the Origin of Species by Means of Natural Selection or the Preservation of the Favoured
Races in the Struggle for Existence finally saw the light of day.

Darwin’s Ori gin

Darwin later referred to his work as “one long argument,” and this it was. He
knew he had a selling job to do. Darwin was never that much interested in the ac-
tual path of evolution, although with hindsight we can spot some fascinating spec-
ulations in the ostensibly nonevolutionary work on barnacles (published in the
carly years of the 1850s). But he had to persuade people of the fact of evolution,
and he hoped also to convince them of his mechanism or cause for evolution.
Running these two tasks together and influenced, I might add, by some of the
leading methodologists of his age, Darwin reasoned in two quite distinct ways.

First, he tried to persuade people of evolution through selection by analogy.
He thought that if he could introduce people to something they already knew and
accepted—in this case the success of breeders in transforming animals and plants
through artificial selection—then he might be able to persuade them of something
they neither knew nor accepted—full-blown evolution through natural selection.
To this end, Darwin trotted out all sorts of examples of the triumphs of animal
breeders—with pigeons, with horses, with cows, with sheep, and much more—
and then hinted heavily that this is no less than we might expect to find in nature.
In a way, therefore, practical agriculture together with the work of those who
breed for pleasure (pigeons, fighting cocks, bulldogs) was serving as the experi-
mental evidence for the case that Darwin was building.

When this done, Darwin moved to the second phase of his agreement. First,
the struggle leading to selection was introduced and discussed. To this end, Dar-
win turned to Malthus ([1826] 1914) and argued that as the political economist
had claimed there is a struggle for existence in the human world, so likewise there

isa struggle for existence in the organic world.

A struggle for existence inevitably follows from the high rate at which all organic
beings tend to increase. Every being, which during its natural lifetime produces

several eggs or seeds, must suffer destruction during some period of its life, and
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during some season or occasional year, otherwise, on the principle of geometrical
increase, its numbers would quickly become so inordinately great that no country
could support the product. Hence, as more individuals are produced than can pos-
sibly survive, there must in every case be a struggle for existence, either one indi-
vidual with another of the same species, or with the individuals of distinct species,
or with the physical conditions of life. It is the doctrine of Malthus applied with
manifold force to the whole animal and vegetable kingdoms; for in this case there
can be no artificial increase of food, and no prudential restraint from marriage.
(Darwin 1859, 63)

The Trangfer (zfa Social Idea to a Bio]ogica] Idea

As Darwin himself recognized, strictly speaking what he found in the organic
world was not necessarily a struggle for selection or indeed for existence. Rather,
there is competition of a kind between organisms for space and food, and this
competition centers more directly on reproduction than it does on existence. But
either way, what one has is some kind of transference of a social idea from the hu-
man realm to the biological realm, where Darwin made of it a biological idea.
Then after the struggle, Darwin moved to say that, given that there is con-
stant new variation in populations, one will get a natural form of the selection
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practiced by animal and plant breeders. This leads to ongoing change, but change
of a particular kind: change in the direction of adaptive advantage.

Let it be borne in mind in what an endless number of strange peculiarities our do-
mestic productions, and, in a lesser degree, those under nature, vary; and how
strong the hereditary tendency is. Under domestication, it may be truly said that
the whole organization becomes in some degree plastic. Let it be borne in mind
how infinitely complex and close-fitting are the mutual relations of all organic be-
ings to each other and to their physical conditions of life. Can it, then, be thought
improbable, seeing that variations useful to man have undoubtedly occurred, that
other variations useful in some way to each being in the great and complex battle
of life, should sometimes occur in the course of thousands of generations? If such
do occur, can we doubt (remembering that many more individuals are born than
can possibly survive) that individuals having any advantage, however slight, over
others, would have the best chance of surviving and of procreating their kind? On
the other hand, we may feel sure that any variation in the least degree injurious
would be rigidly destroyed. This preservation of favourable variations and the re-
jection of injurious variations, I call Natural Selection. (pp. 80-81)

As a substitute for the term natural selection, later editions of the Origin intro-
duced the term survival of the fittest. This was an invention of the English philoso-
pher, social scientist, and biologist Herbert Spencer. The term was urged on Dar-
win by Wallace as less misleading than natural selection. But, whatever name the
rose was given, do not think that natural selection was the only causal mechanism
endorsed in the Origin. Darwin always endorsed secondary mechanisms of evolu-
tionary change. We have seen the acceptance of Lamarckian acquired characteris-
tics. More important—indeed, the most important of all of the alternative mecha-
nisms—was sexual selection, a kind of secondary mechanism to natural selection.
This corollary, as one might call it, tacked onto Darwin’s earliest (private) writ-
ings on selection, centers less on the struggle for existence and reproduction and
more on the struggle for mates. There is a differential reproduction leading to ev-
olutionary change as features that help in the mating game get selected and re-
fined. Sexual selection clearly came by analogy from the breeders’ world, where
one selects, on the one hand, for physical characteristics like fleshier meat and
shaggier skins (the practical agricultural side, the natural selection equivalent) and,
on the other hand, for the kinds of characteristics that organisms have to attract
mates and repel rivals (the pleasurable fanciers’ side, the sexual selection equiva-
lent). Things brought about by sexual selection include characteristics used for in-
traspecific fighting, like the antlers of the stag, and characteristics used for sexual
attraction, like the peacock’s tail. (As you will have realized, it was this sexual se-
lection at the center of the dispute between Darwin and Wallace. Later we will
see more on this topic.)

Selection in itself does not explain how a group of organisms might split into
two. Most particularly, how one might start with one species and then end up
with two species. (This process is known as speciation). The model that Darwin
had always in mind was the speciation that occurred within the reptiles and the
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The tree of life (as drawn
by Darwin’s German

supporter Ernst Haeckel)

birds on the Galapagos Archipelago. He needed something that would positively
induce selection to tear groups apart, and he thought he had found it in what he
called his principle of divergence. The essential idea here is that by breaking up into
smaller groups, organisms can better exploit their ecological circumstances. Two
groups with somewhat different adaptations can do better than one. Big finches
can eat big nuts and plants, and small finches can eat seeds or insects.

From this, Darwin was led immediately into his well-known description of
life’s history, where he drew an analogy with a magnificent tree.

The affinities of all the beings of the same class have sometimes been represented
by a great tree. I believe this simile largely speaks the truth. The green and bud-
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ding twigs may represent existing species; and those produced during each former
year may represent the long succession of extinct species. At each period of
growth, all the growing twigs have tried to branch out on all sides, and to overtop
and kill the surrounding twigs and branches, in the same manner as species and
groups of species have tried to overmaster other species in the great battle for life.
The limbs divided into great branches, were themselves once, when the tree was
small, budding twigs; and this connexion of the former and present buds by rami-
fying branches may well represent the classification of all extinct and living species
in groups subordinate to groups. ... As buds give rise by growth to fresh buds, and
these, if vigorous, branch out and overtop on all sides many a feebler branch, so by
generation I believe it has been with the great Tree of Life, which fills with its dead
and broken branches the crust of the earth, and covers the surface with its ever
branching and beautiful ramifications. (Darwin 1859, 129-130)

It hardly needs saying that if Darwin’s mechanism of natural selection were
to work, then he needed a constant supply of new variations coming into every
population of organisms. Otherwise everything runs down very quickly to a ster-
ile uniformity. In addition, these new variations must be heritable. If they are not,
then however effective selection may be in one generation, it cannot pass on its
results to the next. Here Darwin’s genius rather deserted him. At best one got a
compendium of speculations that would have done credit to his grandfather, and
indeed many of the speculations—Lamarckism had a prominent role—were the
same as those of the earlier evolutionist. As I have mentioned, Charles Darwin
(not in the Origin but in later publications) floated ideas about the transmission of
particles from the body to future generations, via the bloodstream and the sex or-
gans. (This theory was known as pangenesis. )

After this somewhat unsatisfactory discussion, Darwin moved to a quick sur-
vey of some of the difficulties of his theory, for instance, the evolution of features
that are highly adaptive or complex. Then he was able to turn to the second major
part of the Origin. It was here that Darwin really came into his own as he surveyed
the different branches of biology showing how evolution through natural selection
throws light on so many different areas and conversely, in turn, is supported by
cach and every one of these areas. One area of major interest to Darwin was that
of instinct and behavior. Like many biologists of his era, he was absolutely fasci-
nated by the social insects, particularly the ants and the bees. He was concerned
particularly to show how their social characteristics, just as much as anything else,
were things that could be explained by natural selection. “No one will dispute that
instincts are of the highest importance to each animal. Therefore I can see no diffi-
culty, under changing conditions of life, in natural selection accumulating slight
modifications of instinct to any extent, in any useful direction” (p.243). As we
shall see later, there was a lot more to the story than this, and perhaps Darwin
was being overly optimistic in what he wrote. Indeed, he worried a great deal
about how organisms can cooperate as tightly as they do in an ant’s or bee’s nest.
However, as we shall see also, it was not until modern theories of heredity had

been developed that the full story could be uncovered.
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Geology and paleontology naturally got full treatment in The Origin of Species.
On the one hand, Darwin was somewhat defensive. Like any evolutionist, he had
to face the problem of the incompleteness of the fossil record. He had to show
not only why he thought there would be few if any transitional forms but also
why the fossil record starts so suddenly. The record does not go very gradually
from the most primitive up to the most complex but starts off with a bang with
really quite complex and sophisticated forms. (In fact, this is no longer quite true.
In a later chapter, we will see that this problem has been remedied somewhat by
new discoveries. Darwin, however, was driven to all sorts of speculations about
how the early organisms would have lived where there are now seas, and how the
weight of the land above them would have squashed their fossils to nothingness,
and so forth.)

On the other hand, Darwin happily stressed the positive side to geology and
paleontology. For all the problems, the fossil record does have a roughly progres-
sive upward favor, which is what one expects given evolution. “The inhabitants in
each successive period in the world’s history have beaten their predecessors in the
race for life, and are, in so far, higher in the scale of nature; and this may account
for that vague yet ill-defined sentiment, felt by many paleontologists, that organi-
sation has on the whole progressed” (p. 267). Moreover, Darwin was able to
show that we find the more general and putative linking types of organisms lower
down in the fossil record, and hence earlier. Conversely, the more specialized or-
ganisms come higher, and therefore later. This is just what one would expect if
evolution were true. Darwin stressed also that once an organism has gone extinct
it never reappears. Evolution through natural selection would lead one to expect
this. On a theory of divine, miraculous, instantaneous creation, it is quite anoma-
lous.

Moving on to geographical distribution, here (as you might expect) Darwin
grew positively expansive. This was (and still is) always one of the really strong
areas of biological inquiry supporting the evolutionist’s case. For Darwin, given
his Galapagos experience, it was an area of special importance, and naturally he
made much of it. The Galapagos Archipelago itself gets a full treatment, and there
is much discussion of oceanic islands in general. Then, following this, Darwin
went quickly through a range of topics—classification, morphology, embryology, and
rudimentary organs—showing how each and every one of these can be explained by
evolution through natural selection, and conversely gives support to the mecha-
nism. Embryology particularly got a detailed and vibrant discussion. Darwin was
extremely pleased with his explanation of the fact that often organisms that are
very different as adults have embryos that are very, very similar—humans and
dogs, for instance. Darwin pointed out, using the analogy of artificial selection,
that embryos have much the same selective environment and so are not ripped
apart, whereas adults have different environments and so are driven apart by natu-
ral selection. In the world of animal breeders, no one cares much how the juve-
niles look. What really counts are the adults. “Fanciers select their horses, dogs,

and pigeons, for breeding, when they are nearly grown up: they are indifferent
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whether the desired qualities and structures have been acquired earlier or later in
life, if the full-grown animal possesses them” (p. 446).
And so the case was brought to completion. Truly, Darwin described what

he had done as “one long argument” from beginning to end.

From the war of nature, from famine and death, the most exalted object that we
are capable of conceiving, namely, the production of the higher animals, directly
follows. There is grandeur in this view of life, with its several powers, having been
originally breathed 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 beautiful and most wonderful have been, and are being,

evolved. (p. 490)

Note incidentally the final word. You will often see it said that Darwin nev-
er used the word evolution in the Origin of Species—as if this tells you something
significant, such as that Darwin did not really believe in and argue for evolution.
This is misleading nonsense. The word evolution only came into the modern use—
our use—around the time of Darwin, and he clearly had no strict objection to its
use (Richards 1992). The more common language was that of “transmutation” or,
Darwin’s own preference, “descent with modification.”

The argument of this second part of the Origin was as deliberate and as struc-
tured as was the argument of the first part. A good analogy can be drawn from
criminal detection, where we have similar challenges to that faced by Darwin.
Suppose you have a crime, let us say a murder. We have a suspect, but there were
no eyewitnesses to give testimony. Let us suppose now that we find a similar
crime, and there is good evidence that the suspect committed that crime. Now
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the detective would feel much more convinced of the suspect’s guilt. This is anal-
ogous to Darwin’s use of the artificial selection analogy. No one saw evolution oc-
cur, but now we have something similar that produces a similar effect. The guilt
may not be there, proven absolutely, but the detective/evolutionist feels that we
are on the right track.

So what does the detective do next? He or she looks for circumstantial evi-
dence. The search is on for clues. Lord Rake lies dead in the library, a dagger
through his heart. The detective pins the guilt on the butler because of the bloods-
tain (the butler has a rare blood group that is found on the knife), because of the
efficient way in which his lordship was killed (the butler was a commando in earli-
er life), because of the motive (the butler’s daughter was seduced by Lord Rake),
because of many, many more little bits of information and evidence. The clues
point to the guilt and the guilt explains the clues. It is exactly the same for Dar-
win. The facts of instinct, the paleontological record, the distribution of organ-
isms, morphology, embryology, systematics, all of these point to evolution
through natural selection. Conversely, evolution through natural selection ex-
plains all of these facts of the biological world. Why the progressive fossil record,
why the Galapagos distribution, why the homologies, and so forth. In Darwin’s

opinion, evolution through selection is proven “beyond reasonable doubt.”

After the Origin

The year 1859 really was a watershed in the history of evolutionary thought. Be-
fore then, people knew about the idea of evolution (fact, that is) and would spec-
ulate about paths, and the Lamarckian inheritance of acquired characteristics was
part of general lore (although of course most people did not think that it could
cause more than minor effects and certainly did not think it would lead to the
change of one species into another). But as a general belief, evolution was looked
down upon by serious thinkers, and among professional scientists in particular it

Conflict Before, During and After The Origin of Species * 51



was regarded with scorn, and with not a little of the contempt and fear that had
marked Cuvier’s response and attitude.

If things were to change, something exceptional had to happen. And it did.
Darwin was a person with stature: as a scientist and as a general figure in Victori-
an life. He could and did write extremely well—his travel book showed that and
not a few remarked of the Origin that it had the same easy and inviting style. The
reader is brought into the argument, never condescended to, and seduced by fa-
miliar examples and practices. Pigeon breeding—the classic working man’s hobby
(think of Andy Capp)—who could be scared of that? The main argument was con-
vincing—after all, if not evolution, then how do you explain the Galapagos birds
and tortoises, the homologies between the limbs of very different organisms, the
facts of embryology? And on top of this, even if the old guard was never going to
change, by 1859 Darwin had built up a group of younger scientists and supporters
who would see that his ideas got full coverage and fair treatment.

It worked! At least, it worked in part. Virtually overnight people became
evolutionists—evolution as fact that is. It was a little like the Hans Christian An-
derson story of the Emperor’s new clothes. Once the child had spoken—*“But
Daddy, he doesn’t have any clothes on”—everyone said the same. Said they had
known it all along! Once Darwin had spoken—*“But evolution does occur”—ev-
eryone said the same. Said they had known it all along! I do not want to exagger-
ate. Of course, some of the established scientists and their friends never accepted
evolution. Sedgwick went to his grave (in the 1870s as a very old man) denying
and denouncing the vile doctrine. Mr. Gladstone, four times Prime Minister, clas-
sicist and churchman, never deviated from very old fashioned religious belief. But
generally, evolution became the flavor of the decade.

How can one be so certain? The most compelling evidence is from surveys
of magazines and newspapers and other such organs—especially religious publica-
tions, where one might expect to find opposition (Ellegard 1958). It is quite re-
markable how quickly contributors accepted evolution and urged it on their read-
ers. Obviously, liberal writers more quickly than conservative writers, but before
long—certainly by 1865, and usually much earlier—evolution was the norm, the
orthodoxy. What convinced me personally of the rapidity of the change was look-
ing at the examination papers that students had to attempt at the universities. (In
England, examinations are all printed up and copies kept on file.) In 1851, when
Sedgwick was an examiner, one question read: “Reviewing the whole fossil evi-
dence, show that it does not lead to a theory of natural development through a
natural transmutation of species.” But just a few years after the Origin, students
were being told to assume “the truth of the hypothesis that the existing species of
plants and animals have been derived by generation from others widely different”
and to get on with discussing causes! When something is part of the standard un-
dergraduate curriculum, you can be fairly sure that it is established truth.

Evolution as fact went over quickly and well. As I have said, Darwin was
never really that interested in evolution as path. This was the job for the profes-

sional paleontologist, and he never really had aspirations in that direction. But
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what about evolution as cause—what about natural selection—Darwin’s real
pride and joy? Here, to be candid, he had a lot less success. No one wanted to
deny it outright, but by and large people looked to other mechanisms. There
were a number of reasons for this, and in the next chapter we shall be looking at
what I think is the most significant of these. But for the moment, let me tell you
that it soon became apparent that there were some fairly serious scientific prob-
lems with Darwin’s theory—Darwinism as it was usually called, and as we shall
now call it, meaning not just evolution as fact but the theory that makes natural
selection the chief and central mechanism of change. Let me mention two such
problems.

First, there were problems with Darwin’s thinking about heredity—that is,
about the means by which new variations come into populations (the “raw stuff”
of evolution, necessary for indefinite change) and even more about the ways in
which variations are passed on from generation to generation. It is clear that one
must have some such theory of heredity or—as it is known today—of “genetics.”
Suppose natural selection picks out some feature as especially valuable—say a new
predator comes along, and those potential victims that are darker than others are
better camouflaged against the background and hence tend to be the “fitter.” It
does not matter how dark a successful organism may be, if it does not pass this
feature on to its offspring. Without some way of preserving and transmitting good
characteristics, the clock is put back in each generation and selection goes no-
where.

Unfortunately, at this point, Darwin took a false step. You might think that
in each generation characteristics blend in with each other, and certainly this
seems to happen sometimes. A black man and a white woman have brown chil-
dren. Or you might think that in each generation characteristics stay distinct and
entire. Eye color, for instance, or sex for that matter. You either have boy fea-
tures or you have girl features. Depending on the way you go—what you take to
be the norm—you explain the other side as anomalous or temporary or some
such thing. For instance, if you think that sex is the norm (you take the “particu-
late” side), then you explain skin color as a temporary manifestation and probably
the underlying causes are unaffected. The same obviously if you take the other
side (“blending”), thinking skin color the norm and eye color and sex to be ex-
plained away.

The point about the two positions is that the particulate side lends itself im-
mediately to a selection position—no matter what happens on the surface, the es-
sential causes remain unchanged and preserved through the generations, always
ready to show their effects again. Blending does not so lend itself—however good
selection may be, in a generation or two a good new feature gets diluted right
down and out to invisibility. One drop of black paint in a gallon of white makes
little difference.

Let me be fair to Darwin. None of this is very obvious. There is no clear
surface reason why inheritance should be particulate rather than blending, or con-

versely. It is a judgment call based on the overall background information that you
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have. But a false judgment is a false judgment, and this is where Darwin faltered:
he went the wrong way, thinking that blending is the norm. And the critics
pounced, showing how selection simply could not do what was needed. As we
shall learn in time, it was in fact not until the twentieth century that the problem
was resolved. But that was little consolation to Darwin in the nineteenth century!

The same is true of Darwin’s other big scientific problem: although here one
has rather more sympathy for Darwin, for he was the victim of the erroneous
thinking of others (Burchfield 1975). The physicists, ignorant of the warming ef-
fects of radioactive decay, argued strenuously that the earth must be much youn-
ger than Darwin needed for the slow processes of natural selection. In the Origin,
Darwin rather suggested that time was almost infinitely available, and now the
physicists cut him down to a hundred million years maximum. This was still huge
by what people had believed even a few years earlier. No one in the nineteenth
century believed in the 6,000 years since creation that the sixteenth-century
Archbishop Ussher had calculated from the genealogies given in the Bible. But one
suspects that the catastrophists were thinking in terms of hundreds of thousands of
years, a few million at most. The physicists were certainly being generous by ear-
lier standards, but this was not enough for Darwin, who spent years trying to
speed things up in the face of criticism. Ultimately, he had to tough it out and
hope that something would turn up—which it did, but not until 25 years after he
had died. Then and only then was radioactive decay discovered, its warming ef-
fects appreciated, the span of earth-life lengthened, and natural selection given full
rein. (Today, there is lots of time. The universe is believed to be about 15 to 20
billion years old, the earth is about 4 and a half billion years old, and life started
about a billion years later. More on this in due time.)

Genetics and geological history were somewhat technical questions. The big
popular question of course was our own species: Homo sapiens. It is here that Wal-
lace comes back into our story. In the Origin, Darwin made it clear that we are
part of the scenario, but he did not want to make too much of this. “Light will be
thrown on the origin of man and his history” (Darwin 1859, 488). This silence
was deliberate. Darwin wanted to get the main ideas on the table before people
got diverted straight into questions of human origins. Darwin knew that, once he
published, his theory would be swallowed up by the “monkey question”: a predic-
tion that not only proved true but that was reinforced by the almost simultaneous
first arrival from Africa, in Victorian England, of the gorilla.

At first, Wallace had been as hard nosed about humans as Darwin—“hard
nosed” in a comparative sense, for Darwin certainly thought that God was creat-
ing everything including us, if through natural laws—but in the 1860s, the junior
evolutionist became enamored with spiritualism. Wallace (1870) started to be-
lieve that there are occult forces ruling the world and responsible for our evolu-
tion. Selection alone could not do the job, because we humans are fundamentally
different from all other organisms. Hence, Wallace’s reluctance to allow that the
peahen might have the same standards of beauty as humans. There must be some-

thing nonmaterial, nonphysical, about human evolution.
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Darwin was appalled at Wallace’s apostasy. But he realized that there was a
challenge here to be met. The younger man had come up with all sorts of human
characteristics that he claimed could not have been perfected by natural selec-
tion—human hairlessness, big brains, racial differences, and more. Darwin’s re-
sponse, really driving in the wedge between him and Wallace, was to make more
and more of sexual selection. In The Descent of Man, published in 1871, Darwin ar-
gued that it is males competing and women choosing that makes us what we are.
The bigger, stronger, brighter men got the pick of the women; the nicer, sexier,
more sensitive women got the pick of the men (or picked by the men). My favor-
ite example, if that is the right term, is Darwin’s explanation of why Hottentot
women have big backsides. Apparently they are lined up, and the warriors crouch
down and squint along the line. She who protrudes farthest (a tergo) is she who is
chosen by the bravest warrior.

Supposedly, all of this tells us not only why there are racial differences but
also why there are sexual differences, and even why we humans are different from
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the brutes. The most beautiful women were desired by the strongest and most in-
telligent men, and the women in turn were happy to lie down for a good cause. If
nothing else, by going with the flow they would then determine that their own
sons would have precisely the features that make for male success in the struggle
for reproduction. And if this were not enough, for good measure Darwin threw
in a defense of capitalism! “In all civilized countries man accumulates property and
bequeaths it to his children. So that the children in the same country do not by
any means start fair in the race for success. But this is far from an unmixed evil;
for without the accumulation of capital the arts could not progress; and it is chief-
ly thorough their power that the civilised races have extended, and are now ev-
erywhere extending, their range, so as to take the place of the lower races” (Dar-
win 1871, 1, 169).

In the face of this kind of argumentation, Wallace got somewhat short shrift.
Apart from the fact that, by the 1860s and 1870s, appeal to spirit forces was sim-
ply not acceptable in forward-looking science, his innate assumption that all hu-
mans are likewise distinctive in their intelligence and other defining characteristics
was much against the temper of the times. The “lower races” were certainly con-
sidered human and much above the apes—remember there had just been a bloody
civil war in America over this very issue, with forward-looking liberals arguing
that slavery is immoral precisely because all humans are in one family. But even
the most liberal were generally not about to equate the Negroes and aborigines
and Indians and native north Americans along with Europeans, or even southern
Europeans and Slavs and Jews with Anglo-Saxons. Darwin’s approach, which rest-
ed ultimately on competition and differences between peoples and with some
coming out ahead of others, fit perfectly with what people already knew (or
“knew”). Especially since Darwin made it very clear that the inhabitants of a small
island off the coast of Europe are the apotheosis of human development.

It was no wonder the Victorians loved Charles Darwin and ended by burying
him in Westminster Abbey. This was a man who spoke a language they could all
understand. The coming of evolution was indeed a momentous event, but you
should not think that it faced united opposition and hostility. In respects, it lent it-
self very nicely to the most standard and basic of societal beliefs and prejudices
and was welcomed accordingly.
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Further Reading & Discussion

There are many books on Charles Darwin, but start with On the Origin of Species
(London: John Murray, 1859) itself. It is remarkably readable for a “great book.”
Darwin kept revising and rerevising his work, and by the time he had finished it
had rather lost its original, clean, spare form. So try to get hold of the first edi-
tion. You can tell if you have found it, because in the fourth chapter where Dar-
win introduces natural selection, it is only in later editions that he adds Spencer’s
alternative name of “survival of the fittest.” Harvard University Press has pro-
duced a facsimile of the first edition, and the Penguin edition is also of the first.
This latter has an excellent introduction by the historian John Burrow.

For Darwin himself, the best single volume biography is by Adrian Desmond
and James Moore: Darwin: The Life of a Tormented Evolutionist (New York: Warner,
1992). This is compulsively readable and simply packed with information about
Darwin and his friends and family and the society in which he lived. Be warned,
however, that it is written from a Marxist perspective that sees England on the
verge of revolution and Darwin as a key figure in precipitating potential trouble.
Darwin is portrayed as racked with guilt because, through his promotion of go-
dless evolution, he was thereby betraying his own social class (hence the subtitle
of the book). I think this is silly nonsense. I am not convinced that Britain was so
very unstable. In any case, Darwin was well liked and secure in his position in so-
ciety, and although his theory was truly revolutionary it never bothered him that
he had it. Moreover, as I shall be telling you in the next chapter, he saw that his
basic ideas rapidly became orthodoxy. This was a man who was buried in West-
minster Abbey.

The best overall biography of Darwin is Janet Browne’s two-volume biogra-
phy, Charles Darwin: Voyaging, Volume 1 of a Biography (New York: Knopf, 1995)
and Charles Darwin: The Power of Place, Volume 2 of a Biography (New York: Knopf,
2002). The first part particularly is terrific. It is thorough, judicious, well-written
with keen insight into Darwin’s psyche, and very detailed and knowledgeable
about the pertinent science. The second part was bound to be a bit of an anti-cli-
max, if only because any life would be an anti-climax after the Beagle voyage, the
discovery of natural selection, and the publication of the Origin. However, I think
that Browne compounds things a bit by simply offering a year-by-year account of
Darwin’s life. You can only take so much letter writing, spa visiting, and pool
playing with the family retainer to while away the winter hours. I would have pre-
ferred to have had a more expansive treatment, looking at the reception of the
ideas and that sort of thing. Immodestly, therefore, I am going to recommend my
own books, which do try to tackle these issues. Start with my own general history
of the whole Darwinian revolution: The Darwinian Revolution: Science Red in Tooth
and Claw, 2nd ed. (Chicago: University of Chicago Press, 1999). It is particularly
strong on the religious and philosophical factors in the revolution and has been

reissued with a new afterword that discusses findings and interpretations since it
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first appeared 20 years ago. Then go on to the chapters in Monad to Man (Cam-
bridge: Harvard University Press, 1996) that cover things after the Origin. Or if
you do not have the time for this, read the next chapters of this book!
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Chapter 3

Darwinism Explodes onto the Victorian Stage:

Evolution as Reli gion

Overview

I n this chapter we explore how The Origin, Darwin’s ideas on evolution, in-

fluenced not only scientific development but spilled over into the humanities
as well. Taken up by historians, social and religious leaders and political theorists
not only in Victorian England but throughout the western world, these were ideas
seized upon with remarkable fervor by theorists wildly opposed to each other’s
movements. At times, The Origin seemed to be a one-size-fits-all theory used by

friend and foe alike in our history of evolution wars.

It is hard to imagine a more perfect place for Darwinism to land in history than in
Victorian England. Branches of science were developing at a rapid rate, and ex-
plorers and scientists were the era’s rock stars. Advances in our understanding of
the world, our place in it and our obligations to it, were advancing at a remark-
able pace. In this chapter we will touch on the new branches of science (physiolo-
gy, embryology, morphology to name just a few) that were being developed side
by side and often competing with each other for new-found monetary support.

By mid to late 19th century, that evolution had become an accepted fact was yes-
terday’s news in the scientific world. Where evolution continued to wreck havoc
was in the secular and religious realms. Darwinism was seen as the keystone of
progress, the cause of our ever-increasing upward development as espoused by
Herbert Spencer. Evolutionists’ belief in this progress and good became, for
many, their new religion with worship in museums with the latest displays of fos-
sil progression and skeletal ‘missing links,” instead of in churches. It was, indeed,

a brave new world.

Some evolutionists felt that this new discovery meant that societies should not
help the poor, not establish barriers to trade, and not try to manage economics.

This laissez-faire approach meant that the strongest nations with the best goods
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and strongest people would survive and rule as intended, and societies should not

interfere with this progress.

In some cases these theories of an ever-increasing progress led to an interesting
marriage of Darwinism and religion. Calvinism (American’s Protestantism) belief
in predestination meshed with Darwinism and survival of the fittest. It is in this
harsh pre-ordained world of Calvinism that the stern laws of nature decided fates
for all with God as the redeemer.

A socialist theory also based on Darwinism was on the rise, however, which pur-
ported that natural selection could operate for the good of an entire group as well
as for individuals. It went on to say that the group could work together to over-
come adversity that might befall individuals. This contributed to the development
of the socialist movement, which had a profound effect on Russian revolutionary
thought. And so, the evolution wars continued with each side taking up the cause

for their own purpose.

But more damaging, by far, was the use of Darwinism as a way to justify war.
Certain theorists maintained that progress depended on war, proclaiming, “With-
out war inferior or decaying races would choke growth.” Such philosophy and so-
cial theories were used to buttress entry into World War I and later, in the mid-
20th century, Hitler would twist evolution into a rage against non-Aryans with

terrible Consequence .

Finally, this chapter explores the age-old question of man and woman on the evo-
lutionary scale. And this war will not be ended any time soon. Many used, and
still use, evolution to support the belief that women are inferior to men. On the
other hand, there were Victorian-era evolutionists who believed that the only way
for the human race to achieve success and salvation was to put our hopes in the

hands of the female of the species.

The Role ofthe Scientific Community

The work of the following theorists is discussed in this chapter. Short, biographi-
cal essays of these individuals appear in Biographies on page 607.

Samuel Wilberforce (1805-1873)

Herbert Spencer (1820-1903)

Thomas Henry Huxley (1825-1895)

Richard Owen (1804-1892)

Joseph Hooker (1817-1911)

Prince Petr Kropotkin (1842-1921)

Frederick von Bernhardi (1849-1930)
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Setting the Stage

I should like to ask Professor Huxley, who is sitting by me, and is about to tear
me to pieces when I have sat down, as to his belief in being descended from an
ape. Is it on his grandfather’s or his grandmother’s side that the ape ancestry comes
in?” And then taking a graver tone, [Samuel Wilberforce] asserted, in a solemn per-
oration, that Darwin’s views were contrary to the revelation of God in the Scrip-
tures. Professor Huxley was unwilling to respond: but he was called for and spoke
with his usual incisiveness and with some scorn: “I am here only in the interests of
science,” he said, “and I have not heard anything which can prejudice the case of my
August client.” Then after showing how little competent the Bishop was to enter
upon the discussion, he touched on the question of Creation. “You say that devel-
opment drives out the Creator; but you assert that God made you: and yet you
know that you yourself were originally a little piece of matter, no bigger than the
end of this gold pencil-case.” Lastly as to the descent from a monkey, he said: “I
should feel it no shame to have risen from such an origin; but I should feel it a
shame to have sprung from one who prostituted the gifts of culture and eloquence
to the service of prejudice and of falsehood.” (Huxley 1900, 1, 200-201)

A wonderful confrontation. This was the meeting of the British Association
for the Advancement of Science, held in Oxford in 1860, the year after the Origin
was published. Thomas Henry Huxley was clashing with Samuel Wilberforce (son
of William Wilberforce, famous in England for leading the fight against slavery), a
leader of the “high church” movement in the Anglican Church. This truly was a
David and Goliath encounter, for Huxley was young and vigorous, a morphologist
and paleontologist and now professor at the London School of Mines—a worthy
home but with virtually no status whatsoever—and Wilberforce was old and es-
tablished and important and occupying one of the most distinguished of bisho-
prics—at Oxford, no less, the city of the most venerable and powerful university
in the realm. The defender of science, the “bulldog” who spoke for the new theo-
ry of evolution, battled the champion of the Church of England, speaking for all
that was set and important and traditional. And as David slew Goliath, so Hux-
ley’s verbal slingshots left the bishop vanquished and speechless.

A wonderful confrontation and a wonderful story, told and retold by gener-
ations of evolutionists. I myself first became interested in Darwinism thanks to a
graphic reinactment by my history master when I was a schoolboy some forty
years ago. I still remember his striding about the room, smashing fist into hand as
he made Huxley’s rhetorical points. (He was a terrific teacher!) But probably
more a myth than true, I am afraid, although (as these things tend to be) a very
revealing myth for all that. Let us go back and set the scene, following the story
through to the end.
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Bishop Samuel Wilberforce

of Oxford

Essa Ly

Ear])/ 19th Century Britain

Start at the beginning of the century (Ruse 1979). Thanks to the French Revolu-
tion, compounded by the rise of Napoleon, Britain was in a conservative phase.
But it was a country in tension, with the seeds of change germinated and sprout-
ing. On the one hand, Britain—southern England particularly—was ruled,
owned, and controlled by large, generally aristocratic landowners (identified with
the Whig party), with the spaces in between belonging to smaller landlords, the

squires or gentry (identified with the Tory party). Parliament consisted of an une-
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Thomas Henry Huxley

lected house of peers (which included judges and senior bishops of the Anglican
church) and an elected house of commons, although this latter was controlled by
those who had power over the nomination and election of the memberships of
parliament. In an age where the vote was open, tenants knew full well that the
wishes of their landlords were paramount. The duke of Norfolk, for instance, was
barred from taking his own seat in the House of Lords because he was a Roman
Catholic. Nevertheless, through his holdings he controlled the occupancy of sever-
al seats in the House of Commons.

Laws tended to be very much in favor of those in power and naturally tend-
ed to reflect rural interests. Hunting was given full rein and poaching was heavily
prosecuted. Most notorious of all the laws were the so-called Corn Laws, enacted
at the end of the Napoleonic Wars (1803—1815). During the wars, thanks to the
French navy, imports of corn (the term by which the English referred to wheat,
not to the North American maize) had been difficult or impossible; so landlords
had done well as their land was used for every last cultivated patch. Now with
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An ironworks, the epitome

qfthe Industrial Revolution

supplies coming in and rents dropping, the government enacted laws that speci-
fied that imported corn would be subject to restrictive taxes unless locally grown
corn reached a certain price. Thus rents were pushed back up again, to the delight
of the landowners—which landowners incidentally included Darwin’s teachers
and mentors at Oxford and Cambridge, for they were all fellows (members) of
colleges at those universities, and the colleges got their incomes from rents of

very large rural holdings.

Victorian Era in Ushered in

But things were starting to change—things had to change no matter what
the authorities in power wanted. I have spoken several times already of the Indus-
trial Revolution. This started in the second half of the eighteenth century, particu-
larly in the North and the Midlands, close to major supplies of coal and water and
minerals. This change brought great wealth to many people, including landown-
ers, but the interests of the industrialists and the landowners tended not to be the
same. The industrialists, for instance, wanted cheap corn so that they did not have
to pay high wages. They did not care if the materials for bread were imported
from around the world. And they resented very much that they tended to be out-
side the corridors of power—seats in the elected house of parliament were not
distributed equally. “Rotten boroughs” might have but a handful of voters—all
controlled by some powerful interest—whereas a new city might have little or no
representation at all.

In any case, not everyone could vote. Not women obviously. And by and
large, not workers either. You had to be a property owner. And, not dissenters
(Protestant, non-Anglicans) and certainly not Catholics. This latter was a grave in-
justice, particularly because of the Ireland question, where almost everyone (parts
of the north excepted) was a Roman Catholic. At that time there was a united
kingdom of Great Britain (England, Wales, and Scotland) and the whole of Ire-
land. This was a major factor. To give you some idea of how major, look at popu-

lation numbers. Today, there are 60 million people in Britain, and 5 million in
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Ireland. Then, at the beginning of the nineteenth century, there were 10 million
people in Britain and already 5 million in Ireland—poor, rural, uneducated, not
overly fond of the British, and (in the opinion of those British) appallingly super-
stitious and priest ridden. Right or wrong, the point is that the United Kingdom
had a major fault line running right down it: the Irish Sea.

Most dramatic of all was the population explosion. For reasons that are still
not fully understood, numbers started to climb at a high rate, and it was not only
an absolute climb but one away from the countryside toward the towns. Just to
give you some figures: between 1831 and 1851, London jumped from 1, 900,000
to 2, 600,000 people, Manchester from 182,000 to 303,000, Leeds from 123,000
to 172,000, Birmingham from 144,000 to 233,000, and Glasgow from 202,000
to 345,000. Between 1801 and 1851, Bradford grew from 13,000 to 104,000.
With growth like this things have to happen. You have to have food, and law and
order, and sewage, and education, and much much more—especially, you have to
have the entertainments and occupations of a large, closely packed, urban group
rather than the ways and means of traditional small village groups. No longer can
you leave charity to the wives of the squire and the vicar. No longer can a couple
of old women in the village give out remedies for everything from childbirth to
cancer. No longer can literacy be a privilege of the spoiled few. You have to have
a more modern society.

Society and its institutions did start to respond—slowly and unwillingly but
inexorably. Catholics were emancipated—this did not mean that they could nec-
essarily vote but that their religion did not at once exclude them. Some of the
worst rotten boroughs were abolished and parliamentary seats given to major new
urban centers. At the same time there were moves to reform education. New uni-
versities, starting with London, were being formed—University College started
by Radicals and then Kings College started in response by Anglicans. The old uni-
versities had reform thrust upon them. They were forced, for instance, to offer
science degrees. The Church itself was made to distribute a little of its wealth a
little more equitably, with provision for the unchurched, new, urban areas. And
as the century went on, reform also came to places like elementary education—
something that was always tense given conflicting religious interests. The military
and the nursing and hospital and medical professions generally showed that they
needed change, especially after the appalling conditions that were revealed during
the Crimean war. The civil service also had to start thinking in terms of a merito-
cracy, as it became clear that connection without talent and industry simply was
not enough to run a modern country.

So it went through the nineteenth century, and as the needs arose the men
(and sometimes, as in the case of Florence Nightingale, the women) rose up also
to tackle and meet the challenges. One such person was Thomas Henry Huxley,
born of a mentally distressed schoolteacher, who triumphed over his own person-
al demons and grew up to be the Cuvier of late Victorian Britain: the most impor-
tant and influential scientist of his day (Desmond 1994, 1997).
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Thomas Henry Huxley, a Professional Scientist

The contrast with Darwin is the most striking. Whereas the author of the Origin
was born to upper-middle-class security, driven to work only as his ambition dic-
tated, never once in his life ever having to worry about mortgage or school fees or
that little extra cash for a house extension, Huxley had to make his own way from
the beginning. Apprenticed to medical relatives, he started his rise through bril-
liant performances at Charing Cross Hospital. He joined H.M.S. Rattlesnake as
ship’s surgeon—significantly, whereas Darwin took his meals with the captain,
Huxley ate with the midshipmen—and it was on his journeys through the South
Seas that Huxley started to build his scientific reputation and career.

Daily, fishing up delicate marine invertebrates like jellyfish and sponges,
Huxley dissected them, showing in wonderful detail their structure and morphol-
ogy, and most especially the relationships between different forms. No one could
be ignorant of or indifferent to teleology, the Cuvierian functional approach; but,
from the beginning, Huxley was less interested in ends and workings and more in-
terested in the very ways in which things are put together and how they are trans-
formed from species to species. Hence, from the beginning, he was attracted to a
biology that put an emphasis on similarities and isomorphisms: homologies. This
of course was the approach of Geoffroy in opposition to Cuvier, but even more
(especially by mid-century) it was the approach of a school of German biolo-
gists—Naturphilosophen—for whom homology was the defining mark of the living,
far more than functionality (Gould 1977). Thus we find that, from the beginning,
Huxley stood outside the tradition in which Darwin was trained and in which he
excelled. It is characteristic of Huxley that, having determined the significance of
German thought, he immediately set about teaching himself the language. Darwin
was never able to do this.

Returning to England, Huxley rose rapidly through the ranks of science. He
became a Fellow of the Royal Society—Britain’s premier society for distinguished
scientists—and got himself good jobs in London institutions. These did not carry
the prestige of an Oxford or Cambridge post, but Huxley saw them as stepping-
stones to the control of science as he envisioned it. At the same time he continued
to establish himself as a master of the science of living form—morphology—as
well as beginning to turn his gaze backward toward paleontology. The most pow-
erful and influential man in these fields in England in the 1850s was Richard
Owen, for many years an employee of the Royal College of Surgeons (Rupke
1994). Almost naturally, the touchy older Owen and the pushy younger Huxley
fell out, and this set up a lifetime’s rivalry. But Huxley had a strong capacity for
friendship, and so he forged links with other younger scientists, like him deter-
mined to take over British science and convert it into the kind of university-based,
professional, government-supported enterprise that they saw as the needed com-
ponent of a modern forward-looking society. Darwin was linked to these scien-
tists, especially through the botanist Joseph Hooker, and so it was natural that
when Darwinism needed a champion at the British Association in 1860, Huxley
was there to play the role.
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Richard Owen

For a moment longer, however, let us leave evolution on one side. Huxley
and his chums did take over British science. By the 1860s and 1870s, they con-
trolled the Royal Society—the presidency, the secretaryship, and the like. They
got plum university posts and saw that their students got the same; although Hux-
ley himself never left London and turned down offers from Oxford and Cam-
bridge. They set and marked the examinations. They influenced elementary and
secondary education, seeing that science got a firm foothold. They invaded the
civil service and insisted that there be a place for science—and for properly
trained scientists. They started journals and supported the efforts of others in this
direction. Early issues of Nature owed much to Huxley. They took over the muse-
ums and much, much more. A little dining club started by Huxley and friends—
the X-Club—became the very center of the English scientific establishment.

But what sort of science did these men want for their society, or rather what
sort of biological science did Huxley want? Here we start to get some very inter-

esting answers, which have a surprising significance for our tale (Ruse 1996).
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Joseph Hooker

There were two branches of science particularly that caught Huxley’s attention
and concern. One was physiology, the study of the workings of organisms: a field
in which Huxley himself was not a great practitioner, for it puts a premium on
experiential technique and expertise, not something in which he shone. But
through his students, especially H. N. Martin in London (and later at Johns Hop-
kins in Baltimore) and Michael Foster in Cambridge, Huxley supported and en-
couraged the science. Moreover—and this is absolutely crucial when you are
founding and building a professional science—he found cash for its practitioners,
and students for its teachers, and jobs for its students. In particular, he persuaded
the medical profession—desperate to start curing rather than killing patients, and
no less desperate to exclude pretenders—that physiology was just the training re-
quired for would-be doctors. And, the message finding very receptive ears, physi-
ology was off and running.

Morphology was the other area of science that found professional favor with
Huxley. This was indeed his own field, and here it was the teaching world that
was the object of attack and persuasion. Huxley argued that a modern society puts
aside such useless subjects as Latin and Greek and takes up science, morphology in
particular. He was forever trumpeting the moral virtues of individual empirical
experience. There is an intentionally biblical echo to his most famous dictum: “Sit
down before fact as a little child, be prepared to give up every preconceived no-
tion, follow humbly wherever and to whatever abysses nature leads, or you shall

learn nothing” (Huxley 1900, 1, 219). And, to further his ends, we find the Hux-
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H. G. Wells, the novelist who trained
under T. H. Huxley to be a

schoolteacher

ley and his associates not only taught full courses in morphology but that they
started summer schools for teachers, where the message could be passed on, as
well as encouraging all that they could to take up cudgels on behalf of the science.
H. G. Wells, the novelist, is probably the most famous product of the Huxley sys-
tem—his fascination with science shows right through his writings—but he was
one of many.

Physiology and morphology. Where does evolution fit into all of this? Well,
of one thing you can be absolutely certain. Thomas Henry Huxley was a fanatical
evolutionist. This was not always the case. Early on he had been against the idea,
and when he returned to England one of his first publications was an absolutely
savage review of a later edition of the Vestiges of the Natural History of Creation,
originally published in 1844. (Although he knew that this was not really true,
Huxley rather pretended that Owen might have been the author and went at the
task with extra zeal!) But then like Saint Paul, also a convert to a belief that hith-
erto he had rejected, Huxley swung round and became a total fanatic on the sub-
ject of evolution. He too had his Romans and his Ephesians and his Corinthians
and he preached and wrote accordingly. A brilliant showman and rhetorician, he
knew precisely both the weak points of the opposition and all the flashy persuasive
ideas that support evolution. Shortly after the Origin was published, the first full
skeletons of archeopteryx—the reptile-bird—were uncovered in Germany. Given
the propaganda value of the find, Huxley brought the discovery to the public po-
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dium, complete with diagrams and illustrations (Huxley [1868] 1898). (In those
preslide days, it helped mightily that Huxley was a brilliant blackboard artist.)

Fossil finds bridging different kinds of organisms were important. But these
bridging fossils—known as missing links (until they were no longer missing!)—
were not the most important focus of evolutionary studies. This honor was taken
by our own species, Homo sapiens. Realizing at once that the most pressing ques-
tion was human evolution, Huxley hammered away incessantly on our likeness to
the apes and to our simian ancestry. He wrote a little book on the subject (Evi-
dence as to Man’s Place in Nature), he lectured on the subject, he discoursed at
length on the subject—applying special attention to the recently discovered Nean-
derthal remains—and all of the time, he constantly inflated the mythic memory of
the encounter with the Bishop. Why indeed should not his grandmother and
grandfather be lower ape forms? After all, it is as dignified to be modified monkey
as modified mud. Huxley’s opponents complained, sometimes bitterly, that he
misrepresented them and painted them into far more conservative positions than
they truly held—in fact, if you look at Bishop Wilberforce’s (1860) written re-
view of the Origin you will find that although it is critical it is anything but nega-
tive. Huxley knew full well, however, that to make an effective positive case you
need to portray yourselves as fighting forces of reaction and prejudice and suc-
ceeding only against great odds and in spite of gross knavery and trickery.

But what about evolution as a science? Did Huxley think of it as a field like
physiology or morphology, that could be developed as a field of professional en-
deavor? Now it is certainly the case that some people thought this, especially Ger-
man biologists influenced by Darwin’s great supporter and enthusiast in that land,
Ernst Haeckel. He promoted evolutionism tirelessly and built around himself at
Jena University and elsewhere a group who worked hard to make of the subject a
professional discipline. In fact, for all the talk, it was not terribly Darwinian, for
no one was much interested in natural selection, and the main emphasis was on
that very part of the enterprise that Darwin himself had rather neglected, namely
the tracing of paths or phylogenies. Haeckel himself was responsible for the noto-
rious “biogenetic law,” which states that ontogeny (the developmental path of the
individual) “recapitulates” phylogeny (the developmental path of the group). Using
this as a tool, and working with the ever-increasing fossil record, he and his fol-
lowers strove mightily to map out the details of life’s evolutionary history and to
start the long and laborious task of filling in the details (Haeckel 1866; Bowler
1996; Richards 2008).

Huxley took some interest in this work, and his younger followers and stu-
dents—most notably the leading end-of-the-century morphologist E. Ray Lankes-
ter—worked hard at this German-inspired activity. But by and large this was not
the use or role at all for which Huxley intended evolution. For all that he took

)

proudly the label of “Darwin’s bulldog,” and for all that I am sure that Darwin
himself wanted to see evolution as a thriving professional discipline like morphol-
ogy and physiology, Huxley was essentially uninterested in promoting evolution

in this wise. His lectures to his students, for instance, would be spread over two
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Ernst Haeckel

years and would take over a hundred and fifty classes, not to mention practica
where one would be dissecting specimens. They were marvels of detail and in-
struction—Huxley was a brilliant teacher. Evolution would be lucky if it got half
a lecture! Natural selection five minutes!

Amazing but absolutely true: “One day when I was talking to him, our con-
versation turned upon evolution. ‘There is one thing about you I cannot under-
stand,” I said, ‘and I should like a word in explanation. For several months now I
have been attending your course, and I have never heard you mention evolution,
while in your public lectures everywhere you openly proclaim yourself an evolu-
tionist’” (Huxley 1900, 2, 428). This was a question by a puzzled student to his
great teacher.

Why the silence? There were negative and positive reasons. Negatively, as a
scientist himself—as a morphologist, and later as a paleontologist—Huxley really
had little need of natural selection or any other cause, and to be quite frank evolu-
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tion itself (evolution as fact) was not that pressing. His specimens were all dead
and on the dissecting table by the time he got to them, so natural selection did not
do much for him. Here Huxley was in a very different situation from students
working on questions to do with ecology and behavior. You might nevertheless
think that evolution as such had to be important, because (in paleontology particu-
larly) one is dealing with change through time. But although developmentalism
was certainly crucial, evolution in the sense of a natural (that is, lawbound) con-
nected succession, from one form to another, was not essential. In fact, following
Cuvier both in time and commitment, much of the record as known in Huxley’s
day had been worked out by nonevolutionists (Bowler 1976). They saw change,
but they saw change that was God driven, without connected succession. Rather a
series of miracles. Now, as we shall see, this was not for Huxley. However, as a
scientist, the paleontological succession was all he needed. Even if one invoked
embryological analogies thanks to the biogenetic law, well, this approach too had
in essence been formulated, pre-Haeckel, by people violently opposed to evolu-
tion!

On top of these negative scientific factors, there were the negative social
factors. Huxley just could not see how one could find cash support for evolution-
ary studies as a professional science. Evolution did not help the physician, and in
schools it was certainly going to be regarded with suspicion. And it was an abso-
lutely key part of the strategy of Huxley and friends, as they worked to establish
power in Victorian society, that they seem even more honest and conventional
and moral than anyone else. They were pushing things regarded with doubt and
misgiving, so they themselves had to be purer than pure. Huxley knew and liked
the novelist George Elliot, but since she lived unmarried with a man, he would
not allow her to visit his wife and children at his home.

A place was found for evolution, however, and this starts to push us toward
the positive reasons for Huxley’s attitude. Museums welcomed evolution into
their halls. As we shall see more fully in the next chapter, museums were devel-
oping in a major way as places of instruction and entertainment as the century
drew to a close—the British Museum (Natural History) and the American Muse-
um of Natural History and others—and evolution had a natural role to play here
and could find its support. For what Thomas Henry Huxley wanted positively of
evolution was a popular science, a kind of metaphysics, or secular religion if you
like—one that could be used to challenge and substitute for the conventional reli-
gion of Christianity, which he saw embedded in society and standing in the way of
those many reforms he and his fellows were attempting.

Hence, in a fashion, Huxley stood right in the tradition of Erasmus Darwin
and Lamarck, except he himself had dropped the deism and evolution was now a
respectable doctrine, no longer revolutionary, and being used to reform society
rather than break it or overthrow it. Which brings up the question of progress.
For the earlier evolutionists, what really counted was that evolution represented
progress, in all of its various manifestations: progress against Christian providen-

tialism and progress as a philosophy that represented everything for which the ev-
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Herbert Spencer

olutionists stood. Now this was likewise important for Huxley and his friends and
associates and students. They too wanted to promote progress, and they too
looked to evolution as the ideal vehicle. But here they felt they had to go beyond
the work of Charles Darwin. It is true that Charles Darwin himself believed in
progress, but it was given only a limited role in the Origin. A gap had therefore to
be filled, and fortunately there was at hand the man of the hour. For real faith—
faith slopping right over into fanaticism—mno one could hold the candle to Dar-
win’s and Huxley’s fellow Englishman and ardent evolutionist, Herbert Spencer.
He lived and breathed and wrote—at very great length in one long volume after
another—the subject of upward development, from the simple to the complex,
from the blob to the human. Sometimes change takes a break—it achieves a point
of “dynamic equilibrium”—but then something disrupts the balance and we are off
upward again.

Spencer was truly Mr. Progress and so it was he far more than anyone else
who became Mr. Evolution to his countrymen (Richards 1987; Ruse 1996). Even
the way in which Spencer wrote of the topic, from the undifferentiated or what
he called the “homogencous” to the thoroughly mixed up or what he called the
“heterogeneous” had a very Victorian ring to it. Progress was not just a biological
or a social phenomenon: it was an all-encompassing world philosophy.

Now, we propose in the first place to show, that this law of organic progress is the
law of all progress. Whether it be in the development of the Earth, in the develop-
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ment of Life upon its surface, in the development of Society, of Government, of
Manufactures, of Commerce, of Language, Literature, Science, Art, this same evo-
lution of the simple into the complex, through successive differentiations, hold
throughout. From the earliest traceable cosmical changes down to the latest results
of civilization, we shall find that the transformation of the homogeneous into the
heterogencous, is that in which Progress essentially consists. (Spencer 1857, 2—3)

Evolution therefore took on the role of a substitute religion for Christianity,
and whereas Christians worshipped in churches, evolutionists worshipped in mu-
seums, where one found grand displays intending to illustrate and confirm the
faith.

Huxley, a close friend of Spencer (they were both members of the X-Club
and it was in fact Spencer who in the 1850s first started to persuaded Huxley that
evolution as an idea makes good sense), bought entirely into the view of evolution
as secular religion. He preached the gospel nonstop, from every public platform
he could find—at learned societies, before groups of fellow savants, in working-
men’s clubs—traveling far and wide, including a highly successful trip to North
America. In every sense of the word, Huxley was the Saint Paul of the movement,
although later in his life the press took to calling him “Pope Huxley.” There was
even a Judas Iscariot of the movement. St. George Mivart (1871), Catholic con-
vert and student of Huxley, was seduced by the Jesuits and became the most bit-
ter critic of the Darwinian establishment: labeled “not quite a gentleman” for an
intemperate attack on one of Darwin’s sons, he was excluded from positions of

power and comfort.

Social Darwinism

A good and full religion has a moral code, directives that it gives to its acolytes.
“Love your neighbor as yourself.” “Honor thy mother and thy father.” “Do not lust
after the wives of other men.” Evolutionists took very seriously, as part of their
system, this need for obligation. This led to the full development of what came to
be known as Social Darwinism—a moral code based on evolution—although truly
it would be better known as Social Spencerianism. The way in which the direc-
tives were obtained were fairly simple and direct. One ferrets out the nature of
the evolutionary process—the mechanism or cause of evolution—and then one
transfers it to the human realm (if this has not already been done), arguing that
that which holds as a matter of fact among organisms holds as a matter of obliga-
tion among humans. (There will be much more on this in Chapter 11.)

Take the case of Herbert Spencer. Several years before Darwin published—
although some considerable time after Darwin made his own discoveries—Spenc-
er (1852) recognized the significance of the struggle for existence for human pop-
ulation development. He saw clearly that natural urges to reproduce would bring
on a differential survival and reproduction of organisms within and between popu-
lations, and that this could lead to permanent biological change. Always more in-
terested in humans than in the rest of the organic world, Spencer at once drew
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the implications for our species. Take, to use his example, the different natures
and behaviors of the Irish and the Scots. In true Victorian fashion, Spencer argued
that even though the Irish have lots of children, because of their lazy, indolent
ways they are going to fail in life’s struggles. The far more frugal and hardworking
Scots will succeed and thrive, as indeed they do. Change in human nature will en-
sue.

From this satisfying biological inference, Spencer made an easy transition to
economics, arguing that just as biology favors an unrestricted struggle and conse-
quent selective success, so also economically this is the way that one should go for
success. In particular, one should promote policies based on extreme laissez-faire
socioeconomics. States should stay away from the activities of people following
their own self-interest. In no way should politicians try to regulate or otherwise
control unrestricted competition. Spencer felt, with some considerable regret,
that mid-Victorian Britain was far from the ideal libertarian society, but he
thought that if it was to continue and to thrive and to succeed, then it should
strive to maximize to the fullest extent its citizens’ freedoms to pursue their own
interests and ends. The state should be helping people to do what they want to do
rather than acting as a deterrent and barrier.

We must call those spurious philanthropists, who, to prevent present misery,
would entail greater misery upon future generations. All defenders of a poor-law
must, however, be classed among such. That rigorous necessity that, when allowed
to act on them, becomes so sharp a spur to the lazy, and so strong a bridle to the
random, these paupers’ friends would repeal, because of the wailings it here and
there produces. Blind to the fact, that under the natural order of things, society is
constantly excreting its unhealthy, imbecile, slow, vacillating, faithless members,
these unthinking, though well-meaning, men advocate an interference that not
only stops the purifying process, but even increases the vitiation—absolutely en-
courages the multiplication of the reckless and incompetent by offering them an
unfailing provision, and discourages the multiplication of the competent and provi-
dent by heightening the prospective difficulty of maintaining a family. (Spencer
1851, 323-324)

Spencer could sound positively brutal about those who would help the unfortu-
nate within society: “If the unworthy are helped to increase, by shielding them
from that mortality which their unworthiness would naturally entail, the effect is
to produce, generation after generation, a greater unworthiness” (Spencer 1873
[1961], 313). And one can find similar sentiments in the writings of Spencer’s fol-
lowers. Listen, for instance, to the turn-of-the-century American sociologist Wil-
liam Graham Sumner, who makes the converse case:

The facts of human life ... are in many respects hard and stern. It is by strenuous
exertion only that each one of us can sustain himself against the destructive forces
and the ever recurring needs of life; and the higher the degree to which we seek to
carry our development the greater is the proportionate cost of every step. For help
in the struggle we can only look back to those in the previous generation who are
responsible for our existence. In the competition of life the son of wise and pru-
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dent ancestors has immense advantages over the son of vicious and imprudent
ones. The man who has capital possesses immeasurable advantages for the struggle
of life over him who has none. The more we break down privileges of class, or in-
dustry, and establish liberty, the greater will be the inequalities and the more ex-
clusively will the vicious bear the penalties. Poverty and misery will exist in society

just so long as vice exists in human nature. (Sumner 1914, 30-31)

But there is much more to the story than this. Quite apart from the fact that
Spencer had somewhat ambiguous feelings about natural selection—feelings
shared by just about everyone else but Darwin—if anything Spencer’s ethical
theory was due chiefly to his background of Protestant nonconformism, which
saw the Poor Laws and the like as keeping much of the population in a state of
perpetual poverty and dependency. Spencer (rightly) saw establishment Christian-
ity as serving the ends of the rich and powerful (represented by the Anglican
church), who inherit their wealth and status and who have no fear of the threat of
competition from the more gifted and industrious (Spencer 1904; Duncan 1908).
Spencer’s evolutionism certainly moved in to confirm and support his alternative,
supposedly secular, Social Darwinian views, but there was no simple deduction of
ethics from biology. It was as much a question of one branch of Christianity set
against another branch as it was a question of science set against all of Christianity.

Confirming this claim that there were strong Christian elements lurking in
even the most ferocious-sounding Social Darwinian systems, it is clear (from
statements and from actions) that it was never the intent of Spencer or his follow-
ers to deny the importance of individual charity. Take two of Spencer’s more no-
torious disciples. John D. Rockefeller spent the first part of his life building up the
vast petroleum company Standard Oil and the second part of his life fighting the
federal government as it tried to break up the monopoly he had established over
so vital a national resource as fuel oil. From his childhood, Rockefeller had tithed
to his church, and he gave seriously and deeply to charity. The University of Chi-
cago would never have become the world institution that it is without Rockefeller
munificence.

The same generosity is true of Andrew Carnegie, who came from Scotland
and made his fortune by founding and building U.S. Steel. He always claimed that
no man should die rich, and he gave huge amounts of money directed toward the
founding of public libraries. Carnegie’s charity was an immediate function of his
reading of Spencer, a reading that stressed the positive rather than the negative
side of laissez-faire. Carnegie (like other industrialists) was proud of what he had
done, thinking it a credit to his own abilities rather than a black mark against the
lesser abilities of others. That poor but gifted children might likewise have the op-
portunity to develop and use their talents, Carnegie wanted to found public places
of instruction and learning where one might go to better oneself. A public library,
seeded by Carnegie and then supported by the community, was a perfect outlet
for his philanthropic drive (Bannister 1979; Russett 1976).
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Alternatives to Laissez-Faire

It is interesting to note just how often the proponents of a Spencerian-inspired So-
cial Darwinism had childhoods that were not only deeply and sincerely Christian
but were from that branch of Protestantism indebted to Calvinism, in America
particularly the Scottish version known as Presbyterianism. The great sixteenth-
century religious reformer John Calvin had given prominent place to the doctrine
of predestination: God has ordered things according to His stern, unbreakable
laws, and thus the fates of all are decided before we are even born. Some are pre-
destined to be saints, and others sinners. Many Victorians who thought this way
embraced evolutionism with enthusiasm—a theory that stressed the force and
power of law was music to their ears. Thus Dr. James McCosh, Scottish-born
president of Princeton University and one of the most influential churchmen and
educators in America in the second half of the nineteenth century, claimed that

there are no accidents, all is foreordained:

It is in the very constitution of things. It is one of the most marked characteristics
of the state of the world in which our lot is cast. It is, in fact, the grand means by
which the Governor of the world employs for the accomplishment of his specific
purposes, and by which his providence is rendered a particular providence, reach-
ing to the most minute incidents and embracing all events and every event. It is the
special instrument employed by him to keep man dependent, and make him feel
his dependence. (McCosh 1882, 164)

The belief that some are chosen by nature to be successes and some are doomed
to failure, that not only are all humans not born equal but that this is a right and
proper state of affairs, was to the likes of Rockefeller and Carnegie as much a
matter of theology as it was of scientifically based philosophy.

At first this was true also of Thomas Henry Huxley. He spoke of himself as a
“scientific Calvinist,” meaning that he thought that the stern laws of nature decid-
ed the fates of us all, determining some to succeed and others to fail. However,
increasingly, as Huxley and his friends succeeded in their aims of changing and re-
forming Victorian Britain, he was drawn metaphysically toward a position where
an individual’s own free will and efforts are the true determinants of life (Huxley
1893). Socially, despite his continuing friendship with Herbert Spencer, he pulled
away from laissez-faire. For the mature Huxley, ethical success lay not in a con-
formity with and acquiescence to nature’s laws. It lay rather in fighting such laws
and the evil consequences to which they lead. At the same time, Huxley saw the
virtues of a functioning civil service and of intervention by the state into such
things as education and medicine and the military and the like (Huxley 1871
[1893]). (See also Jones 1980.)

One senses that for Huxley there was always a conflict within: his enthusi-
asm for naked evolutionism, which he always interpreted as based on a brutal
struggle, battled with his innate decency and his conviction that it is our ultimate
moral obligation to fight those vile personal attributes that come in a package deal
as part of our biology. No such worries ever troubled the happy thinking of Alfred
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Russel Wallace. As a boy, he had been taken by one of his older brothers to hear
the Scottish mill owner and early socialist Robert Owen (Wallace 1900). He al-
ways looked back to this moment as a real turning point and, for the rest of his
very long life, Wallace was ever an ardent socialist (Wallace 1905; Marchant
1916). Against Darwin, he believed that selection can operate for the good of the
group as well as for the individual, and he thought that evolutionary success
would be something that promoted the harmonious whole over the selfish individ-
ual.

Similar sorts of views appealed to the exiled Russian Prince Petr Kropotkin.
He claimed that there exists between all animals, including humans, a natural
sense of sympathy, something that he called mutual aid. Kropotkin did differ from
Wallace in having little or no time for the state whatsoever. One suspects that his
anarchism owed as much to the fact that he hailed from czarist Russia, one of the
nineteenth century’s most repressive societies, as it did to anything in evolution.
But one should not dismiss entirely the influence of the particular spin that Kro-

potkin put on the evolutionary process.

The terrible snow storms that sweep over the northern portion of Eurasia in the
later part of the winter, and the glazed frost that often follows them; the frosts and
the snow-storms that return every year in the second half of May, when the trees
are already in full blossom and insect life swarms everywhere; the early frosts and,
occasionally, the heavy snowfalls in July and August, which suddenly destroy myri-
ads of insects, as well as the second broods of birds in the prairies; the torrential
rains, due to the monsoons, which fall in more temperate regions in August and
September—resulting in inundations on a scale that is only known in America and
in Eastern Asia, and swamping, on the plateaus, areas as wide as European States;
and finally, the heavy snowfalls, early in October, which eventually render a terri-
tory as large as France and Germany, absolutely impracticable for ruminants, and
destroy them by the thousand—these were the conditions under which I saw ani-
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mal life struggling in Northern Asia. They made me realize at an early date the
overwhelming importance in Nature of what Darwin described as “the natural
checks to overmultiplication,” in comparison to the struggle between individuals of

the same species for the means of subsistence. (Kropotkin 1902 [1955], vi—viii)
To survive, it was necessary to work together against the elements.

In the animal world we have seen that the vast majority of species live in societies
and that they find in association the best arms for the struggle for life: understood,
of course, in its wide Darwinian sense—not as a struggle for the sheer means of
existence, but as a struggle against all natural conditions unfavourable to the spe-
cies. The animal species, in which individual struggle has been reduced to its nar-
rowest limits, and the practice of mutual aid has attained the greatest develop-
ment, are invariably the most numerous, the most prosperous, and the most open
to further progress. ... The unsociable species, on the contrary, are doomed to de-
cay. (Kropotkin 1902 [1955], 293)

War and Peace

By now you may be convinced that I must be exaggerating. In my eagerness to
show to you a different, more friendly side to Social Darwinism, in my urge to
counter belief in the extreme laissez-faire socioeconomic doctrine that so many
people today associate with Herbert Spencer, I have to be ignoring much that is
true and pertinent. Surely there was a side to Social Darwinism that stressed con-
flict and violence. Surely there was a side to Social Darwinism—perhaps more
characteristic of continental thought, of German thought in particular—where vi-
olence and conflict and, ultimately, all-out warfare were seen to be the right and
proper expressions of evolutionary principles. Indeed, can one not say that, in
some ways, Social Darwinism was a major motivating force that led to World
War I, not to mention the hateful systems that followed in its aftermath? I refer of
course to Soviet communism and to German national socialism. This, I might add,
is a particularly popular line of thinking among American evangelicals today: Dar-
win to Hitler in a few casy steps. (See, for example, Weikart 2004.)

In fact, as with social and economic questions, matters rather mixed. Cer-
tainly one cannot and should not exonerate Social Darwinism from all responsibil-
ity for the monstrous happenings and philosophies of the century that has just
passed. One does find people who argued strongly that war and violence are natu-
ral states of affairs and who happily expressed their sentiments in evolutionary or
pseudoevolutionary language. One enthusiast claimed that war is “a phase in the
life effort of the State towards complete self realization, a phase of the eternal
nisus, the perpetual omnipresence strife of all beings towards self fulfilment”
(Crook 1994, 137). Even though writing like this probably owes as much to the
carly-nineteenth-century German philosopher Hegel as it does to Charles Darwin,
it was not a sentiment expressed by one person alone. Others put matters in simi-
lar language: “Man has always been a fighter and his passion to kill animals ... and
inferior races ... is the same thing which perhaps in the dark past so effectively
destroyed the missing link between the great fossil apes of the tertiary and the
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lowest men of the Neanderthal type. All these illustrate an instinct which we can-
not eradicate or suppress, but can best only hope to sublimate” (pp. 143—144).

Perhaps with more direct input, there was General Friedrich von Bernhardi,
pushed out of the German army because he was signaling a little too bluntly the
General Staff’s intentions, and leaving no place for the imagination in his best-sell-
ing Germany and the Next War (1912). “War is a biological necessity,” and hence:
“Those forms survive which are able to procure themselves the most favourable
conditions of life, and to assert themselves in the universal economy of nature.
The weaker succumb.” Progress depends on war: “Without war, inferior or de-
caying races would easily choke the growth of healthy budding elements, and a
universal decadence would follow.” And, anticipating horrible philosophies of the
twentieth century: “Might gives the right to occupy or to conquer. Might is at
once the supreme right, and the dispute as to what is right is decided by the arbit-
rament of war. War gives a biologically just decision, since its decision rests on
the very nature of things” (von Bernhardi 1912, 10).

However, countering this kind of writing, one finds that there were many
who argued that war and violence are, if anything, the antitheses of evolution, es-
pecially inasmuch as one thinks that the course of evolution can and must be pro-
gressive. Herbert Spencer himself spoke eloquently to this end. As always with
Spencer, the Christian training was never far from the surface—significant here
was surely the fact that spicing the nonconformist elements in his intellectual
broth was a large pinch of Quakerism—but there were other factors also that led
him to deplore militarism. As one who was keen on free trade and open competi-
tion, Spencer had little or no tolerance for intersocietal rivalries. Quite properly
he saw them as major barriers to such trade. Moreover, he deprecated strongly
the arms races that began, at the end of the nineteenth century, to obsess and bur-
den countries like Britain and Germany. He thought that expenditure on such
things as ever bigger and more powerful battleships was an appalling waste of
money and resources. Far better that these be spent on peaceful things. In these

sentiments, Spencer was far from alone. In fact, some of the most important relief
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work done during World War I came at the hands of evolutionists. They thought
that only by trying to ameliorate the appalling consequences of conflict could one
have any possible hope of rescuing the desired upward progress of evolution from
the degenerate state into which, sadly, it had fallen.

As always, evolutionism’s relationship with people’s actions and beliefs is
ambiguous. This also proves true when we turn to look at the ideologies of the
post—World War I period (Mitman 1992). You might think that communism—at
least, the nineteenth-century communism of Karl Marx and Friedrich Engels—
owed much not just to evolutionism in general but to Charles Darwin’s Origin of
Species in particular. We know that Marx spoke warmly of the Origin (Young
1985). At Marx’s funeral, Engels went so far as to say that as Darwin had provid-
ed great insights about the biological world, so Marx had done likewise for the so-
cial world. But although the Soviet system ostensibly responded warmly to these
sentiments—after the revolution there were always departments of Darwinism in
Russian universities—the English materialistic science of Darwin was not the ma-
jor influence on Soviet science. This honor was held by the Germanic idealistic
philosophy of Hegel. The Soviet bible on scientific methodology was Engels’s
posthumously published Dialectics of Nature, which owes a great debt to Naturphilo-
sophie and nothing at all to Darwinism and natural selection. Darwinism, it ap-
pears, was more something used to give people’s thinking a veneer of intellectual
respectability than something that profoundly altered the way that people thought.
One amusing side note is that in America the compliment was returned. Early
American communism owed more to evolutionism, to Herbert Spencer in partic-
ular, than it ever did to Karl Marx (Pittenger 1993). Socialists in the New World
found the progressivism of the English evolutionist far more to their taste than the
complex dialectic of the German thinkers!

National socialism likewise has a very ambiguous relationship with evolu-
tionism. Darwinism—at least a bastardized form of Darwinism—found its way
across the English Channel and ended up in Bismarck’s newly unified Germany.
Ernst Haeckel, a professor at Jena, preached nonstop “Darwinismus.” It is true
that, by the time that the German evolutionists had finished converting the Engl-
ishman’s ideas to their own purposes, the doctrine bore little resemblance to any-
thing to be found either in The Origin of Species or The Descent of Man. There was
for instance a rather heavy bias toward the group as the major unit in evolution—
something that Haeckel saw as nicely justifying the strong emphasis on the virtues
of the state, a major theme in Bismarck’s Germany. But genuinely Darwinian or
not, there was much enthusiasm for an evolutionism applied to social and political
issues. Moreover, this kind of thinking continued right through the time of the
kaiser and resurfaced with the founding of the Third Reich (Gasman 1971). Even
in that hotchpotch of half truths and lies that poured into Mein Kampf, one can find
sentiments that seem on the surface to be strongly influenced by Social Darwin-
ism.

All great cultures of the past perished only because the originally creative race died

out from blood poisoning.
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The ultimate cause of such a decline was their forgetting that all culture depends
on men and not conversely; hence that to preserve a certain culture, the man who
creates it must be preserved. This preservation is bound up with the rigid law of
necessity and the right to victory of the best and strongest in this world.

Those who want to live, let them fight, and those who do not want to fight in
this world of eternal struggle do not deserve to live.

Even if this were hard—that is how it is! Assuredly, however by far the harder
fate is that which strikes the man who thinks he can overcome Nature, but in the
last analysis only mocks her. Distress, misfortune, and diseases are her answer.

The man who misjudges and disregards the racial laws actually forfeits the happi-
ness that seems destined to be his. He thwarts the triumphal march of the best race
and hence also the precondition for all human progress, and remains, in conse-
quence, burdened with all the sensibility of man, in the animal realm of helpless
misery (Hitler 1925, 1, chapter 11).

However, it does not take much to see that there could have been no simple
relationship between any philosophy based on evolutionary ideas and the ideology
that was so important for the national socialists (Kelly 1981; Richards 2008).
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Adolph Hitler

Apart from anything else, evolutionism—Darwinism in particular—stresses the
unity of humankind. The Victorians were quite happy to put themselves at the top
of the evolutionary tree—others, including Slavs and Jews, came lower down.
However, ultimately, we are all part of one family. A consequence like this was
anathema to Hitler and his cronies. It is revealing that although Haeckel (like so
many of his countrymen at the time) was anti-Semitic, his solution to the Jewish
problem was one of assimilation rather than elimination. This was the very oppo-
site of the policy endorsed and enacted by the Nazis. It is no surprise that celebra-
tions in the Third Reich of the anniversary of Haeckel’s birth were muted in the
extreme. Truly, as scholars have shown, national socialism owed far more to the
Volkish movements of the nineteenth century, and particularly to the so-called re-
demptive anti-Semitism of the group of Wagnerians at Bayreuth, than it did to
anything to be found in the writings of the evolutionists (Friedlander 1997). Note
that in the passage quoted just above, the real motivation seems to be that of pre-
serving racial purity, rather than the struggle as such. Search as you might, there
is nothing in the Descent of Man about the dangers of creative races dying out
thanks to a kind of pollution—“blood poisoning” thanks to infection by lesser

races.
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The Nature and Status of Women

Let me conclude this brief survey of the ways in which Social Darwinism was in-
terpreted and molded and used by turning to a discussion of the nature and status
of women. This was a matter of as much pressing interest at the end of the nine-
teenth century as it was at the end of the twentieth century. It is the popular view
today that in many respects Social Darwinism was grossly sexist. “Darwin’s theo-
ries were conditioned by the patriarchal culture in which they were elaborated.
... The Origin provided a mechanism for converting culturally entrenched ideas of
female hierarchy into permanent, biologically determined, sexual hierarchy” (Ers-
kine 1995, 118). It is difficult not to feel sympathy for views like this. If one looks
at the writings of Charles Darwin himself, particularly in The Descent of Man, there
is much to justify the conclusion that Darwinian evolutionary theory was (and per-
haps still is) little more than a thinly covered ideology intended expressly for the
suppression and demeaning of the female sex. Darwin spoke of “man is more cou-
rageous, pugnacious and energetic than woman has more inventive genius” (Dar-
win 1871, 2, 316). Women in compensation show “greater tenderness or less sel-
fishness” (p. 326). In many respects, one could as easily be reading a novel by
Charles Dickens or the most reactionary country vicar as a work of science.
Moreover, one finds that even those evolutionists who claimed to be favor-
able to the cause of women, notably Huxley, often behaved in ways that rather
belied their good intentions. The general sentiment of leading evolutionists was
that women simply do not have the intelligence and drive of men and that there-
fore they ought to be kept out of scientific societies and universities and the like.
Lesser-known evolutionists shared these sentiments, albeit the real influence was

often German idealism as much as anything written by Darwin or even Spencer.

In the animal and vegetable kingdoms we find this invariable law—rapidity of
growth inversely proportionate to the degree of perfection at maturity. The higher
the animal or plant in the scale of being, the more slowly does it reach its utmost
capacity of development. Girls are physically and mentally more precocious than
boys. The human female arrives sooner than the male at maturity, and furnishes
one of the strongest arguments against the alleged equality of the sexes. The quick-
er appreciation of girls is the instinct, or intuitive faculty in operation; while the
slower boy is an example of the latent reasoning power not yet developed. Com-
pare them in after-life, when the boy has become a young man full of intelligence,
and the girl has been educated into a young lady reading novels, working crochet,

and going into hysterics at the sight of a mouse or a spider. (Allan 1869, cxcvii)

But, going the other way, once again what one finds is that just as Social
Darwinians were divided on something like war and peace, so likewise they were
divided on the woman question. For every Darwin or Huxley, there was someone
on the other side. Take, one more time, Alfred Russel Wallace. So far was he
from thinking that women are inferior to men that he came to the opinion that
the only way in which the human race will achieve success and salvation is through
putting all of our hopes in the hands of the females of the species. What we need
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is for young women to come to the fore and to choose only the better—quality
young men. Thus, society and civilization will move upward. If we do not do this,

then doom and destruction will be our fate.

In such a reformed society the vicious man, the man of degraded taste or of feeble
intellect, will have little chance of finding a wife, and his bad qualities will die out
with himself. The most perfect and beautiful in body and mind will, on the other
hand, be most sought and therefore be most likely to marry early, the less highly
endowed later, and the least gifted in any way the latest of all, and this will be the
case with both sexes. From this varying age of marriage, ... there will result a
more rapid increase of the former than of the latter, and this cause continuing at
work for successive generations will at length bring the average man to be the
equal of those who are among the more advanced of the race. (Wallace 1900, 2,
507)

To be honest, you may feel that ideas like this are about as naive as Wal-
lace’s already expressed faith in spiritualism. Wallace’s daughters and their friends

must have been very peculiar and distinctive young women if they were choosing
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only the better members of the opposite sex. But whether or not Wallace’s ideas
had any genuine connection with the real world, the simple fact of the matter is
that he put forward these ideas in the name of evolution, in the name of Darwin-
ism, even. And surely if anybody in the nineteenth century after Charles Darwin
himself has the right to call himself a Darwinian, it was Alfred Russel Wallace.
We can properly conclude that, as with other matters, the implications of Social
Darwinism for the questions of sex and equality are by no means as straightfor-

ward and one-sided as critics today often claim.

Secular Religion

By now you will be starting to get the picture and realizing that secular religions
tend to run into the same problems as regular spiritual religions. The problem
with Christianity, the love commandment, is that it can mean as many things as
there are Christians. Take slavery. Before the Civil War, in the American North,
people were adamantly opposed to it on Christian grounds. Quakers and evangeli-
cals led the way. Owning another person can never be harmonized with the teach-
ings of Jesus Christ. In the American South, equally, we find people supportive of
slavery on biblical grounds (Noll 2002). When the runaway slave went to Saint
Paul, he did not free the slave of his bonds. Paul told him to return to his master!
This was no chance decision. Elsewhere Paul had articulated his thinking on the
subject. “Servants, be obedient to them that are your masters according to the
flesh, with fear and trembling, in singleness of your heart, as unto Christ; Not
with eyeservice, as menpleasers; but as the servants of Christ, doing the will of
God from the heart; With good will doing service, as to the Lord, and not to
men: Knowing that whatsoever good thing any man doeth, the same shall he re-
ceive of the Lord, whether he be bond or free.” It is true that Paul immediately
added: “And, ye masters, do the same things unto them, forbearing threatening:
knowing that your Master also is in heaven; neither is there respect of persons
with him” (Ephesians 6:5-9). But still! It is little wonder that many in the South
thought themselves truer Christians than those in the North. And it is little won-
der that those who look at Darwinism and the prescriptions made in its name see
significant similarities here with what goes on in Christianity when people start
moralizing.

Of course, this is an exaggeration of both Christianity and Darwinism. The
two systems do put constraints on behavior, even if they allow much flexibility
within these constraints. I cannot imagine either Christians or evolutionists posi-
tively welcoming wanton cruelty, at least not if they read their systems correctly.
Even though there are Christians who have persecuted Jews quite dreadfully,
Adolf Hitler no more truly comes out of Christianity than he does out of Darwin-
ism. The point I would emphasize is the extent to which the two systems, spiritu-
al and secular, have run so parallel in the past. Of course, when we come to rea-
sons or foundations, there are and have been differences. For the Christian, pre-
sumably, ultimately all goes back to God and His will. One ought to obey the
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love commandment because this is what He wants of us. The evolutionist as evo-
lutionist has no such recourse. Rather we find that, to a person, evolutionists
turned to progress to justify the stands that they took. With Herbert Spencer,
they would and did argue that evolution makes sense, it has meaning, for it is ever
striving and moving upward. The reason why we ought to cherish evolution and
its processes is that if we do not, if we let evolution be and perhaps even stop and
reverse itself, then progress will end and perhaps decline. And this, by definition,
cannot be a good thing. Hence, it is up to us to keep things going. Offering a pub-
lic library where a poor but bright child can better him or herself is a way of mak-
ing sure that society keeps up to the mark, perhaps even improving, rather than
sinking back to a preenlightened state. The same is true of economic theory and of
militarism and of sexual relations. Our various evolutionists prescribed and pro-
scribed as they did because, in this way, they thought that progress could be kept
moving right along upward.

[ should say that by century’s end, not everyone was entirely happy that a
full and satisfying world-picture had been sketched out. Huxley himself before his
death in 1895 began to have severe doubts about whether evolution is quite a be-

neficent as the neo-Spencerians preached. He himself was subject to quite wrack-
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ing depressions and periods of guilt and worried more and more about whether
real secular progress is ever possible or desirable. Moreover, the science on which
this all depended did not flourish quite as people had hoped. If anything, increased
knowledge of the fossil record and of embryology rather increased the problems
than reduced their magnitude. The biogenetic law was seen to be a guide—and a
rather misleading guide—at best. All too often, ontogeny and phylogeny take
very different routes (Bowler 1996).

Increasingly, bright young biologists turned away from evolutionary prob-
lems and concentrated on other matters that seemed more tractable and of more
immediate value, intellectually and practically. First cytology (the study of the
cell) became important, and then heredity (or genetics, as it became known).
Evolution, never very Darwinian, never very scientific, took on more and more
of the guise of a secular religion, a world picture, than of a forward-reaching pro-
fessional discipline. The Origin of Species lifted evolution up from the pseudoscience
status of phrenology and astrology. But whether evolution became quite what
Darwin had hoped and expected back in the fall of 1838, when he hit on natural
selection, is another matter. My suspicion is that even when he died, in 1882, for
all that he was honored for his achievements, Darwin must have been a little dis-
appointed at the way in which things were turning out. But in the realm of ideas,
as in real life, our children do not always grow up in quite the way that we had in-
tended. They take on lives of their own. As was certainly the case with evolution.
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Further Reading & Discussion

I mentioned one of Adrian Desmond’s books as additional reading for Chapter
One. A good background source for Chapter Three is Desmond’s massive biogra-
phy of Thomas Henry Huxley: Huxley: From Devil’s Disciple to Evolution’s High Priest
(Reading, Mass.: Addison-Wesley, 1997). As always with Desmond’s writings, it
is very strong on the characterization and the social factors within and without the
science. Where it falls down I think is on the whole question of the professional-
ization of biology in the second half of the nineteenth century. My Monad to Man
(Cambridge: Harvard University Press, 1996) gives a very different reading of
Huxley, for there (and in this book) I see his attitude toward evolution as being
very much at odds with the usual picture of an unqualified advocate.

Social Darwinism has a vast literature. Thomas Henry Huxley was one of the
most thoughtful writers on the evolution/ethics relationship. His classic essay
“Evolution and Ethics” has just been reprinted with a new introduction by me:
Evolution and Ethics (Princeton, N.J.: Princeton University Press, 2009). This
should not be missed. The best discussion of that very peculiar man Herbert
Spencer can be found in Robert J. Richards’s massive Darwin and the Emergence of
Evolutionary Theories of Mind and Behavior (Chicago: University of Chicago Press,
1987). This book incidentally, which is even less easy to read at a sitting than Mo-
nad to Man, contains many fascinating details about evolution’s history, backed by
formidable scholarship. Follow this up with another great book by Richards, The
Tragic Sense of Life: Ernst Haeckel and the Struggle over Evolutionary Thought (Chicago:
University of Chicago Press, 2008). This gives a wonderful perspective on evolu-
tion in Germany in the years after the Origin was published.

At the secondary level, two books I rather like are both by the American his-
torian of ideas, Cynthia Eagle Russett. Darwin in America: The Intellectual Response,
1865—1912 (San Francisco: Freeman, 1976) deals with the social and political is-
sues around evolution in the new world. Sexual Science: The Victorian Construction of
Womanhood (Cambridge: Harvard University Press, 1989) is a very good account
of how biologists and others wrestled with the sex and gender issues in the light of
evolution. The whole question of Darwinism and the link with national socialism
is very controversial and tense. Two books by Daniel Gasman lay out the case for
the prosecution: The Scientific Origins of National Socialism: Social Darwinism in Ernst
Haeckel and the German Monist League (New York: Elsevier 1971) and Haeckel’s Mon-
ism and the Birth of Fascist Ideology (New York: P. Lang, 1998). More recently,
Richard Weikart in From Darwin to Hitler: Evolutionary Ethics, Eugenics, and Racism in
Germany (New York: Palgrave Macmillan, 2004) argues strongly for the links. Al-
fred Kelly speaks for the defense: The Descent of Darwin: The Popularization of Dar-
winism in Germany, 1860—1914 (Chapel Hill: University of North Carolina Press,
1981). My feeling (as I hint in the chapter) is that simplistic connections are surely
wrong but that something had to be responsible for that vile phenomenon and I

am not sure that biology is entirely guilt—free. One point I do want to draw your
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attention to is the importance of not reading selected extracts out of context. If
you go back to the Hitler quote and isolate one line—*“Those who want to live,
let them fight, and those who do not want to fight in this world of eternal strug-
gle do not deserve to live.”—it is easy to read him as a straightforward Social
Darwinian. But if you look at the sentences I quote around this line, you see at
once that really Hitler is talking about the Jews and about not letting them infect
pure German blood. This has nothing to do with Darwin, Spencer, the Ameri-
cans, or almost all others.

Finally, I want to mention another of my books, The Evolution-Creation Strug-
gle (Cambridge: Harvard University Press, 2005). There I examine in some detail
the claim (to which I subscribe) that in many respects people made of Darwinism
a kind of secular religion, one they could put in opposition to and substitution of
Christianity. The Evolution-Creation Struggle has irritated intensely some of the
atheistic Darwinians [ shall be discussing later in this book. They don’t mind call-
ing others religious. They just hate it when you do the same of them.
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Chapter 4

Darwin in America: The New World

Overview

I his chapter explores how the evolution debates spilled from the religious,
scientific and philosophical worlds it comfortably occupied in Europe into
the political and educational worlds in the United States.

We will meet some of the great scientists whose visions in the last half of the 19th
century opened the study of science to more students. Thanks to this group of vi-
sionary and ambitious men some of our greatest museums were open to the pub-
lic in a remarkably short time. As a result of museums and well-attended lectures,
the idea of evolution easily flowed into the public space without being viewed, in-

itially, as the threat it later became.

One of the first major evolutionary clashes in America remained in the academic
realm. Two Harvard professors, the Swiss-born ichthyologist Louis Agassiz, who
was never able to accept evolution on scientific grounds, and Asa Gray, the Pro-
fessor of Botany, who was both a friend of Darwin and a practicing evangelical
Christian, battled for funds and recognition. Gray comfortably believed that since
God gave man the gift of reason and man developed the evolution theory as a re-
sult of his power of reason then evolution was God given. An accommodation

idea far removed from the later Evangelical Movement.

Fuel was added to the Evolution Wars with the amazing fossil finds in the Ameri-
can West. The sheer size and numbers of fossil finds was unlike any previous fossil
discoveries. Enormous dinosaur bones were shipped back by the crate to eastern
museums for further analysis and re-assembly. From these enormous treasure
troves the now famous series of horse skeletons was assembled showing the skele-
tal evolution to the modern horse. But still the question remained among scien-
tists and an interested public as to whether there was simply an upward progres-
sion of the many individual species versus the ability of one species to eventually

evolve from another.
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Because America is more religious than Britain or Europe, these scientific ques-
tions became paramount in the religious world as well. Surprisingly, given the lat-
er reactions, many faiths openly embraced evolution noting that ‘God hath or-
dained whatsoever comes to pass.” That indeed, evolution was God’s plan by
which the race should steadily ascend ... that the good in men become mightier
than the animal in them.” Others outright rejected evolution as simply atheism.
However there was recognition among these theologians that the Bible needed in-
terpretation and could not be used as a scientific text. Their position could not be
seen as a blind rejection of science.

As America moved into the twentieth century, however, there began a real cam-
paign for Christians to take a much more literal stand on the readings of the Bible.
Highly influential here were a series of pamphlets, The Fundamentals (hence the
term “Fundamentalism”) published early in the new century. This was a paradox
because two of the pamphlets contained articles endorsing a form of theistic evo-
lution. But gaps in the fossil record were never the real reason for opposition to
evolution. It was always cultural. After World War I Fundamentalism was on the
rise. Many Americans associated German militarism with Social Darwinism. In ad-
dition, secondary school education was becoming available to more children
growing up in the United States. This meant that evolution was no longer con-
tained in museums or the occasional lecture. It was in every child’s classrooms
and, through textbooks, in every home. The swing to increasing conservatism that
led to legislation enacting prohibition, eventually led to laws prohibiting the
teaching of evolution. And thus to the famous Scope Trial, an analysis of which
ends this chapter.

The Role of the Scientific Community

The work of the following scientists is discussed in this chapter. Short, biographi-
cal essays of these individuals appear in Biographies on page 607.

Charles Hodge (1787—-1878)

John Henry Newman (1801-1890)

Louis Agassiz (1807-1873)

Asa Gray (1810-1888)

Othniel Charles Marsh (1831-1899)

Edward Drinker Cope (1840-1897)

Clarence Darrow (1857-1938)

William Jennings Bryan (1860—-1925)
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Setting the Stage

D arrow picked up the Bible and began to read: “‘And the Lord God said unto
the serpent, Because thou hast done this, thou art cursed above all cattle,
and above every beast of the field; upon thy belly shalt thou go and dust shalt thou
cat all the days of thy life.” Do you think that is why the serpent is compelled to
crawl upon its belly?”

“I'believe that,” William Jennings Bryan responded.

“Have you any idea how the snake went before that time?”

“No sir.”

“Do you know whether he walked on his tail or not?”

“No, sir, I have no way to know.”

There was a howl of laughter from the crowd.

Suddenly Bryan’s voice rose, screaming, hysterical: “The only purpose Mr. Dar-
row has is to slur at the Bible. ... I want the world to know that this man, who

»

does not believe in a God, is trying to use a court in Tennessee
“I object to your statement.” Darrow was contemptuous. “I am examining you
on your fool ideas that no intelligent Christian on earth believes.”
Judge Raulston put an end to the argument by adjourning the court.
That night, at last, it rained. (Settle 1972, 108—109)

“The Scope’s monkey trial”! This exchange comes directly from the tran-
script of a court case in Tennessee in 1925, when a young schoolteacher, John
Thomas Scopes, was put on trial for having taught evolution to his class. Prosecut-
ed by three-time presidential candidate William Jennings Bryan—an ardent evan-
gelical Christian—Scopes was defended by well-known lawyer Clarence Dar-
row—a notorious agnostic and freethinker. In a country that loves a good court
case—remember the O.]. Simpson trial—this was entertainment of the highest
order. The lawyers put on a wonderful show, dueling openly before the whole
American public. And how that public laughed! The best-known and most savage-
ly funny reporter in the country, H. L. Mencken of the Baltimore Sun, wrote
scathingly of a society that takes seriously “degraded nonsense which country
preachers are ramming and hammering into yokel skulls.” Which may have been
true, but in the end Scopes was found guilty and fined $100.

Evolution in the New World! Let us put back the clock and see how ideas
(and people) crossed the Atlantic and what happened when they did.

Essa ly

The Harvard Clashes

Louis Agassiz was a striking, florid, self-confident man, who could charm dollars
out of eager New Englanders like a conjurer with his hat and his rabbit (Lurie
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Lousis Agassiz

1960). And a man who could spend those dollars just as rapidly. Born in Switzer-
land of a father who was a Protestant pastor in a Catholic canton, religion was
ever a major factor in Agassiz’s world picture. He left his home and country in
midlife, crossing the Atlantic in 1846 to a professorship at Harvard. His first wife
(from whom he was estranged) conveniently died, he married again, this time into
the Boston aristocracy. With the change, he moved also from the piety of his
youth to the American Unitarianism of his new spouse. But on one thing Agassiz
stood firm all his life: with all his being and with all of his formidable energy, he
opposed the vile doctrine of transmutationism. He was against it in his youth and
he was against it in his old age, and Agassiz being Agassiz, everybody knew this
and the reasons for the opposition.

So let me start by stressing that Agassiz was a great scientist. Toward the
end of his life, his energies were given more to institution building, but his
achievements were real and important. It was he who established the fact of ice
ages in Europe—his coming from Switzerland, where he had first-hand experi-
ence of glaciation, played a major role in this achievement, but the triumph was
Agassiz’s nevertheless. And in the field of biological studies, specifically of
ichthyology (fish) both in nature today and as represented in the fossil record,
Agassiz was rightly recognized as the world leader. Indeed, his start in this had
been fast and precocious, for as a young man he had visited the aged Cuvier in
Paris. The French scientist had been so impressed that he had given to Agassiz his
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The supposed parallel
between the development of
the individual (left column)
and the chain of living life
_from the primitive to the
complex (right column).
Note that the embryo on
the left (a flatfish
Pleuronectes) goes from a
nonlobed tail (diphycercal)
to an asymmetric form of
tail (heterocercal) and then
to a symmetrical tail
(homocercal). On the right
we have the same pattern
as we go from the primitive
Protopterus to the
middle-range sturgeon to

the advanced salmon.

own notes on fish, that the visiting junior scholar might take them up and use
them in his own studies.

This was clearly a defining moment for Agassiz, who felt for the rest of his
life (with some justification) that he was carrying the mantle of Cuvier—the torch
that had been passed on. He adopted and never relinquished Cuvier’s fourfold em-
branchement division, he put his ice age thinking into a context of Cuvierian catas-
trophism (which was one reason why many people, Lyell and Darwin especially,
had trouble with immediate acceptance), and one senses that the lifelong opposi-
tion to evolution was in major part very much a paying of debt and homage to
Cuvier as Agassiz’s mentor. There was an emotional bond struck at once between
the two men, something that might have been based in part on their shared reli-
gious situations: Protestants in Catholic territory.

But Agassiz was always more than simply a reflection of Cuvier. He was ed-
ucated in Germany, and at Munich had sat at the feet of two of the greatest of the
Naturphilosophen: Schelling the philosopher and Oken the biologist (Agassiz 1885).
This experience affected him greatly. Schelling was not only a great system build-
er but a charismatic lecturer, and Oken was little less and (a pattern inherited by
Agassiz) was himself a great friend of the students: a real old-fashioned college
prof who would drink beer and talk until the small hours of the night. Although
the embranchement theory meant that Agassiz could never himself be a full-blown
Naturphilosoph, he adopted many of its ideas, especially the belief that (within em-
branchements, the vertebrate branch particularly) one could see an upward rise
from primitive to complex. “One single idea has presided over the development

of the whole class, and that all the deviations lead back to a primary plan, so that
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even if the thread seem broken in the present creation, one can reunite it on
reaching the domain of fossil ichthyology” (Agassiz 1885, 1, 241).

Moreover, Agassiz was very much into parallels between life history and
embryological development, and indeed he saw a threefold parallelism that in-
cluded living beings today. “One may consider it as henceforth proved that the
embryo of the fish during its development, the class of fishes as it at present exists
in its numerous families, and the type of fish in its planetary history, exhibit analo-
gous phases through which one may follow the same creative thought like a guid-
ing thread in the study of the connection between organized beings” (Agassiz
1885, 1, 369-370). With this perspective, Cuvier notwithstanding, one might
question why Agassiz would be so strongly against evolution. Especially since he
was forced to admit that, just before the appearance of any new form or type in
the record, the fossils start to forecast what will come. They are “prophetic
types.” “It seems to me even that the fishes which preceded the appearance of rep-
tiles in the plan of creation were higher in certain characters than those which suc-
ceeded them; and it is a strange fact that these ancient fishes have something anal-
ogous with reptiles, which had not then made their appearance” (Agassiz, 1885, 1,
393).

But to ask questions about evolution is to misunderstand the philosophy
within which Agassiz was reared. By the time of Haeckel, Naturphilosophie had ma-
tured into a philosophy that could bear an evolutionary interpretation, but the
carly beginning-of-the-century version—the version of Schelling and Goethe and
Hegel and others—although deeply developmental was no less deeply idealistic.
As shown by the passage quoted above from Agassiz, “the same creative thought
like a guiding thread in the study of the connection between organized beings,” it
was the idea that counted, not the reality. No one believed that one could actually
move from one species to another—Kant’s teleology (which is what Cuvier inher-
ited) precluded the transition between types. But it was not needed anyway. Ger-
man idealism was just that: idealism. Real evolutionism would have messed things
up, and so Agassiz never thought or could think in terms of evolution. And when
he went to America, to Boston, the people he mixed with tended less to be scien-
tists of his own stature and more the intellectuals, the philosophers and poets,
men like Emerson and Longfellow, who were themselves much taken with Ger-
man philosophy (“transcendentalism”). So here was reinforcement for the beliefs.

Why did Agassiz want the funds that he sought? Five thousand dollars from
this donor, 10,000 dollars from that legislature? His American dream was to build
at Harvard a magnificent museum, one that could house collections drawn from
the world over and where researchers could study and advance our understanding
of the world of animals (Winsor 1991). It would be (in the Cuvierian tradition) a
museum of comparative anatomy, where one could draw on many, many speci-
mens and make comparisons and inferences based on the widest possible range of
specimens. This project—part of that already mentioned worldwide movement to
the building and developing of natural history museums (Richard Owen was just

then campaigning to get the British Museum [Natural History] off the ground)—
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was finally completed later in the century under Agassiz’s son, Alexander: the
Museum of Comparative Zoology or Agassiz Museum. But it was Louis Agassiz’s
dream and that for which he would lecture incessantly in the public forum.

Although he would have denied it vigorously, one senses that Agassiz was
not entirely disappointed at the publication of the Origin—Darwin sent him a
copy with a polite note—for it gave him full opportunity to mount the stage be-
fore large audiences and to talk on the topic of the day, making his points of re-
buttal and underscoring the need for massive (and expensive) facilities to look at
these issues in a full and professional manner. Agassiz’s own opposition in itself
showed that the matter was not yet resolved once and for all.

All of this was gall and wormwood to another Harvard professor, a native-
born scientist, who had risen up from humble roots in upstate New York and
through medical training (a route shared by Huxley and other evolutionists) had
eased himself into a life of full-time science. By the time the Origin was published,
he became one of America’s leading botanists (Dupree 1959). I refer to Asa Gray,
a man so far within the Darwinian circle that he had been let into the great secret
some years before the publication of the Origin. Gray was by nature your scien-
tist’s scientist, a man whose love was the private professional discussion or gather-
ing, where experts in the field could assess data and evaluate hypotheses. He was a
man for whom the real respect came from fellow scientists and who thought that
ultimately the appeal to the public dimension was a little bit vulgar. The trouble
of course with such an attitude is that if you seck out the professional respect and
disdain the public forum, professional rather than public respect is precisely what
you get. The big funds—monies provided by rich private donors or by enthused
state legislatures—just do not come your way. (Agassiz was getting $100,000
from the Massachusetts government alone for his laboratory, while the botany de-
partment had to grub around for $10,000 total.) Nor can you attract and support
those flocks of students that were flowing toward Agassiz, or any of the other
perks of the academic life.

Hence, when the Origin was published and Agassiz started declaiming against
it, Gray was primed and motivated to start the counterattack, even if it meant go-
ing out into the glare of the public arena. And this is precisely what he did, taking
on Agassiz and his antievolutionism before audiences at the American Academy of
Arts and Sciences. (This was and is a New England—based organization. The Na-
tional Academy of Sciences had not yet been founded. This was to come later in
the decade and owed much to Agassiz’s stimulus.) At the same time, Gray took to
the pen, reviewing the Origin and making sure that it got a fair and full exposition
in the American press. His essays were later to be published in a collected vol-
ume, Darwiniana (1876), which was to prove one of the more appealing and last-
ing publications from the evolutionary fray.

The Huxley-Wilberforce debate repeated itself across the Atlantic in Boston.
But it was not truly the same debate, or at least there were significant differences.
For Huxley, whatever he said later about agnosticism, a major motivation was his

attack on the Church, not just the dogma but everything it symbolized. You really

Darwin in America

* 97



Asa Gray

can think of their battle as a clash between science and religion. But in respects
Gray was even more devout than Agassiz, who was (it will be remembered) mov-
ing from Christianity to Unitarianism. Gray was ever a devoted evangelical Chris-
tian—indeed, loyal and attached though he was to Darwin, he never much cared
for Huxley whom he thought a rather vulgar man, with little appreciation of or
sensitivity toward people’s religious beliefs. Gray did believe desperately sincerely
in evolution and bound this up with his religious belief: God has given us our
powers of sense and reason, to understand His creation, and if He decided in His
power and magnificence to create in a developmental evolutionary fashion, then it
is for us to accept and glorify. (More on some of these points later in this chap-
ter.)

But precisely because Gray was a Christian, whereas Huxley was indifferent
toward natural selection because he was indifferent to design, Gray was so sensi-
tive to and overwhelmed by design that he could not accept that natural selection
working on nondirected variation could do the full evolutionary job adequately.
To the despair of Darwin, who thought that the move gutted the very principle of
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which he was so proud, Gray ever supplemented natural selection with divinely
guided variations: “We should advise Mr. Darwin to assume, in the philosophy of
his hypothesis, that variation has been led along certain beneficial lines” (Gray
1876, 121-122). Interestingly, perhaps connected to the fact that as a Christian
he was more committed to Providence than to Progress, Gray was not a great en-
thusiast for evolutionary progress. But probably the main factor here was that he
was a botanist rather than a zoologist. “We have really, that I know of, no philo-
sophical basis for high and low. Moreover, the vegetable kingdom does not culmi-
nate, as the animal kingdom does. It is not a kingdom, but a commonwealth; a de-
mocracy, and therefore puzzling and unaccountable from the former point of
view” (letter to Charles Darwin, 27 January 1863; in Gray 1894, 496).

One hardly need remark that, whatever the motivation, the nonprogressi-
veness of evolution was a sharp stiletto in the war with Swiss transcendentalism,
for whom the ultimate emergence of our species was the very point of God’s
creative efforts: “The history of the earth proclaims its Creator. It tells us that the
object and the term of creation is man. He is announced in nature from the first
appearance of organized beings; and each important modification in the whole se-
ries of these beings is a step towards the definitive term of the development of or-

ganic life” (Agassiz 1859, 103—-104).

The Fossil Wars

The general lore is that as Huxley had vanquished Wilberforce, so Gray van-
quished Agassiz. I am not sure that this is true of Huxley, and I am certainly not
sure that this is true of Gray. All biologists are evolutionists now, so there is a
temptation to think that what we believe true today must have been apparent to
those working and debating back then. If you combine this with the fact that, for
all that he thought humans the culmination of God’s creative process, Agassiz held
really rather repellent views on the independent creation of human races and
hence the independent origin of whites and blacks, whereas as an evangelical
Christian Gray was passionately opposed to slavery, the case for Gray over Agassiz
seems definitive. But it is not always true that what we find plausible and convinc-
ing today was equally plausible and convincing back in the past, and certainly not
so here.

For a start, Gray himself held views that would be anathema to today’s evo-
lutionists, as indeed they were then to someone back in England. Gray was a
friend and he was fighting the good fight, but was the cost too high? “The view
that each variation has been providentially arranged seems to me to make Natural
Selection entirely superfluous, and indeed takes the whole case of the appearance
of new species out of the range of science” (Letter to Charles Lyell, August 1,
1861, Darwin and Seward 1903, 1, 191). But even if you ignore this and allow
that Gray won the battle, in the long haul it is more accurate to say that Agassiz
won the war. It was he who had and trained the students. Every one of them may

have become an evolutionist—they all did, including Agassiz’s own son!—but the
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picture of change traces back to those lectures in Munich rather than to the teach-
ing at Cambridge.

In fact, Agassiz had a somewhat uneasy and difficult relationship with his stu-
dents. He would welcome them in, make them part of his family, overwhelm
them with friendship and advice and instruction. But he could not let them go,
nor even could he see that they might be capable of working on their own and
thus deserving of public recognition for their efforts. In Hegelian terms, he could
not realize that the master-slave relationships he had imbued in Europe do not
translate readily into American terms. Eventually, his best and brightest students
revolted. Forming the Society for the Protection of American Students from For-
eign Professors, they upped and left, with bitter things felt and said on both sides.
Yet they took with them Agassiz’s teaching: progress, the search for underlying
forms or patterns or “archetypes,” and an indifference to natural selection.

Paradigmatic of these Agassiz students was Alpheus Hyatt: Maryland-born,
military academy—trained, passionate naturalist, and directed by the master to a
lifetime’s study of marine invertebrate life. Also a man of considerable moral and
physical courage, for—breaking with his Confederate-sympathizing family and
with Agassiz (who wanted his students to stay out of controversy and turn to sci-
ence)—he joined the Union army, putting his boyhood training at its service. Yet
although he broke with Agassiz personally, not only was his choice of material
Agassiz-influenced but so also was his very research program. In particular, Hyatt
was fascinated (“morbidly obsessed” might be a better description) with the possi-
bility of degeneration. Could it not be that instead of uniform progress upward,
sometimes evolution overtops itself as it were, and starts a slide downward? Per-
haps when we reach a certain point indolence and degeneracy set in and instead of
going forward, organisms relapse back into a kind of second childhood?

I should say that, although supported by appeal to the fossil record and given
a firm Lamarckian (inheritance of acquired characteristics) causal backing—you
get to the top and then get slack and so start to slide down, as your organs atro-
phy through non- or misuse—much of this thinking owed more to Hyatt’s read-
ing of social changes than to anything in real biology. As a schoolboy, before he
went to Harvard, he was taken by his mother on a trip to Italy. What he saw
there impressed and shocked and rather depressed the impressionable lad. All
around was the glory that was—the monuments, the buildings, the statues, the
pictures—and all around is the filth and decay that is. “The lazzaroni live, beg,
starve, make love and shit upon the church steps and along the quai, which last
being the most public is the place generally preferred for the last picturesque ac-
tion” (Hyatt 1857, 6). Was this a universal law of nature? Apparently so. Think of
a society that designs and builds huge and beautiful edifices—temples, meeting
places, palaces, and more. Eventually, “the nation, having outgrown its strength,
would begin to decline. The vast buildings would have to be abandoned, and
smaller habitations would arise, in answer to the requirements of a poorer popula-
tion. The architects, faithful to their inherited canons, but forced into simplicity,
would gradually follow the decline, and record it in the structures of the deca-
dence” (Hyatt 1889, 79).
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This is an advance on Agassiz, but in basic respects it is right out of Agassiz,
for the whole picture is one of internal movement up and then down, something
that the Agassiz-like Hyatt found to be mapped in embryological development. In-
deed, even the degeneration may have had an Agassiz source, for apparently it was
the teacher who first suggested to the student that certain invertebrate groups
might be worth of study precisely because they showed evidence of fall after their
climb. Of course, Hyatt was an evolutionist, but here also there was something
funny. Nobody is quite sure exactly when Hyatt became an evolutionist. You can-
not really tell from the crucial papers! You can of course tell once the Lamarck-
ism is added on, but this is old hat and not very Darwinian per se—it is not some-
thing that Hyatt was using as a research tool but rather added to make the picture
complete. Nor was evolution something that Hyatt was deliberately hiding or any-
thing like that. I have said that Hyatt was a man of courage, and he was not one to
conceal his beliefs out of cowardice. The point is that evolution for someone like
Hyatt really did not make that much difference to his science at all. It was rather a
metaphysical assumption about the working of the world—according to natural
law rather than miracle—than a tool of scientific inquiry.

This all ties in precisely with what I have been saying about the English,
Huxley-driven situation. Contrast the happenings back in the 1950s after Watson
and Crick had discovered the nature of the DNA molecule. Immediately a whole
industry sprang up, trying to decipher the genetic code and working out how the
information on the DNA molecules gets transferred into the building of the cell.
Genetics changed dramatically with the double helix. This was not the way at all
for Hyatt and evolution. Evolution was not functioning as a tool of professional
scientific research, or at least only in a background sort of way. Evolution was
rather a kind of basic way of looking at the world, a sort of secular religion, rather
than something to be used as science in itself. And of course all of the stuff about
progress and degeneration fit the bill precisely.

Nothing in this chapter so far makes American evolutionism that worthy of
note. It is at best all a bit derivative, and even if you avoid simply making judg-
ments based on today’s knowledge, American evolutionism all seems a bit unin-
spiring. Things were not helped by Hyatt’s being one of the world’s foggiest and
most confusing writers. Would that he had learned from Agassiz in this respect.
Darwin, for whom Hyatt had terrific admiration and to whom he sent key papers,
found him quite incomprehensible. It was not so much a question of not agreeing
but simply of not following! But when this is said, let us not forget that no one
was doing very much of real note in evolutionary circles in the years after the Ori-
gin. Other than for one or two students of the insects and similar fast-breeding or-
ganisms, natural selection languished unused, and at best people were into the
business of spinning phylogenies from embryological analogies. The main function
of evolutionary thought was to provide social and moral messages rather than in-
sights about the living world.

Expectedly, the degeneration notion got picked up generally—whether
from America or in parallel as it were—and we find that, as the century drew to a
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close, almost every evolutionist was worrying that social development had peaked
and was now in a decline. This was a time when the failures of capitalism—pover-
ty, slums, ill health, and overcrowding—were becoming apparent to all, and
when the military arms race now on between countries like England and Germany
bode exceedingly bad for the future. Just as religion bends itself to the time—
original sin is a Christian notion that has had far higher prominence since such ap-
palling events as the Holocaust—so also evolution proved capable of bending with
the time.

But this was not all that there was to the American story, by any means. If
you are willing to concentrate on evolution as path, on phylogenies, then fossils
become more than just a side interest. They become absolutely central. And it
was here, in the second half of the nineteenth century, that America proved its
worth in ways that were beyond the wildest dreams of scientists before evolution
came to town. It turned out that America, particularly the West (the Canadian
West also), was a charnel house for the denizens of the past, and absolutely fabu-
lous fossil finds were there for those who would look. Although it helped also, in
those days before government grants, to have a large private fortune to support
the large number of assistants and helpers necessary to dig the remains from the
soil and rock and to transport the spoils back to the civilized East.

Two men above all others were qualified to go fossil hunting in the West,
and they did so with such vigor and enthusiasm and violent personal rivalry and
success that their exploits are still today talked of with admiration or censorious
disapproval—but always with respect for the abilities and achievements (Shor
1974). The first was Othniel Charles Marsh (1831-1899), who came into a for-
tune when he came of age, thanks to his maternal uncle George Peabody, a busi-
ness partner of the great financier Junius Spencer Morgan. Entering college at a
much older age than most students, Marsh ended by spending his whole life at
Yale, where he was an unpaid professor of paleontology, with the money and lei-
sure to devote all of his time to his science. Not an easy man with whom to work,
more difficult and ever more suspicious of the motives of others as he grew older,
Marsh was nevertheless a good manager: one who knew how to seize an opportu-
nity when it arose and how to get the most from his employees and underlings.
He became president of the National Academy of Sciences for twelve years and
wielded very considerable power both within science and on the interface be-
tween science and government.

Marsh was not a man to be crossed, a fact that did not at all perturb the sec-
ond of our fossil hunters, Edward Drinker Cope. Son of a wealthy Quaker, Cope
resisted parental entreaties that he become a farmer and opted rather for the life
of a vertebrate paleontologist (Osborn 1931). Unlike Marsh, for most of his life
Cope had no university affiliation, although toward the end a connection was
forged with the University of Pennsylvania. Unlike Marsh also, Cope did not have
great managerial skills and he was positively naive when it came to money, even-
tually losing his great fortune (a quarter of a million dollars) in a mining fraud. He

too was a difficult man when dealing with his own generation, and many is the
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Othniel Marsh

spiteful or critical tale that one finds in the letters of the day. Part of this no doubt
was predicated on Cope’s voracious sexual appetite, the quenching of which led
to an carly death from syphilis. But, for all his faults, there was a manliness about
Cope. He was raised a pacifist, but he was no coward, and in the course of his fos-
sil searches would unflinchingly brave Indian territory when more prudent people
stayed home. When he lost his fortune, he did not cry or whine, but busied him-
self with his work, as though nothing had happened. More importantly, he was a
brilliant scientist, and although his speculations on evolutionary causes were little
different or more imaginative than those of Hyatt—they were known as the
American neo-Lamarckian school (Marsh stayed away from all causal specula-
tions)—Cope could reconstruct a long dead animal from the most unpromising of

fossil material. Personally, he was warm and charming toward the young, and the
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next generation of paleontologists felt always that they had learned much from
him.

Marsh enters our story first, for it was he who made quite fabulous finds of
fossil horses. In 1876, Huxley at long last fulfilled promises to visit the New
World and came calling at New Haven. Huxley was committed to giving public
lectures on evolution in New York, and in search of dramatic examples had set-
tled on the horse, the evolution of which he and a brilliant Russian student (Vladi-
mir Kovalevsky) had been tracing. Marsh’s collections of equine materials quite
staggered Huxley, and at once he revised his lecture, fully admitting that (al-
though extinct in North America by the time of human occupancy) the horse had
evolved in America and not in Europe.

At each enquiry, whether he had a specimen to illustrate such and such a point or
exemplify a transition from earlier and less specialised forms to later and more spe-
cialised ones, Professor Marsh would simply turn to his assistant and bid him fetch
box number so and so, until Huxley turned upon him and said, “I believe you are a
magician; whatever I want, you just conjure it up.” (Huxley 1900, 1, 462)

The result was one of the most famous and most reproduced pictures of the
lineage of the horse from the four-toed ancestor to the single—toed living repre-
sentative. Moreover, it came with a prediction that soon would be unearthed a
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The multitoed feet of the

earliest horse, Phenacodus

(ancestral even to

Eohippus)

five-toed ancestor, older than all known forms: “In still older forms, the series of
the digits will be more and more complete, until we come to the five-toed ani-
mals, in which, if the doctrine of evolution is well founded, the whole series must
have taken its origin.” Within two months, Marsh discovered just such an animal,
the famous five-toed Eohippus. Today, we know that the horse record is far, far
more complicated than Huxley implied, with masses of branches and extinctions.
But it was precisely the forceful simplicity of Huxley’s demonstration that im-
pressed. This was evolution that people understood. Evolution that convinced.
Then, when Huxley had returned home, the battle between Marsh and Cope
began in earnest. Out from the West, in Colorado and Montana and Wyoming
and other states, came reports of fantastical monsters, reptiles of truly gigantic
size and shape, buried in the rocks but already poking out into the air. Both Marsh
and Cope sent out teams to see and to excavate, and the specimens began arriving
back in the East. Digging was frenetic, and on more than one occasion men from
the two sides met and clashed and there were reports of fisticuffs. Certainly, nei-
ther leader was above subterfuge, concealing results from the other and trying to
snatch prize specimens from beneath the nose of the other. Huge sums were
spent. Cope put out at least $70,000 of his own riches. Marsh spent $200,000.
And this at a time when Asa Gray was thinking himself lucky to get $1,500 a year.
Many specimens were lost through crude and amateurish methods of recov-
ery and transportation. But the overall results were truly magnificent: Allosaurus,
Ceratosaurus, Brontosaurus, Camarasaurus, Amphicoelous, Diplodocus, Campto-
sorus, Stegosaurus, and many many others. And these were just from one period
(the Jurassic). Then they went after more recent specimens (from the Creta-
ceous). Amusing is the discovery of Triceratops, that fabulous monster with (as its
name implies) three horns. At first Marsh described them as the horns of an ex-
tinct monstrous form of buffalo, Bison alticornis. Only later, when more complete

specimens were unearthed, was he willing to assign it to the dinosaurs. By the
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time he had finished—just to give you some idea of the immensity of the labors
that were involved—Marsh had fifty specimens of Triceratops. It is true that most
of these were represented simply by skulls, but before you start downgrading the
achievement, reflect that these on average weighed a ton each, and the biggest
was three and a half tons. This was evolution with a vengeance!

It was also evolution—or rather evolutionary evidence—of a kind that peo-
ple could appreciate. With the move to museums—and by the 1870s and 1880s
more are being built, including the already-mentioned American Museum of Nat-
ural History in New York (founded by an Agassiz student)—the demand more
and more was for visible striking evidence of evolution. People did not want fine-
grained experimental fodder. No one was doing experiments anyway! What they
wanted were striking, impressive demonstrations of evolution in action. Things to
appeal to the emotions as well as—if not more than—the minds. And monstrous
reptiles from the past did just that.

All of this was brought together and given its most polished presentation, at
the end of the nineteenth century and the first decades of the twentieth, by Henry
Fairfield Osborn, for many years director of the American Museum of Natural
History (Rainger 1991). Another man of great wealth—his father was one of the
great pioneers of the railroad system—Osborn devoted his life to paleontology
and to the administration of the halls within which it could occur. Befriending
Cope—for whom he had great admiration—Osborn snapped up his collections
for the museum when the great fossil hunter fell on hard times. Then he went out
and added more of his own, always conscious that there was an end to serve: the
dignified amusement and the cultural and social education of the New York pub-
lic.

[ have hinted already at this important point, so let me emphasize it here.
The great achievements in museum building at this time—Harvard, London, New

York, and elsewhere—did not happen just by chance or simply through civic or
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national pride (although the latter was certainly an important factor). On the one
hand, all of those lower- and middle-class urbanites needed distractions and occu-
pations for their free time. They needed distractions and occupations that would
be moral and healthy and fulfilling in a spiritual and moral sense. Getting soaked
in a gin palace was not the solution. Nor were such things as cock fighting or gam-
bling or other traditional entertainments. Museums were a perfect answer—
places of wholesome entertainment, suitable for the whole family, low cost (or
free), and easily accessible in the city. On the other hand, all of those people
needed—and this was especially true in cities like New York, with a large immi-
grant population—instruction in moral and cultural norms. At the most basic lev-
el they needed instruction in such things as hygiene and nutrition and at the more
conceptual level they needed instruction in the proper ordering of the state and of
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the roles that we all play within it. Museums could offer this teaching—through
displays about cleanliness and threats to health such as vermin and microbes. They
could also teach about the great heroes of the past and present—the men (and
very few women) who had made a contribution to the greatness of the country.
They could tell of such things as the wildlife of the country and its other virtues
and treasures, thus helping to forge a sense of pride in city, county, and country.
And most of all, they could instruct about the nature of society and about the
rightful place of those at the top and of those at the bottom. In short, they could
tell something of progress and of how some peoples are rightly in control and oth-
ers are not.

This was the philosophy of Osborn as director. This was the philosophy of
his board of trustees. They were all rich men, powerfully established, concerned
about immigration and degeneration, supportive of eugenics (the idea that you can
improve humankind through selective breeding), wanting to maintain the status
quo with the Anglo Saxon elite at the top and the Jews, Irish, Poles, Slavs, Ital-
ians, and—above all—the blacks down the ranks and forever staying there. Evo-
lution was the perfect vehicle for their ends. It was interesting, it was fun, it was
amazing—all of these things and more. And it preaches a message. Some have
succeeded and risen higher than others. That is the way of nature and we must
learn to accept it.

A master showman, Osborn put on wonderful displays of horse evolution—
he even cadged the skeletons of famous race horses for his ends. And the dino-
saurs. Generations of little East Siders were shipped over to Central Park (the
American Museum of Natural History is halfway down the West Side), to stand in
amazement before these monsters of the past. The dinosaurs blew people’s minds
away. They still do! A testament to the wonderful ways of nature and to the men
who revealed them. Osborn, a student of Huxley in his youth—he had gone to
Europe to study and, thrill of thrills, had once been introduced to Darwin—
brought evolution as popular science, as secular religion, to its highest point.

Christian Reactions

“As secular religion” Gray, we know, was an evangelical Christian. Hyatt nearly
became a Catholic priest. Although Cope moved from the Quakerism of his
youth, he never relinquished a deep conviction that God rules and cares for the
world. And Osborn crossed from the Presbyterianism of his childhood to an Epis-
copalianism of middle age. There were certainly agnostics and atheists in Ameri-
ca—agonistics and atheists for whom their evolutionism was an important part of
their overall world picture. American Marxists were one such group. And more
generally, there were voices who wanted to separate science and religion, arguing
that the former looks ahead and the latter looks back. Some of the classic works
proclaiming the warfare of science and religion came from American pens in the
second half of the nineteenth century. But, America is a religious country—far

more so than Europe, including Britain—and at this time we simply do not find
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the equivalent of Huxley, a major science-based evolutionist for whom evolution
is a real religion substitute.

If religion was such a large element in people’s lives—especially in Ameri-
can people’s lives—what then were the responses by the religious toward evolu-
tion in general, and Darwinism in particular? Of course, for any category, there
are always exceptions or people who do not fit exactly, but roughly speaking (in
Britain and America especially) one sees three basic responses (Moore 1979). The
first two came from groups who accepted, even welcomed, evolution in some
sense. The first—following custom let us call them the Darwinians—were reli-
gious people (Christians) who more or less accepted evolution as is and extended
this acceptance to natural selection, that is, to Darwin’s own ideas and causal sug-
gestions. Some, like Asa Gray, felt it necessary to modify Darwinism to allow for
direction, but others did not even feel this. They happily accepted Darwinism
raw, as it were.

And I stress “happily.” There were people like John Henry Newman, the
great convert to Catholicism (he ended as a cardinal), who were not themselves
scientists, but who were appreciative of science and even if they could not go all
the way with full-blooded Darwinism, were more than happy to embrace evolu-
tion and give Darwin himself great respect. Newman did not accept a literal read-
ing of Genesis. “The Fathers are not unanimous in their interpretation of the 1st
chapter of Genesis. A commentator then does not impute untruth or error to
Scripture, though he denies the fact of creation or formation of the world in six
days, or in six periods. He has the right to say that the chapter is a symbolical rep-
resentation, for so St Augustine seems to consider” (letter of 1864, in Newman
1971, 266). Then, writing to the conservative Anglican Edward Pusey, in support
of Darwin’s receiving an honorary degree from Oxford University, Newman
mused: “Is this [Darwin’s theory] against the distinct teaching of the inspired text?
If it is, then he advocates an Antichristian theory. For myself, speaking under cor-
rection, I don’t see that it does—contradict it” (letter of June 5, 1870, in New-
man 1973, 137). As it happens, Newman did not think natural selection could do
the evolutionary job, but that was a matter for science and not theology.

Then there were also people who were interested in science and who posi-
tively welcomed Darwinism. Interestingly, these were often people of a more
conservative or orthodox or high-church bent than otherwise. They were people
who were interested in teleology and who saw in natural selection precisely the
teleology-producing mechanism that they had been seeking. They were people
(who, as [ mentioned in the last chapter, were often Calvinists) who took very se-
riously the facts of cruelty and struggle and pain that are our fate on earth and
who saw in natural selection God’s way of deciding between sheep and goats. And
they were people who saw in the unbroken law of evolution, not deism, but
God’s constant interest in and sustaining of—His immanence in—the creation.

The late-nineteenth-century Oxford theologian Aubrey Moore—a very
high-church Anglican—was one of the more attractive and articulate of this num-
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ber. He welcomed Darwinism with enthusiasm—with joy, even—seeing in the
theory the proof definitive of God’s constant care for and action in his creation.
The Divine is no remote designer but one always and everywhere present and ac-

tive.

Science had pushed ... God farther and farther away, and at the moment when it
seemed as if He would be thrust out altogether, Darwinism appeared, and, under
the guise of a foe, did the work of a friend. It has conferred upon philosophy and
religion an inestimable benefit, by showing us that we must choose between two
alternatives. Either God is everywhere present in nature, or He is nowhere. He
cannot be here, and not there. He cannot delegate His power to demigods called
“second causes”. In nature everything must be His work or nothing. We must
frankly return to the Christian view of direct Divine agency, the immanence of Di-
vine power in nature from end to end, the belief in a God in Whom not only we,
but all things have their being, or we must banish Him altogether. (Moore 1890,
73-74)

In America, George Frederick Wright, although later in life to become
much more conservative theologically, urged Asa Gray to publication and argued
himself that Darwinism threw up no new challenges for the man of god. “The stu-
dent of natural history who falls into the modern habits of speculation upon his fa-
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vorite subject may safely leave Calvinistic theologians to defend his religious faith.
All the philosophical difficulties which he will ever encounter, and a great many
more, have already been bravely met in the region of speculative theology”
(Wright 1882, 219). Everyone has had a go at the true faith. Nevertheless, “The
Calvinist has stood manfully in the breach, and defended the doctrine that method
is an essential attribute of the divine mind, and that whatsoever proceeds from
that mind conforms to principles of order; God ‘hath foreordained whatsoever
comes to pass’. The doctrine of the continuity of nature is not new to the theolo-
gian. The modern man of science, in extending his conception of the reign of law,
is but illustrating the fundamental principle of Calvinism” (p. 220).

The second group, also in favor of evolution but a lot less directly Darwini-
an, consists of those generally known as “Darwinistic.” Generally, these were peo-
ple who took a liberal Christian approach, often known as “modernism.” They
wanted to modify Christianity in directions that they thought more in tune with
the modern world and thought. They tended to downplay the stern unforgiving
aspects of Calvinism—such things as predestination would be ruled out complete-
ly, and original sin would fare little better—and providence tended to get fairly
short shrift. Rather they wanted to get on the bandwagon of progress, and their
Christianity was going to reflect this. They prided themselves on being more sci-
entific than the scientists, which meant that they simply loved evolution. But of
course the evolution they wanted was a user-friendly evolution—one where effort
paid off and where the struggle could be played down—and an evolution that was
firmly progressive.

In short, what they wanted was a Spencerian type of evolution rather than a
Darwinian type of evolution, which was precisely what most Americans of all
kinds wanted anyway. Remember how Spencer, in America particularly, was the
philosopher of evolution. Henry Ward Beecher, brother of the novelist, charis-
matic preacher, adulterer, liar—religion is not the only great American tradi-
tion—put things well:

If the whole theory of evolution is but a slow decree of God, and if He is behind it
and under it, then the solution not only becomes natural and easy, but it becomes
sublime, that in that waiting experiment which was to run through the ages of the
world, God had a plan by which the race should steadily ascend, and the weakest
become the strongest and the invisible become more and more visible, and the fin-
er and nobler at last transcend and absolutely control its controllers, and the good
in men become mightier than the animal in them. (Beecher 1885, 429)

It is worth noting that at least one of the reasons why Newman rejected
Darwinism is that he saw (correctly or incorrectly) that it was bound up with
thoughts of progress, and this was a philosophy that he loathed intensely. He
thought that we are tainted by sin and that we need God’s help to earn eternal sal-
vation. Alone, we are worthless.

Then, in addition to these two evolution-friendly approaches, there was the

third response: that which rejected evolution. Charles Hodge, professor of sys-
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tematic theology at Princeton Theological Seminary, the leading Calvinist theolog-
ical school in the United States, had no doubts on the subject. “What is Darwin-
ism?” he asked in one of his books. “It is atheism,” came the reply. Hodge exoner-
ated Darwin himself from the charge of deliberate infidelity, but his theory simply
could not be held by a believer. “God has revealed his existence and his govern-
ment of the world so clearly and so authoritatively, that any philosophical or sci-
entific speculations inconsistent with those truths are like cobwebs in the track of
a tornado. They offer no sensible resistance” (Hodge 1872, 2, 15). Backed by his
reading of Agassiz, “a giant in palacontology,” Hodge had little difficulty in reject-
ing evolution in any form, especially the Darwinian incarnation. Darwin’s “theory
is that hundreds or thousands of millions of years ago God called a living germ, or
living germs, into existence, and that since that time God has no more to do with
the universe than if He did not exist. This is atheism to all intents and purposes,
because it leaves the soul as entirely without God, without a Father, Helper, or
Ruler, as the doctrine of Epicurus or of Comte” (p. 16).

Hodge, of course, preferred the account of Genesis to the account of the ev-
olutionists. But it is important to note that he did not reject evolution simply be-
cause it was science, nor did he accept Genesis simply because it was religion. The
point is that (in his opinion) evolution failed as science and hence the way was
open for someone to accept the account of Genesis as good history. Here Hodge
was very much following the tradition of his church: Calvin, although concerned
to stay with a literal reading of the Bible, realized that some interpretative work
was needed. To this end, the great reformer had introduced his famous doctrine
of “accommodation,” one recognizing that the Bible is sometimes written in such a
form as to make itself intelligible to scientifically untutored folk who would not
have followed sophisticated discourse.

Moses wrote in a popular style things which, without instruction, all ordinary per-
sons endued with common sense, are able to understand; but astronomers investi-
gate with great labour whatever the sagacity of the human mind can comprehend.
Nevertheless, this study is not to be reprobated, nor this science to be condemned,
because some frantic persons are wont boldly to reject whatever is unknown to
them. For astronomy is not only pleasant, but also very useful to be known: it can-
not be denied that this art unfolds the admirable wisdom of God. ... Nor did
Moses truly wish to withdraw us from this pursuit in omitting such things as are
peculiar to the art; but because he was ordained a teacher as well of the unlearned
and rude as of the learned, he could not otherwise fulfil his office than by descend-
ing to this grosser method of instruction. ... Moses, therefore, rather adapts his
discourse to common usage. (Calvin 1847-1850, 1, 86-87)

Likewise Hodge. He accepted the geologists’ claim that the earth must be
very old and entertained seriously the rival hypotheses that either there was a very
long period of time (unrecorded in the Bible) after the initial creation or that the
six days of creation must be understood as six very long periods of time. He him-
self inclined to the second hypothesis, but the point is that Hodge—and his stand
was definitive for many many people—recognized fully with Calvin that the Bible
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needs interpretation and cannot be used as a scientific text. If Darwinism is to be
rejected, it must be on scientific grounds. Hence, even this third position was far
from one of blind rejection of science, even though evolution did fail to find fa-

vor.

The Scopes Trial

It was not until the end of the nineteenth century and into the twentieth century
that things started to get a lot tighter, with full-blown campaigning against evolu-
tion (Larson 1997). Now increasingly we find Christians inclined to take a much
more literal stand on the meanings of the Bible. This came slowly, not all at once.
The definitive conservative Christian position was given in a series of pamphlets
published between 1905 and 1915, The Fundamentals—hence the term fundamen-
talist for those who take the Bible as the inerrant word of God. But even here op-
position to science was not absolute. Some of the pamphlets even endorsed evolu-
tion! Not Darwinism, for natural selection alone could not do the job and was
clearly atheistic, but some kind of theistic guided evolution. “A new name for

’r»

‘creation’” (pp. 20-21). Most would not have gone this far, but the interpretation
of “days” as long periods or an unmentioned lengthy gap between the creation of
heaven and earth and the edenic creation was standard.

However, by now there were hard-line literalists: people who subscribed to
a six-day creation some 6,000 years ago. Prominent among these absolutists were
the Seventh-day Adventists, a sect starting in the middle of the nineteenth centu-
ry, strongly committed to the Second Coming and the conflagration that would
precede it (Numbers 2006). For them, such a literal reading of the Bible was
needed as confirmation of visions of their founder, Ellen G. White, as well as sup-
port for their insistence on Sabbath observance (which for them falls on a Satur-
day). Unless one has a 24-hour day of creation, the biblical support for Sabbath
observance becomes less secure. In addition, as people believing in the coming
Armageddon, the universal Flood played an important part in their theology as
something that, having happened, showed God’s ability and willingness to act
again in such a way if necessary. A kind of balance to and foretaste of the disrup-
tions to come.

But even if this extremism then attracted no immediate great following, by
the end of the 1920s opposition to evolution of all kinds was starting to rise.
There were a number of factors here. One, undoubtedly, was World War I.
Rightly or wrongly, many associated Germanic militarism (militarism of all kinds,
in fact) with Social Darwinism. Hence, evolution was seen as directly implicated
in the carnage in Europe—a carnage that many felt was no concern of America’s,
anyway. A second was the fact that evolution was becoming more of a personal
threat to nearly everyone, thanks to an explosion in American secondary educa-
tion. The numbers of children enrolled in such education shot up from 200,000 in
the whole of America in 1890 to 2 million in 1920. Tennessee, of which more in
a moment, jumped from 10,000 in 1910 to 50,000 in 1925. Evolution was no
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Attornies in the Scopes trial
(Clarence Darrow, left;
William Jennings Bryan,
right)

longer just a faraway phenomenon, concerning only professors. It was now com-
ing into every home, through the textbooks. The evil was right there.

And third, and I suspect most important of all, the evangelicals saw who was
the real threat to their way of life and thinking. In America, it was not the agnos-
tics and atheists: these were and are no real threat; they are a minority not to be
taken that seriously. The real threat was the liberal Christians. The conservative
believers saw this kind of Christianity as representing everything they loathed. It
did not help (although it was hardly any surprise) that people like Shailer Ma-
thews, dean of divinity at the University of Chicago and a leader of the liberal
Christian wing in America (known as Modernism), had endorsed America’s par-
ticipation in World War I as a Christian duty. And evolution as we know was a
centerpiece of this kind of Christianity. The temples of science, places like the
American Museum of Natural History, dedicated to evolution, were just the sorts
of places that the liberal Christians (Osborn, for instance) were building and en-
dorsing. With reason, evolution was seen as part and parcel of a whole philoso-
phy, a way of life, that was resented and disliked and to be opposed.

With the war over and with the campaign against alcohol brought to a suc-
cessful conclusion—Prohibition was enacted—attention could be turned to evolu-
tion, and so in the 1920s we see attempts to make illegal the teaching of evolution
in state-supported schools. Tennessee was one such state, and this led directly to
the famous Scopes monkey trial. The interest then was intense—the press cover-
age was enormous—and it has continued to be so, thanks particularly to an ac-
count in a best-selling history—Only Yesterday: An Informal History of the Nineteen-
Twenties—and then later a wonderful play (1955) and film (1960): Inherit the
Wind. What gave an edge to the whole affair was that Darrow was denied the op-

portunity to call his own witnesses in favor of evolution—the case after all was
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over whether or not Scopes had broken the law, not whether evolution was true.
Darrow had therefore put Bryan on the stand as an expert witness on the Bible
and had apparently made Bryan into a fool, as the former politician stumbled
around trying to keep some semblance of consistency between his religious beliefs
and then-standard science. Although evolution may have lost the immediate battle
(in fact, the conviction and penalty of $100 were overturned on a technicality on
appeal), it won the war. The nation—the world—Ilaughed at Tennessee and at
the fundamentalists. Never again was right-wing Christianity to challenge science
in such a way.

In fact, as so often happens, real life is not exactly like the myth. The trial
took place in Dayton, Tennessee, a town that set up the trial in the first place,
thinking that the subsequent publicity would be good for business. Scopes had let
himself be prosecuted deliberately, for the American Civil Liberties Union (work-
ing hard to define itself as a body needed in America) that organized and bank-
rolled the defense was looking for a case to test the constitutionality of the law.
He was not the regular biology teacher but the physical education teacher who
substituted for the biology teacher. There is even some question as to whether he
ever did actually teach evolution. Bryan was a big-name figure, but not necessarily
everyone’s choice for prosecuting attorney. He was not an experienced trial law-
yer. Darrow was, but certainly not everyone’s choice for defense attorney. His
non-Christian views made many on the defense side very uncomfortable, some
because they disagreed with him, and others because they thought that his reputa-
tion would hurt their cause. And an overturned verdict was precisely not what the
defense wanted. They needed a conviction to fight all the way to the Supreme
Court and to challenge the law constitutionally. As it happens, in the absence of
such a challenge, the Tennessee law remained on the books until the 1960s.

What about the overall effects from the viewpoint of religion and science?
Memory, reinforced by book and film, is that fundamentalism went down to de-
feat, never to rise again. The reporting—especially that of Mencken—was so sav-
age that no one again could take such Christianity seriously. In fact, there is cer-
tainly evidence that virulent fundamentalism, linked directly to anti-Darwinism,
seems to have peaked with the Scopes trial and did go into decline; although the
extent to which this was direct cause and effect is another matter. What is not the
case is that Bryan was made quite the fool that he appears in the movie—apart
from anything else, the key scene where he is made to look stupid through his
subscription to a literal reading of “days” was simply not true. Bryan always be-
lieved that the days were periods of time (a fact that upset the Adventists).

Bryan: [ think it would be just as easy for the kind of God we believe in to make
the earth in six days as in six years or in 6,000,000 years or in
600,000,000 years. I do not think it important whether we believe one or
the other.

Darrow: Do you think those were literal days?

Darwin in America

115



John Thomas Scopes

Bryan: My impression is that they were periods, but I would not attempt to ar-
gue as against anybody who wanted to believe in literal days. (Settle
1972, 80)

General opinion among the fundamentalists after the trial was that Bryan had ac-
quitted himself well and that a good job had been done.

Finally, it should be noted that in some respects the fundamentalists certain-
ly won the war, for the textbooks were immediately gutted of controversial evo-
lutionary material—and then things stayed that way for many years thereafter.
The popular Civic Biology by George W. Hunter, used by Scopes, was dropped by
the Tennessee Textbook Commission. More broadly, a six-page section on evolu-
tion was dropped from the edition for southern states, and the author set about
revising the text for general use. The explicit discussion of evolution was trimmed
and concealed and material modified, with explicit charts vanishing. The word
evolution itself vanished, and Darwin was no longer described as the “grand old

man of biology.” Relatedly, Darwin’s “wonderful discovery of the doctrine of
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evolution” became “his interpretation of the way in which all life changes” (Larson
1997, 231). This was no unambiguous victory for evolutionism.

Looking back over the years, what should we say? For myself, I cannot say
these occurrences—gutting evolution from the textbooks—were right and prop-
er. Indeed, as one who is an ardent evolutionist—a Darwinian even—I deplore
them. But equally, I cannot say that I am surprised or that I am entirely unsym-
pathetic to the fundamentalists. Evolution after Darwin had set itself up to be
something more than science. It was a popular science, the science of the market-
place and the museum, and it was a religion—whether this be purely secular or
blended in with a form of liberal Christianity. I do not think that it had to be, but
it was. When believers in other religions turned around and scratched, you may
regret the action but you can understand it—and your sympathy for the victim is
attenuated.

I do not say that evolution as religion was always a bad thing. Indeed, at the
social and moral level, we have seen that it can be entirely admirable. But let us
not pretend that it was not what it was and that right and decency was all on one
side. As is usually the case in these things, both sides had their saints and their sin-
ners, their people of reason and their people of emotion. Most may have pulled
back from the extremes, but the polarization was more than simply one of black
and white, chalk and cheese, science and religion. As always when you are dealing
with history, when you dig beneath the surface, things become a lot more com-
plex and interesting than appears at first sight.
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Further Reading & Discussion

At the conceptual level, James Moore’s The Post-Darwinian Controversies: A Study of
the Protestant Struggle to Come to Terms with Darwin in Great Britain and America,
1870—1900 (Cambridge: Cambridge University Press, 1979) is a really detailed
account of the science/religion relationship in Britain and (even more) in America
in the years after the Origin. But the social questions are also important, and espe-
cially museums are significant now. Mary P. Winsor’s Reading the Shape of Nature:
Comparative Zoology at the Agassiz Museum (Chicago: University of Chicago Press,
1991) is excellent on the early years of museum building after the Origin, and
Ronald Rainger’s An Agenda for Antiquity: Henry Fairfield Osborn and Vertebrate Pa-
leontology at the American Museum of Natural History, 1890—1935 (Tuscaloosa: Uni-
versity of Alabama Press, 1991) is not only strong on the museum scene at the
end of the century but gives you a real insight into the persona and activities of
Henry Fairfield Osborn, the leader in American evolutionism from the late nine-
teenth century right up to the 1930s. Rainger is particularly good at showing how
much evolution back then, palacontology particularly, was a vehicle for social
messages of one sort or another.

Ronald Numbers is the leading authority on science/religion relationships in
American history. Having come himself from a fundamentalist background, he
was particularly well prepared to write his magisterial work on the history of li-
teralist readings of Genesis. This is now in a revised edition, brought up to date
by dealing with modern controversies: The Creationists: From Scientific Creationism to
Intelligent Design (Cambridge: Harvard University Press, 2006). This work digs
into its subject with a vigor and penetrating understanding that one rarely finds in
works of scholarship. Highly recommended! At a more specific level, Edward ]J.
Larson (Numbers’s student) has given us a detailed and brilliant account of the
Scopes monkey trial: Summer for the Gods: The Scopes Trial and America’s Continuing
Debate over Science and Religion (New York: Basic Books, 1997). As I explain in my
text, it is quite amazing how much myth has grown up around that event. A ma-
jor reason for this quasi-fictional status must lie at the feet of Inherit the Wind, es-
pecially the movie starring Spencer Tracey and Frederick March and with Gene
Kelly as a wonderfully cynical newspaper man.

For all that it is fictionalized, the movie—which is easy to find on video—is
well worth watching. It does raise most interesting questions about the sci-
ence/religion relationship. You should be aware that it dates from the height of
the Cold War, when Americans were defending the virtues of democracy in the
face of the external threat of communism. At the same time—thanks to the witch
hunting activities of Senator Joseph McCarthy—they were thinking about them-
selves, trying to establish to what lengths people should be allowed to dissent in a
free society. Why defend democracy if this is equated with total conformity? The
writers are using the Scopes monkey trial to explore issues that they found impor-

tant rather than simply to give a historically accurate account.
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Finally let me recommend to you the science fiction novel, The Time Machine:
An Invention, by the English novelist H. G. Wells. (It was first published in 1895
and is easily available in editions today. There is also a good movie version (1960)
with Rod Taylor.) Wells was the student of Huxley and started life as a science
teacher. Hyatt was not the only one worried about degeneration. As mentioned in
the text, by the end of the nineteenth century, with the rise of militarism and the
unsolved problems of industrialism, many were obsessed with the prospect of in-
evitable degeneration and downward slide. Wells picks up on this worry and ex-
plores it in the form of fiction. Thanks to his machine, the time traveler goes for-
ward into the future and finds that humans have sunk into two races or species:
the Eloi, warm, friendly, childlike, useless; and the Morlocks, industrious, intelli-
gent, vile, underground-living cannibals. Can this really be the fate of us all? Is
there even worse beyond that? These are Wells’s themes in a story that is as fresh
today as it was then.

Darwin in America
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Chapter 5

Evolution Denied & Extolled:
The Rise of Creationism, Intelligent Design &

Darwinian Religion in America

Overview

T his chapter explores how the Fundamentalists in the United States con-
tinued to raise alarm at the increasing acceptance of evolution as a fact
which, combined with long-range ineffectiveness of legislating against the teaching
of evolution, opened the doors to a new campaign. This one would mandate the
teaching of alternative scientific theories of evolution (or creation) right along side
the teaching of evolution: A campaign for inclusion. But what would these alter-

native theories be called so they could be taught in science classes?

The first, and most successful of these was Creationism. The Creation Science
movement was a child of the 1960s. It takes the creation story of Genesis—six
days of creation, six thousand years ago, universal flood—absolutely literally. The
Institute for Creation Research was founded to develop Bible-based explanations

for scientific information resulting from fossil research.

But the educational and political communities continued to resist the integration
of, what was to many, religion into sciences. To counter this resistance, Creation
Science gradually morphed into a more friendly form, the so-called Intelligent
Design Theory.

The key work in Intelligent Design Theory was by Berkeley law professor, Phillip
Johnson: Darwin on Trial. Effective though the work was, its weakness was that it
was mainly a critique of Darwinism with no alternative. In the 1990s, two schol-
ars repaired this deficit: first, biochemist Michael Behe argued that there are ex-
amples of organic “irreducible complexity,” things that demand intervention by an
“intelligent designer”; then, mathematician/philosopher William Dembski argued

that statistically one can and should argue for such interventions.
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As the Fundamentalists rose against Evolution there were scientists who offered
equally strong support for it. In the Naturalism approach it is important to distin-
guish between methodological naturalism and metaphysical naturalism: the for-
mer, an attitude by scientists involving the refusal to use miracles in their scientif-
ic explanations; the latter, a philosophy that denies that there is anything beyond
the purely material or natural. We shall see that Johnson argued strongly that the
former collapses into the latter.

The Intelligent Design Theorists, of course, loathe all kinds of naturalism because
they think it associated with the philosophy of modernism: the philosophy that
points to a secular world, with a liberal attitude toward society and its denizens.
We shall see that there is indeed some truth in this suspicion. Looking at the writ-
ings of leading evolutionists today shows that they, like the Intelligent Design
Theorists, often have a social and cultural agenda which are more often counter to

the values firmly held by the other side.

Many evolutionists today continue their counter attacking, arguing against any
kind of religious belief. Critics are particularly scornful of those, like the author,
who want to tread a middle line, allowing for the possibility of both religious be-
lief and sincere scientific commitment. We shall see how Richard Dawkins, above
all, leads the attack, arguing that evolution shows the lack of necessity for reli-
gious belief, and indeed that it destroys such belief by reinvigorating old argu-

ments like the problem of evil.

Finally, let us not deny that some evolutionists, notably Edward O. Wilson, want
to go all the way, and create a new religion out of evolution. For them, evolution
is a story of origins, a story about the coming and importance of humankind, and
a story with a moral message about the need to preserve humans and the world
within which they live. In a way, for these people we have come full circle, with
the ultimate triumph of Darwinism over Christianity.

The Role ofthe Scientific Community

The work of the following scientists is discussed in this chapter. Short, biographi-
cal essays of these individuals appear in Biographies on page 607.

Henry Morris (1918-2006)

Edward O. Wilson (1929 )

Phillip Johnson (1940— )

Richard Dawkins (1941— )

Micheal Behe (1952— )

William Dembski (1960 )
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Setting the Stage

Q: Dr. Ruse, having examined the creationist literature at great length,
do you have a professional opinion about whether creation science
measures up to the standards and characteristics of science that you have
just been describing?

A: Yes, I do. In my opinion, creation science does not have those attributes
that distinguish science from other endeavours.

Q: Would you please explain why you think it does not.

A: Most importantly, creation science necessarily looks to the supernatural
acts of a Creator. According to creation-science theory, the Creator has
intervened in supernatural ways using supernatural forces.

:Do you think that creation science is testable?

= R

: Creation science is neither testable nor tentative. Indeed, an attribute of
creation science that distinguishes it quite clearly from science is that it is
absolutely certain about all of the answers. And considering the magnitude
of the questions it addresses—the origins of man, life, the earth, and the
universe—that certainty is all the more revealing. Whatever the contrary
evidence, creation science never accepts that its theory is falsified. This is
just the opposite of tentativeness and makes a mockery of testing.

Q:Do you find that creation science measures up to the methodological

considerations of science?

A: Creation science is woefully lacking in this regard. Most regrettably, I
have found innumerable instances of outright dishonesty, deception, and
distortion used to advance creation-science arguments.

Q:Dr. Ruse, do you have an opinion to a reasonable degree of professional
certainty about whether creation science is science?

A: Yes.

Q: What is your opinion?

A: In my opinion creation science is not science.

Q: What do you think it is?

A: As someone also trained in the philosophy of religion, in my opinion

creation science is religion. (Ruse 1988, 304-306)

My moment of glory in Little Rock, Arkansas! It is not often that a philoso-
pher finds himself on national television, and although I no longer dine out on it
quite as much as I did, it still brings me pleasure to think of it! It was indeed a
moment of glory. In 1981, appearing as an expert witness for the American Civil
Liberties Union alongside such evolutionary luminaries as Stephen Jay Gould, I
was asked to appear in an attack on the constitutionality of a new law mandating
the “balanced treatment” of so-called Creation science with evolution in the publ-
icly financed biology classrooms of the state. And we won! The law was declared
unconstitutional, and that was the end of that.
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Michael Ruse

But I should have known better. Court cases, particularly in America, are
rarely the end of anything. As we have changed from one millennium to another,
the science-religion debate, the evolution-creation debate, rages as never before.
Let me bring you up to date, show you where we stand now, and offer a few

thoughts of my own.

Essa Ly

Creation Science

It really all started with the Russians. In 1957, we were in the depths of the Cold
War, and it was then that the Soviet side scored an absolutely massive propaganda
victory. Sputnik! They put aloft an unmanned satellite, and then, to rub salt in the
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wounds, they put up another that (they informed the world) was as big as a Cadil-
lac, the epitome of American opulence and success. In fact, looking back, it was
not much more than a propaganda victory. Russia was ahead in rocket technology,
partly because at the end of World War II they had grabbed more German rocket
engineers than the Americans and partly because they needed long-range missiles.
America had its nuclear weapons in Turkey, sitting on the Russian border. The
Soviets had needs that the Americans did not, and so they had moved to fill them.
It was hardly an unbiased question of the superiority of one world system over an-
other. But America certainly perceived itself as lagging behind, not just in rockets
but in science and technology generally.

This meant, among other things, that if parity were to be achieved, then
education needed to be upgraded dramatically. One way in which this was done
(given that education falls under State jurisdiction) was by the Federal govern-
ment’s sponsoring the writing of good quality, new textbooks, which could then
be made available to school boards at attractive prices. Following the chilling ef-
fects of the Scopes trial, evolution had become something of a nonsubject in high-
school biology texts. Evolution figured in a major way in the new works. As word
of this started to filter out, the provocation set the evangelical literalists moving,
and so things start to move toward a new confrontation. Aided, I might say, by
something that looks suspiciously like Divine Intervention, for just at the moment
of crisis, the men of the hour arrived. John C. Whitcomb, a Bible scholar, and
Henry M. Morris (who died recently), a hydraulic engineer, jointly authored a
book, The Genesis Flood: The Biblical Record and Its Scientific Implications (1961),
which put once again the whole and full case for a literal Genesis-based account of
origins. The case was supposedly supported in its entirety by the best quality mo-
dern science. Creation that occurred about six thousand years ago, took just a
week, and was miraculous, with humans coming last. At some point after all of
this had occurred, there was a massive worldwide flood, which wiped out virtual-
ly everything except apparently for a few, carefully chosen survivors.

An alternative to evolution was there for all to see and to adopt. Worried
about the fossil record? No need to be. The progressiveness of the record is an ar-
tefact of the Flood, with the slowest creatures caught at the bottom and more ag-
ile creatures getting up to the tops of mountains before perishing. How else do
you explain human footprints found down among the dinosaurs? What did lions
cat in Eden? A vegetarian diet obviously, since they could hardly have feasted on
other animals. Troubled by the age of the earth question? Be assured that you are
less troubled than conventional scientists. “Age measurements by radioactivity are
not nearly so precise nor so reliable as most writers imply.” Indeed, “the great
majority of the measurements have had to be rejected as useless for the desired
purpose” (p. 343).

Henry Morris, with a group of like-minded thinkers, founded the Institute
for Creation Research. Realizing that the situation had changed from the days of
the Scopes trial and that no court was going to stand for the elimination or expul-

sion of evolution, they campaigned rather for the inclusion of their own beliefs.
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Thus, through the 1970s, Morris and the others—notably Duane T. Gish, author
of Evolution. The Fossils Say No!—wrote and lectured and (very successfully) debat-
ed evolutionists on the alternative pictures of origins. At the same time they re-
fined and polished their position—considerable effort had to go into compressing
the time-scale down from several billion years to just a few thousand. And also,
they took care to see that their position could be presented ostensibly without any
reference to biblical matters. In The Genesis Flood, for instance, when faced with
monstrous-sized human footprints in the fossil record, confident mention is made
of the passage in Genesis (6.4) that tells us that there were “giants in the earth in
those days” (p. 175). This sort of thing rapidly became unacceptable, at least in
“public school editions” of the Creationists’ books. The important thing was to of-
fer themselves up as a reasonable, secular alternative to the dominant evolutionar-
ism of the day. Hence, the new name: “Creation science.”

One has to say that the Creationists worked hard and succeeded brilliantly in
their tactics and aims. They caught evolutionists napping, making them look
fools—inarticulate and irrational and prejudiced fools. Working with humor and
charm and sincerity, Morris and Gish particularly were masters at the public de-
bate, usually reducing their scientific opponents to choleric rage and intellectual
impotence. Moreover, they started to influence state legislatures, and the end re-
sult was that early in 1981 Arkansas passed a bill mandating “balanced treatment.”
I might add that this all happened when Bill Clinton was not in the governor’s of-
fice, and the bill was signed into law by a man whose unsuitability for the office
was equalled only by his surprise at achieving it. And I should say also that the law
was a rather unpleasant surprise for many powerful people in the state. The Jun-
ior Chamber of Commerce in particular was not happy. It was working flat out to
persuade new industry—often high tech, involving electrical engineering or com-
puters—to relocate in the state. The last thing it needed was for a prospective
employee, perhaps a newly minted Ph.D. from MIT, to learn that the children
would be taught Creationism in the schools. Such a prospective employee would
keep on moving until reaching other states—perhaps Arizona, also in the market
for the new technology and the people to produce it. Whatever the personal con-
victions of the leaders of these rival states, they knew enough to maintain a decent
hypocrisy of having one set of beliefs for the weekdays and another set for Sun-
days.

Indeed, the leading Creationists themselves were somewhat torn on the Ar-
kansas law. They knew that once their ideas were made public like this, they
would be pilloried in the press and probably defeated in the courts—as indeed
they were. Better by far to work at the grassroots level, influencing public opin-
ion, putting pressure on school boards and individual teachers, and like actions.
Which is precisely the way the Creationism movement went for 20 years, again
with considerable success. A new round of faces was recruited, notable for being
much more established academically than the earlier Creation scientists. It is true
that Morris and Gish have advanced degrees in science—much is made of this

point—but now we find supporters of the movement at leading universities, and
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not just junior faculty either. Notable are Phillip Johnson, onetime law clerk to
former Chief Justice Earl Warren and (retired) professor of law at Berkeley, and
Alvin Plantinga, professor at Notre Dame (despite being a Calvinist) and North
America’s most distinguished philosopher of religion.

With the development of the Creationist side came, perhaps as a kind of
counter in reaction, a development of the evolutionist side. There are still many
evolutionists, probably the majority, who want nothing to do with the sci-
ence/religion conflict. They want to get on with their science and leave matters at
that. Among the minority who are or were interested in religion, one found
Stephen Jay Gould (1999). He had certainly read Genesis: readers of his column
knew that he had a biblical knowledge that would challenge any priest or rabbi
and knew also that he was prominent among those who think that good fences
make good neighbors. Science is science and religion is religion and never the two
should meet. He spoke of science and religion as being rival “magisteria”—realms
of inquiry and understanding—and advocated what he called the NOMA princi-
ple. Science and religion are Non-Overlapping Magisterid and should stay that
way.

But many of those interested in the science/religion interface, ardent in
their evolutionism—usually ultra-Darwinism—are among those who have really
taken a strong and almost personal dislike to Christianity. Richard Dawkins, au-
thor of the 2006 smash best-seller The God Delusion, leads the pack, with the phi-
losopher Dan Dennett, Breaking the Spell, the graduate student Sam Harris, The
End of Faith: Religion, Terror, and the Future of Reason, and the journalist Christopher
Hitchens, God is not Great, close behind. They loathe and detest religion—all reli-
gion—and feel very strongly that you cannot serve science and religion at the
same time. They argue that Darwinism positively excludes Christianity—mnot just
Creationist Christianity, but any kind. In commenting on a letter favorable to evo-
lution, written by Pope John Paul II (1997), Dawkins (1997a) spoke of a “flab-
biness of the intellect” affecting those who turn to religion—and if you are pre-
pared to say that about John Paul II, you are prepared to say it about anybody. In
fact, Dawkins is! Because I, someone who has no more religious faith than any of
them, am willing to listen seriously to people of religion, I am labeled a craven
fool. Dawkins likens me to Neville Chamberlain, the British Prime Minister who
tried to appease Adolf Hitler. Dawkins introduces a new norm for journalists,
begging them to interview others and get the “real” truth, after they have spoken
to me.

What are the pros and cons of the issue? Let us start with the new Creation-
ists.

Intelligent Design Theory

At first, one of the most important things about what I like to call Creationism-
lite but what its supporters call Intelligent Design Theory (IDT) is that it is asym-
metric. It told you what it did not like but was irritatingly silent on what it did
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Archaeopteryx, midway between the reptiles
and the birds

like. Phillip Johnson’s major book, Darwin on Trial (1993), was a paradigm. The
new Creationists did not like evolution; especially they did not like Darwinian
evolution. So Darwin was put in the dock. But what these Creationists did believe
was not specified. Did they believe in a young earth or an old earth? We are not
told. Did they believe in a universal Flood or a limited Flood? We were not told.
Did they believe that humans necessarily came last (and were Adam and Eve a
one-off event or did Eve come later)? We were not told. What we did not know,
we cannot criticize—which was a major problem faced by the earlier Creationists.
What about Darwinism? Many of the criticisms were familiar—going back to Cu-
vier, in fact. Natural selection was a favorite target. It cannot do what is required,
it is trivial, probably false, and in any case is simply a redescription of what is go-
ing on—it is a “tautology,” a necessary truth since it tells you that the fittest sur-
vive but then the fittest are defined as those that survive! Mutation was also criti-
cized heavily. It is random, and random means random. You cannot get order
from randomness. That is the truth. Organisms need something more—they need
something in the intelligence line to put them on the road to being. The fossil rec-
ord speaks eloquently against evolution. Nor do the so-called missing links help.
Consider archacopteryx, the bird-reptile seized on by Thomas Henry Huxley.

Archaeopteryx is on the whole a point for the Darwinists, but how important is it?
Persons who come to the fossil evidence as convinced Darwinists will see a stun-
ning confirmation, but skeptics will see only a lonely exception to consistent pat-
tern of fossil disconfirmation. If we are testing Darwinism rather than merely look-
ing for a confirming example or two, then a single good candidate for ancestor sta-
tus is not enough to save a theory that posits a worldwide history of continual evo-
lutionary transformation. (Johnson 1993, 81)

The molecular evidence for evolution was found no more convincing. In

fact, it was all a little bit of a con job. As far as Johnson was concerned, it was a
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Flagellum

classic case of circular argumentation. We start by assuming that the molecules
are important and then, backed by this belief, we set out to prove that they are
important! “As in other areas, the objective has been to find confirmation of a
theory which was conclusively presumed to be true at the start of the investiga-
tion” (p. 101). Obviously, although this is very comforting to the true believer, it
is a parody of true scientific methodology and understanding. “The true scientific
question—Does the molecular evidence as a whole tend to confirm Darwinism
when evaluated without a Darwinist bias>—has never been asked” (p. 101). And
the same thing holds again and again elsewhere. Indeed, there is little need to go
on, for the main thing that remains to be discussed is the origin of life question,
and we can guess on what shaky ground that stands. During the 1990s, John-
son—backed by a conservative “think tank,” the Discovery Institute in Seattle
Washington—made major efforts to repair the deficiencies in the neo-Creationist
position. Two very important figures were recruited to the cause. First there was
Michael Behe, a biochemist at Lehigh University in Pennsylvania. He wrote Dar-
win’s Black Box: The Biochemical Challenge to Evolution (1996), in which he argued
that some phenomena in the living world are “irreducibly complex.” By this he
means that they cannot function unless they are put together in one fell swoop.
Drawing on the analogy of a mousetrap—five parts, all necessary, totally non-
functioning unless put together in one creative act—Behe argued that things like
the flagellum on bacteria (little whip-like appendages that drive the carrier for-
ward) and the complicated chemical reactions needed for blood to clot (known as
a “cascade” because so many sequential processes are needed) simply could not
have come about slowly. They could not have come about slowly through a blind
process like natural selection. They must therefore have been put together by a
thinking being—an “intelligent designer.”
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Then the mathematician and philosopher of science William Dembski came
along to back Behe. In The Design Inference, he set himself the task of finding crite-
ria for saying that something is designed and then showing that the sorts of things
highlighted by Behe fit these criteria. One thing that marked the work of both
Dembski and Behe was that although they were trying to show that intelligence is
involved in the origins and nature of organisms, they were not committing them-
selves at all to the actual nature of this intelligence. It could in theory have been
perfectly natural. Hence, they were (supposedly) not moving into the realm of re-
ligion. Their position therefore was intended to be like, let us say, a researcher on
the origin of life who says: I take as basic the fact that water is made of two hy-
drogen molecules linked to one oxygen molecule. My job is to go from there.
Likewise, Behe and Dembski wanted to say: I take as basic the fact that intelli-
gence was involved in the creation of life. My job is to go from there.

Intelligent Design Theory at one level has been a huge success. It has been
adopted by people far and wide. It did receive a nasty jolt a year or two back in
the town of Dover, Pennsylvania. The school board decided to insist on some
form of IDT being introduced to state-supported biology classes. The end result
was similar to that at Arkansas more than twenty years earlier. The judge deci-
sively rejected the ideas (considered as science) and banned them from the class-
room. Michael Behe, who was one of the few IDT enthusiasts prepared to stand
up for it in court, was made a figure of fun. However, wisely, its supporters took
their licks and (like the earlier generation of Creationists before them) vowed to
keep up the battle at the less visible level. Recently, several states—including my
own state of Florida—have been pressured by IDT supporters to allow some form
of anti-evolutionism into biology classes.

This is all at the political level. At the more intellectual level, as you can
imagine, the criticisms have rained down on IDT. Behe’s analogy of the mouse-
trap has given evolutionists many happy hours of inventive fiddling, as they make
mousetraps with increasingly smaller numbers of parts—from five to four, to
three, to two, and even to one. Behe’s biological examples have also been laughed
to scorn.

Take Behe’s claim that the blood-clotting mechanism in vertebrates is too
complex to have come through evolution. The world authority on blood clotting
(Russell Doolittle of the University of California at San Diego) replies that Behe is
just out of date and that the evolution of blood clotting is now well supported.
(See Behe 1996 and Miller 1999 for details.) Likewise, Dembski’s mathematics
has received rough treatment. No one denies that setting out to find criteria of
design is a legitimate enterprise; it is just that Dembski’s ideas did not work and,
even if they did, they do not apply to the biological cases that he highlights.

The ploy of claiming that Intelligent Design Theorists are not talking about
religion has been the subject of withering scorn. One must be fair here. Not all of
the IDT enthusiasts are Young Earth Creationists like the late Henry Morris or
Duane T. Gish. Some are. Philosopher and historian of science Paul Nelson, a

very big figure in the IDT movement, believes in a short earth span. Others ac-
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cept conventional dating on the earth, and some—Michael Behe particularly—
think that evolution has been important (just not all important) in the history of
life. (One senses that the Young Earth Creationists are biding their time. In the
language of football, they are letting the IDT gang do the blocking for them at this
point. If and when they get something into the schools, that will be the time to
start divvying up the spoils and to make greater demands. Down the road, I don’t
think Behe should be looking for much gratitude.)

Fair or not, the simple fact is that the theological push behind IDT is there
and thinly concealed—better concealed since they realized that evolutionists were
reading their Web pages and circulated e-mails where they were being candid.
Time and again we are told that the Intelligent Designer is the Logos of the Gos-
pel of Saint John.

'In the beginning was the Word, and the Word was with God, and the Word was
God. ?The same was in the beginning with God. *All things were made by him;
and without him was not any thing made that was made. “In him was life; and the
life was the light of men. *And the light shineth in darkness; and the darkness com-
prehended it not.
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Naturalism

But, while important, the science—and even the religion—is only one part of
what motivates the new Creationists. (In respects, the old Creationists too, al-
though for them biblical literalism is the key plank.) If one stopped here, one
would be missing a very important part of the story. Quite explicitly, there is
more to the IDT case than we have thus seen, and here (at first) we start to move
to more philosophical questions. Johnson particularly is strong on this matter. In
particular, the IDT supporters argue that Darwinism succeeds faux de mieux, sim-
ply because it is the only game in town. The scene is set so that a position such as
IDT is ruled out of court at the beginning, and then Darwinism is declared the
winner! The way in which this is done is through an insistence that science—all
science—be naturalistic, that is to say something that works according to unbro-
ken law. Then since this is true of Darwinism and is not true of any theistic posi-
tion which postulates the action of miracle, Darwinism alone qualifies as a proper
answer about origins. It wins by default.

In fact, Johnson’s position is a little more forceful than this. Not only does
he think that Darwinism wins by sleight of hand, but also he thinks that (although
some Darwinians may say otherwise) the evolutionary position tips one into
atheism. In Johnson’s opinion, the classic move made by the Darwinian is to dis-
tinguish between so-called methodological naturalism and so-called metaphysical
naturalism. A methodological naturalist is one who insists that natural explana-
tions can be given for anything, including organic origins. “Hence all events in
evolution (before the evolution of intelligence) are assumed to be attributable to
unintelligent causes. The question is not whether life (genetic information) arose by
some combination of chance and chemical laws, to pick one example, but merely
how it did so” (Johnson 1995, 208).

Johnson is at pains to allow, indeed to stress, that this does not mean to say
that methodological naturalists think that all of the crucial scientific problems have
now been solved. Indeed they will agree that this is not the case. But their opti-
mism is that through time and effort the unsolved problems will fall away, dis-
solved and settled by the scientist—the scientist working purely in a naturalistic
mode. “Bringing God or intelligent design into the picture is giving up on science
by turning to religion (miracle) and invoking a ‘God of the gaps.” The Creator be-
longs to the realm of religion, not scientific investigation” (p. 208).

Metaphysical naturalism, on the other hand, is a philosophical thesis about
the nature of reality. Here the assumption is that what you see is what you get is
what there is. There is nothing more to existence than basic particles interacting
without end, without purpose. “To put it another way, nature is a permanently
closed system of material causes and effects that can never be influenced by any-
thing outside of itself—by God, for example. To speak of something as ‘supernat-
ural’ is therefore to imply that it is imaginary, and belief in powerful imaginary
entities is known as superstition” (pp. 37—38). The position here is “metaphysical”
because it is making a claim about ultimate reality, in particular that there is no
such reality beyond that within the scope of the scientist. Johnson argues that
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whatever methodological naturalists may say to the contrary, invariably they find
themselves sliding into metaphysical naturalism, and before you know it you have
full-blown atheism on your hands.

Now there are two questions that arise here. First, is Johnson’s claim well
taken? Is methodological naturalism the slippery slope to metaphysical naturalism?
Second, are we getting the whole story or is there something else bugging John-
son? Is there an even deeper level of concern? Let us start with the first question.
Is it truly the case that, if once you have accepted methodological naturalism, you
are on the slippery slope to atheism? I am not at all convinced. I will agree that if
you accept methodological naturalism (and I would think of myself as being one
who does, incidentally, so you know where I stand), then you are almost certainly
going to be an evolutionist. I suppose logically you could think that all of the
world’s organisms are as old as the universe and that therefore there was no evo-
lution, but we know that this is empirically false. The evidence points to evolu-
tion—I myself would say that the evidence points to Darwinism—so it is certain-
ly true that, as things are, descent with modification is a consequence of method-
ological naturalism.

But does this now mean that the whole god question is ruled out? It would
surprise the Pope and it rather surprises me. Let us suppose, for I do not want to
get an easy victory by unfair definition, that you are a Christian and as such you
think that the Bible must be true. Obviously if you insist on a literal reading, that
is an end to matters. Evolution is out, and you might as well agree at once to a
denial of methodological as well as metaphysical naturalism. But—and here I am
not making things up but simply reporting fact—it has never been part of ortho-
dox Christianity, Catholic or Protestant, that the Bible must be taken literally,
word for word (McMullin 1985). We have seen already the most sincere of
Christians, people like Cuvier, knew that this is not the way to go. Literalism is a
nineteenth-century American invention. In fact, as I told you in an earlier chapter,
the insistence that the days of creation are of twenty-four-hour duration comes
out of that sect known as Seventh-day Adventism who, keen as they were to insist
on the Sabbath (Saturday) as the day of rest, wanted the other days to be of the
same length so as to reinforce their special beliefs about the seventh day. One
could hardly insist on people taking long periods of time off to rest, which would
seem the consequence if the six days are understood metaphorically. (George
McCready Price, who inspired the authors of Genesis Flood, was a Seventh-day Ad-
ventist. )

But if Genesis is not literally true, but only metaphorically true, what price
God then? Can you be an evolutionist—a genuine one, not the Asa Gray variety
who goes in for guided mutations—and yet take in the essential heart of the Bi-
ble? The answer of course depends on what you take to be the “essential heart” of
the Bible. At a minimum we can say that, to the Christian, this heart speaks of our
sinful nature, of God’s sacrifice, and of the prospect of ultimate salvation. It
speaks of the world as a meaningful creation of God (however caused) and of a

foreground drama that takes place within this world. I refer particularly to the
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original sin, Jesus’ life and death, and His resurrection and anything that comes af-
ter it. And clearly at once we are plunged into the first of the big problems,
namely that of miracles—those of Jesus himself (the turning of water into wine at
the marriage in Cana), his return to life on the third day, and (especially if you are
a Catholic) such ongoing miracles as transubstantiation and those associated, in re-
sponse to prayer, with the intervention of saints (Ruse 2001).

The metaphysical naturalist would reject all of these. But what about the
methodological naturalist? There are a number of options. You might simply say
that such miracles occurred, that they did involve violations of law, but that they
are outside your science. People do not usually rise from the dead three days after
being crucified, but on one occasion someone did. You cannot explain the event
scientifically, but this does not mean that it did not happen. And the same is true
of other miracles. They are simply exceptions to the rule. End of argument. A lit-
tle abrupt, but I am not sure that this is an impossible option. You simply say that
God laid the salvation history on top of the normal course of events. The world
goes by law, and then Jesus and the saints worked their ways on top of this. In
fact, turning an apparent weakness into a strength, you say that what makes the
biblical miracles particularly miraculous and wondertful is the fact that they are so
uncommon. If miracles happened on a daily basis, the resurrection would be dis-
valued. Precisely because people do not rise from the dead three days after being
crucified, the fact that Jesus did makes it truly significant.

Or you might say that miracles occur but that they are compatible with sci-
ence, or at least not incompatible. Jesus was in a trance and his rising on the
Third Day involved no breaking or lifting of law. Likewise, the cure for cancer af-
ter the prayers to Saint Bernadette is according to rare, unknown, but genuine
laws. This position is less abrupt, although I will admit that I worry whether it is
truly Christian, in letter or in spirit. It seems to me a little bit of a cheat to say
that the Jesus taken down from the cross was truly not dead, and the marriage in
Cana (when Jesus turned water into wine) starts to sound like outright fraud. Did
he bring a barrel of Chardonnay and not tell anybody, or were the guests so drunk
that they could not tell what they were drinking? You start stripping away at more
and more miracles, downgrading them to regular occurrences blown up and mag-
nified by the Apostles, but in the end this rather defeats the whole purpose.

The third option is simply to refuse to get into the battle at all. You argue
that the law/miracle dichotomy is a false one. Miracles are just not the sorts of
things that conflict with or confirm natural laws. This is not such a strange or ad
hoc suggestion. Christians already accept that some miracles fall into this cate-
gory. Take for instance transubstantiation—the miracle accepted by Catholics that
in the Mass there is a turning of the bread and the wine into the literal body and
blood of Christ. This miracle (or if you prefer, this purported miracle) is simply
not something open to empirical check. You cannot disconfirm religion or prove
science by doing an analysis of the host. Likewise one might say that the same is
true even of the resurrection of Jesus. After the Crucifixion, his mortal body was

irrelevant. The point was that the disciples, downcast and dispirited, suddenly felt
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Jesus in their hearts and were thus emboldened to go forth and preach the gospel.
Something real happened to them, but it was not a physical reality—mnor, for in-
stance, was Paul’s conversion a physical event, even though it changed his life and
those of countless after him. Today’s miracles also are really more a matter of the
spirit than the flesh. Does one simply go to Lourdes in hope of a lucky lottery
ticket to health or for the comfort that one knows one will get, even if there is no
physical cure? Surely the latter at least as much as the former. Miracles are mat-
ters of feeling and meaning, not of transgressions of nature. In the words of the
philosophers, it is a category mistake to put miracles and laws in the same set.

It seems to me that there are at least these options for the would-be Chris-
tian who wants also to be an evolutionist. I myself am not equally keen on each
and every one, but there is here surely enough to satisfy the would-be believer. I
recognize that not every one would be acceptable to every Christian. Protestants,
for instance, do not accept transubstantiation, and although they do not have a
shared alternative, many (probably most) think that the Eucharist (the ceremony
involving the bread and the wine) simply is symbolic of Jesus’ last supper with his
disciples. The same is true of the other miracles and their possible explanations.
Taking the resurrection metaphorically or in spirit only is certainly not accepted
by all or even most Christians. But the point is that these options are all accepted
by some Christians, and by no means indifferent or careless believers. Indeed,
some of the most passionate and devout go for these alternatives.

Johnson (1995), however, sneers that such options are not “intellectually
impressive” (p. 211). He adds: “Makeshift compromises between supernaturalism
in religion and naturalism in science may satisfy individuals, but they have little
standing in the intellectual world because they are recognized as a forced accom-
modation of conflicting lines of thought” (p. 212). Which of course is absolutely
true. Johnson is right. Makeshift compromises rarely do having much standing in
the intellectual world. But are the sorts of options I have listed of this nature? To
the contrary, the very difficulties I have been discussing—having to take miracles
on faith despite the evidence against them or having to admit that there are no
physical miracles at all—are taken by some very significant theologians of our age
to be the very crux of what it is to be a Christian (Barth [1949] 1959; Bultmann
1958; Gilkey 1985). They believe that, if we can get a guarantee on all of the an-
swers, then commitment is devalued. Faith without difficulty and opposition is
not true faith. “As the Danish philosopher Soren Kierkegaard ... taught us, too
much objective certainty deadens the very soul of faith. Genuine piety is possible
only in the face of radical uncertainty” (Haught 1995, 59).

Such thinkers, often conservative theologically—revealingly they are known
as the “neo-orthodox”—are inspired by the Jewish philosopher Martin Buber
(1937) to find God in the center of “I-Thou” personal relationships. For them
there is something degrading in the thought of Jesus as a miracle man, a sort of fu-
gitive from the Ed Sullivan show. What happened with the 5,000? Some hocus-
pocus over a few loaves and fishes? Was the Redeemer no more than a high-class

caterer? Or did Jesus fill the multitude’s heart with love, so there was a spontane-
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Phillip Johnson

ous outpouring of generosity and sharing, as everyone in the crowd was fed by the
food brought by a few? Surely this is what truly happened. This is what Christian-
ity is really about.

Part of the problem when dealing with matters to do with Christianity and
science, evolution in particular, is that so many people believe in so many things.
For instance, the position I have just been sketching—that faith is only genuine
faith in the face of uncertainty—would be denied by Catholics. They believe that
one can in fact prove the existence and nature of God through reason. Although,
especially given the Pope’s position on evolution, this certainly does not mean
that they would now swing round and think that Johnson is right. If anything,
Catholics tend to be more opposed to biblical literalism than Protestants. But at
this point we can honorably pull back from the details. It is enough to show, and
this surely has been shown, that the whole science/religion relationship is more
complex than allowed by people like Phillip Johnson. More complex, and I would
say more interesting and more fruitful.

Modernism

In one sense, I do want to agree with Johnson somewhat. It is true that evolution,
Darwinism in particular, is identified with what is usually known as “modernism.”
This term has various uses, including reference to a liberal kind of theology. My
sense, although obviously all of the senses are linked, is cultural and social, mean-
ing a kind of liberal attitude to society and its denizens. That was the case in the
nineteenth century, it was the case in the twentieth century, and it is still true to-

day .
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The fact is that when you read Johnson, and when you read the other ID
theorists as well, very quickly we start to leave the realm of science and religion
and get into the realm of morals, of social behavior. People like Johnson are abso-
lutely appalled at what they think is the dreadful turn that has been taken by
American society. (The same is true of critics of evolution elsewhere.) They take
Darwinism to be emblematic of everything that is wrong. It is not so much Dar-
winism in itself but Darwinism as a symbol, as a flag, as the kind of ideology that
has been pushed by people from Thomas Henry Huxley on. If you doubt me, then
ask yourself what this passage from Johnson has to do with gaps in the fossil rec-

ord.

“A responsible society is based first and foremost on responsible parents who fulfill
their obligations to each other and to their children. Probably the most important
thing that most adults do is to prepare the next generation for the joys and respon-
sibilities of life. To do this they must ensure to the best of their ability that their
children are born healthy. Following birth, children must be nurtured and educat-
ed in moral behavior by loving parents, preferably two parents. That is one reason
it is important for lovers to regard marriage as a sacred bond, rather than as a con-
tractual arrangement to be terminated at the convenience of either party. That is
also why mothers in a rational society regard their children, born and unborn, as a
sacred trust rather than primarily as an encumbrance that men impose on women
in order to make them unhappy and impede their pursuit of wealth, power and
pleasure. Similarly, fathers in a rational society regard their offspring from the be-
ginning of pregnancy as their own flesh, so that they become enthusiastic providers

and conurturers rather than the unwilling objects of child-support orders.” (John-

son 1995, 150-1)

Paradoxically, I think it has everything to do with gaps in the fossil record. John-
son and fellows see science generally, evolution specifically, as being bound up
with a philosophy of life that promotes abortion on demand, homosexual mar-
riage, teen out-of-wedlock pregnancy, and more. Johnson also obsesses about
cross-dressing, a somewhat strange fixation until you realize that it is connected to
his anti-feminism — women wearing pants and that sort of thing.

William Hamilton is generally considered the evolutionary genius of the sec-
ond half of the twentieth century. He was responsible for major innovations that
we shall encounter in Chapter 9: Human Sociobiology, innovations explaining intrica-
cies of animal social behavior. He made breakthroughs on problems that had puz-
zled evolutionists since the days of the Origin of Species. In the words of Richard
Dawkins: “Those of us who wish we had met Charles Darwin can console our-
selves: we may have met the nearest equivalent that the late twentieth century
had to offer” (Hamilton 2001, xi). Listen to Hamilton on the family.

“One of the ways in which I think backing plus Curbing of the hypocrisies of indi-
vidualism will come about will be through a greater measure of family responsibili-

ty that political parties will see it as a necessary measure to impose.”
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Hamilton believes that individuals rather than society should be those facing con-
sequences of decisions made (say) about handicapped children, and if groups in so-
ciety (for instance, church organizations) want to get involved in advocating vari-
ous practices — by example, insisting on a total prohibition of abortion even
though it is known that the fetus is dreadfully damaged — then they too should be
prepared to offer support. In fact, society should be relieved of any obligations.

“In general along such lines, it will be a great step in the equitable running of mo-
dern society if a sincerity tax comes to be imposed on all propaganda — what you
say you believe in you must show you believe in through hard cash and sacrifice; as
an example again, there should be no option but that your child attends the idealis-
tic comprehensive school you say you believe in.” (Hamilton 2001, xlviii).

[ suspect that most of us would not want to go this far. I certainly don’t. My per-
sonal feeling is that if we are not prepared to force behaviors on people — say
compulsory abortions — and I am not, then we as a group have a responsibility to
any and all children. I would go so far as to say that we have a responsibility to the
parents with whom we disagree. My guide here is Meditation XVII of the great En-
glish poet of the seventeenth century, John Donne:

“All mankind is of one author, and is one volume; when one man dies, one chapter
is not torn out of the book, but translated into a better language; and every chapter
must be so translated...As therefore the bell that rings to a sermon, calls not upon
the preacher only, but upon the congregation to come: so this bell calls us all: but
how much more me, who am brought so near the door by this sickness....No man
is an island, entire of itself...any man’s death diminishes me, because I am involved
in mankind; and therefore never send to know for whom the bell tolls; it tolls for
thee.”

I don’t think you have to be religious to see the force of what is being said here.
We are all part of one family and that brings responsibilities for all. But this is not
really my point here. My point — actually my two points — is that first Hamilton is
trying to make his case on biological grounds and as such thinks that this means
we must approach matters from a perspective that reflects the workings of biolo-
gy, and second — and this is what is really pertinent here — what I find really inter-
esting is the fact that Hamilton, like Johnson, wanted to talk about the family.
There is a real clash here. People are not talking past each other. They are talking
at each other. And this I suspect is much of what is at stake when the Creationists
— full strength or light — start bashing Darwinism. It is about the way to live. We

shall see confirmation of this point shortly.

Darwinian Atheism

Swing around now and look at the other side. Let us focus in on Richard Daw-
kins. In The God Delusion, he does not mince words: “The God of the Old Testa-
ment is arguably the most unpleasant character in all fiction: jealous and proud of
it; a petty, unjust, unforgiving control-freak; a vindictive, bloodthirsty ethnic
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cleanser; a misogynistic, homophobic, racist, infanticidal, genocidal, filicidal, pes-
tilential, megalomaniacal, sadomasochistic, capriciously malevolent bully.” (31)
Dawkins is not much more friendly to the God of the New Testament either,
writing of “his insipidly opposite Christian face, ‘Gentle Jesus meek and mild’.”
Dawkins makes no bones about the immorality of giving a child a Christian educa-
tion. “Once, in the question time after a lecture in Dublin, I was asked what I
thought about the widely publicized cases of sexual abuse by Catholic priests in
Ireland. I replied that, horrible as sexual abuse no doubt was, the damage was ar-
guably less than the long-term psychological damage inflicted by bringing the child
up Catholic in the first place.” (317)

This is nothing new. Let me quote a couple of paragraphs from an interview
that Dawkins gave a few years ago.

[ am considered by some to be a zealot. This comes partly from a passionate revul-
sion against fatuous religious prejudices, which I think lead to evil. As far as being a
scientist is concerned, my zealotry comes from a deep concern for the truth. I'm
extremely hostile towards any sort of obscurantism, pretension. If I think some-
body’s a fake, if somebody isn’t genuinely concerned about what actually is true
but is instead doing something for some other motive, if somebody is trying to ap-
pear like an intellectual, or trying to appear more profound than he is, or more
mysterious than he is, 'm very hostile to that. There’s a certain amount of that in
religion. The universe is a difficult enough place to understand already without in-
troducing additional mystical mysteriousness that’s not actually there. Another
point is esthetic: the universe is genuinely mysterious, grand, beautiful, awe inspir-
ing. The kinds of views of the universe which religious people have traditionally
embraced have been puny, pathetic, and measly in comparison to the way the uni-
verse actually is. The universe presented by organized religions is a poky little me-
dieval universe, and extremely limited.

I'm a Darwinist because I believe the only alternatives are Lamarckism or God,
neither of which does the job as an explanatory principle. Life in the universe is ei-

ther Darwinian or something else not yet thought of. (Dawkins 1995a, 85-86)

These paragraphs are very revealing, showing the emotional hostility that
Dawkins feels toward religion, including (obviously) Christianity. I am sure the
reader will not be surprised to learn that Dawkins has characterized his move to
atheism from religious belief as a “road to Damascus” experience (Dawkins
1997c). Saint Paul would have recognized a kindred spirit. But my purpose in
quoting Dawkins’s words here—and I could equally quote Dennett or Harris or
Hitchins—is not so much to pick out the emotion, as to point to the logic of
Dawkins’s thinking. This comes through particularly in one of the passages just
quoted. It is clear that for Dawkins we have here an exclusive alternation. Either
you believe in Darwinism or you believe in God, but not both. For Dawkins—as
for Phillip Johnson on the other side—there is no place for what philosophers call
an inclusive alternation, that is to say either a or b or possibly both. (The third
way mentioned is Lamarckism, the inheritance of acquired characteristics. But
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neither Dawkins nor anybody else today thinks that this is a viable evolutionary
mechanism.)

Why not simply slough off Christianity and ignore it? At the purely intellec-
tual level (if, after the passages just quoted, we are ever capable of finding this
level again), things are not this simple: as we saw in earlier chapters, Dawkins—
like any good Darwinian including Charles Darwin himself—recognizes that the
Christian religion poses the important question, namely that of the designlike na-
ture of the world (Dawkins 1986). Moreover, Dawkins believes that until Charles
Darwin no one had shown that the God hypothesis, that is to say the God-as-de-
signer hypothesis, is untenable: more particularly, Dawkins argues that until Dar-
win no one could avoid using the God hypotheses.

In this context, Dawkins is fond of telling a story about a conversation he
once had with a well-known philosopher. (Although Dawkins never tells us in
print who it is, he himself has told me that it was the late Sir Freddy Ayer, a fel-
low Oxford professor and a notorious atheist.) Apparently the conversation took
place at one of those famed Oxford college feasts, where the food is abundant (in
my experience, usually pretty dreadful) and the wine even more abundant (in my
experience, always very good). Probably everyone was indulging well if not wise-
ly, and finally the philosopher—in a rather sneering and condescending way—
challenged the biologist. Surely, he asked, there is nothing in the living world that
demands special explanation. All of this nonsense by Christians and biologists alike
about the special nature of animals and plants is silly make-believe, pretending
that things are more significant and interesting than they really are.

In reply, the aroused biologist demanded an explanation of the complexity
that we see around us. Asked Dawkins, does this not require some special under-
standing? Not at all, replied the philosopher. The living world is as it is and simply
exists. That is all and that is enough. But it is not enough, replied Dawkins then,
and to this question that continues to haunt him, he still replies sternly. The living
world is special. “Paley knew that it needed a special explanation; Darwin knew
it, and I suspect that in his heart of hearts my philosopher companion knew it too”
(Dawkins 1986, 6).

It is true—as Dawkins concedes—that David Hume made devastating criti-
cisms of the argument from design. In his Dialogues Concerning Natural Religion
(first published in 1777), Hume showed, for instance, that the living world might
as reasonably have had a team of gods making it as having one unaided creator. He
showed that if the world is designed by God or by gods, then it is reasonable to
think that there were many previous attempts and trials. There must exist some-
where a whole series of cruder or botched earths, which were the forerunners of
our earth—or we must have been formed out of them. Indeed, it may be the case
that we ourselves are not living in the final and perfected world. Hume showed in
fact that we might as well think that the world is as much like a giant vegetable as
like an object of design!

But in Dawkins’s opinion there is still a gap requiring a filling. “What Hume
did was criticize the logic of using apparent design in nature as positive evidence
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for the existence of a God. He did not offer any alternative explanation for appar-
ent design, but left the question open” (p. 6). Dawkins continues: “An atheist be-
fore Darwin could have said, following Hume: ‘I have no explanation for complex
biological design. All I know is that God isn’t a good explanation, so we must
(p. 6). But, in Daw-
kins’s opinion, this is not enough. “I can’t help feeling that such a position, though

r”»

wait and hope that somebody comes up with a better one

logically sound, would have left one feeling pretty unsatisfied, and that although
atheism might have been Iogically tenable before Darwin, Darwin made it possible
to be an intellectually fulfilled atheist” (Dawkins 1986, 6).

At this point, some of the sorts of questions asked of Johnson start to seem
pertinent. (Stay for the moment at the intellectual level.) Why should we not say
that Dawkins is certainly right in stressing the designlike nature of the organic
world, but he is wrong in thinking that it is either Darwinism or God, but not
both? At least, even if he is not wrong, he has failed to offer an argument for this.
Perhaps the designlike nature of the world testifies to God’s existence. It is simply
that God created through unbroken law. Indeed, as we have seen, people in the
past would argue that the very fact that God creates through unbroken law attests
to his magnificence. Such a God is much superior to a God who had to act as Pa-
ley’s watchmaker would have acted, that is, through miracle.

In fairness, I think that at this point Dawkins does have a second argument
up his sleeve. It is the venerable argument based on the problem of evil. But for
Dawkins it is more than just the traditional argument (which is in itself not partic-
ularly evolutionary). What Dawkins would argue is that not only does evolution
intensify the problem of evil, but Darwinism in particular makes it an overwhelm-
ing barrier to Christian belief. This argument is expressed most clearly in one of
Dawkins’s books published a few years ago: River Out of Eden: A Darwinian View of
Life (1995b). In a chapter entitled “God’s Utility Function,” he starts by pointing
to the fact that many adaptations require that other organisms suffer, sometimes
greatly. “A female digger wasp not only lays her egg in a caterpillar (or grass-
hopper or bee) so that her larva can feed on it but ... she carefully guides her
sting into each ganglion of the prey’s central nervous system, so as to paralyze it
but not kill it. This way, the meat keeps fresh. It is not known whether the paraly-
sis acts as a general anesthetic, or if it is like curare in just freezing the victim’s
ability to move. If the latter, the prey might be aware of being eaten alive from
inside but unable to move a muscle to do anything about it” (p. 95). All of this
sounds pretty dreadful and cruel, but Dawkins’s conclusion is that speaking of
cruelty in such a situation is no better than speaking of beneficence and kindness.
“Nature is not cruel, only pitilessly indifferent. 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” (Dawkins 1995b, 95-96).

Then, Dawkins goes on to reinforce this point. He talks about organisms be-
ing excellent examples of designlike engineering. If we tried to unpack the engi-

neering principles involved in organisms, the problems of pain and evil would

Evolution Denied & Extolled ® 141



Cheetah

come to the fore. Meaning by the notion “utility function” the purpose for which
an entity is apparently designed, Dawkins asks about God’s Utility Function when
it comes to carnivores and their prey. Consider the cheetah, a beautiful piece of
design if anything is. We can work backward, “reverse-engineering,” trying to fer-
ret out the way it which it was put together and the purposes of its various adap-
tations. We can probably be fairly successful in our labors, for the problem posed
by cheetahs is relatively easy. “They appear to be well designed to kill antelopes.
The teeth, claws, eyes, nose, leg muscles, backbone and brain of a cheetah are all
precisely what we should expect if God’s purpose in designing cheetahs was to
maximize deaths among antelopes” (p. 105). The same is true of the cheetah’s
prey. “If we reverse-engineer an antelope we find equally impressive evidence of
design for precisely the opposite end; the survival of antelopes and starvation
among cheetahs. It is as though cheetahs had been designed by one deity and ante-
lopes by a rival deity” (p. 105). Or if we want to suppose that there was one de-
signer responsible for both cheetahs and for gazelles, then legitimately we might
ask about His intentions. “Is He a sadist who enjoys spectator blood sports? Is He
trying to avoid overpopulation in the mammals of Africa? Is He maneuvering to

maximize David Attenborough’s television ratings?” (p. 105).

This is silly of course. No one would draw such a conclusion as this. The
point at best seems to be that if there be a God, then He is one who certainly is
nothing like the Christian God. He is unkind and unfair or, more likely, totally in-
different. And indeed, this is the point at which Dawkins ends the discussion of
this chapter. We simply have to accept that natural selection works by and
through pain, pain, and more pain. All of the time, animals are dying: from star-
vation, from disease, from being eaten by prey, and from many other horrible
causes. Things may ease up for a minute or two, but then trouble and pain reap-

pear, even brought on by the pauses. If the predator number is reduced, the prey
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increase, and then there are more predators in turn and yet more killing than av-
erage.

In Dawkins’s opinion, this is pointing to an appalling theology, unless we
simply stop and realize that our argument is entirely on the wrong track. There is
neither a good god nor a bad god. There is simply no god. You ask about human
tragedy. Why expect an answer for there is no answer. There is simply nothing.

In a universe of blind physical forces and genetic replication, some people are go-
ing 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 we observe has precisely the proper-
ties we should expect if there is, at bottom, no design, no purpose, no evil and no
good, nothing but blind, pitiless indifference. As that unhappy poet A.E. House-
man put it:

For Nature, heartless, witless Nature
Will neither know nor care.

DNA neither knows nor cares. DNA just is. And we dance to its music. (1995b,
p- 133)

This is powerful stuff, and whether you agree with Dawkins or disagree, I
have no time for anyone who trivializes it. The problem of evil is the biggest of all
the obstacles to Christian belief, and Dawkins is absolutely right to point out—to
stress—that Darwinism brings it right to the fore. The way in which Darwinian
evolution works is through pain and suffering and cruelty and hardship and depri-
vation and much, much more. You cannot get away from this fact, nor should you
pretend to do so. But my suspicion is that Dawkins himself provides the answer!
This is a paradox, but true nevertheless. The ardent Darwinian, the Richard Daw-
kins (or Michael Ruse for that matter), believes above all that the mark of the or-
ganic world is its designlike nature. Animals and plants are adapted. We are with
Archdeacon Paley and Georges Cuvier and Charles Darwin on this. But how can
one produce this design? If the only way that is possible is through natural selec-
tion, then one can argue that God did what He did because He had to. There was
no choice. And so the pain follows naturally. It is not God’s fault for not prevent-
ing it. He could not prevent it. It has always been stressed in Christian theology
that God’s power—His omnipotence—never meant doing the impossible. God
cannot make 2 + 2 = 5.

Might it not be that, God having decided to create, did then create—per-
haps His choice, perhaps not—in an evolutionary fashion? And this being so,
might it not be that He was now locked into a path that would necessarily lead to
physical evil? It comes with the method employed. The theologian Bruce Reichen-
bach (1976) makes this objection against the suggestion that God might have used
better laws of nature, that is, laws that do not lead to physical evil. At first sight it
seems easy for God to have done a better job, making a universe without all of the
pain and suffering that we find throughout. But would it really have been all that
casy? “For example, what would it entail to alter the natural laws regarding diges-
tion, so that arsenic or other poisons would not negatively affect my constitution?
Would not either arsenic or my own physiological composition or both have to be
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altered such that they would, in effect, be different from the present objects
which we now call arsenic or human digestive organs?” (Reichenbach 1976, 185)
And this is just the beginning. Think of such everyday things as fire and electricity
and the solidity of wood—things that we would be most loathe to relinquish. But
in a nonpainful world all sorts of changes would be needed. “Fire would no longer
burn or else many things would have to be by nature non-combustible; lightning
would have to have a lower voltage or else a consistent repulsion from objects;
wood would have to be penetrable so that clubs would not injure” (p. 185).

More than this. Suppose we accept that the world evolved. How could we
prevent pain and suffering from occurring? Either we are going to have to change
the laws of nature in significant ways, or we are going to have to alter the initial
conditions of the universe so that different results come about. Both alternatives
raise major problems. If we alter the laws themselves, then at a minimum we will
have to alter humans, and this might entail unpleasant or unacceptable theological
conclusions. We human are sentient beings, part of nature. That is to say we have
a natural physiology, we work according to fixed laws of nature, we see and sense
generally because we function like the rest of the world. It comes with the terri-
tory that we will encounter unpleasant phenomena—pain and the like—and that
we will be conscious of it and not like it. From a biological point of view, if we
did not have pain and did not dislike it, we would not function properly. But to
alter all of this, we would have to be removed from nature in the sense that we
now know it. We would have to be immune from the ways of the world. But if
this comes about to be the case, do we now have a being that would be loving and
giving (or hating and hurtful)—in other words, would we still have a being of a
kind that is supposed to be at the center of God’s creation and on which a religion
such as Christianity claims that He lavishes so much care and love?

The other alternative suggests that the initial conditions might be altered,
thus avoiding unwanted painful conclusions. But what would this mean and entail
in fact? If the Big Bang story is right, way back at the near beginning everything
was hydrogen. Altering the initial conditions would presumably therefore mean
altering the nature and functioning of hydrogen, and probably consequently all of
the other elements. But where do you stop and what guarantee do you have that
things will now turn out better? In particular, we do not know if humans would
have evolved and if they did evolve whether the things that make for pain and so
forth would have failed to have evolved alongside. “Whether humans would have
evolved but no infectious virus or bacilli, or whether there would have resulted
humans with worse and more painful diseases, or whether there would have been
no conscious, moral beings at all, cannot be discerned. Given a change in initial
conditions, it is possible that this world would not have had any less natural evil
while not preserving free moral activity” (Reichenbach 1976, 192-193). All in all
therefore, we seem to be in as much trouble after we have made these moves as
before. Clearly there is here no devastating argument against the person who be-
lieves in a caring and loving God.

I have stressed that the key aspect of organic form is (as we have seen) its

adaptedness, and it is this that (as we have also seen) is addressed by natural selec-
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tion. Physical or natural evil is a result of the causes or a consequence of this se-
lective process. But could one not have got adaptedness by a physical process
much nicer than selection? Here we return to the paradox mentioned just above.
It is Dawkins (1983) himself who comes to the aid of the theist, for he more than
anyone argues strenuously that selection and only selection can do the job. Most
putative processes simply do not lead to adaptation: saltationism, evolution by
jumps, for instance. Indeed, in Dawkins’s opinion, there is a general principle in
biology that adaptive complexity always comes through small, gradual processes
rather than from big, sudden, incremental changes. And those rivals to selection
that address adaptation and that might do things gradually—notably Lamarck-

ism—are known to be false. So it is selection or nothing.

My general point is that there is one limiting constraint upon all speculations about
life in the universe. If a life-form displays adaptive complexity, it must possess an
evolutionary mechanism capable of generating adaptive complexity. However di-
verse evolutionary mechanisms may be, if there is no other generalization that can
be made about life all around the Universe, I am betting that it will always be rec-
ognizable as Darwinian life. The Darwinian Law ... may be as universal as the

great laws of physics. (p. 423)

God had no choice but to take the option that He chose.

In the end therefore, for all that so many people think that a true Christian
could never be an evolutionist—certainly could never be a Darwinian—it turns
out that, for the Christian, Darwinism is to be welcomed positively at this point.
Physical evil exists, and Darwinism explains why God had no choice but to allow
it to occur. He wanted to produce designlike effects—without producing these
He would not have organisms, including humankind—and natural selection is the
only option open. Natural selection has costs—physical pain—but these are costs
that must be paid. What more need be said?

Darwinian Re]jgion

I am arguing what history has shown: there is really no reason why a Christian
should not be a Darwinian, and there is really no reason why a Darwinian should
not be a Christian. I am not saying that you should be a Christian, and I am not
really saying that you should be a Darwinian, but I am saying that the one does
not preclude the other. But is this not all a bit redundant? We have seen that Dar-
winism has been used as a kind of secular religion—Religion without Revelation.
Should we not all be going that way now? One more time, let us take up the
thinking of Richard Dawkins. I argued at the end of my treatment of the Crea-
tionists that more was at stake than simple science and religion (assuming that
these things are ever simple) and that there was a battle over the very way you
run your life. For the anti-evolutionists, it is modernism in some sense that is the
real anti-Christ. Quoting Hamilton, I suggested that this was not a purely one-
way phenomenon. Many evolutionists feel the same way as does Johnson—except
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in reverse! They want to embrace modernism. And this of course is what is moti-
vating someone like Dawkins through and through. For him, religion is not just
wrong. It is abusive. It leads to great ills. It does not take a genius to see that the
spate of atheistic books like his have arrived as soon as they could have been writ-
ten after the terrible events in New York City on September 11, 2001. For Daw-
kins, Harris, Hitchins, and all of the rest, religion is not an option. That is why
someone like me is labeled an “appeaser.” It is like tangling with Hitler. Now is
not the time to be open and fair. Now is the time to fight with all of your might.
We are engaged in a great moral crusade.

At times like this, I always think of the story of Noah and the Flood. I don’t
think it is about boat-building at all, or about the geological effects of too much
water. I think it is a caution against simplistic solutions to complex problems. God
is faced with a world gone wrong. So at one fell swoop he washes it all away ex-
cept for Noah and his family. But what happens next—the part that you are usual-
ly not encouraged to read when you are a child? Noah gets blind drunk and one of
his sons laughs at the old man in his nakedness. Evil is still there. All of God’s ef-
forts were for nothing. The same is true of saying you are going to sweep away
Christianity and all of the other religions. First, you are never going to do it. If
the Enlightenment meant anything it meant the end of Christianity. Yet look at
America today! Second, even if you do, still nastier things lie waiting to take its
place. Dawkins goes to great efforts to suggest that truly Hitler and Stalin and
company were Christians and so Christianity is responsible for the Holocaust and
gulags and so forth. Which is about as plausible as the claim that the earth is six
thousand years old. Only someone truly on a mission could think that the evils of
Mao Zedong stemmed exclusively from a reading of the Sermon on the Mount.
Religion has many faults, but to think that you are going to solve the problems of
the world by getting rid of religion is about on a par with planning another big
flood. So for or against modernism, I am not about to take Richard Dawkins or
his friends as my guide on what to think and do.

There is a difference between Dawkins and Edward O. Wilson. The former
says it is morally wrong to be a religious believer. The latter certainly does not
say that. Nevertheless, he does himself reject Christianity and wants to embrace a
kind of secular religion based on evolution. As we know, he believes we have an
upward rise to humankind, yielding moral prescriptions—telling us what we
should do— and for him this is where it begins and ends. He (1978) writes:

But make no mistake about the power of scientific materialism. It presents the hu-
man mind with an alternative mythology that until now has always, point for point
in zones of conflict, defeated traditional religion. Its narrative form is the epic: the
evolution of the universe from the big bang of fifteen billion years ago through the
origin of the elements and celestial bodies to the beginnings of life on earth. The
evolutionary epic is mythology in the sense that the laws it adduces here and now
are believed but can never be definitively proved to form a cause-and-effect contin-

uum from physics to the social sciences, from this world to all other worlds in the
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visible universe, and backward through time to the beginning of the universe. (p.

192)

And, in fact, Wilson goes even further than this. He thinks that biology now can
explain religion, as something that is needed for group cohesion or some such
thing. This means that religion is on the way out. In the future, it will at best be
seen as a consequence of a more powerful, more adequate, world picture. Theol-
ogy will no longer survive as an autonomous subject.

Well, perhaps! But what if you do not share Wilson’s vision of progress up
to humankind? What if you think that any progress you see in evolution is some-
thing that you have read into the process rather than found and read out? What if
you do not share Wilson’s materialism? What if, like me, you think that (in this
quantum age) materialism is slightly silly and that even if you extend your under-
standing of the term, it still does not follow that evolutionism equals materialism?
What if you think you can be an evolutionist and a nonmaterialist? And most par-
ticularly, what if you think that whether or not evolution can explain religion,
nothing is said about what if anything is more important or basic? After all, if evo-
lution be true, at some level everything we know or understand has to come from
evolution. But does this tell us about ontological status or importance? I feel hun-
ger and there are good evolutionary reasons. Does this make my hunger any less
real? I feel sexual pangs and there are good evolutionary reasons. Does this make
my love any less real or genuine or worthwhile? Does this reduce to nothing all of
the poetry that has been written? If evolution be true, I fully expect there to be
good evolutionary reasons for religion. But does this mean that God does not ex-
ist?

[ am sure you know by now how I am going to answer these questions.
Frankly if God is going to create in an evolutionary fashion, He would be tempt-
ing fate if He then made all belief in Him and all religious practice into things that
went against our evolved nature. The fact that religion may have an evolutionary
base—a selective base even—tells us nothing about the nonreality of religion. For
that, we need an additional argument that there are reasons, perhaps evolutionary
reasons, to think that our biology is deceiving us over the religion matter. These
may exist, but they are not forthcoming. As it is, one has a feeling here that the
Creationists may have a good point. The philosophy is being fed in at the begin-
ning of the paragraph, and then triumphantly at the end of the paragraph it is be-
ing produced as proven. There is no secret to success in hide and seek that beats
first hiding the prizes yourself.

None of what I have just said is to stop someone making a religion of evolu-
tion if they so wish. Edward O. Wilson is my friend, and I am proud to acknowl-
edge our relationship. He is a good and gentle man, generous to a fault, with a
real moral concern for the world’s ills, for problems of biodiversity and ecological
preservation in particular. If he wants to take evolution as the new myth, some-
thing replacing Christianity, I am happy for him to do so. I see only good coming
from this move. Those who condemn the man because they do not share his be-
liefs are bigots and worse. But I do not see that his fellow evolutionists have to
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follow him into making a religion of our shared science. This has nothing to do
with whether or not we want to opt for some other religion, Christianity for in-
stance, or if we have no religion at all—if perhaps we find no ultimate meaning to
life, other than that of everyday living and the joys and troubles with that. The
point is that just as being an evolutionist neither compels nor denies Christian be-
lief, so also being an evolutionist neither forces one into nor, for that matter, pre-
vents one from being a member of the Church of Darwin. And that is my final

(well, almost final) word on the subject.
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Further Reading & Discussion

Spearheading the New Creationist attack on evolution are Phillip Johnson’s Darwin
on Trial, 2d ed. (Downers Grove, Ill.: InterVarsity Press, 1993) and his follow-up
work Reason in the Balance: The Case against Naturalism in Science, Law and Education
(Downers Grove, Ill.: InterVarsity Press, 1995). Although his mentor, Supreme
Court Chief Justice Earl Warren, must now be revolving in his grave at his
protege’s behavior, Johnson is a brilliant man and these are clever and skilfully
written books. I hope you are not convinced by them but do not underestimate
them.

Whatever else you might want to say about Michael Behe, I am sure he is a
terrific teacher. Darwin’s Black Box: The Biochemical Challenge to Evolution (New
York: Free Press, 1996) is indeed a great read and very persuasive. Behe has a
great ability to make a difficult point clear through a simple but appropriate exam-
ple. I think he is wrong, wrong, wrong, but do not take my word for it. Rather
turn to Finding Darwin’s God: A Scientist’s Search for Common Ground between God and
Evolution (New York: Cliff Street Books, 1999) by biologist (and practicing Chris-
tian) Kenneth Miller. He knocks down both Johnson and Behe with great skill,
drawing on a deep and profound understanding of modern biology, both evolu-
tionary and those parts more directed toward physiology and the molecular
realm. Miller like Behe has the ability to pick on the right and illuminating exam-
ple, and I am sure he is also a great teacher. Some people just have a gift for com-
munication. William Dembski and I co-edited a volume: Debating Design: From
Darwin to DNA (Cambridge: Cambridge University Press, 2004) in which we
brought together Darwinians and Intelligent Design Theorists to present our dif-
ferent world pictures.

Balance your reading of the Creationists by reading works by the “new
atheists”: Richard Dawkins, The God Delusion (New York: Houghton Mifflin,
2006); Daniel Dennett, Breaking the Spell: Religion as a Natural Phenomenon (New
York: Viking, 2006); Sam Harris, The End of Faith: Religion, Terror, and the Future of
Reason (New York: Free Press, 2004); and Christopher Hitchens, God is not Great:
How Religion Poisons Everything (New York: Hachette, 2007). I am on record as
saying that they make me ashamed to be an atheist (because I think the arguments
are so bad), but please don’t let my opinion prejudice you.

Judged as a scientist, Edward O. Wilson is today’s leading evolutionist. He is
also the leading spokesman for a religious-type reading of evolutionary thought.
This comes through strongly in his Pulitzer Prize-winning work, On Human Nature
(Cambridge: Harvard University Press, 1978). Turn also to a recent book, The
Creation: A Meeting of Science and Religion (New York: Norton, 2006), penned as a
letter to a hypothetical Southern Baptist minister. (Wilson is from Alabama and he
was raised as a Baptist.) In the book, Wilson lays out his humanist philosophy, but
in a way as different from Dawkins as it is possible to do. He wants to build

bridges not to burn them. I would also recommend Wilson’s autobiography, Nat-
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uralist (Washington, D.C.: Island Press/Shearwater Books, 1994). It too is inspi-
rational, but the bit I like best is about how miffed was Jim Watson of double he-
lix fame, when he was beaten by Wilson in the race to get tenure at Harvard.
More seriously, Wilson’s book gives great insight into the life and mind of a scien-
tist—the dedication necessary for real success is rather frightening.

But Is It Science? The Philosophical Question in the Creation/Evolution Controversy
(Buffalo, N.Y.: Prometheus), is an edited volume that brings together many dif-
ferent readings on and about the debate over evolution and Creationism. There is
some historical material as well as a good selection dealing with the 1981 Arkan-
sas creation trial, not to mention criticisms from my fellow philosophers over the
kind of performance I gave in the witness box. It originally appeared in 1988 but a
new edition (2008) has just appeared, co-edited with Robert Pennock, who was
one of the evolution witnesses at Dover. It is now up to date on Intelligent Design
Theory. Finally, let me recommend a trilogy of my books dealing with the science
and religion relationship. Can a Darwinian Be a Christian? The Relationship between
Science and Religion (Cambridge: Cambridge University Press, 2000) tries to look
seriously not only at the pertinent science in the evolution/creation debate but
also at the relevant theology. The Evolution-Creation Debate (Cambridge: Harvard
University Press, 2006) tries to show, through history, how many things the two
sides share. Making Room for Faith: Christianity in an Age of Science (Cambridge:
Cambridge University Press, 2009) tries to show how there may still be a place
for religion, no matter what the successes of science. I don’t have a religion my-
self, but I don’t see why other people should not have one.
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Chapter 6

Darwinism and Genetics:

A New Frontier Opens

Overview

A s we shall see in this chapter, and those that follow, Darwin’s theory of
adaptation through natural selection became an important lynch pin in
many of the new 20th century sciences. If Darwin’s theory had not been devel-
oped a century earlier, it would have had been now, as more and more hard sci-

ence backed-up his observations.

But Darwin left a big gap in evolutionary thought. What is the nature of the
mechanism responsible for passing information on from one generation to the
next and why do new variations keep appearing in each generation? The clue came
from the thinking of Darwin’s virtually unknown contemporary, the Moravian
monk Gregor Mendel. When Mendel’s experiments in heredity were rediscov-
ered at the beginning of the twentieth century, they were quickly up-dated with
even newer discoveries regarding cells and combined to create the ’classical theo-
ry of the gene.” But this group of scientists downplayed the influence of natural
selection influencing what they saw as the slow but sure progression and change
that occurred as a result of occasional mutation. These changes or mutations were
seen as ongoing in jumps or steps and not as a continual process. On the other
front, we have the biometricians who statistically felt that natural selection was
the operating mechanism for change. Genetic changes might occur, but natural se-
lection is what helps make it a permanent part of the population.

It was not until around 1930 that theoreticians melded Darwinian selection and
Mendelian genetics to make one unified theory. This “population genetics”—de-
vised by Ronald A. Fisher and ]J.B.S. Haldane in Britain and Sewall Wright in
America—could now serve as the foundation of an invigorated evolutionary theo-
ry, “neo-Darwinism” (as it was called in Britain) or the “synthetic theory” (as it
was called in America).

A number of thinkers in Britain and America then began experimenting and en-

hancing the genetic theoretical skeleton. In America, the key figure was Theodo-

153



sius Dobzhansky, who had left his homeland of Russia in the late 1920s. He was
backed by a number of other thinkers, most crucially ornithologist Ernst Mayr,
paleontologist George Gaylord Simpson, and botanist G. Ledyard Stebbins.

But work still had to be done to create a fully fledged scientific discipline, with
students, organizations, jobs, a journal, grant money and the like. This was the
task of people like Mayr, who proved to be a brilliant organizer. As the topic of
evolutionary studies was professionalized, effort had to be made to break with the
past, when evolution was primarily a vehicle for promoting people’s social views.
At least, if these views were still to be promoted, that activity had to be in strictly

popular venues.

The big row between Dobzhansky and Nobel Prize winner H.J. Muller was over
variation in populations. Dobzhansky wanted to argue that selection could act to
preserve variation and that hence, when organisms need it due to changed circum-
stances, it is always waiting there for exploitation. Muller, who was an ardent eu-
genicist, thought that there are species ideals, and that normally selection wipes

out all variation.

It was impossible to solve this problem with conventional techniques, but then
came molecular biology—something initially regarded as a threat by conventional
biologists. In 1953, the most important single event in the history of twentieth-
century biology occurred with the discovery of the double helix structure of the
DNA molecule. This too, set off Evolution Wars as the discovery at first was seen
to be too narrow to effect the larger issues at hand. What did occur, as a result of
these advances, however, was that evolution at last could no longer be seen as a
secular religion. It was a true science and could now be separated from the reli-
gious world.

The Role of the Scientific Community

The work of the following scientists is discussed in this chapter. Short, biographi-
cal essays of these individuals appear in Biographies on page 607.

Gregor Mendel (1822-1884)

Julian Huxley (1887-1975)

Sewall Wright (1889-1988)

Hermann J. Muller (1890-1967)

Ronald A. Fisher (1890-1962)

J.B.S. Haldane (1892-1964)

Trofim Lysenko (1898-1976)

Theodosius Dobzhansky (1900-1975)

George Gaylord Simpson (1902-1984)

Ernst Mayr (1904-2005)

G. Ledyard Stebbins (1906-2000)

Richard Lewontin (1929- )
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Setting the Stage

I t was too bad you couldn’t be at Princeton, where we had a kind of gladiatorial
combat from which both sides finally emerged apparently uninjured, so far as
each side thought of itself, but demolished, so far as each side thought of the other.
At the end, Dobzhansky held out his hand for me to shake and I grasped it firmly,
saying “I think you may in time come around after all,” at which everybody laughed
and the meeting broke up. (Beatty 1987, 289)

Thus a letter from the Nobel Prize—winning geneticist Hermann J. Muller to
a student, about an encounter with the leading American evolutionist, the Rus-
sian-born Theodosius Dobzhansky. Through the 1950s, they had battled in an in-
creasingly bitter fashion, over the nature of evolution and particularly over the
amount of heritable variation one might expect to find in any wild population of
organisms. Dobzhansky had rallied his forces, his own students mainly, and had
run experiment after experiment on populations of fruit flies (Drosophila), sub-
jecting them to radiation and trying to assess the effects. Muller, who had won his
prize precisely for his work on the effects of radiation, had responded through his
students, critiquing the work of the Dobzhansky group and devising experiments
of his own that proved precisely the opposite of what his opponents claimed!

There was a fair amount of name calling here, for while Dobzhansky sup-
ported (what we shall see was) the fairly straightforwardly described “balance” hy-
pothesis, he succeeded in getting Muller’s option labeled the “classical” hypothe-
sis, with the connotations that it was something old-fashioned and outdated. But
underneath were some deep convictions, far more than mere science. We were
now in the frozen depths of the winter of the Cold War, and this affected the real
positions, as did absolutely fundamental convictions about the nature of human-
kind and its future. But to unpack all of this, we must go back to the beginning of
the century and to the birth of genetics.

Essa ly

Population Genetics

We know that a major scientific problem with the theory of the Origin was the
lack of an adequate theory of heredity. Darwin opted for a blending view of char-
acteristics and their causes. What we now see was needed was a particulate theo-
ry, where the units causing organic features, passed on from generation to genera-
tion, remain unchanged, no matter in what individual combinations they may ap-
pear, in any particular organism. Unknown to all, the right approach was even at
that time being formulated by a Moravian monk, Gregor Mendel, but the work
was not noticed and he died obscure. Then, at the beginning of the twentieth cen-
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Gregor Mendel

tury, with renewed interest in heredity, his work was brought to light and devel-
oped. Together with discoveries in the nature of the cell (cytology), the basic
ideas of heredity (now called “genetics”) were fused together in a satisfying overall
picture, thanks particularly to the work of the American biologist Thomas Hunt
Morgan and his students (one of whom was Muller) at Columbia University in the
second decade of this century (Allen 1978).

The “classical theory of the gene” located the units of heredity (the genes) on
threadlike entities (the chromosomes) in the center (the nuclei) of the basic build-
ing blocks of organisms (the cells). The genes are the units of heredity, that is to
say, they are the units that are passed on in each generation, in sexual organisms
via the sperm and the ovum, carrying the blueprint as it were for the new organ-
ism. It is believed that the chromosomes come in pairs and that the genes are
matched across chromosomes—the particular place on the chromosome (common
to all members of the species) being known as the “locus,” and a gene form that
can occupy a particular locus being known as an “allele.” The genetics is Mendeli-
an in the sense that each parent contributes equally to the new offspring, one and
only one allele from each locus being transmitted. Which particular allele is trans-
mitted is random, not in the sense of being uncaused but in the sense of being
equiprobable and the choice not being a function of the efforts of the organism or
the nature of the mate or the needs of the possessors or whatever.

How do you account for blending—skin color? How do you account for
nonblending—sexuality? Genes are the units of function as well as of heredity—it
is the genes, in combination with the environment, that cause the grown individu-
al. The genes of the individual are known as the “genotype,” the genes of the spe-
cies are known as the “gene pool,” and corresponding to the genotype we have the

physical organism, the “phenotype.” (There is no such corresponding term for the
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Thomas Hunt Morgan

gene pool.) Paired alleles can be identical (this is called a “homozygote” with re-
spect to that locus, or “homozygous”) or different (“heterozygote,” “heterozy-
gous”). Sometimes the effect of one allele swamps the other allele, so that the
heterozygote looks like homozygote of the swamping allele. In this case, the
swamping allele is said to be “dominant” over the swamped allele, which is in turn
“recessive.” What this all means is that a characteristic might be hidden for gener-
ation, only reappearing when identical recessive alleles get mated up again. What
it also means is that a characteristic can be very rare indeed but will persist in the
population so long as selection does not eliminate it. It will not get swamped out.
Early geneticists did not realize this, but two mathematicians showed that original
ratios will always stay the same as will the proportion of genotypes (the two
homozygotes and the heterozygote), so long as no other factors are disrupting
things. This simple ratio is known as the Hardy-Weinberg law, after those who
found it.

The genes are very stable. From generation to generation, they change only
rarely. Such changes as do occur are not uncaused. Muller won his Nobel Prize
for showing how radiation can bring on changes. But they too are random in the
sense that you can only say statistically how many changes there will be, and they
do not occur according to the needs of the possessor. Most gene changes affecting
the phenotype are harmful or deleterious. The gene is therefore the unit of change
or “mutation.” The early Mendelians somewhat naturally concentrated on large
differences, so the idea grew up that significant changes are always largish, which

led to the Mendelians seeing evolution as going in jumps or steps, from one varia-
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Mendelism as illustrated at
the beginning of the
twentieth century by
William Bateson, the first
British champion of the
new science of heredity (the
main point is that breeding
may mask characters for a
generation or two but does

not destroy or blend them
away)

tion to the next. They were therefore “saltationists” (as people like Huxley had
been before them) and much inclined to play down the significance of natural se-
lection. In this they were opposed by another turn-of-the-century group, the
biometricians, who were working with statistical techniques trying to calculate
the variations one finds in natural populations and who were the first group after
Darwin actually to start taking natural selection seriously as a mechanism of
change (Provine 1971).

In fact, although the debate between the Mendelians and biometricians was
fierce and deadly—the leading biometrician dropped dead at 45 from stress—it
did not last long. By about 1910, people were starting to realize that mutations
can have very small effects as well as large ones, and it was understood that Men-
delian genetics and Darwinian selection can be complements making the whole
picture rather than rivals or contradictories. But as I have explained to you, these
were not good days for evolutionary studies, at least not as a practicing profes-
sional science. People had ideas and intuitions but generally did not follow them
up. It was to be another 20 years, around 1930, before mathematically inclined
evolutionists put together genetics and Darwinism in one integrated theory: Men-

delian genetics generalized to populations with the effects of such causes as muta-
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Trqﬁ'm Lysenko

tion and selection factored in. With reason, this subject is usually known as “pop-
ulation genetics.”

Three names are usually associated with this major advance in evolution’s
history. In England there were Ronald Fisher, one of the greatest statisticians of
all time, and J. B. S. Haldane, a biochemist and mathematician. In America, one
had Sewall Wright, an agricultural geneticist who had worked extensively on the
blood lines of cattle, but who by 1930 was on the faculty at the University of Chi-
cago. Today, we know that there was related work going on elsewhere, in Russia
particularly. After the Soviet Revolution, people were looking for practical, low-
cost science, and genetics fit the bill entirely. Unfortunately at the time this work
was little known elsewhere, although it had an effect on Dobzhansky, who left his
homeland in the 1920s, never to return. Even more unfortunately, by the 1930s,
Stalin had fallen under the spell of the charlatan Trofim Lysenko, who promised
quick and easy—and totally fallacious—ways of obtaining favorable genetic re-
sults, and that was the end of that. Russian Mendelian approaches crashed never
to rise again (Joravsky 1970).

Formally, the English and the American population geneticists produced
identical work. They used different techniques—Fisher, for instance, used power-
ful classic mathematics, whereas Wright invented his own pragmatic techniques
for problem solving—but they got the same answers from the same premises.
However, as historians now realize, in intent there were major differences. For
the moment, I will concentrate on the American picture, although in later chap-
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ters I will swing back to some of the English ideas. Fortunately, not only for my
exposition but also for the men who followed him and who did not possess his
mathematical skills, although Wright first presented his theory in formal style, at
its heart was a pictorial metaphor. This was the famous “adaptive landscape.”

Wright (1932) invited us to think of an area of land, with hills and valleys
and plains. It is three dimensional: left and right, forward and back, up and down.
Think of the surface as made up of points that could be occupied by different ge-
notypes. Two organisms, very similar and just different in one or two alleles,
would be next to each other, whereas two organisms with many differences
would be far apart. Now the third dimension, up and down, is the kind of Darwi-
nian dimension of fitness—if an organism was very much better at surviving and
reproducing than another it would be higher, and if not, then lower. One would
expect fairly smooth curves, because one or two allele changes would make only
small differences to survival and reproduction ability.

This metaphor of the landscape—with organisms occupying spots on the
surface—was the heart of Wright’s theory. Initially, one would expect to find or-
ganisms clustered around the peaks of the landscape—mnot all of the peaks, but
some of them. How then does evolution take place? Here, Wright’s background
in animal breeding became very important. He knew that the way that breeders
have optimal success is not by trying to change the whole group at one time.
Rather, you look out for features that you think particularly desirable, and you
isolate them, trying to get them confined and spread through a small subgroup.
When once you have done this, then you start to try to spread it through the
whole group, by selective mating and choosing. But fragmentation and isolation
are the initial key.

In real life, Wright thought that species tend to be divided into small sub-
groups. Obviously, however, such fragmentation and isolation on its own cannot
do everything. Somehow one has got to get change taking the subgroups away
from their shared, uniform past. Here Wright introduced what is now known as
“genetic drift” or the “Sewall Wright” effect. If populations are fragmented into
small subgroups, then one can show that within these subgroups selection might
not be effective (even though it is at work), because the random factors of breed-
ing might overwhelm it. In other words, change might come about through
chance, and new features that have a higher fitness could appear. In terms of the
metaphor, groups might wander down the sides of hills under the influence of
drift, and then shoot up other hills thanks to selection—to peaks that were higher
than the ones they left. Then these could thrive and perhaps swamp out everyone
else.

Wright called his theory the “shifting balance theory” of evolutionary
change, and this name often puzzles people because it is not obvious to what the
term balance applies. In Wright’s opinion, what you have always is a balance be-
tween forces that are leading to fragmentation and differentiation (drift and the
like) and forces leading to recombination and uniformity (selection and so forth

cleaning up afterward). In other words, everything is in a state of fluid balance or,
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Sewall Wright’s adaptive landscape

to coin a phrase, “dynamic equilibrium,” with the forces toward heterogeneity
squaring off against the forces toward homogeneity.

Now of course we have heard this kind of talk before—the terms are those
of Herbert Spencer. But why should one be surprised? We know that Herbert
Spencer was by far the most important evolutionist in North America, and in fact
Wright was a student of a man who was an ardent Spencerian. (I refer to L. J.
Henderson, one of Wright’s professors at Harvard, where Wright was a graduate
student around 1915.) And frankly, for all of the talk about selection and fitness,
there is really nothing very Darwinian about the adaptive landscape metaphor.
The chief force of change, certainly the most creative force of change, is genetic
drift, which is about as non-Darwinian as you can get: something that Fisher, who
was an ardent Darwinian, kept pointing out nonstop. Moreover, for Wright as for
Spencer, what really counted was progress. You might think that the landscape is
a bit like a Lyellian water bed—as one peak rises, so another falls. But this was
not really how Wright saw things. He thought that the landscape was pretty rock-
like and that over time real progress will occur. Certainly he did not think that
the arrival of humans was pure chance, and in fact he had some pretty funny per-
sonal ideas about how everything is evolving upward so eventually we will all be
part of one eternal mind.

But there was a big difference between Spencer and Wright. The Victorian
had worn his values and his culture and his ideology in a very public fashion. He
was preaching a doctrine, a secular religion, and it was there in full view for all
who would read and listen. Wright was trained as a careful, professional scien-
tist—one did not study science at Harvard to become a theologian, secular or oth-
erwise. Furthermore, significantly, Wright was in a rather insecure branch of sci-
ence. Today, genetics is a pretty top-dog sort of science—millions were spent on
the Human Genome Project and some of the brightest minds go into the molecu-
lar biological business. Almost every year it gets a Nobel Prize or two. But back
in the early years of the last century, genetics was new with promises but no tri-
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umphs. The people who did it and supported it were agriculturalists—Wright
spent the first 10 years of his career at the U.S. Department of Agriculture—and
we all know where they tend to stand in the pecking order of academia. Above
education and sociology, but not by much.

Hence, for all that he had a whole parade of private, Herbert Spencer—type
values, Wright was absolutely not going to let these come to the surface of his
professional work. In the tradition of Cuvier (of whom I suspect that Wright had
never heard), for his own private subjective reasons, he was intent on pushing for-
ward his science as objective. So whatever depths there may have been beneath
the adaptive landscape, and I suspect that there were many and that they went
down a long way, the population genetics of Sewall Wright represented a way of
doing evolutionary biology that had not been seen hitherto. It was science of a
much more professional standard.

The Synthetic Theory cvao]utjon

In the 1930s and 1940s, things now really started to move forward (Cain 1993).
The key figure was Theodosius Gregorievitch Dobzhansky, to give him his full
name. As a youth he read the Origin of Species (in Russian translation) and was at
once converted to evolutionism, with a strong sympathy for Darwin’s ideas. He
trained as a biologist, making great trips across (prerevolutionary) Russia, special-
izing in that common little insect, the ladybug. But in the 1920s, Dobzhansky
moved on a scholarship to America (never to return to his homeland) and, being
located in the laboratory of Thomas Hunt Morgan, switched to the study of chro-
mosomal variations in fruit flies. Clearly destined for big things, in 1936 Dob-
zhansky was invited to give a prestigious series of lectures in New York City, and
the following year these were written up as Genetics and the Origin of Species.

Unlike his American colleagues, who tended to be city types, Dobzhansky
knew from his early training that there are simply masses of variation in wild pop-
ulations—one finds differences between individuals and differences between
groups. The standard uniform type is a fiction of the laboratory geneticist’s imagi-
nation. Dobzhansky knew moreover that you get gradations from group to group:
rarely if ever do you get abrupt changes. And he was keenly aware of adaptation,
realizing that since Lamarckism is false, natural selection is really the only game in
town. “A biologist has no right to close his eyes to the fact that the precarious bal-
ance between a living being and its environment must be preserved by some
mechanism or mechanisms if life is to endure. No coherent attempts to account
for the origin of adaptations other than the theory of natural selection and the
theory of the inheritance of acquired characteristics have ever been proposed”
(Dobzhansky 1937, 150).

But when the time came, it was not Darwin who really provided the inspira-
tion and foundation for Dobzhansky. In 1932, at an international genetics
congress, Dobzhansky saw a poster display of Wright’s shifting balance theory.
Although he was himself completely devoid of any mathematical ability whatso-

162 * Darwinism and Genetics



Theodosius Dobzhansky

ever, Dobzhansky knew a good idea—a good picture—when he saw one.
Wright’s adaptative landscape, with its peaks and valleys, with groups of organ-
isms either sitting on the tops of the peaks or subject to factors that were moving
them from one peak to another, was the causal theory that Dobzhansky needed
and within which he could place his knowledge of organisms in the wild as well as
of experimental subjects in the laboratory.

Each living species or race may be thought of as occupying one of the available
peaks in the field of gene combinations. The evolutionary possibilities are twofold.
First, a change in the environment may make the old genotypes less fit than they
were before. Symbolically we may say that the field has changed, some of the old
peaks have been levelled off, and some of the old valleys or pits have risen to be-
come peaks. The species may either become extinct, or it may reconstruct its ge-
notype to arrive at the gene combinations that represent the new “peaks.” The sec-
ond type of evolution is for a species to find its way from one of the adaptive peaks
to the others in the available field, which may be conceived as remaining relatively

constant in its general relief. (p.187)

We have, thought Dobzhansky, a group (like a species) “exploring” the slopes of a
mountain peak, working in some way through “trial and error” until at last it es-
capes from its home base and moves across a valley and shoots up the side of a
neighboring mountain.

The theory in Dobzhansky’s book is therefore a funny synthesis. It is in es-
sence Wright’s Spencerian shifting balance theory, but to this is added both a deep
knowledge of the real world of organisms and at the same time a keen apprecia-
tion of key Darwinian ideas, especially those of adaptation. What Dobzhansky
does not offer is a synthetic unifying vision, as we find in the Origin of Species—he
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makes no effort to cover the wide range of topics that Darwin thought essential to
his case. There is no mention of paleontology in Genetics and the Origin of Species,
nor embryology, nor many of the other subjects that interested Darwin and that
he thought so important. The real emphasis is on speciation, not a subject on
which Darwin dwelt at length. Expectedly, given Dobzhansky’s time in Morgan’s
lab, there was much discussion of such factors as chromosomal variation and of
how it can and cannot become important when groups split and new reproduc-
tively isolated groups (species) are formed. And this led straight to a crucially vital
underlying assumption of Dobzhansky’s whole case, namely, that the way to un-
derstand major evolutionary changes is through the study of minor changes—
changes so minor that you might not normally notice them or think them signifi-
cant. “Experience seems to show ... that there is no way toward an understanding
of the mechanisms of macro-evolutionary changes, which require time on a geo-
logical scale, other than through a full comprehension of the micro-evolutionary
processes observable within the span of a human lifetime and often controlled by
man’s will” (p. 12).

Strange hybrid though it may have been, Genetics and the Origin of Species
proved to be an absolutely seminal publication. Here was an attractively written
and reasoned work on evolution that all could understand—the mathematics was
kept to a minimum!—and that could inspire a young researcher and offer a pro-
gram leading to a career as a professional evolutionist. But there was more than
just this, for at this point Dobzhansky showed himself to be a master at organiza-
tion: if he did not himself want to cover the spectrum of evolutionary topics, then
he was ready and very willing to bring others into the arena, urging them to work
alongside him, filling out the picture of evolutionary change—a picture that went
back ultimately to Wright’s adaptive landscape metaphor. First there was Ernst
Mayr. An immigrant like Dobzhansky, trained as an ornithologist and systematist
(classifier), Mayr left his native Germany, traveling west to the American Muse-
um of Natural History (still in the early 1930s under the directorship of Osborn),
where he became curator of birds. Drawing on a vast knowledge of nature’s den-
izens and combining this with a sensitivity to geographical conditions and varia-
tion, in 1942 Mayr produced his masterwork, Systematics and the Origin of Species.
Most dramatic of all of the instances on which Mayr drew were the so-called rings
of races” where interbreeding subpopulations of organisms circle the globe, finally
touching but unable to interbreed at such meeting points. Here was natural, grad-
ual variation before one’s very eyes—not just evolution (evolution as fact, that is)
in the making, but the process of evolution (evolution as cause) showing itself. It
simply was not possible to think that evolution proceeds by jumps, saltations: the
touching subpopulations blended one into another without a break or a step, even
though the end populations were genetically isolated from each other. More caus-
al speculation than this was beyond Mayr’s scope of inquiry, but it was the land-
scape metaphor that was assumed and that was in turn confirmed.

More theoretical was the paleontologist of the group, George Gaylord Simp-
son. He was unique among the “synthetic theorists” (as their theory came to be
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The evolution of the horse
as envisioned by George

Gaylord Simpson

known) in having a facility with figures. He could go behind Wright’s pictures,
understanding the mathematics, and thus modifying what was a theory for popula-
tions in action over a few short generations into a theory that dealt® with popula-
tions (at the physical or phenotypic level, for nothing was known of genes) over
long periods of time—millions of years in fact. Particularly noteworthy in Simp-
son’s Tempo and Mode in Evolution (published in 1944, having been delayed some-
what because of the war) was his treatment of horse evolution. Simpson showed
how the mammals had been bush and tree browsers, then they started to move
toward a grazing lifestyle (somewhat incidentally because of other changes, partic-
ularly toward a larger overall body size), then at some crucial point the horses had
split, with some going right back to browsing and others moving across the valley
and right up the path of Mount Grazing. As it happens, at some point after this
the browsers went extinct, but this was an event only after all the exciting action
had occurred.

Finally there was botany. Dobzhansky had deliberately canvassed the field,
looking for someone to write on plants from the perspective that he and his
friends were exploiting. His first choice let him down, and when he found a sub-
stitute, G. Ledyard Stebbins, Dobzhansky had Stebbins stay in his own home. The
geneticist fed the botanist pertinent information until Dobzhansky was convinced
that Stebbins would complete the task, and complete it properly. And so, in
1950, Variation and Evolution in Plants made its appearance. There were of course
major differences in Stebbins’s work from that of the animal evolutionists. For a
start, in botany you do get jumps, as new species are formed by chromosomal
events virtually unknown in the animal world. For a second, hybridization (where
members of different species breed and produce fertile offspring) is a well-known
and common and important method of change. But, for all of these differences

and more, the underlying story is the same. Peaks and valleys, and organisms
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T. H. Huxley’s reconstruction of the evolution of
the horse foot (based on specimens of O. Marsh)

struggling up the sides and sitting triumphantly on the top, or being displaced and
having to start the evolutionary process all over again. The landscape model tri-

umphed.
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Forging a Discjp]ine

These were some of the major intellectual moves that were made by evolutionists
after Darwinian selection (together with other bits and pieces such as Spencerian
progress) had been fused with Mendelian genetics. But there was more to be done
than this. Thomas Henry Huxley had done it for physiology and morphology. He
had failed to do it for evolution. Make a professional discipline of it, that is. Now
finally, there was a group who felt (with some good reason) that they had an ade-
quate theory—one that was ready for development through experiment, natural
observation, theoretical amplification, and more—and who wanted to spend their
time as professionals working on it. They did not want to spend their time as mu-
seum-based priests of a secular religion. So Dobzhansky and his coworkers delib-
erately set about making a professional science of evolutionary biology—mnot just a
second-rate enterprise tracing hypothetical phylogenies with too little information
and too much imagination, but a real discipline that was causally based and that
took seriously experiment and theory.

The theologian and mathematician Blaise Pascal once asked about belief in
the existence of God. He concluded that one has an asymmetrical situation: if God
exists then you had better believe in Him, and if God does not exist then not be-
lieving in Him does not really matter. Hence, the sensible thing is to believe in
Him. And if you complain that you cannot believe in Him, then go through the
motions and you will be surprised how faith will come. This is known as “Pascal’s
Wager”—Pascal’s branch of expertise was probability theory and he is offering
you a bet or a wager you really ought not refuse. Founding a scientific discipline is
a bit like Pascal’s Wager. If you go through the motions, then you and others will
start believing in it. And to this end, you need good university jobs, you need stu-
dents, you need journals (preferably with lots of esoteric language), you need as-
sociations (that you and your pals are in and others are not), you need grants and
other monies, you need supporters, and you need to shove it to your enemies and
detractors.

The synthetic theorists achieved all of these ends and more. For a start, they
moved into plum university posts and once there brought their friends in too.
Dobzhansky got a job at Columbia. Stebbins got a job at Berkeley. Mayr got a job
at Harvard, and before long he was campaigning (successfully) for Simpson. Dob-
zhansky had masses and masses of students and postdoctoral fellows that he treat-
ed like his children, supporting, guiding, encouraging, scolding. They worshipped
him—there was no talk here of societies for the preservation of native Americans
from foreign professors—and fanned out to carry the word. A journal, Evolution,
was started, with Mayr as the first editor. Firm guidelines were put in place. The
obvious esoteric language was mathematics, and even though Dobzhansky and
Mayr would not have known a symbol if their sisters had married one, care was
taken to see that their students were properly trained, and associates with mathe-
matical skills were dragooned into coauthoring papers. Dobzhansky wrote a whole
series of Drosophila articles with Sewall Wright: articles of which he understood
the first lines and the last lines and absolutely nothing in between.
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As importantly, causal, experimental work was encouraged. Path tracing
was shown the door, or rather the pink rejection slip: “Your manuscripts have
been scrutinized by two readers and both of them report that they consider them
unsuitable for publication in Evolution. I have tried to get some detailed criticism
for you (as you asked) but there seems to be nobody in this country now who is
interested in phylogenetic speculations” (letter from Mayr to F. Raw, 2 August
1949; Evolution Papers, American Philosophical Society). I should add on a per-
sonal note that I dug this letter out of the meticulous files that Mayr, as editor,
kept for those early years of the journal. Very atypically, I could find no record of
the negative referees’ reports. I challenged him on this, suggesting that the two
referees might have been Ernst Mayr in the morning and Ernst Mayr in the eve-
ning, at which he just smiled.

An association was started: The Society for the Study of Evolution. Presi-
dent: G. G. Simpson; Secretary: E. Mayr; Council members: S. Wright and Th.
Dobzhansky. And then there was the question of grants. Fortunately by the time
things really got going, World War II was over and the U.S. government was re-
alizing that it needed to subsidize basic science. The National Science Foundation
was begun, and the evolutionists were right up at the head of the line with their
begging bowls outstretched. They were not always successful, but they got some
nice juicy grants, and at the same time had the satisfaction of seeing that others
were denied. Simpson (like Mayr) squirreled away every piece of paper, including
all of the referee’s reports he wrote on grant applications. Of one man, at that
time the editor of Evolution, for all that he and Simpson were at personal logger-
heads (Simpson had troubles with personal relationships, to put matters euphemis-
tically), the report reads: “This application is first-class in every respect.” Of an-
other, a brilliant systematist who had been rather rude about the synthetic theor-
ists: “His approach is narrow-minded and shows consistent lack of thought into bi-
ological, as distinct from strictly mathematical, aspects of the problems consid-
ered.” Merit rating: “Questionable”!

What about the Cuvier tactic, to which we have seen Sewall Wright sensi-
tive? What about the need to come across as serious, objective scientists? The
Scopes trial was not that long before and even if the evangelicals were now taking
a low profile, there were still many happy to make of evolution a lot more than
mere science—the spirit of Thomas Henry Huxley still roamed the land. Indeed,
rather more than this—the genes of Thomas Henry Huxley were still active. His
grandson Julian Huxley (brother of the author Aldous Huxley) was a prominent
British evolutionist, and although he wrote more sober works—his Evolution: The
Modern Synthesis appeared in 1942—his forte was inspirational material, blending
science and value in an unabashed, neo-Spencerian fashion. He was an ardent hu-
manist; you do not need to turn many pages of his 1927 Religion without Revelation
to guess his intent and lifelong convictions: evolution as progress, evolution as
popular science, evolution as religion. Although an ardent atheist, in the 1950s Ju-
lian Huxley became enthused with the speculations of the Jesuit priest-cum-pa-

leontologist Pierre Teilhard de Chardin and, sensing a kindred spirit, wrote the
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foreword to the English translation of Teilhard’s major opus, The Phenomenon of
Man (1959).

As you can imagine this kind of activity did not sit well with sober scien-
tists—the English Nobel Laureate Peter Medawar wrote a scathing review of Teil-
hard and of Huxley’s involvement (Medawar 1961, 71-81). As you can imagine
also, the synthetic theorists were tense about all of this and determined not to be
tarred by the same brush. This does not mean that they did not have values—even
that they did not have yearnings to treat evolution as a secular religion. There was
not one of them who had not turned to evolution in the first place to find the
meaning of life, hoping especially to discover the implications of an evolutionary
approach for our own species. There was not one of them who was not a gung-ho
progressionist, and Dobzhansky—a deeply committed Christian—was no less
supportive of Teilhard than was Huxley. (Simpson, the paleontologist, knew and
liked Teilhard, although as a sometime Presbyterian disapproved of Teilhard’s
womanizing—or rather of the hypocrisy of someone who took a vow of chastity
and then broke it, flagrantly.)

But the synthetic theorists knew that, if they were to upgrade their science,
they had to keep their evolution-as-professional-science separate from their evolu-
tion-as-secular-religion (not so very secular in Dobzhansky’s case). So what they
did was to write two series of books! The first series was the professional series:
lots of talk about models and causes and quantification and so forth. Not a whiff of
culture or social values. Then there was the second series: openly written for the
general reader (if it did not say this on the title page, then it said it in the pref-
ace), with the same science as before supported with lots of nice illustrations and
the mathematics removed (not much work here!), and with a couple of final chap-
ters on life and its total meaning.

Simpson was the paradigm. His Tempo and Mode in Evolution (1944) is suffi-
ciently pious and straight-faced in its serious intent that it could pass for a church
sermon. Then in 1949 comes The Meaning of Evolution: A Study of the History of Life
and of Its Significance for Man, a book that Simpson admitted meant much to him,
with a subtitle that tells all. Four years later (1953), we are back with a revision
of Tempo, retitled The Major Features of Evolution, as strict and straight as you could
ever wish. But, oh, how those evolutionists did let it all hang out when they were
allowed to! For the paleontologist Simpson when writing in popular mode there
were two major social directives. First, there was the need to improve and pro-

mote knowledge—knowledge in itself, as a good.

The most essential material factor in the new evolution seems to be just this:
knowledge, together, necessarily, with its spread and inheritance. As a first propo-
sition of evolutionary ethics derived from specifically human evolution, it is sub-
mitted that promotion of knowledge is essentially ... both the acquisition of new
truths or of closer approximations to truth (metaphorically the mutations of the
new evolution) and also its spread by communication to others and by their accep-

tance and learning of it (metaphorically its heredity). (Simpson 1949, 311)
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Next we have personal responsibility, leading to individualization and thus to in-

tegrity and dignity.

The responsibility is basically personal and becomes social only as it is extended in
society among the individuals composing the social unit. It is correlated with an-
other human evolutionary characteristic, that of high individualization. From this
relationship arises the ethical judgment that it is good, right, and moral to recog-
nize the integrity and dignity of the individual and to promote the realization or
fulfillment of individual capacities. It is bad, wrong, and immoral to fail in such
recognition or to impede such fulfillment. This ethic applies first of all to the indi-
vidual himself and to the integration and development of his own personality. It

extends farther to his social group and to all mankind. (p. 315)

Fully to understand Simpson’s thinking, especially his high valuing of respon-
sibility and dignity, we must take note of the context and time within which he
was writing. The Cold War was frozen in a seemingly endless winter. Worse, sci-
ence in the Soviet Union was subject to dreadful pressures. I have mentioned that,
even in the 1930s, biology was firmly under the thumb of charlatans led by the
agriculturalist Trofim Lysenko, promoting neo-Lamarckian pseudotechniques in-
tended to raise wheat harvest yields to dramatic new levels. Using his friendship
and connections with Stalin, Lysenko continued right through the 1950s to harass
and persecute those who dared raise a voice against him. For all of his difficulties
with personal relationships, Simpson was a man of the highest moral ideals: he had
volunteered for dangerous action in World War II, despite the fact that he was
over the enlistment age. It was natural, therefore, for him to take the crusade for
democracy and freedom as a personal issue, and you will not be surprised to learn
that, having established (as he thought) a biological basis for dignity and responsi-
bility, he moved straight to a vehement condemnation of the totalitarian systems
that spread from Eastern Europe right across Asia. At the same time, he made it
clear that there was an alternative: the society within which he and his fellows
were able to work so freely. “Democracy is wrong in many of its current aspects
and under some current definitions, but democracy is the only political ideology
which can be made to embrace an ethically good society by the standards of ethics
here maintained” (1949, 321). And then added to this was a repeat affirmation of
the significance of evolutionary biology for providing foundations and standards:
“It bears repeating that the evolutionary functioning of ethics depends on man’s
capacity, unique at least in degree, of predicting the results of his actions. A sys-
tem of naturalistic ethics then demands acceptance of individual responsibility for
those results, and this in fact is the basis for the origin and function of the moral
sense” (1949, 145-146).

Material similar to that of Simpson can be found in the popular writings of
the other synthetic theorists. Stebbins (1969), during the late 1960s, while a fac-
ulty member at Berkeley, even went so far as to argue that it is good biologically

to have a small group of radicals upsetting an otherwise complacent population!
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The Classical-Balance Dispute

The mark of really good science, productive fertile science, is that it gives you lots
to do. With every problem you solve you get a couple more questions thrown up.
The last thing you need is just to sit polishing a theory like a prized antique. For-
tunately, the synthetic theory showed its worth and more. All sorts of exciting
problems and questions and anomalies kept coming to the surface. This really was
dynamic stuff. For Dobzhansky (and hence for the others) the main move was, in
the 1940s, to a much more selective stance than hitherto. This change came about
because, for all that it might have pretended otherwise, Wright’s shifting balanc-
ing theory was never very Darwinian. The key causal mechanism is genetic drift,
supposedly occurring when a small population is fragmented from its fellows and
subject to the vagaries of mutation and breeding. It is claimed that this is enough
to fuel a slide down the side of an adaptive peak until, reaching the bottom, the
group can then move up the side of a neighboring mountain. Although he was al-
ways much keener on selection than was Wright, in the first edition of Genetics
and the Origin of Species (1937) Dobzhansky had accepted (without critical com-
ment or question) much that Wright argued. But then, just a few years after the
first edition was published, Dobzhansky became increasingly convinced that drift
is far less significant than he had thought previously. Correspondingly, selection
must be yet more important (Lewontin et al. 1981). Drift leads one to expect
that there will be differences between populations, both at the genetic level and at
the level of the chromosomes. In these respects, isolated populations will move all
over the place. What drift does not lead one to expect, and in fact what drift leads
one positively not to expect, is any kind of systematic variation in genes or chro-
mosomes. One does not, for instance, expect to find that there are cyclical differ-
ences in chromosomal variation, from one season of the year to another and then
repeating itself in subsequent years. Systematic change of this kind is a sign that
natural selection is at work rather than purely random factors.

Studies of natural populations of fruit flies in the American West showed
Dobzhansky that there are indeed such cyclical variations tied to the seasons, and
he concluded that natural selection must be at work. Then his initial observations
were backed by experimental studies that showed that variation in temperature
and humidity and the like are just what is needed to bring about systematic varia-
tion in populations. Some chromosomal variations are clearly better adapted to
some conditions than are others: there is no absolute perfect form, suitable for all
climates. It is all a question of the relative conditions. The question for Dobzhan-
sky now was how one is to explain this variation in populations, and how in par-
ticular such variation is held from one generation to another. Why does selection
not simply wipe out all variations so a population is relatively uniform through-
out? But then, how could selection operate to raise the levels of first one form and
then the levels of another form? Mutations provide the raw material necessary for
variation, but simply waiting on required variations when selective needs arise is

hardly adequate. One needs some theory or mechanism showing how variation
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can be held within populations, so that there is always material to work on when
new selective needs arise.

After considerable thought, Dobzhansky finally decided that selection itself
keeps up the required variation. The key mediating mechanism is “balanced supe-
rior heterozygote fitness” (Dobzhansky and Wallace 1953; Dobzhansky and Le-
vene 1955). This supposes that the heterozygote is different from both homozy-
gotes and that, for various reasons, the heterozygote is favored by selection over
the homozygotes. (More technically: that the heterozygote is fitter than either
homozygote.) When one has a situation like this, then it can be shown easily that
the heterozygote keeps reappearing in populations. Indeed, under favorable condi-
tions, there will be a balance between the ratios of heterozygotes and of homozy-
gotes. And what this means is that the different genes or alleles (or chromosome
variations) persist in the populations and are therefore always ready to be used
when selective needs arise. But it is selection itself that is keeping the variation
present in the first place.

To use a metaphor, the conventional view would have one waiting on the
occasional mutation, which will probably be no use in any case. This is akin to
having to write an essay for an instructor where the only source of material you
have is monthly offerings of the Book of the Month Club. You can be fairly cer-
tain that whatever comes your way through the mail will rarely, if ever, be the
material that you need for your essay. Suppose, however, that you have the bal-
anced heterozygote fitness situation. This is akin to having a whole library at your
disposal. Pretend that your instructor demands that you write an essay on dicta-
tors. If, when you go to the library, you find there is nothing on Hitler, there may
well be something on Napoleon. And if there is nothing on Napoleon, then one
can look further down the alphabet for something on Stalin. You can be certain
that there will be something on some dictator that you can use for your essay. Re-
verting back to real life, suppose a new predator appears, threatening a population
of organisms. There is a whole new set of selective pressures. The balanced
heterozygote fitness position suggests that if there is no variation within the popu-
lation allowing some members to escape through camoutflage, then perhaps there
will be something allowing some to escape through a more effective defense like a
thick shell or skin. Or, if neither of these defenses exists, then perhaps there will
be the capacity for a different kind of behavior, perhaps behavior inclining one to
get out of the area and to move somewhere else that is predator free (Ruse 1982).

Balanced superior heterozygote fitness is a neat way of solving the variation
problem, but is it true? Well, there are certainly some cases where it seems to be
in action. The most famous case occurs in humans, particularly among inhabitants
of certain parts of West Africa where malaria is a major health threat. There is a
certain allele, the sickle-cell allele, which confers a natural immunity on its pos-
sessors when it is in the heterozygote state (in other words, the bearer is fitter
than the homozygote without the gene) but is lethal when it is in the homozygote
state. There is a balance between the heterozygote’s good qualities and the inferi-

or qualities of the homozygotes. But as Aristotle was wont to say, one swallow
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does not make a summer. Because balanced heterozygote happens occasionally, it
does not follow that it is a near universal phenomenon as Dobzhansky and fellow
supporters of the balance hypothesis supposed. It was at this point that controver-
sy started to grow. To prove his case, Dobzhansky and his students (particularly
Bruce Wallace) ran experiments subjecting fruit flies to radiation. This would
cause mutation, and because the mutations would generally occur only in a few
alleles, the overall effect would be to increase the heterozygosity in populations—
by and large, one would not expect members of new generations to be at once
homozygotes for the newly mutated genes. And Dobzhansky and associates
claimed that, overall, the radiated populations were indeed fitter than the nonra-
diated populations, supposedly showing that the increased number of heterozy-
gotes pushed the populations farther up their adaptive peaks. In other words, the
balance hypothesis was vindicated.

I hardly need say that all of this is a bit inferential, to put it mildly. One is
not exactly measuring heterozygosity directly, nor is one doing anything very
much about individual organisms and their fitnesses. Muller disliked the balance
hypothesis intensely—more on the reasons in a moment—and found little reason
to accept Dobzhansky’s findings. Muller (1949) wanted to argue (the classical hy-
pothesis) that organisms in a population are more or less uniform and at their
adaptive peak. Mutations generally are deleterious, heterozygosity is therefore
discouraged (certainly heterozygosity that has any phenotypic effect), and the only
variation one finds generally are those very few new mutant genes that prove fit-
ter than the old types and that are therefore moving through the population to be-
come the norm. Muller therefore argued that the Dobzhansky experiments were
flawed, and when he and his students (particularly the Isracli Raphael Falk) ran
their experiments, they failed to replicate the Dobzhansky results. As seems to be
almost the norm in these cases, the experiments that they ran were slightly differ-
ent—they used stronger radiation rates, for instance—and as is certainly the
norm in these cases, Dobzhansky and company complained that the Muller results
were irrelevant and meant nothing!

Now, why was everybody so tense about all of this? Why not just sit back
and wait for some good results to come in? Well, one reason is that good results
do not come from sitting back and waiting. The way to get things done is by
pushing, and this is what everyone was doing. More seriously, there were serious
scientific issues—intuitions if you will—at stake here. As we have seen, Dobzhan-
sky desperately needed a supply of variation above single mutations, or else selec-
tion as he saw it could not function properly. Unlike Muller moreover, he was a
field naturalist, and so he really knew that, whatever the theory might say, varia-
tion (however caused) does truly exist in natural populations. And obviously, he
was properly sensitive to the workings of external causes, including selection.
Muller, on the other hand, from a lifetime’s experience of experimentally induc-
ing mutations through radiation, knew how horrendous were the effects of most
mutations. He just could not see how mutations could remain positively in popu-

lations.
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I look upon mutation as a random process, so far as the nature of its effects are
concerned, much as Brownian movement is random, and I therefore find it a ne-
cessity to conclude that the effects are on the whole disintegrating rather than inte-
grating, just as the effects of Brownian movement are to decrease rather than in-
crease the free energy of a system. In other words, I regard the principle as being
merely a logical extension of the second law of thermodynamics and I would as
soon expect to see the average or usual effect of irradiation on later generations to
be an improvement as to believe a man who said that he had perfected a perpetual
motion machine. (Beatty 1987, 299)

These factors were important in driving Muller and Dobzhansky apart, but
one suspects that there was more than this, and there was. We have seen already
how the evolutionists were affected by the Cold War, and here was another point
of impact—a point entwined with another factor already encountered—the need
to find funds to support research. Both Dobzhansky and Muller had reason to feel
tense about the Cold War, and they were indeed. The reason for Dobzhansky’s
state of mind is obvious: as a native-born Russian with a deep attachment to his
homeland and an emotional identification with the United States and a hatred of
the Soviet system, he was very torn about what was then happening. The reason
for Muller’s tenseness is hardly less obvious: as a former communist who in the
1930s had gone to live in Russia and barely escaped with his life, he felt very am-
bivalent about a military arms race that seemed bent on destruction of the whole
world.

One of the main features of the Cold War was the buildup and stockpiling of
nuclear weapons: weapons that required testing, in those days massive amounts of
atmospheric testing with the consequent radiation fallout. People were very wor-
ried about the effects, short term and long term, on the human population, and
here Dobzhansky and his school stepped in, prepared to use fruit flies as models
for humans. The Atomic Energy Commission accepted the offer, and so through
the 1950s we find that Dobzhansky and his students were getting monies for their
work from this organization. Although, in principle, Dobzhansky declared himself
against testing—or at least worried by its effects—one need hardly say that his re-
sults, showing that radiation far from being deleterious can be beneficial, went
well with his paymasters. They were happy to support research like that! Con-
versely, Muller, who was regarded with suspicion by military and civil authorities,
precisely because of his communist background, tended in turn to be wary of any-
thing that spoke well for these powers and was certainly very uncomfortable with
results that supposedly negated the bad effects of a military arms race. Interesting-
ly, he was not against nuclear testing as such: he had no love of the Soviet system,
nor did he have any illusions about it. But he did worry about bad science’s gloss-
ing over the ill effects of such testing.

There was yet another factor dividing Dobzhansky and Wallace, perhaps the
most important of all. Eugenics refers to the belief and practice of altering the ge-
netic composition of the human species for supposedly good ends. It is a topic
fraught with tension, if only because of the Nazis’ efforts in that direction: efforts
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based on their pseudoscientific understanding of human biology and motivated by
their vile racist ends. For good and ill, eugenics is a topic that has fascinated gen-
eticists since the birth of their subject—indeed, motivation and finance for early
genetics often owed almost as much to eugenics as it did to agriculture.

Both Dobzhansky and Muller had strong opinions on the subject, and it is
clear that these opinions influenced thinking on the balance/classical dispute. For
Muller, there was an ideal, and it is our obligation to see that we do not fall be-
neath this. Bad mutations are bad mutations and we should get rid of them. Most
mutations, especially most new mutations, are bad mutations, and so eugenical ef-
forts should be directed toward their elimination. For Dobzhansky, there is no
ideal. Populations are varied, and this is the way nature intended them. Just as we
have fruitfly geneticists, so also we have hewers of wood and drawers of water—
we are better off this way and should not tamper with things. There is no such
thing as a bad mutation in itself. It is all a question of context

Parenthetically, I need hardly say that Dobzhansky’s Christian commitments
were working flat out here—we may well be genetically nonidentical, but in the
eyes of God and of Theodosius Dobzhansky we are of equal worth. No wonder he
felt so strongly about the balance hypothesis. Even though it was deep in the heart
of his professional science, for Dobzhansky it was an absolutely key element in his
religiously infused vision of humankind.

Molecular Bio]ogy

The most important single event in the history of twentieth-century biology was
the discovery in 1953 by James Watson and Francis Crick of the double helical
structure of the deoxyribonucleic acid (DNA) molecule. At once it was seen that
this molecule was the underlying foundation of the Mendelian gene and that the
information of heredity was carried along its back, coded by the order of its many
sequential parts. At first, the synthetic theorists tended to be suspicious of, if not
outrightly hostile to, the work and results of the molecular biologists. As individ-
uals, these scientists were not much loved either. The new science and its practi-
tioners were bright, pushy, and contemptuous of old-fashioned biology, and will-
ing and able to say just this on every available occasion. Striking back, the synthet-
ic theorists—Ernst Mayr particularly—claimed that molecular biology is narrow
and limited, that its technical achievements conceal its spiritual aridity. They
claimed that whole organism biology—evolutionary biology centrally—necessari-
ly looks at questions and issues that a molecular approach misses. Extreme “reduc-
tionism,” trying to explain everything in terms of the very small, is a waste of
time. Distracting from the real problems, in fact.

In a way, looking back over a half century, this dispute seems about on a par
with the dispute half a century earlier, between the biometricians and the Mende-
lians. And about as worthless. We see now that molecular biology was no enemy
of evolutionary studies but a really good friend. Whether it has made any differ-
ence to the actual theory of evolutionism is a matter we shall discuss in Chapter
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11. We shall see that it has given systematists powerful new tools in their at-
tempts to discern phylogenies. And, what cannot be denied and is pertinent here
is that it has certainly given conventional evolutionists wonderful new techniques
to cut through problems that were hitherto intractable. Nowhere more so than
over the balance/classical dispute. In the 1960s, Dobzhansky’s prize student,
Richard C. Lewontin, was one of a number who developed the method of “gel
electrophoresis.” Essentially this is a technique that uses the different electrostatic
charges on molecules to discern differences in the molecules themselves, and
through this it was possible at last to measure directly the genetic differences be-
tween organisms. And through this one can shortcut all of the laborious methods
used by Dobzhansky and Muller in their efforts to find genetic differences and si-
milarities, going straight to the genes themselves for information about their na-
ture.

The results were really quite incredible. The balance hypothesis was vindi-
cated to a degree that not even Dobzhansky could have envisioned. Absolutely
massive amounts of variation were being held in populations. Take the organism
so favored by population geneticists: the fruit fly Drosophila pseudoobscura. Lewon-
tin discovered that, from one organism to the next, there were simply huge ge-
netic differences. As many as one-third of the genes that were investigated using
gel electrophoretic techniques proved to have different forms. (They were “poly-
morphic” for different “alleles.”) Taking any locus on a chromosome, on average
12 percent of the allele pairs were heterozygotes (Lewontin and Hubby 1966,
608). All in all, therefore, Dobzhansky apparently was as right as one could possi-
bly be and Muller apparently was as mistaken as one could possibly be.

But, as [ am sure you are now starting to realize, as in love nothing in sci-
ence is quite that simple. The variation could not be denied. But the balance hy-
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pothesis also gives us a cause of this variation, namely that it is held in populations
because of heterozygote fitness. This was still denied—no longer by Muller, for
he died in 1967, but by his students and associates. Perhaps, they argued, there
are other causes, or perhaps no cause at all! Perhaps, because it has no effect on
the phenotype, much of the variation at the genetic level quite escapes the effects
of selection. Gel electrophoretic techniques pick out molecular differences in
genes, or more precisely they pick out differences in the substances the genes
code for immediately. But perhaps these differences make no difference to the fin-
ished organism, in which case they would be quite neutral with respect to natural
selection. Molecular variation might therefore just “drift” up and down in popula-
tions, giving the results obtained through gel electrophoresis but without the im-
mediate supportive consequences for the balance hypothesis. The classical hypoth-
esis rides again!

This issue is still not resolved completely, and I shall return to it. For now
we can pull away. We have seen how Darwinian selection theory was integrated
with genetics to make a full and satisfying evolutionary theory and how in addition
this was then used as a base to build a professional scientific discipline. The cost
was that all of those secular religion features that so many found so attractive had
to be dropped—or at least, corralled off to one side. But note how this was done,
not so much from conviction that evolution as secular religion was a bad thing,
but because unless it was done the desired status of professional science would not
be achieved.
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Further Reading & Discussion

William Provine is the historian of population genetics. He is not always easy to
read but well repays the effort. His first book, The Origins of Theoretical Population
Genetics (Chicago: University of Chicago Press, 1971), is an excellent account of
the coming of Mendelian genetics and its integration into evolutionary studies.
Then his second book, Sewall Wright and Evolutionary Biology (Chicago: University
of Chicago Press, 1986), is an absolutely massive intellectual biography of one of
the last century’s giants in evolutionary studies. What is really valuable about this
work is that it treats not only of its central subject but also of others who interact-
ed with Wright, most especially Theodosius Dobzhansky. The story of the always-
fruitful, sometimes-uncomfortable relationship between Wright and Dobzhansky
is itself worth the price of the volume. Then third there is a book Provine coedit-
ed with the senior evolutionist Ernst Mayr: The Evolutionary Synthesis: Perspectives on
the Unification of Biology (Cambridge: Harvard University Press, 1980). The book
is based on two conferences nearly forty years ago, when the leading figures in the
making of neo-Darwinism were still alive and willing to give their recollections of
the main events and moves. (It was reissued in paperback in 1998, with a very
short new preface.) Much more work is still needed on the development of twen-
tieth-century evolutionism—some can be found in the pertinent chapters of Mo-
nad to Man (Cambridge: Harvard University Press, 1996)—but thanks to Provine
we now have a good grasp of the really important ideas and their fates.

The Lysenko affair will no doubt be an ongoing focus of scholarly interest.
With the opening of archives in Russia, we will surely be learning much more
about what happened and why. But already we have several accounts about what
went on in Russian genetics and biology generally under the Stalin and Khru-
shchev dictatorships. David Joravsky’s The Lysenko Affair (Cambridge: Harvard
University Press, 1970) is a very solid discussion based on a great deal of evi-
dence. You should supplement it with the work of Loren Graham, who is the au-
thority on science in Russia under the Soviets. His Science, Philosophy, and Human
Behavior in the Soviet Union, 2d ed.(New York: Columbia University Press, 1987)
is excellent for its insights into the trials and tribulations of Russian biology as
well as its triumphs (such as Oparin on the history of life, a topic to be discussed
in chapter seven).

Finally, let me draw your attention to the autobiography of Edward O. Wil-
son, the great ant specialist (of whom more appears in later chapters). Naturalist
(Washington, D.C.: Island Press, 1994) gives a fascinating account of what it was
like to be a whole-organism biologist at Harvard in the 1950s when James Watson
was also in the same department and intent on recreating the life sciences in a mo-
lecular image. It was not very pleasant!
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Chapter 7/

Lz'fe: The Early Years
In the Beginning

Overview

I his chapter explores the idea of spontaneous generation, how it became

scientifically unacceptable, and how life took root on this planet of ours.

In France, around the time of the publication of The Origin of Species, there was a
major row about the origin of life, with the skeptical Louis Pasteur firmly coun-
tering Felix Pouchet who was a proponent of “spontaneous generation.” This had
been an idea under attack at least since the seventeenth century, but until Pasteur
it was by no means universally rejected. Many people, particularly those with in-
clinations towards evolutionary ideas, thought that there might be something to
the idea. The “nature philosophers” or Naturphilosophen, at the beginning of the
nineteenth century, saw patterns linking the inorganic to the organic and so for
them such generation was by no means a silly idea.

As it happens, even after Pasteur there were many who still thought that life
could arise spontancously from non-life. Particularly the evolutionists, notably
Thomas Henry Huxley in Britain and Ernst Haeckel in Germany, looked for such
jumps. All the possible candidates fell flat, however, and after a couple of decades

everyone realized that there were no simple solutions to the origin of life.

In the 1920s, English biologist and chemist J. B. S. Haldane and Russian biologist
Aleksandr Oparin independently proposed that life came naturally through a series
of small events, one after another. There was to be no instantaneous appearance

of life.

There was great excitement in the 1950s when it seemed that the first stages of
this life process had been replicated in the laboratory, with some of the basic
building blocks of life synthesized under conditions believed to duplicate life’s be-
ginning. Thus a new science, microbiology, was introduced to the world stage.
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Since then, however, the task of making life artificially has proven much more dif-
ficult than expected.

The more we learn about the early stages of life, from its supposed beginning 3.7
billion years ago, the more it seems that it was a natural process fueled by natural
selection. We see evidence of what we would expect—the gradual growth of
more and more complex forms of life. The fossil record (and related geological
record) tells a very consistent story and modern-day microbiologists are able to
look well beyond the fossils, into the cellular make-up and beyond. How did they
make life? What role did oxygen play in respiration or fermentation and what
came first? Increasingly the new sciences go deeper into the origins of life than we
ever imagined even a few decades ago, and these origins are no longer quite the

mystery they once were.

The Role of the Scientific Community

The work of the following scientists is discussed in this chapter. Short, biographi-
cal essays of these individuals appear in Biographies on page 607.

Felix Archimede Pouchet (1800-1872)

Louis Pasteur (1822—-1895)

Ernst Haeckel (1834-1919)

Aleksandr Oparin (1894—-1980)

Lynn Margulis (1938— )
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Setting the Stage

B ack across the English Channel and back in time to 1859. This was the

year of the Origin, but in France it made no waves. At least, this was the
case for a few years until a translation was published, a translation with an inflam-
matory preface by radical thinker Clémence Roger—positivist, materialist,
atheist, and female to boot—that may or may not have stirred her countrymen
but as sure as anything sent shudders of discomfort and disapproval through a re-
clusive naturalist across the Channel in the little Kent village of Downe.

But that year did see a major controversy in France. This was between Felix
Pouchet, director of the natural history museum at Rouen, and the great Louis
Pasteur, discoverer of the means of the prevention of rabies and many other dis-
cases as well as seminal investigator into the preservation of foodstuffs (pasteuriza-
tion) and into much, much else (including important studies on viticulture, espe-
cially on the properties of yeast).

The controversy was over “spontaneous generation,” the one-step appear-
ance of living organisms from nonliving (inorganic or organic) material: flies,
worms, grubs, or smaller beings coming (by natural causes) from mud or slime or
whatever (so long as it was itself inert). Pouchet affirmed his belief in the venera-
ble doctrine of spontaneous generation. In a major work, Heterogenie ou traite de la
generation spontanée, he argued that the eggs of microscopic-sized organisms are
produced in single steps from other organic materials. And so effective was he in
his case that the French Academie des Sciences put up prize money for further
studies on the subject. Which brought in Pasteur, who was determined to refute
what he saw as a thoroughly false doctrine. To this end, Pasteur was led to per-
form a dazzling series of experiments—experiments of such a caliber that today
they are often highlighted as the paradigm of scientific excellence—supposedly
showing that spontaneous generation of a kind promoted by Pouchet is simply im-
possible. There is just no way in which life can be derived manually from nonlife.

And this would seem to be the end of the matter. Although then you might
well ask how this can possibly be so. If indeed evolution be true, that is, if the fact
of evolution—the rise of today’s organisms from primitive forms—be true, then
surely one is forced back to ask about the origin of those first primitive forms.
From where did they come? Was the earth seeded from outer space, or is the liv-
ing part of the basic fabric of the universe and as old as time itself, or (most obvi-
ously) did the living come naturally from the nonliving? It is to these and other
questions—about the beginnings of life and about the history of its early forms—
that we turn in this chapter. As always, we shall find that the story is more com-
plex and interesting than it appears on the surface. For a start, you might think
that Pouchet was in favor of spontaneous generation precisely because he was an
evolutionist. In fact, he was nothing of the sort. And, until the end of his life,
Pasteur—he who goes into every elementary textbook as the final assassin of the
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spontaneous generation position—thought it was an open question! But we get
ahead of ourselves, so let us start back at the beginning.

Essa Ly

Spontaneous Generation

The belief that life can come naturally and spontaneously from nonlife is indeed a
venerable doctrine. It goes back at least to the ancient Greeks and to Aristotle.
Down to the time of the Scientific Revolution (the sixteenth and seventeenth cen-
turies), people were torn on the subject. On the one hand, it seemed so clearly
true and backed by the evidence of the senses. Meat left unattended rots and in a
very short time is swarming with maggots—remember, these were the days be-
fore refrigeration! Where could these living beings have come from, except from
the nonliving? On the other hand, what was the biblical evidence for such ongoing
creation of life? Surely, God had finished His work on the sixth day, and that was
that? Was not man himself the culmination of His creative outpouring? Yet, if
man was the final act of creation, did this mean that there were maggots in Eden?
And parasites and other ugly and unwanted organisms? Surely not!

It was all a puzzle, but with the coming of modern science—particularly
with the coming of instruments of magnification—at least some of the issues were
resolved. Or rather some of the boundaries were drawn in and made clearer. The
Jesuit-trained physician Francesco Redi, for instance, was able to show how many
putative instances of spontanecous generation were the results of insects laying
eggs, which later hatch. If meat is covered with muslin or some such cloth, so that

flies cannot get at it, then the maggots simply do not appear. “Although it be a
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matter of daily observation that infinite numbers of worms are produced in dead
bodies and decayed plants, I feel, I say, inclined to believe that these worms are
all generated by insemination” (Redi 1688 [1909], 27).

However, showing that for every step forward there seem to have been two
steps back, Redi went on to say that he did not thereby intend to deny the possi-
bility of spontaneous generation. Indeed, he was quite prepared to accept that as a
caterpillar can be transformed into a butterfly, so also a piece of the flesh interior
to an organism can be transformed into a parasite. He denied that the inorganic
can be turned into the living (this is known as “abiogenesis”), but he asserted that
the organic can be turned into the living (this is known as “heterogenesis”). More
particularly, he asserted that something that is living can be turned into something
new and quite different. (This was not evolution, in the sense of transformation
from one form to another, but something stronger, where a piece of a living or-
ganism is turned into a new animal.) “If the thing is alive, it may produce a worm
or 50, as in the case of cherries, pears, and plums; in oak glands, in galls and welts
of osiers and ilexes worms arise, which are transformed into butterflies, flies, and
similar winged animals. In this manner, I am inclined to believe, tapeworms and
other worms arise, which are found in the intestines and other parts of the human
body” (p. 116).

Theological arguments, however, continued strong against spontaneous gen-
eration. To revealed theological objections (that is, to objections based on the Bi-
ble) were added natural theological objections (that is, objections based on rea-
son). John Ray (1691), the English clergyman-naturalist, was adamant that the de-
signlike nature of the living world altogether precludes the appearance in one step
by natural causes of living organisms. Laws lead to randomness and to things not
functioning. (Murphy’s Law, that if something can go wrong it will, is a meta-
physical fact of nature and not just an engineer’s joke.) God designed the world to
work, and there is simply no way that things could spring into immediate being
and work as well as anything else.

But now came a powerful counter, giving spontanecous generation a whole
new lease on life as the eighteenth century moved toward its climactical events,
first in North America and then in the final years in France. This was the Age of
the Enlightenment, when philosophers and others challenged the old ways of
thinking, going counter to the repressive religion that had dictated so much to so
many for so long. New confidence was found in the power of unaided reason—
philosophical, political, social, literary, and scientific—the latter most particularly
Newtonian scientific, as the great English thinker’s ideas spread and were devel-
oped and applied. With the new strains of thought, theological worries (particu-
larly revealed theological worries) about spontaneous generation started to abate,
and at the same time Newtonian undercurrents gave the doctrine a whole new
lease on life.

Newton’s theory of gravitation (which, incidentally, scholars now trace to
some very strange “alchemic” views about subtle powers pervading all of creation

and being the key to the transformation of base metals into gold) suggests that the

Microbiology and the Origin of Life * 183



Georges-Louis Leclerc,

le Compte de Buffon

universe is not what it seems on the surface (Westfall 1980). Bodies can affect
each other at a distance, even though nothing is touching, and other odd effects
likewise are to be considered part of everyday science. Could it be therefore that
there are special powers akin to gravity, affecting and animating living creatures?
Even though it may be that nothing living can come from the inorganic (abiogene-
sis), it may well be that the living can come from the organic (heterogenesis).
Such at least was the opinion of the most powerful and influential naturalist of the
age, Georges Leclerc, le Comte de Buffon, in France. He believed in a kind of in-
ternal living force, the moule interieur, which animates and forms the shape and
function of organisms, and for him it was quite plausible to think that a primitive
life-form could thus be formed from the matter of other such forms. Nor were he
and his followers convinced otherwise by experimentation, for instance, by the
celebrated work of the Italian Lazzaro Spallanzani, who boiled various broths and
the like in sealed flasks, showing that once life had been destroyed it never reap-
pears. The Buffonians’ counterargument was that these experiments proved pre-
cisely their case, because Spallanzani’s boiling had destroyed not just life-forms
but the very potential for life that existed hitherto! The moule interieur is itself
something that must be protected, or else it cannot perform its intended func-
tions.

This all leads us into the nineteenth century, where we start to see a polariz-
ing of positions that lasted to the Pouchet-Pasteur debate, and indeed beyond
right down to the present day in respects. On the one hand, we have the succes-
sors of Buffon, who thought that spontaneous generation is a constant and com-
mon fact of life. In fact, there were two groups of importance. First, there were
the evolutionists, notably Erasmus Darwin and Lamarck (who had, incidentally,

been a protége of Buffon). They saw the natural origins of life as part and parcel
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of their overall developmental position. And for them, natural origins meant

spontaneous generation. Thus Darwin, in verse:

Then, whilst the sea at their coeval birth,
Surge over surge, involv’d the shoreless earth;
Nurs’d by warm sun-beams in primeval caves
Organic life began beneath the waves ... .
Hence without parent by spontaneous birth
Rise the first specks of animated earth
(Darwin 1803, 1, 231-2438)

Lamarck had similar views. He thought that worms and the like are produced
from warm mud by the action of electricity and heat and so forth. Remember,
this was just after the time when Franklin had performed his spectacular experi-
ments with electricity, so it was in itself a rather fashionable possible force of nat-
ural change.

Second there were the Naturphilosophen, those German thinkers who saw and
stressed patterns or isomorphisms throughout the living world—things that we
today interpret in an evolutionary fashion and call “homologies.” These people
were (like the French and English evolutionists) also developmentalists, seeing life
going from blobs to complex forms, although in the early part of the century they
tended to understand things in an idealistic fashion rather than in terms of actual
organic change. They were primed to see patterns not only in the organic world
but also in the inorganic world—crystals were a particular focus of attention—
and it was but a simple move to link patterns in the inorganic with the organic.
Combined with the otherwise apparently inexplicable appearance of living forms
where none had existed before—parasites were the big favorite in this respect—it
was an easy and ready move to argue that here the links truly did exist and that
life sprang spontaneously from nonlife. “Those who defend the doctrine of sponta-
neous generation do so through experience; when one sees an organized being
born without being able to discover either a germ, or any way by which the body
had been able to reach the place of formation, one admits that nature has the
power to create an organized being with heterogeneous elements” (Burdach 1832,
1, 8).

Empirical experience was clearly an important factor in the support for
spontaneous generation at the beginning of the nineteenth century. But we know
that there was much more than experience driving people—whether full-blooded
evolutionists or not—in their enthusiasm for developmentalism. It would not be
fair to say that the main factor was materialism in any simple sense—Erasmus
Darwin and Lamarck were both deists, and the Naturphilosophen saw life force or
spirit in some sense pervading the whole of nature. What was important was the
upward-driving force that they saw throughout nature—the force of progress,
moving teleologically (purposefully) up from the primitive blob, the monad, to
the most complex, the man. Spontaneous generation was part and parcel of this,
whether one believed (as did Darwin) that life was created at the beginning and
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then not again, or whether one believed (as did Lamarck) that life was being
created all of the time, in a continuous fashion. And this all went with a progres-
sivist radical view on life—one identified with the forces and philosophies of
change and of reform. Progessionists saw themselves as set against the conserva-
tive or reactionary elements in society—aristocracy, inherited wealth, the church,
and much much more. Spontaneous generation therefore becomes a symbol of a
radical progressive view of life, as well as a mark of an empirically justified scien-
tific stance.

All of this on the one hand. On the other hand, we have those who opted
for no less of an amalgam of scientific claim and justification together with reli-
gious and philosophical urges that supported a conservative, religion-supportive
view of life. Most obviously and definitively one finds this in the life and thought
of our old friend, Georges Cuvier. He loathed spontaneous generation and
thought it quite unsupported by the empirical facts. “Life has always arisen from
life. We see it being transmitted and never being produced” (Cuvier 1810, 193).
If evolution was judged impossible, you can imagine how much less likely would
be spontaneous generation. But clearly, Cuvier’s opposition was more than just
this. At one level, he hated both Lamarck’s speculations and Naturphilosophie be-
cause they represented the kind of speculative and sloppy science that he thought
so threatening to the neat, tight, objective work he was promoting, both for its
own sake and for his own sake as an important (although minority-religion) scien-
tist in a conservative society.

At another level he hated evolution and Naturphilosophie because they violat-
ed his teleologically inspired view of the living world—one that, thanks to the
conditions of existence (and its corollary the correlation of parts), gave Cuvier (as
he thought) a predictive science, as one tries to fit parts of organisms into an end-
driven purposeful functioning whole. And at a third level, he hated evolution and
Naturphilosophie precisely because they represented radical and revolutionary ele-
ments in society, and everything for which he himself stood was on the side of sta-
bility, and the status quo, and the establishment. All of these levels and more
came into play against developmentalism and hence were focused even more on

spontaneous generation. To Cuvier, it was a false doctrine in every possible way.

The Opposition Continues

These two positions—part empirical, part metaphysical, part political—dominate
thinking from here on through the century. In the 1840s, the supporters of spon-
taneous generation were dealt a heavy blow when finally people worked out the
basic facts of parasitism. It was shown how organisms such as tapeworms take on
several different forms, according to the hosts in which they are embedded: far
from being generated at one fell swoop in one set of hosts, they come from other
hosts where they pass unrecognized because they do not yet have their final
forms. Although a person may never eat food containing a tapeworm, as is found

in humans, these foodstuffs do actually have parasites that are transmitted to hu-
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mans: parasites that are indeed tapeworms in potentiality if not yet in actuality.
This discovery was obviously a severe thrust against the doctrine of spontaneous
generation, although apparently it was not the death knell. Supporters still contin-

ued to have faith in its existence.

I am at the very first struck by the great a priori unlikelihood that there can have
been two modes of Divine working in the history of Nature—mnamely, a system of
fixed order or law in the formation of globes, and a system in any degree different
in the peopling of these globes with plants and animals. Laws govern both: we are
left no room to doubt that laws were the immediate means of making the first; is it
to be readily admitted that laws did not preside at the creation of the second also?
(Chambers 1846, 19-20)

Enter Pasteur. Pouchet was desperate not to be labeled a radical because of
his belief in spontancous generation. He thought it was proven by the facts.
Hence, his adamant denial of evolutionism. He had no desire to be tarred by that
particular brush. But to no avail. Pasteur was determined to roll right over such
ongoing claims about the empirical plausibility of spontancous generation. In a se-
ries of celebrated experiments, he boiled sugared yeast to kill off the live con-
tents, and then showed that the treated material remained sterile unless and until
it was recontaminated. He showed that these results hold in different conditions.
Even when the material is open to the outside air, so long as the openings are such
that contaminants cannot enter (through being long and thin and curved), there is
no appearance of life. Potential breeding grounds remain sterile. But as soon as air
is allowed to enter freely, or other nonsterile substances are permitted to infect
the inner material, fermentation begins almost at once. Only when life is intro-
duced does life multiply. If life is barred, it seems to remain forever absent.

Celebrated then and celebrated now. Pasteur was a brilliant experientialist,
and he and others recognized this fact. He did truly strike a heavy empirical blow
against spontaneous generation. But the joy of his countrymen at his successes far
exceeded the mere empirical. France in the 1860s was a deeply conservative soci-
ety, with the monarchy, the aristocracy, the church in full force. The last particu-
larly was setting its face resolutely against change or modernity. In a Papal Encyc-
lical of 1864, Pope Pius IX denied explicitly that “the Roman Pontiff can and must
make his peace with progress, liberalism, and modern civilization and come to
terms with them” (Error 80, quoted by Farley 1977, 95). All of these sorts of fac-
tors played a major role in the reception of Pasteur’s work and the canonical sta-
tus it achieved. The committee set up by the French Academie des Sciences was
deeply conservative, quite determined to find in Pasteur’s favor, and no less will-
ing to preach to one and all that the fatal blow had been struck against the radical
doctrine of spontaneous generation. And when Pouchet and friends complained
against the bias of the judges, the Academie set up a committee even more con-
servative and predetermined to find in Pasteur’s favor! By this time, France had
received the Origin with its radical new introduction, and the forces of the French
scientific establishment felt (with reason) that the counterattack must be mounted
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and supported with every possible weapon. Pasteur’s work was just what was
needed, and so his results were trumpeted far and wide.

Brilliant though Pasteur’s work truly was, the existence of extraneous non-
scientific factors in its reception—a reception the success of which echoes down
to the present—is amply attested by the fact that (as I mentioned at the beginning
of this chapter) Pasteur himself did not truly believe that he had forever disproved
spontaneous generation. He did not believe that one could get life from living ma-
terial or even from just plain organic matter (heterogenesis)—his experiments
showed this and his conviction was part of his overall thinking on fermentation.
But work he had done early in his career on crystallization rather disposed him
toward the possibility of life from the inorganic (abiogenesis). “Life is the germ
and the germ is life. Now who may say what might be the destiny of germs if one
could replace the immediate principles of these germs (albumin, cellulose, etc.)
by their inverse asymmetric principles. The solution would constitute in part the
discovery of spontancous generation, if such be in our power” (Pasteur [1883]
1922, 1, 375).

Pasteur, however, kept quiet about these speculations until late in his ca-
reer, when—a new, more liberal government being in power after the disastrous
Franco-Prussian war—he felt free to make them public. Although, paradoxically,
by this time the rest of the world was moving on beyond spontaneous generation.
Such had not been the case when, at the beginning of the 1860s, Pasteur began his
assault on Pouchet. In Britain and Germany, the rapid rise in the respectability of
evolutionism, thanks to Darwin’s Origin, led to an immediate enthusiasm for
spontaneous generation that had not engulfed those countries to such a degree
ever before. At once, people saw that evolutionism demanded answers about the
ultimate origins of life, and the old ideas were brought out and polished to shine
more brightly than they had ever done in earlier times. Pasteur was ignored, if in-
deed he was noted at all.

Interestingly and paradoxically, Darwin himself made no contribution to this
enthusiasm for spontaneous generation. In the Origin, he said virtually nothing
about origins, merely talking of the rise of life from “one or a few forms.” I am
not quite sure about the reason for this silence. Part, I strongly suspect, is that
Darwin realized that it was a topic surrounded by controversy, associated with
radical thinking. Naturally cautious by nature and determined to push his ideas in
a nonthreatening manner (because then they would be more likely to be accept-
ed), Darwin stayed away from ultimate origins because speculation would and
could only harm his case. If there is a nasty gap in your knowledge, then your best
policy is to say nothing and to say it firmly! Also, I suspect his silence was in part
because—a problem that plagues evolutionists to this day—although evolution
seems to demand answers about ultimate origins, there is little reason to think
that the evolutionist is in any way capable of answering them. I do not mean that
no answers can be given, or that the evolutionist as such is a bad or inadequate
scientist, but rather that the problems and answers lie outside of his or her profes-

sional domain. The evolutionist is a biologist. Origins require chemistry, bio-
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chemistry in particular, and lots of it. There is really no reason why the evolution-
ist as evolutionist should be able to answer these questions, even though the evo-
lutionist’s work points to these questions as demanding answers. So here was an-
other reason for Darwin’s silence.

Also at this point remember that Darwin was trying to promote evolution as
a potential professional science, and so here again was reason to stay away from
speculation. And remember that his supporters—Huxley in England particularly,
and Ernst Haeckel in Germany also—had other ends in view. They wanted broad
metaphysical speculations, grounds for the secular world philosophies or religions
that they were spinning and endorsing and promoting. For them, evolution was
the popular science par excellence, and they had no hesitation in pushing its limits
to the ultimate and beyond. They had no need of caution on origins or on hypoth-
eses about spontaneous generation. Indeed, in the 1860s Huxley and friends even
thought that they had new empirical evidence of its truth. Mud dredged from the

sea was taken to be full of life or life-potential forms or particles.

I conceive that the granule-heaps and the transparent gelatinous matter in which
they are imbedded represent masses of protoplasm. Take away the cysts ... [it
would] very nearly resemble one of the masses of this deep sea “Urschleim,” which
must, I think, be regarded as a new form of these simple animated beings ... de-
scribed by Haeckel. ... I propose to confer upon this new “Moner” the generic
name Bathybius, and to call it after the eminent Professor of Zoology in the Univer-
sity of Jena, B. Haeckelii.” (Huxley 1868, 212)

Unfortunately the euphoria did not last and neither did Bathybius haeckeli. In
1876, it was discovered to be inorganic—a precipitate of sulfate of lime—and
that was the end of that. Huxley withdrew his claim. And despite the fact that
there were those who still wanted to defend spontaneous generation, although by
now evolution had conquered almost all that lay before it, one senses that the days
of spontaneous generation were coming to an end. On the one hand, just too
many things that had been hailed as evidence for the belief had by now been
shown explicable by other means or simply not supportive of the doctrine. On
the other hand, and probably more important overall, people were now starting
to dig further and further into the elements of the organisms—first cells, and then
cell parts, and then parts of these parts. With each move to a yet-smaller level,
the intricate complexity of the stuff of life was reinforced even more strongly than
before.

And with this, whether or not one put all or any of this down to God’s de-
sign and activity, the improbability of things having come together spontanecously
became less and less. It was not so much that people like Pasteur had given defini-
tive proof that spontaneous generation was impossible—we have seen that Pasteur
himself had hardly done that because he thought that it was always an open ques-
tion—but rather that the weight of evidence about the nature of the living world
made spontaneous generation less and less plausible as an explanation. In an era of

cell biology, it simply did not make sense.
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The Oparin-Haldane Hypothesis

But still an answer must be sought. If not spontaneous generation, then what? If
evolution be true, then the Darwinian strategy of silence can only last so far. One
must return at some point to the issue of origins. As indeed Darwin himself did in
a private letter.

It has often been said that all the conditions for the first production of a living or-
ganism are now present which could ever have been present. But if (and oh! what a
big if!) we could conceive in some warm little pond, with all sorts of ammonia and
phosphoric salts, light, heat, electricity, etc., that a protein compound was chemi-
cally formed ready to undergo still more complex changes, at the present day such
matter would be instantly devoured or absorbed, which would not have been the
case before living organisms were formed. (Darwin 1887, 3, 18; letter written in

1871)

This gradual (but natural) appearance of life was also a position endorsed by
Herbert Spencer. He set himself entirely against spontaneous generation. “That
creatures having quite specific structures are evolved in the course of a few hours,
without antecedents calculated to determine their specific forms, is to me incredi-
ble” (Spencer 1864, 1, 480). As Spencer pointed out, reasonably, in a way spon-
taneous generation threatens to undercut the whole evolutionary enterprise. If
primitive-yet-complex organisms can appear in one fell swoop, what is to stop
more sophisticated organisms appearing in like fashion? And if these, then where
does such generation end? Why bother with evolution at all? Yet, Spencer did not
want to deny the natural appearance of life. It had to appear gradually, that is all.
“The evolution of specific shapes must, like all other organic evolution, have re-
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sulted from the actions and reactions between ... incipient types and their envi-
ronments, and the continued survival of these which happened to have specialities
best fitted to the specialities of their environments” (p. 481).

But it was to be another fifty years before people started to make a research
program out of such speculations. Two people particularly, in the 1920s, are cre-
dited with the ideas that started things moving in the direction of gradual develop-
ment of life from nonlife: first the Russian biochemist Aleksandr Ivanovich Oparin
([1924] 1967), and then the English biochemist and theoretical population geneti-
cist J. B. S. Haldane (1929). Like Darwin and Spencer before them, although in
somewhat more concrete terms given the advances in chemical understanding,
they postulated the emergence of the living from more simple inert substances,
through natural evolutionary-type laws. Not that the program that they started has
yet been brought to full fruition. There are still major questions about how life
might have come naturally, even if (especially if) it takes a very long time. But for
all that, work in the twentieth century on the origin of life became almost a full-
time industry, and the researchers themselves certainly think that they have made

significant advances, if not in the traditional direction of spontaneous generation.
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I should say that whatever the nature of the advances—the merits of which
we shall consider in a moment—some of the controversy and questioning that
still swirls around the question is to a certain extent self-imposed. Famously, or
notoriously, both Oparin and Haldane were Marxists—Oparin especially so, for
he was a key figure in Soviet science and a major backer of the agricultural genet-
ics charlatan Trofim Lysenko. You might think therefore that even though you no
longer have to subscribe to an outmoded philosophy like German Naturphilosophie,
if you are today going to take a naturalistic stand on origins, you must endorse a
philosophy that many (perhaps including yourself) find thoroughly objectionable.
Fortunately, although Oparin particularly was given to tying in his theorizing with
dialectical materialism, the links are at best tenuous (Graham 1987). In fact, in
the 1920s, neither Oparin nor Haldane was yet a Marxist, so the strongest possi-
ble connections simply are not there. And when in the 1930s, Oparin did start to
put things in Marxist terms (Haldane never did so, for his contribution to the
question was confined to a suggestive essay), much that he said could be translated
at once into nontheoretical language.

Marx—or rather his coworker Engels, who was more interested in natural
science than Marx himself—postulated a number of laws (or “laws”) that suppos-
edly govern the workings of nature. One is the “law of quantity into quality,” as
when cooled water does not simply get colder but turns into something new,
namely ice. Oparin took this law to incorporate the fundamental truth of his
whole approach to the origin of life question, inasmuch as he was suggesting that
nonlife turns into life. But this is hardly Marxist, as such, for it was also Darwin’s
view—and famously, although the Englishman received from the author a copy of
Das Kapital, he never cut the pages and read it! The same holds true of the sup-
posed connection of the origin of life question to Engels’s “law of the negation of
the negation” (as with Newton’s law, that to every action there is an equal and
opposite reaction). Oparin took this as proof that life once started makes impossi-
ble the further creation of new life. But again this was Darwin’s view, and so not
Marxist per se. (As I have said earlier, in a way, I see Engels’s work going back to
that very German idealism the Marxists thought they were refuting!)

Having disposed of this ideological red herring—*“red” in more senses of the
word than one, and a great favorite of the evangelical Christian opponents to any
scientific approach to the question of origins—we can turn now to contemporary
thought on the beginnings of life. It is customary and useful to break down the
Oparin-Haldane hypothesis (as it is generally known) into a number of steps.
First, there is need of the right conditions for the (natural) creation of organic
molecules—those that make the ultimate building blocks of life—from nonorgan-
ic molecules (from a warm prebiotic soup, as is sometimes said). If conditions
were like they are today, with a 20 percent oxygen atmosphere, then (as Haldane
pointed out) the molecules simply could not have formed and persisted. One
needed a very different sort of atmosphere. But as it happens, this fits precisely
with what students of the subject think in fact might have been the case. The earth
is believed to be about four and a half billion years old and initially in a molten
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state. As it cooled over the next billion years, the oceans formed. It was one rath-
er heavy in such gases as methane (CH:), ammonia (NHs), carbon dioxide (CO»),
and hydrogen sulphide (H:S). Moreover, it would have been an atmosphere per-
mitting the passage of much ultraviolet radiation, for there would have been no
ozone (Os) layer to block it.

Next, there is the making of these elementary organic molecules. Even to-
day, nearly a half century after it was first achieved, this is the most celebrated
part of the chain. Back in 1953 a number of chemists—mnotably Stanley Miller,
then just a graduate student—set up a relatively simple apparatus showing how,
under what were presumed original conditions, complex molecules (“amino
acids,” the components of proteins, chainlike molecules that make the structure of
the cell) would form quite rapidly. A little electricity (simulating lightning) or ra-
diation would turn inorganic substances (such as methane and ammonia) into or-
ganic molecules of the required sort. Since those first experiments, even more
successes (including the creation of the composites of the nucleic acids, the temp-
lates of life) have been formed. It should be added that there are now doubts
about how oxygen-free the early atmosphere truly was. It might have been impos-
sible for the required reactions to have occurred above ground. However, there is
now reason to believe that the reactions could have taken place deep in the sea,
close to vents where magma (molten rock) bubbles to the earth’s surface.

Third (in the Oparin-Haldane sequence), one has to get the individual organ-
ic molecules to link together into the chains that are needed for the maintenance
of life—proteins and nucleic acids. In fact, the joining is no great problem. It is
just that such chains tend to break apart rapidly before the job is finished. Here it
is thought that naturally occurring clays may be significant causal factors. Organic
molecules adhere to clays and can build up chains while at the same time resisting
the urge to break apart. Already, experimenters have shown how quite long
chains can be formed in such (presumably analogous to natural) conditions.
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The fourth step is a lot more tricky. Now you have to get the long chain
molecules to replicate themselves. In cells today, deoxyribonucleic acid (DNA,
the modern molecular equivalent of the gene) reads off itself to make copies for
new cells. Also, ribonucleic acid (RNA) reads off the DNA, and then this RNA
acts as an information template to make chains of amino acids, proteins. But at the
beginning you have a bit of a chicken and egg situation. Without the superstruc-
ture of the cell, made of proteins, it is hard to see how the nucleic acids could
function. But without the functioning nucleic acids, you get no proteins! Perhaps,
suggest some workers, the mineral clays continue to play a significant role. Crys-
tals repeat themselves, building copies on templates. And sometimes errors get
incorporated into the crystal patterns and get repeated. Could it be that originally
it was crystals that were reproducing (no one says that they were alive), with or-
ganic molecules as it were piggybacking on them? Then the organic molecules
themselves started to take over reproduction, and eventually they dropped their
mineral supports (Cairns-Smith 1982, 1986).

Other workers are suspicious of this hypothesis—their trouble is that it con-
tains the claim that today there is no confirmatory evidence of what happened
originally! They rather prefer to think that the organic chains themselves may have
gone directly to reproduction—most likely through the medium of RNA, which
is needed for proteins and which is in some organisms the only nucleic acid and
thus capable of acting as a template for itself without need of DNA. Of course,
there are questions about how this it to be done. Suffice it to say here that bio-

chemists are trying with some success to get RNA molecules on their own to rep-
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licate themselves. No one has succeeded in getting this to work properly yet, but
already one can get an RNA molecule to add bits of chains like itself to other such
molecules. Of such tiny steps are great edifices built!

Even if this all works out nicely, more steps remain. One has to tuck every-
thing away in a nice globular cell, for instance. It was here that Oparin put much
of his energies, as also did a number of American workers, notably Sidney Fox
(1988) and his colleagues. They strove with some success to show how some or-
ganic molecules can be made to form self-contained spheres (like the outer shells
of cells); how they can maintain themselves, even budding off to form other
spheres; how such shells can keep and even promote differences between the in-
side and the outside, even selecting as it were certain compounds to cross over
from the outside to the inside (while barring others); and how some of these com-
pounds can be precisely the kinds of molecules (like ribonucleic acid molecules)
that one would expect to have been preserved and cherished in new or protocells.

Enough! There is more, much more. Cells are very complex entities, cer-
tainly the cells of higher organisms. (A distinction is drawn between “prokaryotes”
that roughly speaking are the cells of simple organisms and “eukaryotes” that
roughly speaking are the cells of more evolved organisms.) These latter, eukary-
otes, contain not just the centers (the nuclei) where you find the DNA, but also
other bodies (like mitochondria and ribosomes) that have various functions. It has
been suggested by Lynn Margulis (1970) and others, with some considerable plau-
sibility, that perhaps the eukaryotic cells were formed by incorporating prokaryot-
ic cells: not so much cannibalism but in a form of symbiotic relationship. And
then after that, you have the development of sexuality, something that is thought
to be closely linked to the appearance of eukaryotic cells: virtually all major
groups of organisms with eukaryotic cells have sexuality—and those organisms
without sexuality in such groups are thought to have been sexual and then (for
various selective reasons) to have lost it.

There are a lot of steps here and almost all of them are tentative—they re-
quire a measure of faith, not necessarily “faith” in the religious sense but in the
sense that one might say one is making a gamble or prediction on what one thinks
are reasonable grounds. But are they “reasonable grounds,” or rather if you add
everything up together are they reasonable grounds? One or two steps you might
swallow. But six or seven or eight steps? Surely this is all a bit like gambling on all
of the winners on a day’s racing card. You might pick two or three winners, but
would anyone want to put their money on picking all of the winners for that
day—however good the odds? One prominent critic of all things evolutionary—
Alvin Plantinga, noted already as North America’s most distinguished philosopher
of religion—is so contemptuous of the work thus far performed on the origin of
life question that he cannot even bring himself to write on it. He speaks of hy-
potheses about the origin of life as “the most part mere arrogant bluster,” adding
that “given our present state of knowledge, I believe it is vastly less probable, on
our present evidence, than is its denial.” Indeed, so contemptuous is he of such
claims that he finds that he cannot bring himself to “summarize the evidence and
the difficulties here” (Plantinga 1991).
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Can things really be this bad? Obviously the stand you take here is going to
depend on a number of things, and most of them are not going to be purely scien-
tific. If (with most scientists) you are firmly committed to the belief that natural
explanations can be found for all physical (including organic) phenomena, then
you are going to think that natural origins of life are reasonable, no matter what
the gaps. If you are firmly committed to the significance of supernatural forces—
divine interventions or miracles—then I suspect that you are probably going to
think that God had a role here. Perhaps you will think this even if you are an evo-
lutionist. If you are somewhere in the middle, then presumably you are going to
end up somewhere in the middle!

But is it reasonable to be a naturalist? Are not scientists turning their heads
away from the truth—out of ignorance or prejudice or whatever? (Do not dis-
count the powers of indoctrination and prejudice. It would be a brave scientist in-
deed today to admit that he or she was going to invoke miracles. I can just imag-
ine the comments on the next grant application.) Let me make two remarks.
First, even though it is surely true that the scientist’s assumption that everything
can be given a natural explanation is an assumption that goes beyond the evi-
dence—how could it be otherwise?—it does not follow that it is an unwise or ir-
rational or even a risky move to make. The fact of the matter is that time and
again things that have seemed incredibly puzzling, surely defying scientific expla-
nation, have succumbed to constant pressure and investigation. Think of the won-
ders of physics—the planets, for instance, and how they shine bright when they
loop the loop in the heavens (“retrogress”)—for many years a monstrous puzzle,
but then explicable in terms of Copernican theory. Think of the strange distribu-
tions of animals and plants around the globe. For years people wondered about
their causes, and now we know that it is because the continents move around the
globe on massive plates. Think of diseases that seemed beyond doubt to be acts of
God, but that now are almost commonplace phenomena, explicable through mi-
crobes or viruses or whatever. When acquired immunodeficiency syndrome
(commonly known as AIDS) was first reported, no one had any idea of its cause,
but investigation soon brought the answer in the form of the human immunodefi-
ciency virus (HIV).

My point is that being a scientific naturalist is a good strategy because again
and again it brings results, even in the most unpromising situations. It may not be
a logically sure bet—there could always be a miracle around the next corner—
but pragmatically it is a very sensible way to go. It is not just a “leap of faith” in
the sense of going against the evidence. It is the opposite. It is going with the evi-
dence and precisely what we mean by being “reasonable.” But what about the par-
ticular case of the origin of life? Is this not a special case that makes the naturalistic
approach highly unpromising? I do not see that this is the case at all. Remember,
until about a hundred years ago, people were trying to shortcut the whole process
with spontaneous generation. Eventually, that fell to the ground, but it has only
been in the past 60 or 70 years that people have really tried to crack the problem
in a way that (even in principle) stands any chance of succeeding.
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And it is even more recently that researchers of the subject have had at hand
some of the really relevant tools of the trade—detailed knowledge about DNA
and RNA and proteins and such things, for instance. It is a massive problem that
faces the origin of life researchers—indeed, part of their advance is to realize pre-
cisely how massive a problem it is. I for one would be suspicious (especially given
the history of the all-too-slick spontaneous generation idea) if the claim were that
the problem was now licked or close to being so. Big problems require lots of ef-
fort—time too—to get at big solutions. I would not expect more than a progress
report from the battlefield, which is precisely what we get.

But there are reports and then there are reports. Not all progress reports are
progressive in the sense of reporting on genuine advance. I would say that here,
however, we are given just such a report. The researchers are making advances—
on the self-synthesizing of nucleic acids, for instance—and feel confident that
more such advances lie ahead. One is not just given a whole heap of questions,
with no one having the slightest idea about how to crack any one of them. One
does not simply have awe and mystification and nothing else. One has real work
and real results. I simply do not see that one could ask for or expect any more at
this point. It is a fallacy to think that, because there are many links to be filled and
most or all are thus far not connected, this means that collectively the case is ho-
peless. The point is that the links are open to study and investigation and that they
are yielding to pressure.

For this reason, while not wanting to pretend that more has been done than
actually has been done, I would suggest that the researchers’ faith that answers
will come—mnaturalistic answers will come—is not misplaced. It is simply silly
(and a sign of almost wanton ignorance) to say that the work thus done is for “the

most part mere arrogant bluster.”

Ear])/ L1'fe

About 600 million years ago, there was a huge increase in the number of life-
forms on this planet. After the “Cambrian explosion,” the earth teemed with life
and nothing was ever again quite the same. But what about the time before the
Cambrian? If the first life came over three and a half billion years ago, then we
have a vast period for which to account—a period five or six times as long as after
the start of the Cambrian and the much more familiar modern era. Is there any
evidence of past life? What about the paths that it took? Can we say something
about causes? Even if you agree that natural selection was the chief motivating fac-
tor, is there anything to show why certain things happened at certain times?

[ have mentioned in an earlier chapter how the pre-Cambrian was something
that worried Darwin a lot, for at the time of writing the Origin, there was simply
nothing at all in the record to show that there had been life.

If my theory be true, it is indisputable that before the lowest Silurian [today,
called the Cambrian] stratum was deposited, long periods elapsed, as long as, or

probably far longer than, the whole interval from the Silurian age to the present
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day; and that during these vast, yet quite unknown periods of time, the world
swarmed with living creatures.

To the question why we do not find records of these vast primordial periods, I
can give no satisfactory answer. ... The case at present must remain inexplicable;

and may be truly urged as a valid argument against the views here entertained.

(Darwin 1859, 307—-308)

As it happens, not long after the Origin was published, a number of strange
objects were unearthed in the pre-Cambrian rocks of Canada. These were identi-
fied by Sir William Dawson, sometime principal of McGill University and doyen
of Canadian geologists, as primitive life-forms, and they were given the name Eo-
zoon canadense, the “dawn animal of Canada.” (O’Brien 1970). Darwin picked up
on this at once, and the discovery duly made its way into later editions of the Ori-
gin, supposedly filling the acknowledged major gap in life’s history. Paradoxically,
although perhaps by now the kind of move you are coming to expect, Dawson—a
lifelong opponent of evolution—also focused on E. canadense, making it the linch-
pin of his case against evolution! He argued that since it occurred isolated from all
of its fellows, it must have been created miraculously and placed in position by
Divine intervention.

As it happens, everybody’s house was built on sand—metamorphic sand. It
was soon discovered that E. canadense is no genuine organism but an artifact of
great heat and pressure on limestone. The pre-Cambrian therefore seemed as
empty as ever before, and this was the way that things lasted right down and well
into the twentieth century. But then the record started to open up in a major
way, taking us back virtually to the (presumed) beginning of life, over three and a
half billion years ago. Moreover, what is really exciting is that the most primitive
organisms seem to be the oldest and that the most sophisticated, those edging
close to Cambrian forms, come in the last of the pre-Cambrian deposits. Nothing
is out of order. What happened where, and who evolved into whom—working
out the path of pre-Cambrian evolution, that is—is of course another matter, and
the fossil record is hardly good enough for that. Here one needs to turn to cellular
and molecular traces, trying to infer past connections and phylogenies. And at
least some of this seems to be possible. One quest has been toward finding the lat-
est common ancestor of all living organisms (the “cenancestor”). It obviously came
fairly early on in the story, and today it is believed that it might have been as long
ago as three and a half billion years, although (showing how crude things still are,
as yet) it might be as recent as two billion years.

One major question about early life history—perhaps the major question—
is about the move from life that is exclusively prokaryotic to life that is also eu-
karyotic. We have seen already that part of what was going on here was probably
the symbiotic coupling of prokaryotes to make eukaryotes. Is there more evidence
of the evolutionary emergence of eukaryotes from prokaryotes, and is there evi-
dence of when and why it happened? There are several suggestive lines of evi-
dence bearing on these questions, with the key factor being oxygen. First of all,

there are the ways in which the two kinds of cells obtain energy: their metabo-
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Life’s history

lisms. Both kinds of cells get energy from glucose, but whereas prokaryotes work
by fermenting their foodstuffs, simply breaking down the glucose, and getting en-
ergy that way, eukaryotes work by respiration, burning the glucose in oxygen,
and thus releasing energy. The second mechanism, respiration, is far more effec-
tive than fermentation, which in itself is suggestive—one has a presumed move
from the less to the more efficient. But more significantly, fermentation and res-
piration are not two completely different mechanisms. The one metabolism, res-
piration, follows on the other, fermentation, by adding on more steps: an oxygen-
using phase. This is just what one would expect were evolution at work: building
on what you have rather than starting anew.

Second, what about the coming of oxygen? We have seen that free oxygen in
the atmosphere cannot have been present when life first formed, for it would have
had a devastating effect on the beginning organic molecules. One would expect to
find therefore, that although eukaryotes need oxygen, the prokaryote story would
be different. As indeed it is. Some prokaryotes can tolerate and even need oxygen

(which is what one might expect if the oxygen-needing eukaryotes are to evolve
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Pre-Cambrian life

from them), whereas for other prokaryotes oxygen is a poison (which is what one
might also expect). But where would the oxygen have come from, if there was
none free at first? Presumably, as today, it would have come through photosyn-
thesis, where organisms free up oxygen from carbon dioxide, thanks to the energy
provided by the sun. And expectedly, we find that some prokaryotes can perform
photosynthesis. This is within the power of the blue-green algae (known as “cya-
nobacteria”), which interestingly and significantly seem to have a metabolism half-
way between that of fermentation (like regular prokaryotes) and respiration (like
regular eukaryotes). Surely pertinently, the cyanobacteria function most efficient-
ly when oxygen levels are around 10 percent, that is, about half of today’s levels.
One presumes that they evolved at a time when the oxygen level was not as high
as it is today, but that they paved the way for the evolution of higher oxygen lev-
el-using organisms.

Finally, what about evidence of the time of the arrival of the eukaryotes and
the rise in the level of oxygen? There are factors relevant to both of these ques-
tions, and they come together with coinciding answers, suggesting that we can
claim to know the whole picture. Larger fossils of a kind one would associate with
cukaryotes are to be found from about one and a half billion years ago, and this is
a point somewhat after the evidence points to the rise in oxygen levels. For in-
stance, uraninite (UO>) oxidizes (to UsOs) in the presence of more than a 1 per-
cent oxygen atmosphere. Predictably, in rocks older than two billion years, uran-
inite is to be found, but it is absent from younger deposits. Conversely, iron rusts
in oxygen. In deposits less than two billion years old, we find iron oxides. These

are missing from earlier deposits.

Some of the most compelling evidence for oxygen scarcity on the early Earth
comes from gravel and sand deposited by ancient rivers as they meandered across

Archean and earliest Proterozoic coastal plains. Pyrite [FeS:—fool’s gold] is com-
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Dramatic evidence that
cyanobacteria function best when
the atmospheric oxygen levels are
half what they are now, suggesting
that cyanobacteria evolved when

oxygen was at half its present level

mon in organic-rich sediments, forming below the surface where HsS produced by
sulfate-reducing bacteria reacts with iron dissolved in oxygen-depleted ground-
waters....

The same is true of two other oxygen-sensitive minerals: siderite (iron carbon-
ate, or FeCOj3 and uraninite (uranium dioxide, or UO>). Neither of these minerals
is found today among the eroded grains that make up sediments on coastal flood-
plains, but both occur with pyrite grains in river deposits older than about 2.2 bil-
lion years.... (Knoll 2003, 97)

Conversely, after 2.2 billion years, we get the deposition of minerals that
can form only in the presence of iron. The bright red sandstones of the Grand Ca-
nyon are a stunning example. “These rocks—called red beds, in the button-down
parlance of geologists—derive their color from tiny flecks of iron oxide that coat
sand grains. The iron oxides form within surface sands, but only when the
groundwaters that wash them contain oxygen. Red beds are common only in sedi-
mentary successions deposited after about 2.2 billion years ago.” Before this date,
there cannot have been more oxygen than about 1% of today’s levels; after this
date, there was at least 15% of today’s levels. The way was being prepared for the
rise of the eukaryotes.

Lots of questions still remain, but the answers are starting to come in. And
importantly, the answers fit together. They are consistent and coherent. A unified
picture of life’s early history is starting to shine through. (See the accompanying
pictures and diagrams.) Charles Darwin, who admitted to so much ignorance,
would have been pleased. We should feel the same way also. Origins are no long-

er quite the mystery that they were once.
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Further Reading & Discussion

I cannot speak sufficiently highly of John Farley’s The Spontaneous Generation Con-
troversy from Descartes to Oparin (Baltimore: Johns Hopkins University Press, 1977).
His knowledge of the science is deep and profound, and his ability to move from
work in one language to the next is simply staggering. He is truly superb on the
developments in our thinking about life’s origins from the seventeenth century
right down to the near present. I have used his translations in my discussion. A
more recent book is a great complement to this older treatment. Iris Fry’s The
Emergence of Life on Earth: A Historical and Scientific Overview. (New Brunswick,
N.J.: Rutgers University Press, 2000) is strong not only on the science but also
on the underlying philosophical elements that enter into people’s thinking about
such a difficult and challenging subject as life’s origins. She is balanced and fair
without being in the least boring.

As I have intimated in the text, the problem with origin of life studies is that
they carry you into areas of science, areas of chemistry particularly, where a
knowledge of regular evolution is not much help. These areas tend to be fairly
complex and thus discussions are difficult to follow unless one has had some train-
ing. An excellent up-to-date overview on the origin of life question can be found
in an encyclopedia to evolution, edited by me and Joseph Travis, Evolution: The
First Four Billion Years (Cambridge: Harvard University Press, 2009). You will be
amazed at the amount of work that is being devoted to the topic. A superb ac-
count of our understanding of life before the Cambrian comes from the pen of
Harvard professor Andrew Knoll, Life on a Young Planet: The First Three Billion Years
of Evolution on Earth (Princeton, N.]J.: Princeton University Press, 2003).

A topic for which I have no room in my main text but which certainly im-
pinges on the subject of the origin of life is that of life elsewhere in the universe.
Did life start here uniquely on earth, or has it occurred again and again through-
out the depths of space? Did life perhaps start somewhere else, and was our planet
seeded from outside? These have been topics of fascination to scientists, philoso-
phers, and theologians ever since the Greeks. An excellent trilogy of works covers
the field. First there is Steven Dick’s Plurality of Worlds: The Origins of the Extrater-
restrial Life Debate from Democritus to Kant (Cambridge: Cambridge University Press,
1982), taking us up to the end of the eighteenth century. Then Michael ]J. Crowe
carries the story through to the beginning of the twentieth century: The Extraterres-
trial Life Debate, 1750—1900: The Idea of Plurality of Worlds from Kant to Lowell (Cam-
bridge: Cambridge University Press, 1986). Finally Dick again, in a truly magnifi-
cent work, deals with the whole extraterrestrial issue in the twentieth century
just gone: The Biological Universe: The Twentieth Century Extraterrestrial Life Debate
and the Limits of Science (Cambridge: Cambridge University Press, 1996). A popu-
lar version is Life on Other Worlds: The Twentieth Century Extraterrestrial Life Debate
(Cambridge: Cambridge University Press, 1998). This is a really wonderful cov-

erage of science and fiction and speculation and much, much more. It is interest-
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ing how the astronomers are so eager to argue for extraterrestrials, including hu-
manlike forms, whereas the evolutionists are much more skeptical. Of course, the
astronomers have an interest in seeing all of those rockets shot off into space. This
is not an interest much shared by evolutionists.
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Chapter S

Two New Sciences at War:

P]acing Ancestors in Time

Overview

T his chapter discusses how the emergence of two new 20th century sci-
ences—ypaleoanthropology and molecular biology—helped to answer the
question of when humans first appeared.

Even before the Origin was published, people were getting excited about the
natural origins of humans. There were all sorts of arguments about the place of
the newly discovered Neanderthals in human development. In the first half of the
19th century, before new sciences emerged, ‘placement’ arguments and discus-
sions could take decades to resolve, if resolution was even possible. Early in the
20th century, however, a new branch of anthropology—paleoanthropology—
looked at skeletal remains and comparative development in order to catalogue
“missing links”. Later in the 20th century, another new science—molecular biolo-
gy—developed techniques for assessing absolute dates with just a few samples in a
laboratory.

Remains of a clear “missing link” was unturned in Java in the late 19th centu-
ry, and the first specimen of Australopithecines was discovered in the early 20th
century. However, for many years things were thrown off course by the greatest
hoax in the history of science, the Piltdown man, supposedly a human-ape type
being, but truly bits of different species put together. Today, back on track, we
have a lot of evidence of human evolution, backed by molecular findings.

What were the causes of human evolution? In the course of answering this
question, beware of thinking that there would be an inevitable progression up to
beings with big brains. Apart from anything else, big brains demand lots of pro-
tein which in the past meant meat, and the need to hunt. No doubt the move to
sociality was a major factor in our past, with the ability to work together fueling
success in food searching and feeding and, in turn, promoting more social behav-
ior.

There are still major disputes about human prehistory. One centers on the

Neanderthals. Did modern humans come out of Africa more than a hundred thou-
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sand years ago and wipe out the Neanderthals, as is claimed by British paleoan-
thropologist Chris Stringer? Or was there a kind of parallel evolution all over the
world relating humans to the Neanderthals, who were part of this picture, as is
claimed by Michigan researcher Milford Wolpoff? This chapter discusses both pos-
sibilities and, as we shall see, the jury is still out.

But in the end man is more than a collection of bones for the paleoanthro-
pologist and chemicals for the microbiologist. What about the evolution of lan-
guage? And consciousness? We can trace a bit of language development using hard
science to watch the necessary skull formation, but language and communication
quickly fall out of the abilities of these sciences. As we progress through this chap-
ter, controversies are uncovered, although no one denies the adaptive significance
of language. Consciousness is still very controversial, due in major part to the fact
that there has not yet been a good philosophical theory about the nature of con-
sciousness. It is hard to explain its evolutionary significance with such a gap in our
understanding. That consciousness has some major value is the assumption of al-
most all evolutionists, but how exactly it occurs and functions is still shrouded in
mystery. So even with the development of new 20th century sciences, Darwin’s
theory of evolution can still lead us to unanswered questions as much today as it
did well over a hundred years ago.

The Role of the Scientific Community

The work of the following scientists is discussed in this chapter. Short, biographi-
cal essays of these individuals appear in Biographies on page 607.

Milford Wolpoff (1942— )

Chris Stringer (1947— )
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Setting the Stage

I n 2003, a group of Australian and Indonesian researchers—their field is
known as “paleoanthropology” because they are students of human evolu-
tionary history—were searching on the island of Flores, part of the Indonesia ar-
chipelago. They were looking for evidence of human (Homo sapiens) migration
from Asia on to Australia. To their incredible surprise, they found specimens in a
cave of little creatures (about half as tall as us humans) with small brains (about
400 cm?, around ape size, compared to human brains of about 1,400 cm? for men
and rather less for women), but with evidence of sophisticated tool use and
hunting ability. (There were remains of dwarf elephants that had been killed and
eaten.) And if this were not enough, radioactive dating put these creatures at
about 18,000 years old. In other words, it seems that at one point, not that very
long ago by evolutionary standards, we modern humans had little cousins who
survived and flourished. It was natural, given that this was just the point when the
movies based on the Lord of the Rings trilogy were appearing to great acclaim, that
the little creatures, whose official name became Homo floresiensis, were quickly
nicknamed the “hobbit” (Brown et al. 2004; Morwood et al 2004; Morwood et al
2005).

Is this the most exciting discovery in evolutionary history since the digging
up of the huge dinosaurs in the American West during the second half of the nine-
teenth century, or is this the biggest mistake since Georges Cuvier declared that
evolution is impossible? There has been no shortage of advocates for both posi-
tions. In favor of the hobbit’s special status are the original discoverers, backed by
a number of leading specialists, most notably Dean Falk (a woman) who is the
world’s foremost expert on fossil brains (she is known as a “paleoneurologist”).
Of course, brains by and large do not stay around to get fossilized. It is the skulls
that remain. But Falk is an expert at filling up the skulls with rubbery material,
which when hardened can be extracted. Then you can start to look at the various

Hobbit
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contours and make inferences about the parts and their functions. More recently,
the paleoneurologists have availed themselves of advances in medical science,
most notably Magnetic Resonance Imaging (MRI) and computerized axial tomog-
raphy (CAT) scanning, which enables them to photograph the insides of skulls and
to make their inferences.

This was all just as well in the case of the hobbit. There are the remains of
nine individuals thus far, but only one has a really good skull ready for study.
Luckily Falk got her hands on a CAT scan of this skull and on the basis of this de-
cided unambiguously that Homo floresiensis is a species different from Homo sapiens

(Falk et al. 2005). Indeed, although she was very cautious on this, she suspected
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(as she still suspects) that it might be very different indeed and that our joint an-
cestors might range quite far back. I speak of “luck” because unfortunately extra-
scientific factors started quickly to intrude into the hobbit story, perhaps no great
surprise given its potential significance and the fact that it was discovered in a
Third World country, naturally jealous of its status and possibly a tad resentful
that First World outsiders (Australians and then Americans) were hogging the
limelight. A leading Indonesian palacontologist, Teuku Jacob, essentially kid-
napped the specimens, appropriating them for his own use and study. They were
returned, but in appalling condition, with cut marks (where rubber casts had been
removed) and, even worse, key bones snapped and then glued together in alto-
gether misleading fashion.Therefore, the anguished cry, quoted at the beginning
of this chapter, by Michael Morwood, one of the key figures in the discovery of
the hobbit. (This comment was reported in the Sydney Morning Herald on March 5,
2005.) Hence, Falk’s luck at getting information on the specimen before it was
damaged.

Where do things stand now, five or so years after the discovery? There is
some very solid evidence that the hobbit is what its enthusiasts claim of it. Falk
thinks that the brain is very distinctive. It is very small, admittedly, but it has fea-
tures that identify it with significant cognitive skills. It may be a brain the size of a
chimpanzee’s, but Falk stresses that it is not the brain of a chimpanzee. Areas and
parts are developed that one associates with powerful mental abilities. For in-
stance, a part of the brain known as the dorsomedial prefrontal cortex, closely as-
sociated with self-awareness, is as developed in the hobbit (despite its generally
much smaller brain) as in humans. In addition to the brain, other parts of the body
also suggest that the creature was significantly different from humans. The arms
and legs are very non-human. The wrist bones, for instance, are much more ape-
like than human-like. In the words of one expert, Matthew W. Tocheri of the
Smithsonian’s National Museum of Natural History, the bones are “basically indis-
tinguishable from an African ape or early hominin-like wrist.” (A “hominin” is a
member of the group Hominini, which contains only humans and chimpanzees
and their ancestors back to the point at which they broke from other lines. There
will be more on this, later in the chapter.)

However, there are many critics who argue that the hobbit is basically little
more than a crippled human. It has been suggested, for instance, by people at the
Field Museum in Chicago, that the hobbits were microcephalic, that is to say peo-
ple with (generally genetically caused) very small brains, usually associated with
various degrees of mental retardation. Falk has challenged this strongly, doing a
comparative study of known microcephalic skulls, arguing that the hobbit brain is
very different. This has not stopped the critics. More recently the claim has been
made that the creature suffered from something known as Laron syndrome. This
is a genetic disorder caused by insensitivity to growth hormone (GH). Needless to
say, this suggestion has not gone down well with supporters of the special and sig-
nificant nature of Homo floresiensis!

There is more to the story, including all sorts of tantalizing tales by the in-
digenous people of the islands about tiny people flourishing in the past, possibly
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surviving to the modern period, perhaps but a century or two ago. Could they
even be hiding out in unknown caves today?! However, we must pull back here
for the point that we need to make has now been made. Homo sapiens is not just
another species. It is our species. Hence any discussion about us and our evolution
is going to be exciting and interesting. It is also going to be fraught with tension.
If the hobbit really is something new, think of the theological implications for a
start! Who was really made in God’s image: us or them? I am not going to answer
this. It is left an exercise for the reader! I want to turn now to what evolutionists
know about our prehistory. I also want to caution that this is not an area where it
is easy for cool logic and hard evidence to prevail. Let us start our story by going
back to the beginning of the nineteenth century.

Essa ly

The Antiquity ofMan

Cuvier set the background position. Although in the eighteenth century there had
been talk of “pongos” and “jockos” and other fabulous creatures, he found no fossil
evidence of humans or humanlike creatures (Greene 1959). We are modern and
appear in Europe after the last catastrophe, which you may remember that Cuvier
identified with Noah’s Flood. This was a conclusion that was welcomed by all, es-
pecially by those who had no intention of admitting anything to the vile evolution-
ary doctrines. People like Adam Sedgwick, Darwin’s old teacher and friend, could
allow that the earth is old with previous now-extinct inhabitants. Humankind
came after all of this, and it is them that the Bible describes and discusses and ex-
plains. Christianity is a story about our relationship with God, and what happened
before is irrelevant with respect to faith and those things that really matter. Pre-
Adamite men are no more supported by science than they are welcomed by reli-
gion.

The first break in this picture came in 1847, when the French customs offi-
cer Jacques Boucher de Perthes described stone tools (axes) found in northern
France in deposits also containing the remains of now-extinct animals (Oakley
1964). This all rather implied that humans go back some considerable time and
that (as he saw it) we may not indeed be the first humanlike species. Boucher de
Perthes’s work, Antiquites celtiques et antediluviennes, attracted little attention for
over a decade. Then, in 1858, the trained English geologists William Pengelly and
Hugh Falconer explored Brixham Cave near Torquay in Devon, also finding tools
and the bones of extinct animals, and rapidly opinion swung toward recognition
of the Frenchman’s achievements. Popular books, including Charles Lyell’s Antig-
uity of Man (1863), together obviously with the acceptance of evolutionism that
was just then occurring at a rapid pace, completed the demolition of Cuvier’s
conservative rejection. Mention has already been made of the fact that Thomas
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The frontispiece of Huxley’s
Evidence as to Man’s

Place in Nature

Henry Huxley at once went to the heart of the evolutionary issue, and, in his Evi-
dence as to Man’s Place in Nature (1863), on comparative grounds he argued strong-
ly for our simian ancestry. It is true that there is more gap between humans and
the nearest ape than between successive apes themselves, but there is more gap
between the highest and lowest apes than between humans and apes. There is no
question but that, as Lyell wrote worriedly in a private notebook, picking up on
the penultimate organism in Lamarck’s evolutionary scheme, we simply must “go
the whole orang.” We humans are part of the primate evolutionary picture.

But what about the “missing link”? Everybody knew what link this referred
to, and everybody knew how important its discovery was going to be. Humans
had evolved, there was no question about that: how and where and when were
the key questions. Darwin and Huxley rather favored an African origin for hu-
mankind. The great apes live now in Africa, and the homologies between them
and us were precisely what these two men were stressing in their efforts to con-
vince people of the facts of human evolution. The more apelike we could be made
or the more humanlike they could be made, the tighter the conceptual links and
the greater the case for evolution as fact. But when it came to paths, most other
people had different ideas. The racist progressionism of the late nineteenth centu-
ry saw white European humans as clearly superior to other races, especially to
blacks. It was argued—by Spencer and his followers particularly—that the colder
climates required more effort to survive than did the warmer climates, and hence
protohumans advanced more rapidly (through Lamarckian inheritance following
effort) in the colder climates than in the warmer climates. So, it was thought by
many that Africa could not have been the home of human evolution—certainly it
could not have led the way.

Asia became the favored origin of humankind—all those grassy steppes
seemed tailor-made for the evolution of humans out of the trees and up onto two
legs. Most influential were Ernst Haeckel’s writings and, inspired by them,
toward the end of the century the Dutch doctor Eugene Dubois found “Java man,”

pieces of a skull with a smaller cranial capacity than today’s humans and yet appar-
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Human evolution

diagram

ently, on the basis of a thighbone also found in the deposit, an upright walker. He
named this being Pithecanthropus erectus, although today we put it in the same ge-
nus as ourselves, Homo erectus as opposed to us, Homo sapiens. Haeckel seized at
once on the significance of Dubois’s discovery, and as can be seen from the dia-
gram given in a little book he penned (revealingly entitled The Last Link: Our
Present Knowledge of the Descent of Man), he had no doubt but that it represented the
very piece of evidence long awaited (Haeckel 1898).

If one were just giving a rational reconstruction of the history of the discov-
ery of human ancestral fossil remains—that is, if with hindsight one were just
looking back at what happened or what one thinks ought to have happened if ev-
eryone were rational (that is, as rational as oneself!)—then one might expect that
the next moves would have been directed to the finding of humanlike fossils even
older than Java man. After all, the chimpanzee in Haeckel’s picture is one of to-
day’s organisms, and no one claims that it was also our ancestor. Rather, the pic-
ture is intended to hint that our ancestor was chimpanzee-like in significant re-
spects. And indeed, history seems to fit this reconstruction rather exactly, for the
next major discovery in the 1920s in South Africa was of precisely an organism
with upright stance but a far smaller brain. Raymond Dart, newly established pro-
fessor of anatomy at Witwatersrand University (in Johannesburg), discovered and
described this animal, informally known as Taung baby (because it was a juvenile)

and officially classified in a different genus from humans, Australopithecus africanus.
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Haeckel’s illustration comparing
the brain of Cro-Magnon man (an
early specimen of modern humans)

with other brains

But, primed by the story of the hobbit, we are now ready to realize that real
history has a nasty way of taking on a life of its own and of not following the path
that rational people think that it should. Dart’s discovery was opposed right from
the beginning, as not at all significant for the story of human evolution. It was not
until the 1940s, when the climate started to change (and there was the discovery
of more fossils, including parts pointing unambiguously to upright walking), that
Dart’s Australopithecus was recognized for the significant finding that it really was.
Why the delay? One major factor clearly was that Dart’s animal came from Afri-
ca, and most informed people were looking to Asia. The thought that we humans
might have evolved in Africa was altogether too horrendous to contemplate.
Taung baby just did not fit in, and anyone who knows anything at all about sci-
ence will realize that prior convictions and expectations are a far more significant
factor in observation than any thing out there in the real world. (That is an exag-
geration, but not too much of one. No one denied that Taung baby existed or that
it had the features that it had. The question was rather about what these features
represented.)

Also there is no doubt but that a lot of people simply did not like the
smooth upward rise that Haeckel showed and that Taung baby would seem to
confirm. There was agreement, of course, that we had evolved and that ultimately
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we had evolved from beings with small brains. But there was a desire to push this
back as far as possible. People did not want to be too closely associated with the
apes—even the Neanderthals were now out of favor and portrayed as highly
brutelike and not all respectably human. Indeed, white people (who were after all
making the running in paleoanthropology) did not want to be too closely associ-
ated with their fellow darker humans and wanted many years of evolution inde-
pendent from other groups. Fortunately, there was what was thought to be good
evidence for this position of long-time separation—evidence that we know now
to be one of the most notorious scientific frauds of all time.

I refer of course to the Piltdown man, or Piltdown Hoax, as it has been
known since it was uncovered in the early 1950s. In southern England, around
1912 (the exact date of first discovery is clouded in mist), an amateur archaeolo-
gist, Charles Dawson, unearthed pieces of skull and jaw that seemed to confirm
that precisely the required sorts of humans had lived and thrived, long before the
present. These were humans with massive brains—virtually as big as ours in
fact—and yet clearly primitive in other respects, particularly in the lower face
and jaw. Conferring authenticity, Arthur Smith Woodward, a curator at the Brit-
ish Museum (Natural History), became involved in the discoveries, as well as the
then-young French priest/paleontologist Pierre Teilhard de Chardin. Quelling

doubters, a year or two later some really major pieces of evidence came to light.

214 * Two New Sciences at War



Piltdown Man

(Supposedly Dawson found these new fossils in 1915, although they were not an-
nounced by Woodward until after Dawson’s death in 1916.)

We now know that it is hardly surprising that Piltdown man had a brain as
big as ours, since the key skull was in fact a human skull! Nor was it surprising
that the lower face was primitive and apelike—the jaw and teeth that were recov-
ered came from an orangutan. The pieces were suitably shaped and stained, and
then the awkward bits (precisely those bits that would cast doubt on the brain and
jaw being from the same animal) were broken off and thrown away. As I said ear-
lier, “anyone who knows anything at all about science will realize that prior con-
victions and expectations are a far more significant factor in observation than any-
thing out there in the real world. (That is an exaggeration, but not too much of
one.)” Exactly.

The remarkable thing about Piltdown man was not that the fraud was even-
tually uncovered but rather that it lasted as long as it did. It really was quite a
crude job. As soon as anyone looked, you could see all sorts of file marks and such
things, including evidence of staining rather than weathering through time. And
this was apart from physicochemical methods of dating materials. It ought to have
been spotted early on, and indeed to their credit some people did always feel that
it was highly and uncomfortably anomalous. But it fit precisely what most people
were after—almost too patly one might say (especially when more relevant bits

appeared almost to order)—and there are none so blind as those determined to
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see. And people were nothing if not this, especially English people, who were
highly sensitive to the proud place that England now possessed in the search for
human ancestors. The Germans might have those nasty Neanderthals, but fair Al-
bion has been home to the greatest prize of all.

The possible identity of the perpetrator of Piltdown has filled more books
than has the quest for the identity of Jack the Ripper—with about as much suc-
cess. On the Internet, I found more information on the topic than I truly need for
one lifetime. To be honest, the identity does not really matter, which I suppose is
part of the attraction. Some of the suggested suspects rather boggle the imagina-
tion—although, unlike the Ripper, no one yet has suggested that the Piltdown ho-
axer was the Prince of Wales. (The hoax may not have been a great work of art,
but it required more energy and gumption than one generally associates with Brit-
ish royalty in the twentieth century.) One far-out suggestion is Sir Arthur Conan
Doyle, the author of the Sherlock Holmes stories. He was a keen spiritualist and
had a keen dislike of scientists who regarded his enthusiasms with contempt.
Hoaxing them all like this would have been very satisfying. But motive alone does
not make for criminal action, nor does opportunity. Teilhard de Chardin has been
fingered by Stephen Jay Gould (1980b). However, as I shall explain later, the ac-
cusation probably tells us more about Gould than about Teilhard, who simply
does not strike one as the kind of man to do something that required such system-
atic deception.

The most recent purported culprit is one Martin Hinton, a curator at the
British Museum (Gee 1996). He has been indicted on grounds of bits and pieces
of supposedly incriminating evidence discovered in his effects after his death. But,
it appears that he cannot have been the sole perpetrator—he was simply not
around at some of the required times—and the evidence may not be what it
seemed. (Particularly suggestive was a discovery in Hinton’s effects of various
chemicals that were needed for “aging” the orangutan jaw, but Hinton’s chemicals
do not match exactly the chemicals used on Piltdown.) General suspicion has al-
ways centred on Dawson, who had a bit of a reputation for being shifty, and prob-
ably this is not far off the mark. Woodward may well have been a dupe—it is in-
teresting to note that his speciality was fish rather than humans.

The story continues and no doubt will continue to continue, so let us return
to the main thread of our tale. Since the acceptance of Australopithecus, the last half
century has seen massive efforts, richly rewarded, in tracing human origins—cen-
tered now almost exclusively in Africa. Thanks to the labors of fossil hunters at
least the equal of the dinosaur hunters of the last century, we now have a reason-
ably good pattern of human evolution back for the last five million years. Our ear-
liest-known, direct ancestor seems to have been Australopithecus afarensis, repre-
sented dramatically both by more complete skeletons than we normally expect—
notably “Lucy,” the woman from Ethiopia—and by footsteps in drying volcanic
ash in Tanzania (Johanson and Edey 1981). The animal was about half our height
or a bit more, with a small ape-size brain of less than 500 cubic centimeters as

compared to a human brain of around 1,400 cubic centimeters for a male and a
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bit less for a female. (The brain size of Australopithecus afarensis was ape size, but
internal casts suggest that it was already not an ape brain. Nor was the hobbit

brain the same as Lucy’s. The hobbit in many respects was far more advanced.)

Most exciting of all, Lucy was undoubtedly and unambiguously bipedal. She
walked up on her own two feet—she did not run around on all fours nor was she
a knuckle walker like the great apes (who can run around very quickly, using their
knuckles for support). Yet at the same time—terrific music in the ears of the evo-
lutionist—it seems clear that Australopithecus afarensis was not as efficient a walker
as are we humans. This does not mean that Lucy was an unstable hybrid, neither
fish nor fowl. To assume so is to fall into the same kind of progressionist thinking
as held sway at the beginning of the century. She was not an item on a directed
line to humans. Had another meteor wiped out mammals two million years ago,
she would still have been just fine. It was just that she was not fully human. And
in fact, slight curvature of the bones of hands and feet suggest that she would have

been much better at tree climbing than we tend to be.
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After Australopithecus afarensis, the line split—some australopithecines went
one way, evolving into more robust forms and eventually to extinction. Others,
more graceful or delicate, went on to turn eventually into the human line, and
down through several species of Homo to our own Homo sapiens. More on us in a
moment, but first what should we believe about life before the Australopithe-
cines? Here, as is well known, have come some of the most dramatic discoveries
and changes of perspective. Until about 20 years ago, the firm conviction of pa-
leoanthropologists was that we humans are a long way from the apes, compara-
tively speaking. It was thought that, probably, one needed to go back about 15
million years or so before one would find a common ancestor with the chimpan-
zees and gorillas and orangutans. Humans may or may not have evolved together
with other groups, but we surely have evolved apart from the rest of creation.

The molecular biologists would have none of this (Pilbeam 1984). They had
developed new techniques for assessing absolute dates, and by comparing the
macromolecules of apes and men, they came to the conclusion that the ape-human
break had to be much more recent—as recent, indeed, as five million years ago,
which is really quite astounding when you think that Lucy is nearly four million
years old. Expectedly these results—offered less as tentative suggestions and
more as firm corrections—did not sit well with people who had spent their lives
finding and interpreting fossils. How dare rank outsiders presume to tell them
their business?! Listen to an eminent physical anthropologist, writing just a decade
ago—mnearly fifty years after Watson and Crick discovered the double helix. “Un-
fortunately there is a growing tendency, which I would like to suppress if possi-
ble, to view the molecular approach to primate evolutionary studies as a kind of
instant phylogeny. No hard work, no tough intellectual arguments. No fuss, no
muss, no dishpan hands. Just throw some proteins into the laboratory apparatus,
shake them up, and bingo!-—we have the answers to questions that have puzzled
us for at least three generation” (Wolpoff and Caspari 1997, 112). It just isn’t fair!
One can hear the plaintive cries of rejection and dismissal.

Fair or not, the molecular biologists won. Now it is accepted that although
the break may be a little older than five million years, it is that order of magni-
tude. Moreover, although the evidence is still ambiguous, it could easily be that
we humans are more closely related to the chimpanzees than we are to the other
apes, the gorillas in particular. (Hence the already-mentioned grouping of Homi-
nini.) Although to our eyes chimps and gorillas may look more alike than chimps
and humans, it could be that we have gone off on our own and the apes (in those
similar-looking respects) have stood comparatively still. Recent fossil findings cer-
tainly suggest that around five or six million years ago, the human-ape line was
probably one. Sahelanthropus tchadensis, which gets its name because it was found
in Chad (Central Africa), is almost seven million years old, and (thus far, we have
only a skull) combines ape-like features (brain case) with some more human-like
features (specifically, teeth and the shape of the lower face) (Brunet et al. 2002).
From Kenya, at about six million years old, we have Orrorin tugenensis. Its bones
suggest strongly that it was bipedal and walked, yet it has ape-like upper features
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(the slant of the neck, particularly) (Pickford et al. 2002). Ardipithecus ramidus ka-
dabba (the third term of this trinomial designates the subspecific classification) was
found in Ethiopia (close by the home of Lucy). It has toe bones that are intermedi-
ate between those of humans (upward tilt to joint surface) and apes (long and
downward curving). It flourished over five million years, although other speci-
mens have been found (and put in a different subspecies, A. r. ramidus) and they
are nearly a million years younger.

Not everything has been put together in a way that satisfies everyone. Nev-
ertheless, no matter what the details, we are a lot closer to the rest of the animal

world than anyone dared think just a few years ago.

Causes

So far I have been talking more about the path of evolution, about phylogenies,
than about causes—something one does rather dread broaching, for the discussion
goes right off the subjectivity-emotion index, time and again. Indeed, one enter-
prising scholar has likened the causal tales told by students of human evolution to
fairy stories, in a rather literal sense. Misia Landau (1991) draws on analyses of
folk tales to show that common patterns keep reappearing. The hero starts in a
happy initial situation that is disrupted by external forces—death or famine or the
like. The hero then sets out on a journey to find salvation or the golden fleece or
something similar and along the way has to struggle with forces and the elements,
sometimes falling but eventually triumphing. So with the story of human evolu-
tion. We were happy apes up the trees in darkest Africa, minding our own busi-

ness and happily surviving and reproducing. Then something happened. A drought
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is a favourite causal factor, and the home we loved was no more. We had to leave
the trees and come down on the plains or savannah. But we were hardly suited to
this, so we had to start evolving in a big way. We needed to be able to run around
on the plain, so we developed bipedalism, jettisoning the now no-longer-needed
adaptations for tree life. At the same time, things were tough out there on the
plain—far more dangerous than up trees. We had to learn to cooperate, to get
along with each other. What better way than through intelligence? So we humans
(or protohumans) started the path up to full-time thinking ability. And now, final-
ly, we have won. We have conquered the tasks set before us and achieved the
goal, full humanhood. Our journey is ended.

Of course, you can run variations on all of this, depending on various fac-
tors. If, for instance, you incline to the view that encephalization (large brain-
edness) preceded bipedalism (two leggedness), then you might well look for ex-
ternal factors other than drought as the stimulae for the initial evolution. Perhaps,
for instance, it was all a question of new or different predators. And some writers
are going to be more daring in their hypotheses than are others. They are going to
be more inventive about the challenges supposedly faced and the solutions suppos-
edly found. But the fairy tale—hero makes epic journey, conquering through tri-
al, and arriving eventually at the promised land—persists. And a moral tale, too,
especially as one can tie in some strands about the white race having had to travel
farther and struggle more decisively than the members of other races—with the
expected results.

But if we know nothing of the wonderful story of Man’s journeying toward his ul-
timate goal, beyond what we can infer from the flotsam and jetsam thrown upon
the periphery of his ancient domain, it is essential, in attempting to interpret the
meaning of these fragments, not to forget the great events that were happening in
the more vitally important central area—say from India to Africa—and whenever
a new specimen is thrown up, to appraise its significance from what we imagine to
have been happening elsewhere, and from the evidence it affords of the wider his-
tory of Man’s ceaseless struggle to achieve his destiny. (Elliot Smith 1924, 79)

Of course, today’s paleoanthropologists deny vigorously that such approaches to
causal factors are faults of which they are guilty. Although all of this may have
happened in the past—undoubtedly did happen in the past—it is no longer true of
today’s work. It is far more objective and value free and so forth. After all, we are
all Darwinian evolutionists now, so talk about “achieving destinies” is simply ruled
right out of court. Darwinian organisms do not achieve destinies. If they are
lucky, they survive and reproduce—for a time.

To which response—that paleoanthropology has changed and that with the
coming of the synthetic theory it has become more scientific, and less simply a ve-
hicle for telling one’s favorite story—one can say that there have certainly been
changes but that whether they are as absolute as some seem to think might be
doubted. There is no question but that more attention is paid to fundamental bio-
logical principles and that new techniques have thrown up all sorts of new ways of
finding pertinent information. But at the same time, values and culture still play a

220 * Two New Sciences at War



major role in the pictures painted and stories told by students of the human fossil
past. Let me not exaggerate. We do know some things now that were not known
before. Thanks to the fossil evidence, we know now that humans came down out
of the trees and that only then did the brain start to explode up to three times its
original size. And we know that there had to be some large selective pressures at
work here, if only because brains take a huge amount of energy to run. Selective
advantages that cows and horses, or chimpanzees and gorillas for that matter, have
not found in their interests (or within their abilities) to follow or satisty. So any
pictures of human evolution that do not fit in with these constraints have to be
false. Of this we can be certain.

But after this, there is huge scope for variation and inventiveness. Probably
climate did have something to do with our leaving the trees and becoming deniz-
ens of the plains, but there are major questions as to why it all happened. Why,
for instance, did the other apes not come down to the ground like us? And what
was it on the plains that made it so attractive to be bipedal? Was it foodstuffs, and
if so what kind? Was it seeds, as has been suggested, and did our hands evolve to
pick and eat these seeds? Or was it the need to move around the plains to find
food that was less evenly distributed than it was in forests? Walking is an efficient
way of traveling—certainly, if the option is going on your knuckles all day, walk-
ing has its virtues (Lewin 1989, 68). One attractive hypothesis (due to Dean Falk
2004) is that being upright protects us from the sun. There are fewer rays that hit
the body if we are vertical than if we crouch or otherwise stand with major parts
of the body exposed to the rays from above.

Move on to about two and a half million years ago. Homo was making its ap-
pearance now, and here we get the first human-made tools as well as the begin-
ning of the really massive expansion of the brain. What is the cause? In the 1960s,
the popular hypothesis was that of “man the hunter.” Little groups of early mem-
bers of our genus would set out hunting with their tools; catch, kill, and cut up
their prey; and then eat it. Brains were needed for this exercise, for obviously we
had to depend on skill for the hunt, not being fast and furious like other mam-
mals, and with the coming of a meat or partially meat diet, brains could grow that
much bigger because meat is a very rich food and can support organs that are high
energy cost. By the end of the 1970s, this hypothesis, at least in its crude form,
was starting to fall right out of favor. In its place was coming the hypothesis of
man as scavenger—early humans just followed around behind big animals, and
when they got into trouble, or when something else killed them, we would move
in to grab our share and more. We were a kind of primate jackal.

In addition, there was now a lot more emphasis on food sharing, and females
started to take a more prominent active role. The hunters (as in modern societies)
were taken almost universally to be male—females therefore had a passive or no-
neffective role in early human life. Shades of Charles Darwin! With scavenging,
and with associated food gathering, it was a whole family activity. Why the new
perspective? At least some of this change of viewpoint was fact driven. Increasing-

ly sophisticated studies of teeth and of bones, for instance, could tell that there
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had to be much more to diet than meat—vegetable matter was very significant.
Then there was work being done on the possible modes of travel and life of the
early hominids—archaeological studies of where they cut up their meat, for in-
stance, trying to work out lifestyles. Did one kill and eat? Or did one kill and
transport and eat? And if the latter, did one kill and cut and transport and eat, or
did one kill and transport and cut and eat? Lots of questions like these, which
were being tackled using molecular and microscopical and comparative and other
studies.

At least some of the change was derived by changes elsewhere in evolution-
ary biology. The whole question of cooperation was becoming a big thing in Dar-
winian studies, and these undoubtedly slopped over into paleoanthropology. I
shall be looking at cooperation in the next chapter so need say nothing here, ex-
cept to remark that (as one might expect) if things get hot in one area of evolu-
tionary biology one expects fully that workers in other areas will take note and
see if there is anything in it for them. And some of the change was simply driven
by ideology. The 1970s was the time when the feminist movement really got up a
head of steam, and in an area like paleoanthropology—which has its full share of
women workers—one could have predicted that “man the hunter” would get little
sympathy. Which it did not! “Woman the gatherer” was an almost perfect coun-
ter—here, if anything, females were doing all the real work of collecting seeds
and other small food stuffs, and men basically parasites, as always (Zihlman 1981).

Scavenging and gathering, a gender-reciprocal, food-sharing hypothesis, was
a natural outcome from this polarization, appealing to those who wanted to ac-
knowledge the significance of the female role in human life and evolution but yet
did not want to relinquish entirely the important role of males in this picture.
Here now we had a happy balance, with both men and women providing food-
stuffs and sharing. What could be nicer? On the one hand, all of that aggressive
stuff about hunting now takes a back seat—at best, we men have a rather low role
in the meat-gathering business. Although one that requires intelligence. A perfect
job for professors, as one might say, rather than for he-men in plaid shirts. On the
other hand, the new male now takes his place along with his mate (there was also
some stuff brought in about the virtues of sexual fidelity), sensitively sharing his
bounty with hers. Those who do not think that such an approach is drenched with
social values are as naive as the people writing it. I am not saying that it is bad. I
am not saying that I could or would want to do better. I am saying that this ap-
proach was the way that it was and looks fair to being for the future.

The Neanderthal Controversy

Let us pick up now on recent human history and on the Neanderthal question.
Homo habilis goes back about two and a half million years; Homo erectus appears
about one and a half million years ago and lasts until about 500,000 years ago, at
which time we start to get the appearance of Homo sapiens, or rather a group of H.

sapiens—like organisms often known informally as “archaic sapiens.” So far, so
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good. Now we put the Neanderthals into the mix. In August 1856, in the once-
peaceful Neander valley in Germany, people unearthed the first identified speci-
men of what came to be known as Neanderthal man. (Thal is the old German
term for valley.) At once there was controversy about the meaning of the find.
These beings slept for a long time but they have not slept since. Are they human?
Some have portrayed them as respectable citizens, hardly distinguishable from the
chap next to you on the bus or subway. Others—including most gloriously the
cartoonist Gary Larson—paint them as hairy hunched monsters, stupid and crimi-
nal, like something from a Boris Karloff movie in the 1930s. Some have seen them
as obvious ancestors, because they are so similar. Others have seen them as too
different and stupid to be other than extinct. And yet others have seen them as
ancestors (of others!) precisely because they are degenerate: “Ferocious gorilla
like living specimens of Neanderthal man are found not infrequently on the west
coast of Ireland, and are easily recognized by the great upper lip, bridgeless nose,
beetling brow with low growing hair, and wild and savage aspect. The propor-
tions of the skull which give rise to this large upper lip, the low forehead, and the
superorbital ridges are certainly Neanderthal characters” (Grant 1916, 95-96).

What we do know is that Neanderthal man appeared about 150,000 years
ago and that he lasted until around 35,000 years ago—found mainly in Europe but
with some in the Middle East. All told we have about 200 specimens, beginning
with that first identified discovery a year or two before the Origin. (I say “identi-
fied” because we now know that there were unappreciated specimens found in
Belgium in 1829 and on Gibraltar in 1848.) Modern humans, that is, Homo sapiens
like us, were at one point thought all to come after Neanderthals, but now the
thinking is that our remains date back almost as far, and there is evidence in some
places that modern humans lived together with Neanderthals without interbreed-
ing—or at least without interbreeding enough to wipe out differences. (About a
decade ago there was the discovery of a new skeleton, apparently a modern hu-
man/Neanderthal hybrid [Duarte et al. 1999]. This does not prove that hybridiza-
tion was common or that the offspring were fertile. And indeed the meaning of
the discovery itself has been hotly disputed. Other factors pertinent to interbreed-
ing will be discussed in a moment.)

How and in what respects were Neanderthals different from us? This ques-
tion reveals much of the difficulty of the whole Neanderthal problem: those who
want to argue that we are descended from Neanderthals tend to minimize differ-
ences, whereas those who argue that we are not descended from Neanderthals

tend to emphasize differences.

His thick neck sloped forward from the broad shoulders to support the massive
flattened head, which protruded forward, so as to form an unbroken curve of neck
and back, in place of the alternation of curves which is one of the graces of the tru-
ly erect Homo sapiens. The heavy overhanging eyebrow-ridges and retreating fore-
head, the great coarse face with its large eye-sockets, broad nose and retreating

chin, combined to complete the picture of unattractiveness, which it is more prob-
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able than not was still further emphasized by a shaggy covering of hair over most of

the body. (Elliot Smith 1924)

At least some of this is pure fancy. Why on earth should Neanderthal man be cov-
ered by shaggy hair like a gorilla? Only in the author’s imagination does this oc-
cur, but once done the Neanderthal comes out that much more apelike and differ-
ent from us.

There are differences, and to be candid if anything these differences are such
as to give rise to the ape-connection perspective. The Neanderthal is more robust
and stronger than we and more significantly does have a face—the lower face par-
ticularly—which sticks out more. However, before you pack up and go home,
thinking that the Neanderthals are definitely more apelike and could not possibly
be our ancestors, I should also mention that if anything their brains tended to be
larger than ours. Hence if brain size is a mark of progress, if anything we repre-
sent a step backward—although, as you can imagine, a good number of people
have jumped in to warn against easy and facial identifications of brain size with in-
telligence. Often these have been precisely the same people who have been happy
to accept and stress the significance of the difference in size between the human
male and human female!

With all of these various issues and prejudices floating around, it is no great
surprise that students of the subject have divided into two major camps. On the
one side, championed particularly by the University of Michigan’s Milford Wol-
poff, we have the “multiregional evolution” model or hypothesis. This sees Homo
erectus as having evolved in Africa—the fossil findings on this seem to be defi-
nite—and then it was this species that traveled far from home, spreading at least
through the old world, into Europe the one way and then toward Asia and up into
China the other way. Once Homo erectus was in place, Homo sapiens emerged about
500,000 years ago or a little earlier—a significant point is that there is going to be
no sharp dividing line and Homo erectus blends gradually into Homo sapiens. Then
Homo sapiens kept on evolving, up through time to the present. By and large the
separate populations kept separate, but there was a certain amount of gene
flow—interbreeding between populations—thus ensuring that the populations did
not go off and evolve into separate species and that there would be a substantial
degree of continuity and uniformity in the form that this evolution took. You fit
into this picture all of the fossil discoveries that have been made, and of course
part of the picture is the Neanderthals being shown as the immediate ancestors of
Europeans. Most Neanderthals are found in Europe, so most Neanderthals are
now represented by modern-day Europeans. There may well be—there surely
will be—some Neanderthal genes in today’s Australian aborigines, but most
Neanderthal contributions end up right in the places where we find their remains.

On the other hand, championed particularly by the British Museum’s Chris
Stringer (2002, 2003), we have the “out of Africa” hypothesis. The beginning part
is the same as the multiregional hypothesis. We start with the origins of humans in
Africa—this was the home of Homo erectus. Moreover, it is agreed that Homo erec-
tus went traveling around the Old World—]Java man shows that that was the case.
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And these populations did go on surviving and evolving, but gene flow was insig-
nificant or nonexistent and so there were different populations, perhaps well on
the way to speciation. Meanwhile, back in Africa about the 500,000 or a bit more
years ago mark, Homo erectus was evolving into Homo sapiens. Then at some point,
around the 100,000 year mark, this population (or perhaps species now) starting
moving out—at least some did, although others stayed at home. This group, Homo
sapiens, spread around the world, and as it did it wiped out the populations of
hominids already living there. How it did so is not in itself a matter of great mo-
ment—it was not necessarily through violence but could have been through dis-
ease or some such thing. Superior technology may have been involved. The point
is that Homo sapiens did take over, and specifically in Europe this meant the end of
the Neanderthals. They did not evolve into us, they are at closest related to us
through Homo erectus, and they are now extinct.

These are very different hypotheses, starkly so, and would seem to lend
themselves readily to test and comparison. One might think one is going to have a
textbook case of science in action here; but, although one does in fact have a text-
book case, it is rather one that shows just how difficult it can be to test and com-
pare rival models, even when they seem unambiguously clear and different. Most
obviously, one has the physical facts, that is, the remains of Neanderthals and the
remains of modern Homo sapiens, and their relationships or nonrelationships. But
as | have pointed out already several times in this chapter, people tend to inter-
pret things in the ways that accord with their own hypotheses. Stringer has started
with a number of modern techniques for classification—initially a statistical pro-
cess known as “multivariate analysis” and more recently a newly refined form of
systematics known as “cladistics”—and he finds clear differences between us and

Neanderthals. He argues that we are not the same, that transitions are rare or
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nonexistent (although note the recent hybrid discovery mentioned above), and
moreover (and expectedly) the real differences come between European Neander-
thals and those Neanderthals found in the near-East and (very rarely) farther
afield. Moreover, using increasingly sophisticated methods of dating, he argues
that we do not find the Neanderthals giving way gracefully as it were to us, but
rather that there is overlap and if anything the two groups evolve in different
ways. Instead of converging as one might expect, the two groups stay apart or
even move farther away from each other.

Wolpoft will have nothing of this. His philosophical remarks quoted earlier
are a warm-up to a knife through the heart of multivariate analysis, something that
we learn he himself had used and discarded (or learnt to regard with suspicion)
long ago. We are told: “Multivariate techniques are attractive because they seem
to give the data an opportunity to speak for themselves. However, there are many
problems with the incautious use of these techniques that stem from a variety of
sources” (Wolpoff and Caspari 1997, 353). And then: “The danger of using multi-
variate analyses to address the human origins issue is that the analysis presupposes
the solution. When you plug your data into a statistical program, you will get an
answer, whether you are using the appropriate statistics or not. It’s like adding up
the diameters of apples and oranges and taking the average. There is an average,
but what is it an average of?” (p. 354). So much for that!

In this molecular age, can one use something from that kind of biology to
throw light on the two hypotheses? Stringer thinks one can and in fact turns to
one of the flashier (that does not seem an inappropriate term) scientific hypothe-
ses of recent years. I refer to the so-called mitochondrial Eve hypothesis formulat-
ed by Allan Wilson and others at Berkeley (Cann, Stoneking, and Wilson 1987).
Mitochondria are parts of the cell, outside the nucleus. They contain genes (DNA)
and are passed on in reproduction. However, the peculiarity is that one gets all of
one’s mitochondria from one’s mother and none from father. By comparing mito-
chondria in different people and by working out the rate of mutation (mitochon-
drial DNA mutates up to 10 times faster than nuclear DNA), one can work back
to how long it has been since people shared the same great- great- and so on
grandmother (the source of the original mitochondria). The amazing finding was
that this female—immediately christened “Eve”—the uniting link for all humans
on earth, seems to have lived less than 200,000 years ago. Now note what this hy-
pothesis does not say and what it does say. It does not say that at one point there
was just one human or hominid female on earth. It does not even say that the hu-
man species went through a major bottleneck with just a few members. It does

say that, although we are all no doubt descended from many people, we are all
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descended from this female. (A good analogy is to think of surnames, in a case in
which women took their husbands’ names and so did their children. Think of four
people: Jim White, Mary Brown, Fred Green, and Ann Black. Jim marries Mary
and they have two sons. Fred marries Ann and they have two daughters. Sons
marry daughters and there are four grandchildren. No bottleneck, all four original
people equally related to the grandchildren, but all of the grandchildren with the
name White. Hence, Jim is the Eve equivalent.)

Stringer seizes on this hypothesis and argues that it proves his point. Around
200,000 years ago we all had a shared ancestor, which means that we all come
from one shared population—just what his hypothesis demands. It was after this
that the migrations around the world began. Wolpoftf is not convinced, contend-
ing that the quality of the work is a bit like the engineer’s classical way of finding
a solution: “Think of a number and double it. The answer you want is half the to-
tal.” In any case, in his opinion, the Eve hypothesis is irrelevant to the debate. The
multiregional hypothesis admits—insists on—gene exchange between popula-
tions. Eve could come at any time. “Only if human groups were isolated after Eve’s time
would her age be of importance. The finding that human populations were connected
by low levels of genic exchanges means any age for Eve could be compatible with
Multi regional evolution because her DNA type could potentially spread through-
out the world at any time” (Wolpoff and Caspari 1997, 309).

What about the archaeological evidence? This is the really dramatic stuff, al-
though by its very nature it is the most tantalizing—how much is lost, how do we
interpret it, and so forth. The more you get away from human beings themselves,
the more subjective things all become. But, the fact is that the evidence from ar-
chaeology—artifacts and so forth—really is very striking and does prima facie tell
strongly for the out of Africa hypothesis. Tools start coming in with the arrival of
Homo. For a long time, these are all pretty crude stone hand tools. What is re-
markable is how little change there is for so long. Then with “archaic sapiens,” we
start to get a significant move in the direction of sophistication. But this is nothing
to what we get 100 thousand years or so ago, and increasing as time goes on, in-
tensifying 50 or so thousand years ago. Tools, materials, decorations, and so forth
are just levels of magnitude above what they were before. It is very tempting to
link this to the arrival of modern humans and to argue that even if there is a little
bit of this among the Neanderthals it is because they copied us. It is even more
tempting, if we can locate the earliest modern complex tools in Africa, because
then there would seem to be some sort of casual connection between tool use and
the subsequent migrations and successes of Homo sapiens (us).

Not that Wolpoff will accept any of this: “Africa may differ from other ar-
eas, but if it does so it is in the extent of its marked regionalization” (Wolpoft and
Caspari 1997, 327).This means that you cannot expect to find, and do not in fact
find, one culture swamping the human population and taking off from there. The
most sophisticated “technologies are local” and moreover “on the whole they do
not seem to reflect particularly more progressive behaviours. These and other si-

milarities to much later industries and technologies are short-lived and disappear,
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hardly the pattern we would expect if they were heralding a new superior, pat-
tern of behavior” (p. 327).

It is starting to be clear that nothing, simply nothing, is going to shift the
protagonists at this point. One move has been to try to extract the DNA of Nean-
derthals and, after sequencing it, to compare it to our DNA (Krings et al. 1997).
This would seem surely to give definitive answers. Unfortunately, not quite so.
The Neanderthal Genome Project has been wonderfully successful—to a quite
ambiguous end! We humans are at least 99.5% genetically similar to the Neander-
thals. Edward Rubin, director of both the Joint Genome Institute and the U.S.
Department of Energy’s Lawrence Berkeley National Laboratory’s Genomics Di-
vision nevertheless concluded: “While unable to definitively conclude that inter-
breeding between the two species of humans did not occur, analysis of the nuclear
DNA from the Neanderthal suggests the low likelihood of it having occurred at
any appreciable level.” Erik Trinkaus of Washington University to the contrary ar-
gued that Neanderthals are extinct because they have bred themselves out of exis-
tence with modern humans: “Extinction through absorption is a common phe-
nomenon.” In other words, the debate about whether we humans drove the Nean-
derthals to non-being by killing them off or by loving them out of existence is ot-
iose. “From my perspective, the replacement vs. continuity debate that raged
through the 1990s is now dead.” (For details see Green et al. 2006; Noonan et al.
2006; Trinkaus 2006.)

In short, the impasse over the Neanderthals continues. But probably this is
nothing very exceptional in science. The number of times that one side simply
collapses and admits that it is wrong is rare indeed in science, as it is rare in real
life. Perhaps the revolution in geology in the early 1960s, when people swung
from thinking that the earth is stable and the continents unmoving over to think-
ing that the continents slide around the globe on big plates (“continental drift”) is
one such case—although there was really no question of two sides persisting.
Rather, almost everyone switched over. In conflicts with two sides such as we
have over the Neanderthals, we get more the persistence of the debate until peo-
ple get tired or one side drops out (through retirement and death) or points on
both sides are brought into an amalgamation in the middle.

Language and Consciousness

We have gone this far in the chapter without yet mentioning what many people—
every philosopher!—would think are the most distinctive and important aspects
of our species: the facts that we can talk and that we are conscious. To a certain
extent this is cowardice, or perhaps prudence, on my part. Language and thought
tend not to get caught in the fossil record, so one had best be silent. But we can-
not be completely silent, nor need we be. As you can imagine, language particu-
larly has got caught up in the Neanderthal debate, with the out of Africa propo-
nents arguing that the key difference between us and the Neanderthals is lan-
guage—we have it and they did not, or at least not to the same extent—and the
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multiregional proponents arguing that this is unproven, untrue, and not needed
anyway!

At least, let me modify things somewhat. No one today who takes evolution
seriously wants to deny that human language is a deeply biological phenomenon,
and no one who is not in some sense a Darwinian wants to deny that language has
adaptive value in communication and so forth and that is why it evolved. Since the
work of Noam Chomsky in the 1950s, it has been realized that languages are re-
lated with a shared “deep structure” and that they are not rational phenomena, but
rather jerry-built, reflecting the constraints of biology and the vagaries of history.
It is true that Chomsky himself opposes Darwinism for language, but his students
and followers have shown precisely how language is the sort of thing put together
by selection (Pinker 1994). But from here on we have difference and debate.

There are at least two ways in which you can approach the question of lan-
guage. First there is the brain itself. This seems to imply that the growth of lan-
guage has been a fairly gradual process, at least it does if you equate brain size
with language ability. However, if you take organization into account, that is, the
parts of the brain actually used in language, the traces left on the insides of skulls
suggest that language may have come in a bound or leap, early on—certainly with
the arrival of Homo erectus, and perhaps even with Homo habilis over two million
years ago. Whatever else seems clear, by the time you get to Homo sapiens, and
this includes Neanderthals, language was in play. It had evolved.

If, second, you go with archaeology, then the implications seem to be that
language came in leaps and bounds. As we have seen, you get the development of
some tools with the first hominids, Homo habilis, a jump with Homo erectus, anoth-
er bigger jump with Homo sapiens, and then things go wild with the arrival of mo-
dern humans. The implication that has been drawn, especially since this does not
reflect brute brain size, is that it reflects developments in language ability. What
really marks us off from others, including the Neanderthals, is the fact that we
have full and complex language abilities, which we use. Of course, you cannot use
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this claim as a piece of evidence independent from others in support of the out of
Africa hypothesis. Already above we have seen appeal to the archaeological evi-
dence in support of the hypothesis. But one can say that it gives an explanation of
what was happening—why it was, in particular, that modern humans were able to
succeed so well culturally and the Neanderthals were not. It was that we had lan-
guage, or rather sophisticated language in a way that they did not. (Note this
point. The claim is not that Neanderthals did not have language—although there
have been those who have claimed just this—but that they did not have the so-
phisticated language ability that we have.)

However you interpret the role of language, every evolutionist agrees that
the explosion of the brain in size had to be essentially adaptive. Whatever the
cost, hominids with bigger brains are better adapted than hominids with smaller
brains. But why? Exactly how the brain works and functions has always been a
matter of significant debate and dispute. Many people today think that computers
are a good analog for brains, and without necessarily making a simple identifica-
tion—the brain is a computer made of meat, as one joker has said—these people
feel that functioning of the brain is much like the functioning of a computer, as
the brain operates somewhat akin to a calculator in processing and using informa-
tion. Extremely popular is the hypothesis that, as with computers, the brain is
built on a somewhat modular pattern. This means that there is no one central
mechanism doing everything all at once, in a generic sort of way, but rather there
are different parts or units that are put together to perform different tasks. Rather
like the components of a Swiss Army knife, they are connected together to make
the whole.

English archeologist Steven Mithen (1996) in a clever synthesizing hypothe-
sis, ties in the modular theory and the growth of the brain with tool use. He
builds on the fact that the growth of brain size was not smooth but jerky, with sig-
nificant spurts about two million years ago and then about half a million years ago.
Mithen suggests that before these events we had a general intelligence (possessed
also by the higher apes), and then came those modules (also possessed by the apes)
for special skills. These focused on social abilities and navigating and understand-
ing the environment. Nothing at this point was very well integrated. With the
first spurt (to H. habilis), came a new module for technical ability. We can infer
this from the existence of the first primitive tools (chipped stones forming hand
axes and the like). What is nevertheless striking is that even though the tools ar-
rived, there was (as noted above) basically no subsequent innovation despite their
being really very limited in scope—mno one used bone and antler, for instance,
even though these substances have virtues that stone does not have. The second
spurt (taking us to H. sapiens) brought far more integration of the various mod-
ules. Now and only now was it possible for sophisticated language and tool use
and culture generally to take off, although even this did not really happen until (as
we saw above) within the last fifty thousand years, or even later.

Of course, none of this addresses the ultimate question, namely, that of con-

sciousness. As you might expect, there are divided opinions on this matter. There
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are those who, even today, want to deny that consciousness has any great biologi-
cal significance. Others, relatedly, feel that consciousness is something very re-
cently acquired, and so it cannot have been a major factor in human evolution.
The average evolutionist, however, particularly the average Darwinian, feels ex-
tremely uncomfortable with such a dismissive attitude. Consciousness seems a
very important aspect of human nature. Whatever it may be, consciousness is so
much a part of what it is to be human that Darwinians are loath to say that natural
selection had no or little role in its production and maintenance.

Whatever position is taken on evolution, no one is denying that con-
sciousness is in some sense connected to or emergent from the brain. The ques-
tion—at least the question that concerns Darwinians—is whether, over and above

the brain, consciousness has some biological standing in its own right. General
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opinion (my opinion!) is that somehow, as brains got bigger and better during ani-
mal evolution, consciousness started to emerge in a primitive sort of way. Brains
developed for calculating purposes and consciousness emerged and, as it were, got
dragged along. Most Darwinians think that at some point, consciousness came
into its own right. Perhaps, then, the causal connection was reversed, and brains
were now dragged along, in order to make bigger and better conscious animals.

This raises the question of what consciousness actually does. Why should we
not just have a nonthinking machine, which does everything? Is consciousness lit-
tle more than froth on the top of the electronics of the brain? Is consciousness just
an epiphenomenon, as philosophers would say? Slowly but positively, brain scien-
tists do feel that they are groping toward some understanding of the virtues of
consciousness, over and above the operation of blind automata. It is felt that con-
sciousness may act as a kind of filter and a guide—coordinating all the information
thrown up by the brain. Consciousness helps to prevent the brain from getting ov-
erloaded, as happens all too often with computers. Consciousness regulates expe-
rience, sifting through the input, using some and rejecting some and storing some.
One important brain scientist, referring to this aspect of consciousness as access
consciousness, writes as follows:

Any intelligent agent incarnated in matter, working in real time, and subject to the
laws of thermodynamics must be restricted in its access to information. Only infor-
mation relevant to the problem at hand should be allowed in. That does not mean
that the agent should wear blinkers or become an amnesiac. Information that is ir-
relevant at one time for one purpose might be relevant at another time for another
purpose. So information must be routed. Information that is always irrelevant to a
kind of computation should be permanently sealed off from it. Information that is
sometimes relevant and sometimes irrelevant should be accessible to a computation
when it is relevant, insofar as that can be predicted in advance. This design specifi-
cation explains why access-consciousness exists in the human mind and also allows
us to understand some of its details. (Pinker 1997, 138)

Still, you might complain that this does not explain consciousness in itself.
Why do we have “sentience,” as we might call it? Why do we have the capacity of
self-awareness? To what was the seventeenth-century French philosopher René
Descartes referring when he spoke of the cogito, as when he said, “I think, there-
fore I am” Why is it that what is essentially no more than a bunch of atoms
should have thinking ability? Why is it that I am able to write now and to think
about what I am doing, and you are able to read what I have written: perhaps
agreeing, perhaps disagreeing, perhaps liking what I say, perhaps disliking what I
say, but certainly reacting in some fashion or another? I am afraid that at this
point, we start to run out of answers. The Darwinian qua Darwinian is reduced to
silence. This is not to deny the existence of consciousness. Anything but! “Saying
that we have no scientific explanation of sentience is not the same as saying that
sentience does not exist at all. I am as certain that I am sentient as I am certain of
anything, and I bet you feel the same. Though I concede that my curiosity about
sentience may never be satisfied, I refuse to believe that I am just confused when I
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think I am sentient at all!” (Pinker 1997, 148). The point is that as a Darwinian,
that is to say as a scientist and an evolutionist, there seems to be no answer. At
least, no answer at the moment.

The psychologist David Chalmers refers to this as the “hard question.”

What makes the hard problem hard and almost unique is that it goes beyond prob-
lems about the performance of functions. To see this, note that even when we have
explained the performance of all the cognitive and behavioral functions in the vi-
cinity of experience—perceptual discrimination, categorization, internal access,
verbal report—there may still remain a further unanswered question: Why is the
performance of these functions accompanied by experience? A simple explanation of the
functions leaves this question open. (Chalmers 1997, 12)

At this time, perhaps it is best to turn to philosophy. Certainly, philosophers
have thought much about the problem. Simplifying somewhat, we find two main
approaches. On the one hand, there are the dualists. This group includes the great
Greek philosopher Plato as well as Descartes, mentioned just above. They argue
that consciousness is something altogether different from physical matter. They
speak of it as being a substance in its own right: in Descartes’s language it was res
cogitans (thinking substances) as opposed to res extensa (material or physical sub-
stances). As the language implies, these people take thought or thinking as the
mark of the substance of consciousness, as opposed to extension, which is the
mark of the material or physical world. On the other hand, there are the monists.
Most famously, there was the seventeenth-century Dutch philosopher Benedict
Spinoza. He argued that when thinking of consciousness, there is no reason to

Two New Sciences at War * 233



Benedict Spinoza

think that one is considering a separate substance. Consciousness, in some way, is
simply a manifestation of the physical world. Spinoza and his modern-day follow-
ers do not want to say that consciousness does not exist, or that it is simply mate-
rial substance in a traditional way. Consciousness is obviously not round, or red,
or hard, or anything like that. Rather, consciousness in some sense is emergent
from or an aspect of material substance. In other words, the notion of material
substance has to be extended, from red and round and hard, to include con-
sciousness.

Most philosophers and scientists today are inclined to monism rather than to
dualism. There have been relatively recent defenses of dualism by philosophers
and scientists, notably by the philosopher Karl Popper and his friend the brain sci-
entist John Eccles (1997). More recently Chalmers (1996) has endorsed a version
of dualism. Since both of these people would have thought of themselves not only
as evolutionists but also as Darwinians, clearly one can hold both positions (dual-
ism and Darwinism) at the same time. But there are serious problems with dual-
ism, particularly about how one gets connections between material and thinking
substance. Having distinguished them so firmly, it is hard to reconnect the two.
For this reason, most Darwinians who think about these sorts of things are in-
clined to some kind of monism, or (as it is often known today) to some kind of
identity theory. They think that body and mind are manifestations of the same
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thing, and that as selection works on one it affects the other, and as it works on
the other it affects the former.

[ hardly need say that all of these suggestions raise as many questions and
problems as they solve. Philosophers and scientists are working hard toward an-
swers and resolutions. But perhaps this is a point at which we might pull back
from the discussion. The important thing from our perspective is that con-
sciousness is a real thing. We are sentient beings. Moreover, consciousness is
surely something subject to the forces of evolution, to natural selection in particu-
lar. More than this perhaps we need not say, or argue. As with the physical
world, take it as a given. It is something wonderful, but commonplace, mysteri-
ous, yet familiar. All of these things and a great deal more. We must recognize
that all inquiry must start at some point, and perhaps here is one such point. No
one ever said that a scientific theory has to explain everything. Although some of
my readers will now themselves be inspired to take up the quest. It will be an

honorable task to set oneself.
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Further Reading & Discussion

A popular account of the hobbit by one of the discoverers is A New Human: The
Startling Discovery and Strange Story of the “Hobbits” of Flores, Indonesia by Mike Mor-
wood and Penny van Oosterzee [New York: HarperCollins Publishers, 2007].

There are lots of good books on human evolution. The Smithsonian Intimate
Guide to Human Origins (New York: HarperCollins, 2007) by science writer Carl
Zimmer is excellent. You can also rely on anything written by Roger Lewin, in-
cluding Human Evolution: An Illustrated Introduction (New York: Wiley-Blackwell,
2004). A wonderfully opinionated account of the discovery of Australopithecus af-
arensis is Lucy: The Beginnings of Humankind by Donald Johanson and Martin Edey
(New York: Simon & Schuster, 1981). It would seem that you need a massive ego
to be a successful paleoanthropologist (student of human origins). Don Johanson,
the man who discovered Lucy, has that and more. The same is also true of Chris
Stringer, who with Peter Andrews is the author of The Complete World of Human
Evolution (London: Thames and Hudson, 2005). Steven Pinker is not only a good
psychologist but also a great writer. His How the Mind Works (New York: W. W.
Norton, 1997) is detailed, informative, and at times very funny. Earlier he had
taken on the question of human language in The Language Instinct: How the Mind
Creates Language (New York: William Morrow, 1994). Later he takes on everyone
in Blank Slate: The Modern Denial of Human Nature (New York: Viking, 2002).

In the text I make a somewhat exasperated comment about the World Wide
Web, but truly for human evolution it really is invaluable. It is great on such top-
ics as Piltdown man, Neanderthals, as well as detailed claims like the “Out of Afri-
ca” and “Multiregional” hypotheses about human evolution. And finally, if you get
tired of bones and egos and disagreements, let me recommend something very
different. The English novelist Angus Wilson wrote a terrific story inspired by
Piltdown: Anglo-Saxon Attitudes (London: Secker & Warburg, 1956). He trans-
forms the fraud into one about archaeology, but his novel is not only a great read
but a penetrating insight into how a fraud might have started as a joke and then
taken on a life of its own. I very much suspect that that is what must have hap-
pened back there at Piltdown. If I had done it, my first emotion would have been
joy at having pulled it off; then horror at the damage I was doing to the subject I
loved so much; and finally rank fear that someone might finger me.
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Chapter 9

Human Sociobiolo(q)/:

Genetic Determinism

Overview

Twis chapter explores social behavior. Darwin himself realized that adaptation
could not just be of physical characteristics, but also had to take behavior into
account. Most interesting and challenging was social behavior, where organisms
seem to help others at the expense of themselves. To Darwin, this was obviously
something that applied particularly to the human species. But how it worked with
natural selection was not fully explored, if at all, until 100 years after the Origin
was published. The exploration of social behavior then became one of the most
exciting areas of evolutionary inquiry.

After Darwin, thanks particularly to the rise of the social sciences, there was
a long period when social behaviour, especially as applied to human beings, was
ignored and downplayed. The rise of the Nazis, with their vile doctrines of genet-
ic behavior, made people very unwilling to discuss such matters. But the work of
the English graduate student William D. Hamilton transformed things. He devised
a number of sophisticated models that helped to explain the whole basis of the
evolution of social behavior, a field now known as “sociobiology.” As soon as peo-
ple started working in the field, a new set of methods were devised. Particularly
important were the ideas of game theory, developed by the English evolutionist,
John Maynard Smith.

A wonderful empirical example of sociobiology in action was furnished by
the English evolutionist Geoffrey Parker who worked on dung flies. Aristotle
once told us that we should never look down on the most humble of organisms,
but see interest and beauty in them all. He was right!

All of these ideas were put together in the most important book on evolu-
tion in the second half of the twentieth century—Edward O. Wilson’s Sociobiolo-
qy: The New Synthesis. This surveyed the field; but, at the same time, tried to carry
ideas further and made provocative suggestions about the importance of looking at
humans from a Darwinian evolutionary perspective.

Social scientists felt deeply threatened by Wilson’s work. Marxists were in-
candescent at the thought that biology might matter, rather than simply social
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conditions, in the development of social behavior. So the battle commenced,
probably generating more heat than light, a fact that the human sociobiologists
would have expected.

Critics or not, sociobiology moves forward rapidly today. In the animal
realm, people like Nicholas Davies work on the mating relationships between
birds; in the human realm Canadian researchers Martin Daly and Margo Wilson
show interesting and important implications by using human sociobiology for un-
derstanding human homicide rates and practices.

The Role ofthe Scientific Community

The work of the following scientists is discussed in this chapter. Short biographical
essays of these individuals appear in Biographies on page 607.

Konrad Lorenz (1903-1989)

John Maynard Smith (1920-2004)

William D. Hamilton (1936-2000)

Geoffrey Parker (1944— )

Sarah Hrdy (1946 )

Nicholas Davies

Martin Daly

Margo Wilson
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Setting the Stage

I n 1978, the eminent Harvard biologist Edward O. Wilson—the world’s

leading authority on the ants—was giving a talk at the annual meeting of the
American Association for the Advancement of Science. Suddenly from the audi-
ence, a man carrying a glass of water dashed up to the podium, emptying it over
Wilson’s head. “There, Professor Wilson,” he screeched to the noisy approval of a
bunch of supporters, “now everyone can see that you really are all wet!” Even
Cuvier, at his most combative, never thought of doing anything like that.

This was but an episode in a war that had now been going on for three years,
pitting Wilson and his team against the opponents, several of whom were eminent
evolutionists in Wilson’s own department of organismic biology at Harvard. They
were fighting over something that Wilson had labeled “sociobiology”: more partic-
ularly, they were fighting over the implications of this sociobiology for our own
human species. Wilson thought it was the most important move in evolutionary
biology since the Origin. His critics, many of whom were Jewish and who loathed
and feared any attempt to seck biological factors in human behavior and under-
standing, thought it bad science, morally reprehensible, and politically dangerous.
If a little cold water could show the world the evil of Wilson’s ways, then so be
it.

Let us go back to Darwin and pick up the story there, bringing it down to
the present and to the implications of sociobiology for understanding ourselves.

Essa ly

Social Behavior

Charles Darwin always recognized that behavior is as important a part of an ani-
mal’s being as is its physical form. Biologically speaking, there is little point in
having the physique of Tarzan if the only thing you are interested in is philosophy!
Right from the beginning, in the Origin, Darwin acknowledged the significance of
behavior and thought it as much an adaptation formed by natural selection as is
any physical feature such as the eye or the hand. Indeed, the very first example
that Darwin gives of selection at work in the Origin is of wolves hunting deer, and
how the different strategies and behaviors might well lead to different physical
features. Moreover, Darwin recognized that some of the most interesting and in-
triguing examples of behavior involve what one might call social behavior, where
instead of working flat out to deprive or otherwise harm a competitor or fellow
struggler for existence, one works to aid or help one’s fellow, especially one’s fel-
low species member. He was particularly interested in the hymenoptera (the ants,
the bees, and the wasps), the paradigm of social animals, and in fact devoted a
whole chapter to their study.
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Now why should social behavior, adaptive social behavior, that is, be partic-
ularly interesting and challenging? A mother feeds her offspring. Surely there is no
real problem here. If a mother does not feed her offspring, they will die. Al-
though the mother may survive, her reproduction is as truncated as if she were
sterile in the first place. Nor is there any real problem when you start to extend
the range of social behavior. In a nest of ants, you find the workers (always fe-
male) helping the group by feeding the young, or going foraging for food, or act-
ing as soldiers by defending the nest, or a number of other activities. The workers

are after all helping their siblings by raising them: also aiding their mother, who is
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the queen of the nest. Why should there be any worry here? Or indeed, why
should there be any worry when an organism helps any fellow species member?
After all, surely selection has the good of the group at heart?

But this is precisely the problem. As we saw in an earlier chapter, in the
eyes of Wallace, the codiscoverer of natural selection, the mechanism did work
for the group. Characteristics, physical and behavioral, work for the group (mean-
ing the species) as much as they work for the individual. In the eyes of Darwin,
however, characteristics are adaptively directed toward the individual only, and
the group not at all (Ruse 1980). The struggle for existence pits lion with lion and
human with human. Group benefits can never come at the expense of individual
benefits. One can circumvent this only if, in some sense, the social behavior—be-
havior, that is, that requires cooperation and working with others and perhaps
even giving to others—benefits the individual. There is little point, for instance,
in a mother harming her daughter—taking all of the food for herself—because
then the mother harms herself. Her own reproduction is blocked. What then of
the social insects, where one finds that cooperation has been driven to such a de-
gree that the workers are sterile, giving their whole lives to the nest? How can
they benefit, who have no offspring of their own?

Darwin was little worried about the sterility per se, for his knowledge of the
agricultural world had shown him how selection can (as it were) work sideways,
promoting desirable features for nonreproductive animals (geldings and oxen and
porkers) through their fertile relatives. Artificial selection is done for our ends.
Who benefits when there is no conscious intention involved? Eventually, Darwin
decided that one could treat the whole hymenopteran nest as a kind of supraor-
ganism, with the sterile members as parts of the whole: they exist rather as hands
and eyes exist, not for their own sakes but for the sakes of the whole. Darwin was
never really comfortable with this, however. But nothing more could be done on
the problem, especially in ignorance of the proper principles of genetics (Richards
1987).

One thing that Darwin did always realize is that a significant—and to us hu-
mans by far the most interesting—social animal is Homo sapiens. We humans have
made sociality our speciality. And Darwin was never loath to get right in there
and speculate. It is true that there is little on this topic in the Origin, but the very
first records that we have of Darwin’s discussing selection (in a private notebook
in the late fall of 1838) has him thinking about human evolution and about how
some people are brighter than others thanks to natural selection! I do not think
that Darwin became an evolutionist because he was obsessed with human be-
ings—unlike quite a few other prominent evolutionists—but there is no doubt
but that he thought that human evolution is an important part of the overall story.
The Descent of Man, published in 1871, was written to deal with human evolu-
tion—with, it will be remembered, a particularly significant causal role being giv-
en to sexual selection.

Darwin made it very clear that our social nature just as much as our physical

nature (the two of course are very much combined) is the result of a selection-
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driven evolution. Some races (Europeans particularly) come out over others be-
cause they did better in the struggle: generally because the winners had a harder
time in the struggle, thanks to the more difficult conditions in Europe than else-
where, as in Africa. Males differ from females because of the different selective
forces: not only do males have different physical characteristics but that they have
different emotional and behavioral characteristics. The classes are stratified be-
cause of selective pressures. Remember how Darwin gives a long discussion of the
virtues of capitalism—just what you would expect from the grandson of Josiah
Wedgwood! And there is much more along the same lines. The Darwinian man is
a social man is a biological man, and that means evolution through natural and
sexual selection. We may have come out on top—Darwin thought that we did—
but we are still part of the whole. In fact, for Darwin, coming out on top is pre-
cisely a matter of being, like everything else, part of the organic world: there was
a race and we won. In this sense, the Darwinian picture is very much part of that
progressivist world vision, set off against the Christian providentialist world vi-
sion, which latter judges us to have won because we were never part of the race
in the first place. For the believer, we humans are the top because God made us

that way, in His image.
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The Long Hiatus

Move the clock forward rapidly, through a hundred years. By the time of the
Origin’s centenary in 1959, evolutionary theory in general had made major strides
forward. Except in the area of behavior, social behavior in particular. It is true
that a number of European workers, the “ethologists,” were working on such is-
sues as mate recognition and honey bee activity, but compared (say) to the activity
in population genetics or systematics, the area was one of neglect. There were a
number of reasons for this. Most obviously, behavior is much more difficult to
study than something like morphology. If you are interested in anatomy, you can
kill your subject, pop it into formaldehyde, and then pull it out and chop it up
when you are ready. Behavior has to be studied on the job, as it were. You can try
experimenting, but it is well known that experimental conditions can affect even
the most basic of activities—consider how difficult it can be to get animals to
breed in zoos (or to stop the breeding of other animals, quite reproductively iso-
lated in the wild). And if you try to study in the wild, then costs and difficulties
arise. It is one thing to study the eye color of Drosophila in the lab and quite an-
other to measure breeding activity in a jungle or a desert.

Then again, going against the study of social behavior, there was the rise of
the social scientists. They were young, insecure, and jealous of their territory.
They were terrified that evolutionary biologists might come down, take over, and
hang out a new shingle: “Evolutionary biology (sociology division).” So they re-
sisted any attempt at a takeover or even collaboration. Studies were done on
white mice or rats, generalized to other animals, and then it was declared that the
uniformity showed that there was no need for a comparative approach! Learning
behavior, for instance, was considered quite outside the evolutionary context. An
animal could learn to avoid or welcome anything, in any way, at any time. The
thought that perhaps one might be more receptive to learning in certain periods
and not others was considered slightly silly. (I write now with some bitterness as
one who was first introduced to foreign languages at the age of eleven, just the
point at which we are now assured the biological door closes firmly shut.)

Then finally there was the human question. Here all sorts of factors worked
against an evolutionary approach. Freud, for instance, was himself quite receptive
to evolutionary ideas (Sulloway 1979). In his seminal works on human sexuality,
he started by stating simply that some people are as they are because of their biol-
ogy—mno need of protective mothers and hostile fathers to do the work. Biology is
self-sufficient. But his followers, from personal ignorance (not trained as was he
in biology) or from arrogance (who needs biologists?) or from avarice (how can
one justify high fees listening to moaning about mother when the genes did it in
the first place?), cut out the biological component almost completely. Then the
social scientists were full of all sorts of progressivist ideas about changing society,
so long as we do the right things. The peak of self-deception was achieved by
Margaret Mead, who, so eager was she to show that our Western sexuality has no
reflection in innate human nature, allowed herself to be the butt of schoolgirl
jokes about Samoan sexuality. Thanks to the influence of such studies (if one
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might so dignify them) as these, it became accepted wisdom that human beings
are infinitely plastic—it is all a matter of the environment.

And as the century went on, hanging over everything was the terrible exam-
ple coming out of Nazi Germany. In that land, there was the claim that humans
are different because of their biology, and from this belief stemmed the most ter-
rible actions and injustices. Jews, gypsies, homosexuals, Slavs, the insane, and
more and more groups were judged biologically inferior and subjected to oppres-
sion and the lack of liberty and ultimately the final punishment, death. Who could
think that a biological approach toward humankind could have any merit whatso-
ever? Even if it be true that biology might play some role, it has to be minor, and
the risks raised by studying it far outweigh any potential benefits. There are some
things that are simply best left alone.

Sociobiology

But things did start to change, and what began as a trickle soon swelled right
out into a torrent. First perhaps came the theory, and this had both a critical side
and a positive side. On the critical side, the 1960s started to see a significant shift
toward a Darwinian approach to (what became known as) the level of selection, as
older assumptions were subjected to withering analysis. At the beginning of that
decade, with very few exceptions, the automatic assumption of evolutionists was
that natural selection could and did work at all levels—for the benefit of the indi-
vidual, the group, or the species. An adaptation therefore might help you person-
ally, or it might be of no value whatsoever to you as possessor but of great worth
to other members of your species. The ethologists never doubted that this might
be the case. Konrad Lorenz (1966) wrote a whole book on aggression, arguing
that in fights between species members, constraint is always shown because other-
wise the species would suffer. A dog will never knowingly kill another dog, be-
cause this would be bad for doggyhood in general. And others thought the same.
A major work on animal population numbers argued that they are regulated by in-
dividuals because otherwise one might have overpopulation—bad for the group
(Wynne-Edwards 1962). You might benefit from one or two more children, but
what if everyone did the same? (There was often an interesting subcurrent, to the
effect that humans uniquely seem not to obey group rules, to the detriment of all.
We have no means of restraining aggression toward fellow humans, and clearly
we cannot contain our sexual passions. We are the naked ape with blood-stained
jaws.)

This was now seen as totally fallacious reasoning (Williams 1966). Natural
selection has no forethought. It acts only in the present. If an organism benefits in
this generation, then so be it, however disastrous the long-term consequences.
Consider two species members, the one of which acts purely selfishly by having
lots of offspring and the other of which acts purely altruistically by having but few
offspring. In the next generation, there will be far more of the selfish member’s
offspring than the altruistic member’s offspring, and so on down the line. Even
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though some 10 or more generations hence it might be better for all were the al-
truist to prevail, by then it would be too late. The selfish member’s offspring
would be the populational norm. The point is that, as Darwin realized, group se-
lection simply cannot work. (In fact, one can show that under certain special cir-
cumstances, a group effect can overwhelm an individual effect, but such cases are
few and far between.)

On the positive side, the early 1960s was just the time when theoreticians
were starting to produce models, showing how individual selection can work and
how in fact one can throw light on interesting problems, hitherto insoluble. For
the point is that social behavior does occur, and animals do show altruistic inclina-
tions and actions toward one another—usually (although not necessarily always)
toward fellow species mates. If one cannot explain this directly through group se-
lection and must therefore rely on individual selection, the question arises as to
how this is to be done. And the answer, obviously, is that one must just show that
in helping others one is helping oneself. Indeed, one must show that one helps
oneself more by helping others than if one did nothing.

Now, in a way, one can follow through fairly directly on this insight. Moth-
ers care for their offspring. Why? Obviously, because the offspring carry on the

mother’s line. (None of this necessarily happens at the conscious level. Rather,
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our genes make us do it.) Or let us put matters another way. Natural selection is
a matter of making sure that one’s units of heredity, one’s genes, are represented
in future generations. I am fitter than you if a higher percentage of my genes get
through rather than yours. But it is hardly a question of my genes as such. Rather,
it is a question of copies of my genes. And thus understood, we can say that a
mother cares for her offspring because, by so doing, she is ensuring that copies of
her genes are transmitted. If the offspring all die without issue, then the genes are
stopped dead.

You can generalize this idea, which is precisely what was done by the En-
glish, then-graduate student William Hamilton (1964a, b). He reasoned that al-
truism—helping other organisms—will always pay if those organisms are bearers
of the same genes as oneself. One is helping one’s own genes in the struggle for
existence, vicariously as it were. Or rather, he reasoned that altruism would pay
if one could do more for one’s genes through such altruism rather than otherwise.
A distant cousin will have only a very small proportion of genes in common with
you. Hence, there is little point in forgoing one’s own reproduction for that cous-
in, unless you can have very few offspring yourself and that cousin can have many
more offspring than otherwise. And this indeed suggests a simple little formula
that governs the altruism relationship: essentially, altruism kicks in only when the
benefit through help, or altruism, exceeds the reciprocal of one’s blood connec-
tion to the beneficiary. As the blood relationship falls away, so it is necessary that
the benefits rise accordingly.

Genius is not always recognized at once. Hamilton’s thesis supervisor
thought so little of his student’s insight that he urged Hamilton not to use it in his
thesis, for fear of failing! But slowly it was seen for the brilliant move that it is.
And what did start the realization of its importance was that Hamilton applied his
idea (known now as “kin selection”) to that very problem that had stymied Dar-
win. How is that hymenopteran workers devote their whole lives to the good of
others, without breeding themselves? Hamilton pointed out that (as was well
known) the hymenoptera have a funny mating system. Whereas females have both
mothers and fathers (they are diploid, meaning that they have the usual paired set
of chromosomes), males have only mothers (they are haploid, having only one set
of unpaired chromosomes). A queen is inseminated but keeps the sperm, some-
times for many years. If an egg is fertilized then a daughter is born, but if an egg is
not fertilized a son is born.

What this means (as you can see from the diagram) is that although mothers
and daughters have the usual genetic relationship of 50 percent (just like humans),
sisters are more closely related than normal (75 percent as opposed to the usual
50 percent). This implies, from a selective viewpoint, that female hymenoptera
are better employed raising fertile sisters than fertile daughters. The altruism that
workers show in the nest is preserved and cherished by natural selection, even
though the workers are sterile! In the case of males, they are 50 percent related to
mothers and to daughters (they have no sons), and so there is not the same urge

to help. Notoriously, male hymenoptera are “drones,” good only for breeding
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purposes. Interestingly (and expectedly), you do sometimes find that “sterile”
workers will lay unfertilized eggs that hatch into drones—this is a move that one
would expect given natural selection.

To give you some idea of how this thinking first met opposition and then
conquered all before it, let me quote to you the full and generous account that
Wilson gives of his first encounter with Hamilton’s ideas. I do not know of quite
anything that gives such a sense of the excitement of scientific ideas or of the way
in which science is no respecter of status, only brilliance. Wilson explains that the
year was back in 1965, and he was on a train carrying him south from his home in
Boston to his field station work in Florida. Keep in mind that Wilson was a Har-
vard professor, in the same department as Jim Watson of double helix fame (Wil-
son got tenure before Watson!), and with good reason thinking of himself as the

great man in insect biology, before whom all must defer.

I picked Hamilton’s paper out of my briefcase somewhere north of New Haven
and riffled through it impatiently. I was anxious to get the gist of the argument and
move on to something else, something more familiar and congenial. The prose was
convoluted and the full-dress mathematical treatment difficult, but I understood his
main point about haplodiploidy and colonial life quickly enough. My first response
was negative. Impossible, I thought; this can’t be right. Too simple. He must not
know much about social insects. But the idea kept gnawing away at me early that
afternoon, as I changed over to the Silver Meteor in New York’s Pennsylvania Sta-
tion. As we departed southward across the New Jersey marshes, I went through
the article again, more carefully this time, looking for the fatal flaw I believed must
be there. At intervals I closed my eyes and tried to conceive of alternative, more
convincing explanations of the prevalence of hymenopteran social life and the all-
female worker force. Surely I knew enough to come up with something. I had
done this kind of critique before and succeeded. But nothing presented itself now.
By dinnertime, as the train rumbled on into Virginia, I was growing frustrated and
angry. Hamilton, whoever he was, could not have cut the Gordian knot. Anyway,
there was no Gordian knot in the first place, was there? I had thought there was
probably just a lot of accidental evolution and wonderful natural history. And be-
cause I modestly thought of myself as the world authority on social insects, I also
thought it unlikely that anyone else could explain their origin, certainly not in one
clean stroke. The next morning, as we rolled on past Waycross and Jacksonville, I
thrashed about some more. By the time we reached Miami in the early afternoon, I
gave up. I was a convert, and put myself in Hamilton’s hands. I had undergone
what historians of science call a paradigm shift. (Wilson 1994, 319-320)

In the spirit of Hamilton, other models were devised showing how sociality
could be preserved given individual selection. The American Robert Trivers
(1971) came up with “reciprocal altruism”: this is a case of “you scratch my back
and I will scratch yours.” Here animals cooperate because they both benefit. The
interesting thing about this kind of situation is that it can cross species boundaries,
and Trivers gave interesting examples drawn from fish, where predatory species
will nevertheless refuse to attack other fish that specialize in cleaning them of par-
asites. The predators get cleaned and the cleaners get a good meal. Both sides
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benefit, which would not be the case if the predators immediately ate the cleaners
(or ate the cleaners after a cleaning).

And the English evolutionist John Maynard Smith (1982) systematized much
of our thinking about social situations by making heavy use of game theory. He
showed how selection can promote certain equilibrium situations, where every-
one gets the most that is possible, given that everyone else is trying to do the
same. These Evolutionarily Stable Strategies are what one finds when one has
mixed populations, with different members trying to achieve their ends by differ-
ent means (or where every member has alternate means to achieve the same end).
Most famously, we have a species consisting of hawks and doves (that is to say,
some members show hawklike behavior and other members show dovelike behav-
ior, where these translate as fighting as opposed to fleeing). A population of
hawks would just tear each other apart, and so a dove would be selectively fa-
vored. A population of doves would never threaten, so a hawk would be selec-
tively favored. But given costs and gains (if the cost of fighting is slight, then being
a hawk is better than if the cost of fighting is heavy), one can show that the popu-
lation will achieve a stable equilibrium at certain ratios—different behavior will
be held in the population by (individual) selection.

Dung Flies

This kind of theoretical thinking stimulated the empiricists: experimentalists
and naturalists. Realizing that one would have to spend much more time in the
wild or more care over experimentation than previously, the new models never-
theless inspired people to try to see if one could measure behavior in action and
draw solid conclusions. One of the most successful workers was the English evo-
lutionist Geoffrey Parker (1978), who made his mark through a series of papers
stemming from his thesis project: the behavior of one of nature’s less prepossess-
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ing members, the dung fly, Scatophaga stercoraria (Ruse 1996, 1999). Parker spent
many long hours in fields, surrounded by herds of cattle, following the brutes
around and waiting for them to defecate. He knew that the flies’ reproductive be-
havior is focused on the waste that the mammals expel and leave behind, and he
soon found that there are standard behavioral patterns followed by male and fe-
male flies. First, it is the males who fly in, looking about for fresh cow pats. Then
the females arrive and are seized by the males, who mate with them vigorously.
After this, the now fertilized females fly onto the pats and lay their eggs. Some-
time later, the larvae hatch and bury down into the cow feces, thus able to feed
abundantly from the rich nutrients within which they find themselves embedded.
It was in the variations and elaborations on these standard patterns that Parker
found much scope for scientific investigation: an opportunity that he exploited to
the full, with diligence and intelligence.

To do science successfully, you need hypotheses to build models. With the
interest in reproductive behavior, Darwin’s mechanism of sexual selection seems
the obvious tool of inquiry. Today, were one to suggest this, there would be no
great surprise. But even forty years ago, this was not so. For the century after the
Origin and the Descent, for all that Darwin himself had championed sexual selec-
tion, it had never been a great success. We saw Wallace’s unsympathetic reaction,
and while few biologists shared Wallace’s enthusiasm for spiritualism (which lay
ultimately behind his rejection of aspects of the mechanism), ever fewer wanted
to credit Darwin with having found in sexual selection a significant factor in evo-
lutionary change. Indeed, it seems fair to say that for the first two-thirds of the
twentieth century, sexual selection (if considered at all) was thought but a minor

and not significant form of the general mechanism of natural selection. But with
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the move to a more individual-based perspective on the working of selection, sex-
ual selection—which is an individual-versus-individual form of selection par ex-
cellence—started finally to come into its own. So perhaps after all it was no great
surprise that, for all that he was working in the late 1960s, Parker’s focus was
very much on sexual selection, particularly on the competition between males,
who in the dung flies outnumber the females by four or five to one.

Particularly interesting and significant was the distribution of the males, who
had to choose a site carefully—fresh pats of dung tend to be far too liquid for
safety—where they could be reasonably sure of finding a female and yet able to
defend themselves against the needs and desires of other males. “Males should be
distributed between zones in such a way that all individuals experience equal ex-
pectations of gain. Hence the proportion of females captured in a given zone
should equal the proportion of males searching there, assuming that all females ar-
riving are equally valuable irrespective of where they are caught” (Parker 1978,
219-220). What made Parker’s work so exciting was the fact that his predictions
about spacing held so exactly: observation and theory differed not at all in any sig-
nificant way. Although the work could not be ended with just one set of findings,
for Parker soon discovered that he was dealing with a fluid situation. As the first
round of mating comes to an end, successful males must now balance their labors
between guarding their females from other males and going off in search of new
females. Hitherto unsuccesstul males, meanwhile, must move from trying to find
mates in their own right to trying to pry females away from successful (copulating
or postcopulating) males.

As time goes by, the cow pats form a skin and thus are less hazardous for the
flies—in particular, females can start moving toward the pats in order to lay their
eggs. One expects therefore that the males will move from a general wide distri-
bution around a field toward the cow pats. Parker found here that theory and
findings were close but not quite as close as before. Perhaps the smells of new
droppings crowd out the smells of older droppings and the males have to adopt
strategies to allow for this: “However, this information about new droppings may
be obtained by spending time in the grass upwind” (p. 225). One important as-
sumption in all of this is that the females are able to sustain and use multiple mat-
ings—a one-time mating with a male does not exhaust a female’s supply of unfer-
tilized eggs. In fact, turning now to experiment in the laboratory, Parker found
that the last male in any mating succession was by far the most successful from an
evolutionary perspective. By sterilizing selected males, by encouraging multiple
matings, and by counting the fertile eggs that females laid, Parker (1970) discov-
ered that an amazing 80 percent of the eggs laid by any particular female were fer-
tilized by the sperm of the last male to mate with her.

It is indeed truly the case that it pays a male to take over a female or—if he
already has a female—to protect her from intruders and competitors. Apparently,
there is a balance between protecting the female one has already and finding an-
other female where one will be the final male: “In conditions of high male density

during reproduction and with mating followed immediately by oviposition, in S.
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stercoraria evolution seems to have favored the optimum active copula duration
with inhibition of separation so that pairing is extended for guarding the female
during oviposition” (Parker 1970, 785).

The Call to Arms

Work like this—theoretically ambitious and predictively fertile and success-
ful—convinced evolutionists that their theory was moving forward rapidly. It is
not surprising that people began to think in terms of synthesis, and in 1975 Ed-
ward O. Wilson attempted just this. But Wilson’s book, Sociobiology: The New Syn-
thesis, was more than just a compilation. It was a manifesto. A call to arms. Speak-
ing of Hamilton’s work as revolutionary, Sociobiology is a flamboyant, oversized
tome with lots of pictures. The title of the first chapter, “The Morality of the

Gene,” sets the tone, and the opening words continue in the same vein:

Camus said that the only serious philosophical question is suicide. That is wrong
even in the strict sense intended. The biologist, who is concerned with questions of
physiology and evolutionary history, realizes that self-knowledge is constrained and
shaped by the emotional control centers in the hypothalamus and limbic systems of
the brain. These centers flood our consciousness with all the emotions—hate,
love, guilt, fear, and others—that are consulted by ethical philosophers who wish
to intuit the standards of good and evil. What, we are then compelled to ask, made
the hypothalamus and limbic system? They evolved by natural selection. That sim-
ple biological statement must be pursued to explain ethics and ethical philosophers,

if not epistemology and epistemologists, at all depths. (p. 3)

Although the pace of the book never slackens, as Wilson warms to his task
the melodramatic language and imagery do recede somewhat. Having first shown
how he sees sociobiology as a natural outgrowth of evolutionary ecology, Wilson
turns to a detailed and comprehensive discussion of the causal factors behind ani-
mal sociality. We get a basic discussion of the principles of evolution and of genet-
ics, coverage of the sorts of models introduced earlier in this chapter (kin selec-
tion, reciprocal altruism, and so forth), and—an area where Wilson himself is a
world expert—much attention paid to methods of animal communication, espe-
cially chemical communication between insects using so-called pheromones (p.
231).

Then, after brief overviews of such topics as aggression, dominance, caste
systems, sexuality, parental care, and the like, Wilson turns to what he obviously
considers the real meat of the book: a survey moving upward through the animal
social world from colonial microorganisms through insects and lower mammals
right up to our own species: “Man: From Sociobiology to Sociology.” And here
we find (as we have surely been led to suspect all along) that the inclusion of
Homo sapiens is no last-minute decision, something done for completeness, as it

were. We humans in a way are the raison d’étre of the whole book.
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To visualize the main features of social behavior in all organisms at once, from co-
lonial jellyfish to man, is to encounter a paradox. We should first note that social
systems have originated repeatedly in one major group of organisms after another,
achieving widely different degrees of specialization and complexity. Four groups
occupy pinnacles high above the others: the colonial invertebrates, the social in-
sects, the nonhuman mammals, and man. Each has basic qualities of social life
unique to itself. Here, then, is the paradox. Although the sequence just given pro-
ceeds from unquestionably more primitive and older forms of life to more ad-
vanced and recent ones, the key properties of social existence, including cohesive-
ness, altruism, and cooperativeness, decline. It seems as though social evolution

has slowed as the body plan of the individual organism became more elaborate. (p.

379)

A paradox, but one that is a challenge rather than a barrier (p. 382). Tearing
into the “culminating mystery of all biology,” namely just how it is that humans
have been able to stem the flow away from social integration, we learn that as hu-
mans evolved away from the apes, they reached a threshold. Arguing consciously
with metaphors drawn from cybernetic thinking, Wilson reasons that at such a
point a kind of feedback situation kicks in. There is suddenly an incredibly rapid
and significant form of evolution, where it is appropriate to apply a kind of auto-
catalytic (self-driving) model of change. In a two-stage process, first humans got
up on their hind legs and walked, thus freeing hands for tool use, and then se-
quentially there was an explosion of brain size with corresponding increase in
mental power. This opened the way to a kind of cultural evolution, which in
some sense takes us humans up and beyond our biology—although only in a
sense, for Wilson makes it very clear that in other senses our biology remains
(and always will remain) very important. If biology does not control the course of
culture directly, then culture feeds back into the biology so that the genes in some
fashion track the social. Either way, today and forever, much that we think and do
is under genetic control—training and the environment are important but never
all-important.

Had sociobiology—as, from now on, we can call the study of the evolution
of social behavior—simply confined itself to the nonhuman part of the animal
world, then although it would have been celebrated in biological circles, one
doubts that it would have been heard of elsewhere. After all, dung flies do not
have the sex appeal of dinosaurs. But with the move to humans, even though (or
perhaps especially though) this was following in the grand tradition of Charles
Darwin himself, it was bound to be controversial. And matters were not helped
by works that followed up on Wilson’s Sociobiology. First, there was a popular ac-
count of the whole new rising discipline, an account coming from the pen of a
young English student of the evolution of social behavior. The Selfish Gene by Rich-
ard Dawkins (1976) was as provocative as it was flamboyant as it was compulsive-
ly readable. Through a brilliant use of metaphor—who can take group selection
seriously after genes have been thus labeled “selfish”?—Dawkins brought home

the moves and developments of this new branch of science in ways more vivid and
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compelling than would have been achieved by thick volumes of normal academic
prose. In fact, Dawkins himself said little about the application of sociobiology to
the human realm. Introducing the idea of a “meme”™-a kind of unit of culture akin
to a gene, a unit of heredity—Dawkins’s discussion of the subject rather suggested
that cultural evolution is something apart from biological evolution. We shall be
talking more later about “memetics” (the science of memes). Here it is enough to
note that Dawkins’s examples in the animal world spoke about things in the same
tenor as did Darwin and (as we shall see in a moment) Edward O. Wilson. You
know perfectly well what he thinks of male/female differences after you learn
that females have two choices in the battle of the sexes: either they can take the
“he-man” strategy, trying to get themselves the strongest and sexiest male, or they
can take the “domestic bliss” strategy, trying to get themselves a mate by provid-
ing the best home life.

If all of this was not enough, Wilson himself then reentered the scene with a
more popular book of his own. On Human Nature (1978), a work for which Wil-
son won the Pulitzer Prize, is an extension of the discussion of the last chapter of
Sociobiology, given to exploring precisely how it is that biology yet impinges on
human consciousness and action. In the case of sexuality, for instance, we learn
that male animals tend toward aggression whereas females toward being “coy” and
to looking for males who will remain and help with child-rearing. “Human beings
obey this biological principle faithfully” (p. 125). Nor is alternative sexuality over-
looked. Perhaps, for instance, homosexuals are like worker ants: they themselves
might not do so very well in the reproductive stakes, so their efforts are diverted
into helping close relatives raise more offspring. Although, of course, all humans

are into some forms of help or altruism: “Individual behavior, including seemingly
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altruistic acts bestowed on tribe and nation, are directed, sometimes very circui-
tously, toward the Darwinian advantage of the solitary human being and his clos-
est relatives” (pp. 158—159). And so we come to religion. This is no afterthought
but is central to Wilson’s conception of the functioning human: “The highest
forms of religious practice, when examined more closely, can be seen to confer
biological advantage. Above all they congeal identity” (p. 188). In belonging to a
group, we find meaning in our lives. At the same time, we further individual self-
interest.

Critical Reaction

Enough! Although Wilson was genuinely surprised at the reactions his work in-
voked, one might say that whatever his other faults (real and imaginary), he was
being dreadfully naive if he thought there would be no response at all. Social sci-
entists surely were going to be made tense, and those for whom any kind of bio-
logical approach to humankind was highly suspect (especially Jews) were going to
react negatively. And this is precisely what did happen, especially in America
where these things were felt somewhat more deeply. Sociobiology, especially the
human variety, was accused of just about every sin under the sun. What gave the
debate—if one can thus dignify an all-out war of words and personalities—a par-
ticularly keen edge is the fact that among the most prominent critics of Wilson’s
vision of sociobiology were several of his colleagues at Harvard, including at least
two in his own department: the molecular geneticist Richard Lewontin and the
paleontologist and soon-to-be-famous popularizer of things evolutionary, Stephen
Jay Gould. They were candid about what drove them. If Wilson’s program
works, then we are right back in the 1930s or earlier.

Just as theories of innate differences arise from political issues, so my own interest
in those theories arises not merely from their biological content but from political
considerations as well. As I was growing up, Fascism was spreading in Europe, and
with it theories of racial superiority. The impact of the Nazi use of biological argu-
ments to justify mass murders and sterilization was enormous on my generation of
high school students. The political misuses of science, and particularly of biology,
were uppermost in our consciousness as we studied genetics, evolution, and race.
That consciousness has never left me, and it has daily sources of refreshment as I
see, over and over again, claims of the biological superiority of one race, one sex,
one class, one nation. I have a strong sense of the historical continuity of biological
deterministic arguments at the same time that my professional mature research ex-
perience has shown me how poorly they are grounded in the nature of the physical
world. I have had no choice, then, but to examine with the greatest possible care
questions of what role, if any, biology plays in the structure of social inequality.

(Lewontin writing in Schiff and Lewontin 1986, xiii)

Human sociobiology was accused of being false. How can one argue for the
significance of the genes when culture clearly changes at rates that far exceed the
speed at which genes can take effect? For instance, the rise, triumph, and fall of
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Islam took less than a thousand years, a mere blink in the evolutionary life of the
genes. There is simply no way in which biology can have been significant in this
event. In any case, there is nothing but ignorance on the part of the human socio-
biologists in their speculations. Who is to say that there are “gay genes,” making
people into homosexuals? And is there any evidence that homosexuals do in fact
help their relatives to have and raise more offspring?

Human sociobiology was accused of being unfalsifiable—a charge not entire-
ly consistent with the one that it is false, but no matter. There is simply no way in

which its flabby claims can be put to check. All exits are covered:

When we examine carefully the manner in which sociobiology pretends to explain
all behaviors as adaptive, it becomes obvious that the theory is so constructed that
no tests are possible. There exists no imaginable situation which cannot be explained;
it is necessarily confirmed by every observation. The mode of explanation involves three
possible levels of the operation of natural selection: 1. classical individual selection
to account for obviously self-serving behaviors; 2. kin selection to account for al-
truistic or submissive acts toward relatives; 3. reciprocal altruism to account for al-
truistic behaviors directed toward unrelated persons. All that remains is to make
up a “just-so” story of adaptation with the appropriate form of selection acting.
(Allen et al. 1977, 24)

The Just So Stories were the fantastical stories made up by the English author
Rudyard Kipling to account for the elephant’s nose and other strange features of
the living world. The critics claim that, just as it is silly to take seriously Kipling’s
claim that the nose resulted from a crocodile’s pulling on a normal nose, so it is
equally silly to take seriously the sociobiologist’s claim about such things as sexu-
ality and religion. No matter what counterevidence you produce, the sociobiolo-
gist will have an answer.

Sociobiology was (and is) accused of being sexist, racist, classist. It is argued
that it is just not true that men are naturally aggressive and women naturally coy
and retiring. This is all in the imagination of the evolutionists, and then read into
nature—at which point it is read right back out and triumphantly held up as ob-
jectively validated! Even if it be true of the nonhuman animal world, the point
about humans is that we are flexible and can escape our biology. No one can deny
that many societies, including our own, treat women as inferior and that even
women internalize this treatment and behave as if they are second in major, desir-
able characteristics to men. But this is culture and biology has no part in it. From
the viewpoint of our genes, it is a level playing field.

Racism is another point of contention. Here, Lewontin—drawing on his ex-
pertise as a population geneticist—has had much to say. And bluntly, the conclu-
sion must be that there is simply no evidence for the broadscale differences sup-
posed by the sociobiologists. “Of all human genetic variation, 85% is between in-
dividual people within a nation or tribe” (Lewontin 1982, 123). Indeed we can
put matters more strongly than this. Suppose there were a world holocaust and
only Africans survived. We would have lost only 7 percent of human variation. In
fact, “if the cataclysm were even more extreme and only the Xhosa people of the
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An African (left) and an Eskimo

compared

southern tip of Africa survived, the human species would still retain 80% of its
genetic variation” (p. 123). Lewontin can hardly deny that some differences be-
tween peoples may have an adaptive basis. Take body shape, a plausible candidate
if anything is. There are (as we know from other animals, including birds) good
adaptive reasons for minimizing surface area in cold regions. “Typically, the Eski-
mo has a large, chunky torso and short limbs, whereas the Dinka of Africa is tall
and thin with very long arms and legs” (p. 128). Yet even this gets guarded treat-
ment by Lewontin: “Although these trends seem to make good sense, there is no
actual demonstration that they subserve greater survival and reproduction” (p.
128). And generally, Lewontin has nothing but contempt for those who would tie
a strong link between human traits and personalities and abilities and our biology,
our Darwinian adaptively shaped biology in particular. Not only can you not sepa-
rate out genetic factors and environmental pressures but the very attempt is
founded on a mistaken view of the way biology and nature interact. Genetic

causes and environmental causes are truly “inseparable” (p. 68).

Classism (thinking social classes are found, not made) also is a major prob-
lem with human sociobiology. “Since the seventeenth century we seem to have
been caught up in this vicious cycle, alternately applying the model of capitalist
society to the animal kingdom, then reapplying this bourgeoisified animal king-
dom to the interpretation of human society” (Sahlins 1976, 101). Darwin himself
led the way, arguing that capitalism is a good thing, because then there will be
people freed from toil and strife and able to devote their time to other things. Of
course, this was grossly self-serving, and for every Darwin who did work there
are a hundred parasites who do nothing for their livings. All that sociobiology
does is give false justification to evil social and civil iniquities. “What is inscribed
in the theory of sociobiology is the entrenched ideology of Western society: the
assurance of its naturalness, and the claim of its inevitability” (p. 101).
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Sarah Hrdy

There was more, but this will give you a good flavor of what things were
about. Looking back, some thirty-plus years later, it all has a bit of a quaint look
about it. There is nothing academics like more than a good fight. After all, this is
what we are paid to do! And I cannot say—I ought not say, since I myself was
right in the thick of it—that there were no good points made or matters of real is-
sue. There is no doubt about it that some of the work produced by the sociobiolo-
gists was sexist, at least as judged by the exacting conditions of political cor-
rectness that prevail in universities today. Wilson and his friends did rather as-
sume that males are naturally superior and that females like it that way, and leave
matters at that. They did jump way ahead of their evidence, and then congratulate
themselves on a hard empirical slog well done. And they were determined not to
let a little counterevidence stand in their way. To be candid, they were deter-
mined not to let a massive amount of counterevidence stand in their way.

On the other hand, they were by no means as guilty as the critics would
claim. Negatively, no one then was always that sensitive about male/female dif-
ferences. Positively, there has long been a tradition in evolutionary studies of tak-
ing a feminist stand, from Alfred Russel Wallace on. Sure enough, sociobiology
produced its own feminist counter. Sarah Blaffer Hrdy argued (in The Woman That
Never Evolved [Hrdy 1981]) that females conceal ovulation, so males do not know
exactly when the females are fertile. Hence, males cannot be assured of the pater-
nity of their social offspring unless they stay around and help. In other words, it is
females who make the running in the battle of the sexes and the males who are
led along on a string. Far from men being on top, it was the women.

In other respects also sociobiologists could clear themselves. It is true that a
lot of their speculations about homosexuals were based on very little evidence,
but how else do hypotheses start? As it happens, a number of people went out and
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worked hard on this very issue, and now there is some considerable evidence
pointing to the fact that there may indeed be genes coding for homosexual orien-
tation (LeVay 1996). And as far as racism is concerned, it is simply not true that
sociobiologists went in for the “blacks got rhythm” sort of thinking. In any case, as
they pointed out, in the twentieth century more harm has been done by those
who think that you can change human nature through social engineering than
through any beliefs in genetic engineering. Certainly, no sociobiologist thought
we were unvariably “genetically determined” to do what we do, as the critics of-
ten claimed.

As it happens, Lewontin has been accused (by A. W. F. Edwards [2003], R,
A. Fisher’s last Cambridge student) of making a gross mistake about statistics—so
much so that it is now referred to as “Lewontin’s fallacy.” It is true that there is
not that much variation between groups, but the variation within groups is clus-
tered, some genes usually go with other genes, and so one can in fact make fairly
sophisticated and reliable judgments about people’s groupings given knowledge of
their genetic makeups. For instance, a recent major study of human variation,
looking at 1,056 individuals from 52 populations, reported: “Of 4,199 alleles
present more than once in the sample, 46.7% appeared in all major regions repre-
sented: Africa, Europe, the Middle East, Central/South Asia, East Asia, Oceania,
and America. Only 7.4% of these 4,199 alleles were exclusive to one region; re-
gion-specific alleles were usually rare, with a median relative frequency of 1.0%
in their region of occurrence.” Putting things another way and seemingly confirm-
ing Lewontin: “Within-population differences among individuals account for 93 to
95% of genetic variation; differences among major groups constitute on 3 to 5%”
(Rosenberg et al. 2002, 2381).

Nevertheless, correlation does play a major factor. Group differences
emerge if you run a cluster analysis across the large sample. People sort into
groups that correspond to ethnic sortings. Specifically, geographic Europeans
come out as one genetic cluster and Africans come out as another genetic cluster.
And as you start to factor in more and more genetic information, the clusters hold
up and divisions get ever finer, continuing to map ever finer ethnic and geographi-
cal groups. By example, the analysis picks out as anomalous a group in Northern
Pakistan. These are the somewhat isolated Kalash, who are believed (by oral tradi-
tion) not to be of the same ethnic background as the rest of their countrymen, but
to have a European or Middle-Eastern origin. This is confirmed by the study. In
short: “Genetic clusters often corresponded closely to predefined regional or pop-
ulation groups or to collections of geographically and linguistically similar popula-
tions” (p. 2384). All of this rather makes a mockery of Richard Lewontin’s (1972)
claim: “Human racial classification is of no social value and is positively destructive
of social and human relations. Since such racial classification is now seen to be of
virtually no genetic or taxonomic significance either, no justification can be of-
fered for its continuance.” At least, even if there are no social reasons for making
such classifications, it does not follow that it cannot be done on a sound scientific

basis. And even the social reasons have come under fire in recent years. With the
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completion of the Human Genome Project, we are learning more and more about
the genetic basis of many diseases and how some of these diseases are far more
common in some groups than in others.

Explicit recognition of the groupings can therefore have immediate and sig-
nificant results for detection and prevention. Extra special efforts are made to de-
tect prostate cancer in African-American men for example. (That some groups do
have atypical potentials for specific genetic diseases is a fact long known. Tay-
Sachs disease, an appalling neurological disorder that leads to very early death, is
far more common in Ashkenazi Jews than in Sephardic Jews or the general popu-
lation. Detection procedures have long been in place. What was not known was
just how common were group specific diseases.)

There are still those who want to keep fanning the flames of controversy.
Philosophers have never been very good at accepting the fact that humans are ani-
mals rather than the special creation of a Good God on the Sixth Day. As a hun-
dred years ago there was a steady stream of works showing that life is a mysteri-
ous force that can never be the subject of physico-chemical inquiry, so today there
is a steady stream of works showing that human sociobiology is impossible. But
for the rest, things have rather subsided now. Indeed, those who keep arguing are
looked upon more with embarrassment than with respect. Quarrels grow old—
they may not be solved, but they get boring. It is true, perhaps trying to distance
themselves from past controversies and reflecting discipline affiliations, human so-
ciobiology tends these days to be called “biological anthropology” or “evolutionary
psychology” or some such thing. So let us now, in concluding this chapter, turn to
the most important question of them all. Criticism and countercriticism, where
stands sociobiology today? Where stands, whatever it may now be called, human

sociobiology today?

The Contemporary Scene

Animal sociobiology has never really been in question, except it has been attacked
as a support for human sociobiology. Let me simply make reference to one cele-
brated piece of research, a study of the dunnocks or hedge sparrows, small birds
that live in the hedgerows and bushes of the English towns and countryside. The
British ornithologist Nicholas Davies (1992) has discovered that they have the
most remarkable set of sexual customs, something that would not be out of place
within the covers of Playboy. They have breeding arrangements that go all the way
from polygyny (where one male will have two or three mates) through monoga-
my to polyandry (where one female will have two or three mates) and even to a
form of polygynandrous relationship (the polite name for group sex, where sever-
al males mate up with several females).

Why? Because then there are selective advantages, given the particular cir-
cumstances. If the situation is such that a male can service two or three mates, and
the food stuffs are there such that the females can benefit from having an alpha

male (or the females and other males cannot prevent the male from acting as he
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Nicholas Davies

does), then we get polygyny. And corresponding reasons for the other sexual ar-
rangements. How can Davies be so sure that he is right? Because he has used the
most modern of molecular techniques, so-called DNA fingerprinting (the very
same that is now used in murder trials), to trace genetic relationships. He finds
that he can track, just about exactly, the time that individual birds spend helping
with offspring with the genetic relatedness of the males to these offspring. A male
who has fathered the whole brood puts in the time to help at the nest—all of his
time if it is his only brood, and proportionately if there are others. Conversely,
other males give no help—except if there was a chance that they contributed to
the brood. Just what one expects given individual selection.

Davies also goes on to discuss the question of parasitism.

The dunnock is a favourite host of the cuckoo in Britain, with about 2% of nests
being parasites. Individual female cuckoos specialize on one host species. Experi-
ments with variously coloured model cuckoo eggs show that the degree of host-egg
mimicry exhibited by the different cuckoo gentes [Gens, plural gentes, means a par-
ticular group or race related by descent.] reflects the degree of egg discrimination
shown by their respective hosts. Unlike other gentes, dunnock-cuckoos do not lay
a mimetic egg, as expected from the fact that, in contrast to other hosts, dunnocks
show no egg discrimination.

Nevertheless, dunnock-cuckoos still lay a distinctive egg, different in shade from
the other cuckoo gentes. Experiments provide no support for predation as an im-
portant selective pressure. Either selection by secondary hosts, or by cuckoos
themselves (for an egg which is cryptic in the nest) may be involved.

It is unlikely that dunnocks accept nonmimetic eggs because rejection is peculiar-
ly costly for them or of less benefit than for other hosts. Experimental parasitism
of species which have no history of interaction with cuckoos shows that before par-
asitism occurs hosts exhibit no rejection of eggs unlike their own. Dunnocks may,
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therefore, be recent victims of the cuckoo, lagging behind in their counteradapta-
tions to a new selective pressure. (Davies 1992, 234)

You can see how questions are asked and solved, using natural selection, in a way
that would have altogether delighted Darwin. Here is an extension of evolutionary
thought—selection-based evolutionary thought—of the most exciting and fertile
kind.

But what about humans? Do we really have any significant scientific ad-
vances, or is it all a question of hypothesis and supposition and wishing? Do we
get anything more than “just so” stories? Let me tell you about one case where the
sociobiological approach really does seem to have paid major dividends. It con-
cerns murder or, as the authors call it, “homicide.” Two Canadian psychologists,
Martin Daly and Margo Wilson (1988), have made an extensive study of homi-
cide: because they are Canadian, they are particularly interested in the differences
between homicide in Canada and homicide in the United States. What fascinates
them—what fascinates Canadians particularly—is that here we have two coun-
tries, with very similar lifestyles, running right next to each other, and yet they
have dramatically different homicide rates. The American rates are four to five
times higher, or even more.

There are some fairly obvious reasons for this, the most prominent being the
availability of guns. By and large, Canadians do not have access to guns, certainly
not to handguns, the means by which so many Americans kill each other off (and,
to be fair, themselves also). But when it comes to certain kinds of killing, even if
the proportions are different, the patterns between Canada and the United States
are similar, chillingly similar. In particular, Daly and Wilson concerned them-
selves with cases of parents killing children. This should not happen in the best-
ordered Darwinian worlds—you are stopping your genes in their path. The psy-
chologists hypothesized that perhaps what was happening was that stepparents
were doing the killing—especially stepfathers (who are the ones more likely to be
living with someone else’s children). And the data proved their hypothesis in an
incredibly strong fashion. “Daly and Wilson found that step parenthood is the
strongest risk factor for child abuse ever identified. In the case of the worst abuse,
homicide, a stepparent is forty to a hundred times more likely than a biological
parent to kill a young child, even when confounding factors—poverty, the moth-
er’s age, the traits of people who tend to remarry—are taken into account” (Pink-
er 1997, 434). Why is this? “Stepparents are surely no more cruel than anyone
else. Parenthood is unique among human relationships in its one-sidedness. Par-
ents give, children take. For obvious evolutionary reasons, people are wired to
want to make these sacrifices for their own children, but not for anyone else.”
The answer is obvious. “The indifference, even antagonism, of stepparents to
stepchildren is simply the standard reaction of a human to another human. It is the
endless patience and generosity of a biological parent that is special” (p. 434).

These are incredible findings. Moreover no one can accuse Daly and Wilson
of twisting the facts to their own end, and even less can you claim that the find-
ings are “obvious” and that you hardly needed a sociobiological perspective to find
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what they found. So remarkably strong were the biases of social science—sup-
porting the belief that biology has nothing to do with family relationships—that
neither in the United States nor in Canada did the authorities keep track of biolog-
ical versus social parental connections. They simply did not know whether step-
parents were more likely to commit violence. Hence, Daly and Wilson had to go
out and gather their own data: data that did indeed prove precisely what they pre-
dicted. Moreover, the findings about stepparental abuse are backed by other find-
ings about the nature of homicide and the people who do commit it far more of-
ten than others. For instance, it turns out that the real killers are young males,
who have little to lose and much to gain by violence—precisely what sociobiology
predicts. The new enthusiasm for locking people up for long periods of time may
indeed have a significant effect on violent crime statistics. It is not that the perpe-
trators are cured by imprisonment or deterred by the threat of punishment. It is
rather that when they get out, they are no longer all that young, with all of that
testosterone pumping through their systems.

One example cannot be definitive. There are other equally stunning pieces
of research and interpretation. For instance, continuing with the topic of the kill-
ing of children, Sarah Hrdy (1999) has looked hard at systematic infanticide, a
practice common in the animal world and also it appears more practiced than
many suppose (or want to acknowledge) in the human world. She points out that
the sex of a child can be very significant when it comes to these things. In India,
for instance, among some castes it was very rare indeed for a baby girl to survive.
Again one asks: Why would this be so? Isn’t there something very non-Darwinian
about killing off your own children? Hrdy points out that the answer to that ques-
tion very much depends on several factors. In particular, there is a well-known
(and solidly supported theorem) about the animal world, the Trivers-Willard hy-
pothesis (1973), that states that high-status females tend to have male offspring
and low-status females have female offspring. The reason is simple. Females al-
most always reproduce, and there tends not to be a huge variation in numbers
that any one female has (there is some variation, but not by orders of magnitude),
but males compete and often just a few have offspring, but these successtul males
often have very many offspring (by orders of magnitude). Reproductively, a good
strategy is to have offspring who are going to succeed. If you are low status your
sons will probably not be great successes, so the better strategy is to go female. If
you are high status, then your sons have better chances of succeeding so the better
strategy is to go male. The coypu, a South American guinea pig-like creature now
overrunning parts of Britain, confirms this theorem precisely. High-status females
abort female fetuses. Low-status females abort male fetuses. This is all done
chemically. In the case of humans, Hrdy argues that we do the same sort of thing
through conscious choice. It is always high-status Indians who practice female in-
fanticide. Low-status females look after their daughters and let the sons fend for
themselves. The same is true in other parts of the world, notoriously China but
also even in Europe among more rural and less sophisticated peoples.

Of course, one or two swallows do not make a summer, but studies like

these are the tip of an iceberg. Human sociobiology, evolutionary psychology, can
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and does work and can throw incredible light on human nature and behavior. Nor
is it easy to see that it is infected with all of the faults that critics found endemic of
early exercises in human sociobiology. It is certainly not sexist, for instance, and
neither is it racist—the figures seem to hold whatever the ethnic group—or clas-
sist—the figures are not affected by poverty, for instance. The work is falsifiable
and as far as one can see, true not false. In short, a paradigm of good work on
problems of social science. Only time can tell whether it will prove to be one of a
very few such studies that really work or whether it will prove to be the norm.
But for the time being, the future looking promising—one might even say

“bright”—for human sociobiology.
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Further Reading & Discussion

A good place to start on the general theory of sociobiology is Richard Dawkins’s
sparkling book, The Selfish Gene (Oxford: Oxford University Press, 1976). I would
call it a popularization but really it is more than that. The metaphors he uses, es-
pecially that of the title, have entered into the scientific discourse and stimulate
researchers into looking at problems in altogether new ways. The human side of
things is the subject of a provocative essay by Edward O. Wilson: On Human Na-
ture (Cambridge: Harvard University Press, 1978), a work for which Wilson de-
servedly won a Pulitzer Prize. I myself wrote a quick survey of the field dealing
not only with the science but with many of the philosophical undercurrents: Socio-
biology: Sense or Nonsense? 2d ed. (Dordrecht, Holland: Reidel, 1986).

I believe that some of the most interesting and significant implications of so-
ciobiology will be for my own discipline of philosophy, especially trying to answer
questions in what is known as epistemology (“What can I know?”) and ethics
(“What should I do?”). In my Taking Darwin Seriously: A Naturalistic Approach to Phi-
losophy, 2nd ed. (Buffalo: Prometheus, 1998), I explore some of these avenues in
a preliminary sort of way. This has been a somewhat controversial book—as I
have already noted in this chapter, most philosophers are not keen on the idea that
evolutionary biology might be the key to unlocking the secrets of their inquiry. So
for somewhat different perspectives, turn first to Daniel Dennett’s racy (albeit ov-
erly long) Darwin’s Dangerous Idea: Evolution and the Meanings of Life (New York: Si-
mon & Schuster, 1995), a book that managed to offend just about everyone (ex-
cept me and Richard Dawkins), so it must be saying something right. Then look at
Unto Others: The Evolution and Psychology of Unselfish Behavior (Cambridge: Harvard
University Press, 1998), a work co-authored by philosopher Elliott Sober and bi-
ologist David S. Wilson. This is a book that tries to resuscitate the notion of
group selection over individual selection, a project in my opinion on a par with
King Canute’s trying to stop the tide from entering. (Unlike Sober and Wilson,
Canute knew that what he was doing was futile and was simply trying to show his
sycophantic courtiers that he was not capable of miracles.) You may end by think-
ing that Sober and Wilson are right and Ruse and Dennett are wrong, but what I
want you to see is how modern philosophers of very different convictions are nev-
ertheless turning to evolutionary biology for insight into their philosophical prob-
lems. I have gathered together many pertinent discussions in a collection, Philoso-
phy After Darwin (Princeton, N.].: Princeton University Press, 2009).

And in a related way, novelists are also looking at evolutionary biology for in-
sights. Enduring Love (Toronto: A. A. Knopf Canada, 1997), by the English Booker
Prize—winning novelist lan McEwan, is a fascinating exploration of sociobiological
ideas. The hero is a science writer who is obsessively tracked by a young man who
suffers from a form of homoerotic obsession known as de Clérambault’s syn-
drome. The story is the account of how the hero reacts to this pressure: not very
well in fact, for he ends up losing his girlfriend and shooting (not fatally) his stalk-
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er. But in the course of the account, McEwan explores the ways in which we are
all in a sense prisoners of our biology, leading half lives midway between reality
and illusion, and how escaping from this state can be dangerous for ourselves and
destructive on our relationships. At the same time, however, McEwan shows how
this escape can move us to acts of true nobility, beyond our animal natures, and
how real love can be achieved. (The title comes from Saint Paul’s First Epistle to
the Corinthians. “Love bears all things, believes all things, hopes all things, en-
dures all things.”)

Finally, I should mention that I discuss McEwan and other creative writers
who have turned in some way to evolutionary thinking for insight in my Darwinism
and its Discontents (Cambridge: Cambridge University Press, 2006).
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Chapter 10

Behavioral Science:
Philosoph)/: Evolution & Thinking About Knowledge
&Mora]jt)/

Overview

I n addition to stimulating and interacting with new scientific disciplines—ge-

netics, molecular biology, paleoanthropology, and other areas discussed in
earlier chapters—evolutionary thinking impacts on philosophy. Charles Darwin
himself realized this, seeing that the mechanism of natural selection has deep and
lasting implications both for what is known as “epistemology”—What can I
know?—and for what is known as “ethics”—What should I do? This chapter ex-
plores how evolution through natural selection leads to new understanding about
human nature and about how a process that seems to be focused just on survival
and reproduction nevertheless tells us much about precisely those things that
make us uniquely human.

There are traditional ways of trying to link evolutionary biology both to our theo-
ry of knowledge (epistemology) and to our theory of morality (ethics). In the
realm of knowledge, the most obvious way simply argues that the units of knowl-
edge—the ideas or concepts that make up our thinking—are in some sense akin
to or analogous to the genes or to individual organisms. Hence just as the latter
struggle with some proving fitter than others, so ideas struggle and some prove
fitter than others. This ultimately is what truth is all about. In the nineteenth cen-
tury, the most prominent supporters of this kind of thinking were the American
Pragmatists. As the twentieth century drew to its close, the best known thinker of
this ilk has been Richard Dawkins, biologist, popular science writer, and new
atheist, who argues that culture divides into “memes,” units akin to the biologist’s

« ”»
genes .

In ethics, there was likewise an analogical transference of ideas from the biological
to the cultural. We have seen that so-called Social Darwinians argued that just as
there is a struggle in the world of organisms, so there is a struggle in the social
world. We saw also that this did not necessarily translate out into all-out combat
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(although it could), because people had different ideas about how humans can
struggle successfully. Again in the twentieth century we had people who wanted
to argue from the biological analogically to the social, finding ethical norms in the
process. One who thought this way was Julian Huxley, the grandson of Thomas
Henry Huxley. He wanted to promote large technological enterprises in the name
of evolution. Another today is Edward O. Wilson. On the basis of evolution, he
argues for what we now call an ecological ethic.

Beneath both traditional evolutionary epistemology and evolutionary ethics lie
major assumptions about the progressive nature of evolutionary change. It is not
something meandering meaninglessly, but directed, going from the simple to the
complex, from the valueless to the value-full. Stephen Jay Gould was one of many
who find this assumption about the evolutionary process to be very dubious and

ill-supported.

Progress supporters fight back vigorously. Some, like Julian Huxley and Richard
Dawkins, invoke the idea of an arms race. Perhaps organisms are caught in ongo-
ing battles, with ever-more sophisticated adaptations arising in response to the at-
tacks of opponents. Thus progress occurs as a result. Others, like the Cambridge
paleontologist, Simon Conway-Morris, argue that, through Darwinian-fueled evo-
lution, organisms climb up into ever-higher niches and thus progress occurs. As
we shall see both of these approaches have obvious weaknesses.

Perhaps a more profitable approach to a Darwinian-based philosophy starts with
considering the human brain as a product of natural selection. Could it be that our
very ways of thinking are themselves adaptive and thus promoted by natural selec-
tion? A number of evolutionary psychologists think just this, although the whole
approach has been severely criticized by the Christian philosopher Alvin Plantinga.
He thinks the entire program is flawed and he would have us go back to God for

justification.

A number of philosophers, including the author, think that Darwin’s theory can
likewise be applied to moral thinking. We are moral simply because this is adap-
tive. Humans are social animals and need such an adaptation to get on with each
other. This possibly means that ultimately there is no justification for morality,
but it does not mean that we can immediately go out and do bad things. Psycho-
logically this is not possible. Our nature, as shaped by natural selection, saves us
from the implications of our skeptical philosophy.

The Role ofthe Scientific Community

The work of the following scientists is discussed in this chapter. Short, biographi-
cal essays of these individuals appear in Biographies on page 607.

Alvin Plantinga (1932— )

Daniel Dennett (1942— )

Simon Conway-Morris (1951 )



Setting the Stage

N onsense.”

Well, that tells you in no uncertain terms what the well-known philosopher
Daniel Dennett thinks of an attempt by Edward O. Wilson and me at explaining
human moral thinking and behavior in terms of evolutionary principles! Fortu-
nately, we have the courage of our convictions or, if you prefer another interpre-
tation, we are totally insensitive to well-founded criticism. Either way, we remain
convinced that evolutionary thinking has great implications for our understanding
of humankind—specifically those aspects of human nature that traditionally have
attracted the attentions of philosophers. I refer to the theory of knowledge,
known technically as “epistemology,” and the theory of morality, otherwise
known as “ethics.” In this chapter I want to look at some of the thinking on these
topics, as is my custom, using history to bring us to the present. Now we have
reached the stage of the discussion where I am a fairly active participant. I am not

going to conceal my views, but the chief aim is to introduce you to the field.

Essa ly

Traditional Perspectives

Charles Darwin was no philosopher, but thanks to the upper-middle-class educa-
tion that he received, he was well versed in philosophical issues. He had read Pla-
to as an undergraduate, and by the time he was working on his theory of evolu-
tion, he knew the works of the British empiricists like Locke and Hume, not to
mention some of the continental thinkers. His older brother, Erasmus, was a
man-about-town in London when Charles returned from the Beagle voyage.
Through his brother, Charles met literary and philosophical figures of the day, en-
couraging him to dig more deeply into the great issues. It is hard to say how much
he kept up with these sorts of things through the years. More and more, Darwin
became science-obsessed, admitting that he was leaving literature and culture gen-
erally behind. But when things were important, he was prepared to swing out and
read more widely. Certainly by the time he came to write The Descent of Man in
1871, Charles Darwin’s reading was broad enough to include Immanuel Kant’s
Metaphysics of Morals.

Philosopher or not, Darwin never deviated from the rock-solid conviction
that his theory of evolution was important for an understanding of both epistem-
ology and of ethics. “He who understands baboon would do more toward meta-
physics than Locke.” (Notebook M 84, Barrett et al, 1987) As it happens, he left
little more than a few suggestions about the relevance of evolution for thinking
about epistemology. In the Descent, he did treat ethics at some length, although
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(perhaps expectedly) he was more interested in the evolution of the ethical sense
itself rather than in the foundational questions that more philosophical thinkers
tend to focus on. For this reason, rather than staying with Darwin for his own
sake, it will make more sense to offer a more general discussion of the themes,
referring back to Darwin as and when pertinent.

This approach being adopted, what can be said is that there are (probably ex-
pectedly) parallels between evolutionary approaches to epistemology and evolu-
tionary approaches to ethics. In particular, both in epistemology (theory of knowl-
edge) and in ethics (theory of morality) we see two different ways of tackling the
issues, and in both cases one way is more metaphorical and one way is more liter-
al. As it happens, I am inclined to think that in both cases the metaphorical is rath-
er less satisfactory than the literal, although I rush to qualify by saying that (unlike
some, for instance philosopher Jerry Fodor) my objections are not to using meta-
phor as such but because of other issues that I shall detail and examine. Since the
metaphorical way is the more traditional, I shall start there. I will follow the usual
pattern of starting with epistemology; although, as it happens (the great Scottish
philosopher of the eighteenth century, David Hume, being the notable example),
however philosophers may present their results, often their interests are sparked
by moral issues and it is only later that they work backwards to problems of

knowledge.



Science as a Struggle

The traditional or metaphorical way of applying evolutionary theory to an under-
standing of knowledge is to regard the ideas of the subject as if they were organ-
isms, and then to bring Darwinian selection to bear on the topic. Basically, one
sees a struggle for existence between ideas and the winner emerges. That is what
truth is all about. Darwin did not develop this at all, but he certainly adopted a
variant of it in the Descent:

The formation of different languages and of distinct species, and the proofs that
both have been developed through a gradual process, are curiously the same. But
we can trace the origin of many words further back than in the case of species, for
we can perceive that they have arisen from the imitation of various sounds, as in al-
literative poetry. We find in distinct languages striking homologies due to commu-
nity of descent, and analogies due to a similar process of formation. The manner in
which certain letters or sounds change when others change is very like correlated
growth. We have in both cases the reduplication of parts, the effects of long-con-
tinued use, and so forth. The frequent presence of rudiments, both in languages
and in species, is still more remarkable. The letter m in the word am, means I; so
that in the expression I am, a superfluous and useless rudiment has been retained.
In the spelling also of words, letters often remain as the rudiments of ancient forms
of pronunciation. Languages, like organic beings, can be classed in groups under
groups; and they can be classed either naturally according to descent, or artificially
by other characters. Dominant languages and dialects spread widely and lead to the
gradual extinction of other tongues. A language, like a species, when once extinct,
never, as Sir C. Lyell remarks, reappears. The same language never has two birth-
places. Distinct languages may be crossed or blended together. We see variability
in every tongue, and new words are continually cropping up; but as there is a limit
to the powers of the memory, single words, like whole languages, gradually be-
come extinct. As Max Miiller has well remarked: “A struggle for life is constantly
going on amongst the words and grammatical forms in each language. The better,
the shorter, the easier forms are constantly gaining the upper hand, and they owe
their success to their own inherent virtue.”

To these more important causes of the survival of certain words, mere novelty
may, I think, be added; for there is in the mind of man a strong love for slight
changes in all things. The survival or preservation of certain favoured words in the

struggle for existence is natural selection. (Darwin 1871, 1, 60)

This is less to do with knowledge as such and more with language. Others in
the nineteenth century who made more of the analogy, explicitly extending it to
knowledge, included the American pragmatist Chauncey Wright not to mention
Herbert Spencer. (Spencer’s writings are so voluminous and varied that it would
be odd if one did not find, somewhere within them, some ideas on anything and
everything.) It has been in the twentieth century however that people have made
much more of this kind of thinking. I should say that the general tendency has
been to focus almost exclusively on scientific knowledge. This is probably a legiti-
mate thing to do. Religious questions aside—these are the topic of the next and
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final chapter—scientific knowledge with good reason is usually held to be the fir-
mest and most reliable knowledge that we have. If evolutionary ideas do not apply
here, then they probably do not apply anywhere. The English-born philosopher
Stephen Toulmin has been at the forefront of this kind of thinking:

Science develops... as the outcome of a double process: at each stage a pool of
competing intellectual variants is in circulation, and in each generation a selection
process is going on, by which certain of these variants are accepted and incorporat-
ed into the science concerned, to be passed on to the next generation of workers
as integral elements of the tradition.

Looked at in these terms, a particular scientific discipline—say, atomic phys-
ics—mneeds to be thought of, not as the contents of a textbook bearing any specific
date, but rather as a developing subject having a continuing identity through time,
and characterized as much by its process of growth as by the content of any one
historical cross-section... Moving from one historical cross-section to the next, the
actual ideas transmitted display neither a complete breach at any point—the idea of
absolute ‘scientific revolutions’ involves an over-simplification—mnor perfect repli-
cation, either. The change from one cross-section to the next is an evolutionary one
in this sense too: that later intellectual cross-sections of a tradition reproduce the
content of their immediate predecessors, as modified by those particular intellectu-
al novelties which were selected out in the meanwhile—in the light of the profes-
sional standards of the science of the time. (1967, 465—6)

Another who subscribed to the position was the Austrian-born philosopher,
long a professor at the London School of Economics, the late Karl Popper. He is
well known for his claim that the mark of genuine science is that it be falsifiable,



Karl Popper

that is to say that it leave itself open to check and to possible refutation. Areas like
Freudian psychoanalytic theory, argued Popper, will never let the evidence show
them wrong. Hence they are not genuine scientific theories. Theories of physics
and chemistry will let themselves be shown wrong—look at what happened to
Newtonian mechanics—hence they are genuine science. Popper argued that this
theory of falsifiability is essentially Darwinian. You start with a problem, you offer
a tentative solution to this problem, a bold conjecture, you open it up to check
and if need be rigorous refutation, and then you find yourself with this solution or
more likely a modified problem on your hands.

Pi—TS— RR— P,
It is easy to see how things could get even more Darwinian if you offer two tenta-
tive solutions TS; and TS to the same problem and then let them fight it out—Ilet
us say Darwin’s theory of pangenesis and Mendel’s theory to explain heredity.

A number of historians of science have seized on this evolutionary philoso-
phy with some enthusiasm. David Hull, for instance, has written a deeply insight-
ful book, Science as a Process, about a major clash that occurred over biological clas-
sification in the 1970s. On the one side, were ranged the traditionalists like Ernst
Mayr, the so-called “evolutionary taxonomists,” who argued that classification
should recognize evolution in all of its facets. Although it may be historically that
birds and crocodiles are close, it would be silly to put them together. Birds and
crocs have gone off in such different ways. On the other side were the phyloge-
netic taxonomists, better known as “cladists.” (Brief mention was made of them in
the discussion of human evolution.) Followers of the German taxonomist Willi
Hennig, author of Phylogenetic Systematics, they argued that history is all. They de-
vised certain quasi-empirical techniques for making divisions and groupings and

went from there. (I say quasi-empirical because, although the techniques were
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Cladism in action. The upper
classification, putting Eagle and Sparrow
together, is prgférred because it

hypothesizes only one move to feathers.

based on reality, they were then formalized into rules allowing no exceptions. For
instance, the only information allowed about different species was when one
group split into two. Change within a line was not acknowledged nor was it al-
lowed that a split might be three ways or more. Generally, change did come with
splitting and in most cases splitting was into two, but this was legislated rather
than confirmed empirically.)

The cladists won, decisively. Like an Egyptian plague, they left nothing in
their path. Today, if you want to do taxonomy, you do phylogenetic taxonomy.
This is the way that things are. Mayr is dead, metaphorically as well as literally.
Hull shows in great detail how this happened. There were some things that
helped. The coming of computers in an easy-to-use fashion was very important.
Cladism lends itself to numerical techniques, counting characteristics and so forth,
and computers let you grind up the information in large quantities, do the boring



calculations, and spew forth the results quickly. An intuitive assessment, based on
years of experience, is helpless before a graduate student with a print out. The
cladists also helped themselves. They got into positions of power—in a way tak-
ing a leaf from the book of people like Mayr, who in the 1940s and 1950s had got
themselves plum university posts as part of the campaign to upgrade evolutionary
studies—and used that power ruthlessly. They took over the journals like System-
atic Zoology and made sure that theirs were the voices heard. And they did so
much more. If you want to see nature red in tooth and claw, read Hull’s book—a
work I might add that was published at considerable personal sacrifice because af-
ter it appeared several of the main figures in the story, formerly friends of the au-
thor, appalled that their behavior was now public, immediately cut off all social
and professional interaction.

There are variants on this approach to epistemology. One recent form that
has garnered much attention is that of “memetics,” based on an earlier-mentioned
suggestion by Richard Dawkins at the end of The Selfish Gene. Could it not be,
wondered Dawkins, that culture has something equivalent to the units of heredity
in biology? Is it possible that, corresponding to the genes, culture might contain

its units of heredity, things that Dawkins called “memes?”

The gene, the DNA molecule, happens to be the replicating entity that prevails on
our planet. There may be others. If there are, provided certain other conditions
are met, they will almost inevitable tend to become the basis for an evolutionary
process.

But do we have to go to distant worlds to find other kinds of replicator and oth-
er, consequent, kinds of evolution? I think that a new kind of replicator has recent-
ly emerged on this very planet. It is staring us in the face. It is still in its infancy,
still drifting clumsily about in its primeval soup, but already it is achieving evolu-
tionary change at a rate that leaves the old gene panting far behind.

The new soup is the soup of human culture. We need a name for the new repli-
cator, a noun that conveys the idea of a unit of cultural transmission, or a unit of
imitation. ‘Mimeme’ comes from a suitable Greek root, but I want a monosyllable
that sounds a bit like ‘gene’. I hope my classicist friends will forgive me if I abbre-
viate mimeme to meme. If it is any consolation, it could alternatively be thought of
as being related to ‘memory’, or to the French word méme. It should be pro-
nounced to rhyme with ‘cream’.

Examples of memes are tunes, ideas, catch phrases, clothes fashions, ways of
making pots or of building arches. Just as genes propagate themselves in the gene
pool by leaping from body to body via sperms or eggs, so memes propagate them-
selves in the meme pool by leaping from brain to brain via a process that, in the
broad sense, can be called imitation. If a scientist hears, or reads about, a good
idea, he passed it on to his colleagues and students. He mentions it in his articles
and his lectures. If the idea catches on, it can be said to propagate itself, spreading
from brain to brain... When you plant a fertile meme in my mind you literally
parasitize my brain, turning it into a vehicle for the meme’s propagation in just the
way that a virus may parasitize the genetic mechanism of a host cell. And this isn’t
just a way of talking—the meme for, say, “belief in life after death” is actually real-
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ized physically, millions of times over, as a structure in the nervous systems of in-
dividual men the world over. (Dawkins 1976, 206—207)

One who has taken up memetics with enthusiasm is the scourge of Wilson
and Ruse, Daniel Dennett. Like Dawkins, Dennett dislikes religion intensely, and
argues that it is a kind of parasite that infects the brain. Memes have existences of
their own and move from mind to mind, like a virus that invades the physical
body. In his most recent book, Breaking the Spell: Religion as a Natural Phenomenon,
Dennett introduces the reader to the lancet fluke (Dicrocelium dendriticum). This is
an evolutionary marvel (I say this without sarcasm), a parasite that corrupts the
brain of an ant, causing it to strive to climb blades of grass, at which point this
host gets eaten by a sheep or cow. The fluke is thus able to complete its life cycle

before its offspring are excreted and take up again with ants.

Does anything like this ever happen with human beings? Yes indeed. We often find
human beings setting aside their personal interests, their health, their chances to
have children, and devoting their entire lives to furthering the interests of an idea
that has lodged in their brains. The Arabic word islam means “submission,” and ev-
ery good Muslim bears witness, prays five times a day, gives alms, fasts during Ra-
madan, and tries to make the pilgrimage, or hgjj, to Mecca, all on behalf of the
idea of Allah, and Muhammad, the messenger of Allah. Christians and Jews do
likewise, of course, devoting their lives to spreading the Word, making huge sacri-
fices, suffering bravely, risking their lives for an idea. So do Hindus and Buddhists.

(p-4)

Is there a kernel of good sense, a glimpse of the truth, in all of this, or—as
is surely the case with someone like Dennett—are we merely turning to evolu-
tionary theory as a fancy cover for expressing our already formed and accepted
prejudices? I have nothing against the fact that this is all rather metaphorical. And
I certainly want to say that some good things have come from this approach. Right
or wrong in his philosophy, Hull was led to write a deeply insightful account of
the taxonomic wars. Those named in the dispute found the account upsetting, al-
though, one might grumble that subjectivity and fighting is all one would expect
in a field like taxonomy. Even if there are some objective standards and facts—
whales really are mammals and not fish—mno one could ever think that any major
classification was truly objective. Hence, there is going to be a place for pure
power politics. If Hull could do for physics what he did for classification, then he
might be on firmer ground.

Of course the basic worry one has about this philosophy—the very point its
supporters would say we must recognize and accept—is that it reduces all knowl-
edge ultimately to some kind of power politics. If you say that some solutions
work better than others, on their own merits, then already you are appealing to
something else. As it happened, Popper did precisely this. He was well known for
being a “realist,” thinking that there is a real world that exists when no one is
around, and thus for him solutions work because they correspond in some way to
this world (Popper 1972). But whether or not this is true, it is surely to miss the



whole point of the Darwinian analogy. Darwinism doesn’t care about right or
wrong. It doesn’t care about getting in touch with the real world for the sake of
getting in touch with the real world. It cares about winning. It cares about winning
to the total exclusion of anything else. For this reason, my suspicion is that if you
are going to attack (or defend) this particular kind of epistemology, you are going
to have to do more than simply express your prior convictions or prejudices. If
you are going to try to show that knowledge is not just a matter of winning, then
you are going to have to show that adopting this philosophy challenges other
deeply held views that we have. You are going to have to suggest that the costs of
the philosophy might be more than people want to bear. I will try to do this in a

moment, but first let us turn to traditional evolutionary ethics.

Social Darwinism (redux)

Much earlier in this book, we had one encounter with traditional evolutionary
ethics, or as it is usually called “Social Darwinism.” Remember that the key move
is to suggest that moral worth emerges from a struggle for existence. Humans
struggle in society and this is a good thing because better things emerge at the end
than if there was no struggle. The metaphor is that what is biologically good is to
be taken as what is morally good—at least I regard it as a metaphor, although
most of its enthusiasts seem to think it literally true. (Of course, there comes a
time when any much-used metaphor is literally true in a sense. Magnets literally
attract iron filings, although the use of the word attraction obviously comes from
the human world of love and friendship. If enough people were to adopt tradi-
tional evolutionary ethics then as a matter of language what we mean by “good”
would in one sense mean biologically good.)

There has been lots of debate about whether Darwin himself was ever a So-
cial Darwinian. The answer is that sometimes he was a bit and sometimes he
wasn’t. Others however have gone right down the path. Spencer, Sumner, and
company to name a few, although, as we also saw, all sorts of different things
were claimed under the same banner—for and against capitalism, for and against
militarism, for and against feminism. This tradition continued right into and
through the twentieth century. People pushed moral prescriptions in the name of
evolution, and these moral prescriptions had a funny way of tallying with their
own particular moral beliefs and with the themes and needs and proposed solu-
tions of the age. Take, for instance, Julian Huxley, already introduced as the evo-
lutionary humanist grandson of Thomas Henry Huxley. Although born in the
nineteenth century, he was in his prime in the 1930s and 1940s, writing, publish-
ing, broadcasting, and lecturing. Although he was never very much of a scientist
himself—one senses he soon got bored with the details and the need for daily
slog—he became the public spokesperson for science. And naturally he was led to
relate this interest, this passion, to the big problems of the day—first the Great
Depression, then World War II, and after that the needs of the Third World. As a
matter of fact, one senses a certain insensitivity at the personal level-—as a young
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man Huxley had spent two years on the faculty at Rice University in Houston,
and he always had a somewhat condescending attitude towards African Americans
and their abilities, and if his behavior towards his wife was any measure, he fell far
short of the ideal family man—yet he was a man driven by moral passions, and a
consistent pattern or theme emerges. It was the general domain that really excited

him.

All claims that the State has an intrinsically higher value than the individual are
false. They turn out, on closer scrutiny, to be rationalizations or myths aimed at
securing greater power or privilege for a limited group which controls the ma-
chinery of the State.

On the other hand the individual is meaningless in isolation, and the possibilities
of development and self-realization open to him are conditioned and limited by the
nature of the social organization. The individual thus has duties and responsibilities
as well as rights and privileges, or if you prefer it, finds certain outlets and satisfac-
tions (such as devotion to a cause, or participation in a joint enterprise) only in re-
lation to the type of society in which he lives. (Huxley 1931, 138-9)

The key moral principle seems to have been the necessity of planning in run-
ning the state and, above all, the application of scientific principles and the results
of such planning and its implementation. You simply cannot (or should not) leave
things to chance or intuition—the implication being that this is precisely where
your average politician does leave things—but rather you should bring the trained
scientific mind to bear on life’s problems. Again and again Huxley returned to this
theme. For instance, in a book that he wrote in the inter-war years, If I Were Dic-
tator, he stressed the need for science in the running of an efficient state and that
such science would need to be of the social variety as well as physico-chemical and
biological. During World War II, he wrote a highly laudatory essay on the Ten-
nessee Valley Authority, that marvel of the Rooseveltian New Deal, whereby the
federal government built and ran a massive system of river damming and irriga-
tion in what had hitherto been one of the more desolate parts of the United
States. Then, after World War II, it was Huxley who insisted on “Scientific” being
added to UNESCO (United Nations Educational, Scientific, and Cultural Organi-
zation), and he wrote a vigorous polemic arguing that the organization had to be
run on evolutionary lines—Ilines demanding lots of science. So vigorous was his
polemic indeed, that he upset his masters and he was refused a full four-year term
as director general.

And this was all done in the name of evolution! Thomas Henry Huxley may
have had doubts about evolutionary ethics, but not his grandson. Invited to speak
in the same lecture series at Oxford in which his grandfather had expressed his
doubts about linking evolution and ethics, Julian held forth at length about how all
of our moral directives stem from the process of development and change. Our
task simply is to continue the journey, leaving things better than when we found
them.



Julian Huxley

In the broadest possible terms, evolutionary ethics must be based on a combination
of a few main principles: that it is right to realize ever new possibilities in evolu-
tion, notably those which are valued for their own sake; that it is right both to re-
spect human individuality and to encourage its fullest development; that it is right
to construct a mechanism for further social evolution which shall satisfy these prior
conditions as fully, efficiently, and rapidly as possible. (Huxley and Huxley 1947,
136)

Julian Huxley was not the last in his line. Edward O. Wilson espouses exact-
ly the same philosophy. He too thinks that we should act morally and what is
moral is what is dictated by evolution. I am not now about to denigrate someone
with whom [ have written a much-anthologized essay (Ruse and Wilson 1985) on
evolution and ethics—always reproduced as a dreadful example to students of
how not to do philosophy. I will note with some slight amusement that today one
of the biggest moral dilemmas that we have is how to stop the destruction of the
Brazilian rainforests, how to preserve biological diversity generally, and it just so
happens that one of the world’s greatest naturalists believes that action in this di-
rection is mandated by the ways of evolution! Wilson argues that we humans have
evolved in symbiotic relationship with the rest of nature and that in a world of
plastic, quite literally, we would die. This is more than just a practical matter.
Wilson argues that we need the biodiversity supplied by the rain forests for practi-
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cal reasons. Who knows what medicines and other needed products these forests
might yield in the future? But he sees our need for biodiversity as an aesthetic, al-
most a spiritual, thing. In a book published a few years back, he writes: “a sense of
genetic unity, kinship, and deep history are among the values that bond us to the
living environment. They are survival mechanisms for us and our species. To con-
serve biological diversity is an investment in immortality” (Wilson 2002, 133).

There is much to praise in the moral prescriptions of both Julian Huxley and
Edward O. Wilson. I am not sure that I have quite the enthusiasm for scientific
solutions that Huxley had and I am not sure that I have quite the delight in nature
that Wilson has. I joke with him, as he sets off in the early morning for a day in
the steamy swamps looking for wildlife, that one turtle a summer is quite enough
for me. Then I head back to camp for a beer and a good read of a detective story.
However, overall their intentions are admirable. I confess nevertheless that I am
still with grandfather Huxley, and I am not yet convinced that what is biologically
good is necessarily morally good. To go back to Dennett’s good friend, the lancet
fluke, biologically it is a marvel. Socially, however, it leaves much to be desired. I
agree with Huxley and Wilson that there is much to be said for keeping the hu-
man race going, but even that is surrounded with qualifications. Suppose the Nazis
had won and systematically they set about killing everyone they disliked: not just
Jews and Gypsies and gays and the mentally handicapped, but stroppy philosophy
professors and promiscuous teenagers and all of the other misfits as judged by Na-
tional Socialism. Is this a group that should be preserved and cherished no matter
what? [ hardly think so.

Of course here Huxley and Wilson are going to have exactly the same re-
sponse as the evolutionary epistemologists. They will tell us that the whole point
about the evolutionary approach is that we have got to throw out our prejudices
and convictions and think things anew. To which the response, as before, must
be: Perhaps so, but before we have a wholesale cleansing, let us see if there are
some assumptions being made by the evolutionary ethicists that are not necessarily
those to which we truly want to make a commitment. Are there depths thus far
unexplored, and when we start looking are things not quite as clear cut and ob-

vious?

Pro gress

I do not mean to be coy. There are depths and they are obvious. Traditional evo-
lutionary epistemology and traditional evolutionary ethics are united by one un-
derlying assumption. We have been hinting (or more) about it many times in this
book, so now let us bring it right out into the open. It is our old friend progress.
The belief is that evolution is progressive—it is not a slow meandering process
going nowhere but is directed, from the simple to the complex, from the blob to
the fully functioning, from the monad to the man. We saw how deeply this idea
was embedded in the philosophies of people like Herbert Spencer. It is still with

us today. The assumption certainly lies behind the metaphorical approach to evo-



lutionary epistemology. By any measure, science is progressive. Mendel knew
more than Darwin; Morgan knew more than Mendel; Watson and Crick knew
more than Morgan. If this is not progress, then what is? These epistemologists feel
confident in their philosophy because although it is winning that counts, ultimate-
ly they believe that winning adds up to something more. And that something
more is better—is truer—than what went before. The same is true in the realm
of ethics. The reason why people believe that their position does really give the
answers is because they believe that evolution yields value. Things are better at
the end than they were at the beginning. Huxley was unambiguous.

When we look at evolution as a whole, we find, among the many directions which
it has taken, one which is characterized by introducing the evolving world-stuff to
progressively higher levels of organization and so to new possibilities of being, ac-
tion, and experience. This direction has culminated in the attainment of a state
where the world-stuff (now moulded into human shape) finds that it experiences
some of the new possibilities as having value in or for themselves; and further that
among these it assigns higher and lower degrees of value, the higher values being
those which are more intrinsically or more permanently satisfying, or involve a
greater degree of perfection.

The teleologically-minded would say that this trend embodies evolution’s pur-
pose. I do not feel that we should use the word purpose save where we know that
a conscious aim is involved; but we can say that this is the most desirable direction of
evolution, and accordingly that our ethical standards must fit into its dynamic
framework. In other words, it is ethically right to aim at whatever will promote
the increasingly full realization of increasingly higher values. (Huxley 1942, 137)

Wilson believes exactly the same thing: “the overall average across the histo-
ry of life has moved from the simple and few to the more complex and numerous.
During the past billion years, animals as a whole evolved upward in body size,
feeding and defensive techniques, brain and behavioral complexity, social organi-
zation, and precision of environmental control—in each case farther from the
nonliving state than their simpler antecedents did” (Wilson 1992, 187). Adding:
“Progress, then, is a property of the evolution of life as a whole by almost any
conceivable intuitive standard, including the acquisition of goals and intentions in
the behavior of animals.” From here it is one easy step to arguing that we humans
ought to cherish humans and to do this we must preserve the environment.

The question therefore must be: What about progress? What about evolu-
tionary progress, that is? Stephen Jay Gould (1989) was not very keen on it. In a
way, it was somewhat paradoxical that he should have been quite as negative as he
was. As we learn later in Chapter 12, he toyed with Marxism, had a fondness for
Naturphilosophie, and (perhaps indeed) there were Spencerian elements in his
thinking. Hence, one might have thought him quite favorably disposed to the idea.
All three of these philosophies are deeply progressive, with humankind as the cul-
mination at the top. Yet, Gould spent twenty years arguing against precisely this.
How could this be? Two points are relevant. First, Gould was not always an op-
ponent of progress. In fact, up to and including the writing of his Ontogeny and
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Phylogeny in 1977, he was in favor of progress, a process apparently triumphing
with our own species. Then Gould swung round against the idea. Which brings in
the second point, namely that this was just at the time of the heated human socio-
biology debate, a matter on which Gould was as committed negatively as was his
colleague Richard Lewontin. Gould saw Wilson’s science as being a terrible tra-
vesty of the way in which real science should be performed. He saw it as a threat
to all that he held sacred and something to be opposed with all his might. Most
particularly, Gould saw sociobiology as mixed up with notions of progress. He
thought that the idea of and hope for biological progress had been behind many
moves to oppress African Americans and Jews and women and others. If there is
progress, then some have to be higher than others, and this would be a natural
and proper state of affairs. But obviously such a conclusion is unacceptable.
Hence, biological progress must be a false hope.

There were various ways that Gould set about opposing biological progress.
Some were less than subtle. I have told how Gould fingered Teilhard de Chardin
for the Piltdown hoax (Gould 1980b). It is hardly contingent that Teilhard has
been one of the last century’s greatest boosters of biological progress. If Teilhard
could be removed from the scene as a hoaxer, then there surely would be a trick-
le-down effect against progress. More openly in his campaign against biological
progress, Gould was led to write a book, The Mismeasure of Man (1981), detailing
the ways in which biological approaches to humankind have had a long and ugly
history of prejudice and bias. One should expect no more from human sociobiolo-
gy. (It is worth remembering at this point that Gould himself was Jewish. Much of
the book focuses on the ways that, in the early part of the twentieth century in
America, IQ tests were used against Jewish immigration.)

Another move by Gould, taken with Lewontin, was to attack the founda-
tions of Darwinism. Since sociobiology is so deeply Darwinian, so deeply adapta-
tionist, then a general attack on this is a particular attack on human sociobiology.
Looking ahead to Chapter 12, the papers he wrote were attempts to show that
there is more to evolution than adaptation, and hence the very project of human
sociobiology—so thoroughly adaptationist—is misconceived. And the point is that
inasmuch as one discredits pure Darwinism, one discredits sociobiology, and inas-
much as one discredits sociobiology one discredits biological progress. It is as sim-
ple as that. Gould was quite open that he believed in the possibility of social prog-
ress and that he saw one of its greatest barriers to be thoughts of biological prog-
ress, which latter he took to be deeply Darwinian and very much part of human
sociobiology. Hence the real reason for a notorious paper (see Chapter 12) liken-
ing many organic features to the functionally useless triangles (spandrels) atop col-
umns of medieval churches.

Arms races and niches

Surely Gould was mistaken in some respects here? If anything, it would be hard to
imagine a more non-progressive theory than Darwin’s—meaning a theory less
likely to support thoughts of biological progress. Darwinism does say that what



wins is what wins, and all else is decoration. The lancet fluke is a very unpleasant
animal, however is a huge biological success. The great apes are marvels of con-
struction and behavior and much else. They teeter on the edge of extinction. To
which, of course, Gould could and would have replied that if this is so, why then
have so many Darwinians been so keen on progress? Why do people like Julian
Huxley and Edward O. Wilson persist so long in their beliefs? Are they simply
schizophrenic, refusing to see the implications of the science with which they
work? Such a supposition is not impossible but surely not very likely.

As it happens, some really do not care that much and just plow ahead. Wil-
son is one. He thinks the progressive nature of the evolutionary process is so ob-
vious that it is not really something to be defended. One suspects that mixed in
with his Darwinism are elements of Spencerianism, which certainly took deeper
roots in North America than they did in Britain. Others however, hard-line Dar-
winians, are prepared to offer some arguments for their commitment to progress.
One such is Richard Dawkins. He picked up on an idea of Julian Huxley about the
prevalence of what today we call “arms races.” (Huxley was writing before this
term was introduced.) In his first book, The Individual in the Animal Kingdom, writ-
ten before World War I, Julian Huxley drew an analogy between the course of
biological evolution and the results of the competition (that Spencer so deplored)
between nations in preparation for war. Germany and Britain were competing on
the sea, leading Huxley to write: “The leaden plum-puddings were not unfairly
matched against the wooden walls of Nelson’s day.” He then added that today
“though our guns can hurl a third of a ton of sharp-nosed steel with dynamite en-
trails for a dozen miles, yet they are confronted with twelve-inch armor of backed
and hardened steel, water-tight compartments, and targets moving thirty miles an
hour. Each advance in attack has brought forth, as if by magic, a corresponding
advance in defence” (Huxley 1912, 115-116).

Curiously Huxley himself, for all of his enthusiasm for progress, never
picked up on this idea as something that would be of use in the search for
causes—he opted for a near vitalistic force pushing things upwards—but Richard
Dawkins has been unsparing in his enthusiasm for and use of the idea. Obviously
arms races lead to a kind of comparative progress, and in Dawkins’s view, overall
this leads to a kind of absolute progress. He pushes the analogy hard. According to
Dawkins, the history of arms races in the last century is highly instructive in this
regard. Military strategy depended less on sheer brute force and more on sophisti-
cated weaponry using high-tech electronic equipment. Such artifacts are analogous
to the development of organisms’ on-board computers, better known as brains.
To make his case, Dawkins turns to Harry Jerison’s (1973) notion of an Encephal-
ization Quotient (EQ). This is a sort of universal animal 1Q, that works from
brain size and subtracts the gray matter simply needed to get the body function-
ing—whales require bigger brains than shrews because they have bigger bodies.
The important measure is what is left when you take off the body-functioning
portion. Through the lens of this kind of thinking, humans win hands down, lead-
ing Dawkins (1986, 189) to reflect: “The fact that humans have an EQ of 7 and
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hippos an EQ of 0.3 may not literally mean that humans are 23 times as clever as
hippos!” But, he concludes, it does tell us “something.”

Dawkins has had more to say about progress elsewhere, invoking the notion
of the “evolution of evolvability.” Sometimes, you just get evolutionary break-
throughs—Ilike the eukaryotic cell—that have more potential, and hence evolu-
tion has made a jump to a new dimension.

There really is a good possibility that major innovations in embryological technique
open up new vistas of evolutionary possibility and that these constitute genuinely
progressive improvements (Dawkins 1989; Maynard Smith and Szathmary 1995).
The origin of the chromosome, of the bounded cell, of organized meiosis, diploidy
and sex, of the eucaryotic cell, of multicellularity, of gastrulation, of molluscan
torsion, of segmentation—each of these may have constituted a watershed event in
the history of life. This is not just in the normal Darwinian sense of assisting indi-
viduals to survive and reproduce, but watershed in the sense of boosting evolution
itself in ways that seem entitled to the label “progressive.” It may well be that af-
ter, say, the invention of multicellularity, or the invention of metamerism, evolu-
tion was never the same again. In this sense, there may be a one-way ratchet of
progressive innovation in evolution. (Dawkins 1997, 1019-1020)

As always, computer technology provides the analogy.

Computer evolution in human technology is enormously rapid and unmistakably
progressive. It comes about through at least partly a kind of hardware/software
coevolution. Advances in hardware are in step with advances in software. There is
also software/software coevolution. Advances in software make possible not only
improvements in short-term computational efficiency—although they certainly do
that—they also make possible further advances in the evolution of the software. So

British Battleship



the first point is just the sheer adaptedness of the advances of software make for ef-
ficient computing. The second point is the progressive thing. The advances of soft-
ware open the door—again I wouldn’t mind using the word “floodgates” in some
instances—open the floodgates to further advances in software. (Ruse 1996, 469,
from a presentation given in Melbu, Norway, in 1989)

Evolution is cumulative, for it has “the power to build new progress on the
shoulders of earlier generations of progress.” And brains, especially the biggest
and best brains, are right there at the heart, or (perhaps we should say) end: “I
was trying to suggest by my analogy with software/software coevolution, in brain
evolution that these may have been advances that will come under the heading of
the evolution of evolvability in [the] evolution of intelligence.”

Coming from a very different perspective—a right-wing Christian trying to
make the case for the inevitability of humans given the evolutionary process—
Cambridge paleontologist (famous for his work on Cambrian fossils found in the
Canadian Burgess Shale) Simon Conway Morris, in his Life’s Solution: Inevitable Hu-
mans in a Lonely Universe (2003), has tried another tack, although he too wants to
stay strictly within the Darwinian compound. His basic starting position is that
only certain areas of potential morphological space are going to be capable of sup-
porting functional life. To this, he adds the assumption that selection is always
pressing organisms to look for such spaces. Hence, sooner or later they will be
occupied—probably sooner rather than later, and probably many times. Conway
Morris argues that this is not just wishful thinking because life’s history shows an
incredible number of instances of convergence—instances where the same adap-
tive, morphological space has been occupied again and again. The most dramatic
perhaps is that of saber-toothed, tiger-like organisms, where the North American
placental mammals (real cats) were matched item for item by South American
marsupials (thylacosmilids). It is beyond doubt that there existed a niche for or-
ganisms that were predators—predators of a particular kind, with cat-like abilities
and shearing/stabbing-like weapons—and natural selection found more than one
way to enter it. Indeed, it has been suggested, long before the mammals, the di-
nosaurs might also have found this niche.

Conway Morris claims that this sort of thing happens repeatedly. Hence, one
must conclude that the historical course of nature is not random but strongly se-
lection-constrained along certain pathways and to certain destinations. From this,
Conway Morris infers that movement up the order of nature, the chain of being,
is bound to happen. The appearance of some kind of intelligent being (what has
been termed a “humanoid”) is no chance. It had to emerge. Our own existence is
the best possible proof that a kind of cultural adaptive niche exists—a niche where
intelligence and social abilities are the defining features. And we know full well
that this niche is no freak, in the sense that we arrived at it by chance and were
then trapped. Many other organisms have (with greater or lesser success) aspired
to occupy this niche. We know of the kinds of features (like eyes and ears and
other sensory mechanisms) that have been used by organisms to enter new niches;

we know that brains have increased as selection presses organisms to ever new
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and empty niches; and we know that, with this improved hardware, have come
better patterns of behavior and so forth (more sophisticated software). Is not the

conclusion staring us in the face?

If brains can get big independently and provide a neural machine capable of han-
dling a highly complex environment, then perhaps there are other parallels, other
convergences that drive some groups towards complexity. Could the story of sen-
sory perception be one clue that, given time, evolution will inevitably lead not
only to the emergence of such properties as intelligence, but also to other com-
plexities, such as, say, agriculture and culture, that we tend to regard as the pre-
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rogative of the human? We may be unique, but paradoxically those properties that
define our uniqueness can still be inherent in the evolutionary process. In other
words, if we humans had not evolved then something more-or-less identical would

have emerged sooner or later. (p. 196)

What does one say about these arguments? Obviously they are not stupid,
but there are gaps in them through which one could drive a Sherman tank. Some
of the worries are empirical. Although some Darwinians think that arms races are
ubiquitous and important and effective, others are not quite so sure. For instance,
at the empirical level, there are serious questions based on the fossil evidence
about the classic, supposed arms race—predators and prey engaged in arms races
for greater speed. Is it really the case that lions get faster and so also do antelopes?
The evidence is not definitive. At the more conceptual level, some have ques-
tioned whether niches just sit there waiting to be occupied as Conway Morris sup-
poses. To a certain extent—some would say to a great extent—organisms create
the niches they occupy. Beavers, for instance, build dams so they can occupy
lakes—but before the beavers there are often no lakes. Most important, obvious-
ly, one runs into the questions about what constitutes “better” in any absolute
way. We have been here before, so I will not linger. The simple fact of the matter
is that big brains are very good in many circumstances, but they are expensive—
you need lots of protein to keep them functioning—and often there are other ad-
aptations that would be much more sensible. Adaptations are always relative to
needs, and needs are never absolute. It is as simple as that. Ask the lancet fluke.
Ask the chimpanzee.

In a way, the interesting question is why biological progress has such a hold
on people’s imaginations. I doubt Gould was right putting it all down to the de-
sire to oppress peoples of those groups to which one does not belong. More likely
I suspect is the fact that we are humans and we want to find ourselves winners. In
the case of scientists, the simple fact that if as a scientist you do not believe in
progress of one sort or another you will never get anywhere. Unless you think
there are answers and you can find them and do better than others, you might as
well take up poetry or philosophy. I am sure that thoughts of progress in one
realm slop over to thoughts of progress in others. And, of course, there is at work
something like Descartes asking whether he exists or not. As soon as he asks it, he
realizes that he must exist. Cogito, ergo sum. If we ask if there is progress, at once
we know we are at the end of the line, the (or a) final product of evolution, and
that we have the ability to ask, is there progress? What more does one need to tip
one into thinking that one has won?

Taking Darwin Litera]]y

Is this the end of the story? Is there no more to be said about evolution and the
theory of knowledge and the theory of morality? Well, obviously not in one
sense. At the very least, one can mount an empirical inquiry, looking into the
ways in which we come to gain knowledge and why, looking also into the ways in
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which we interact socially and how morality fits into all of this. In other words,
one can do the sort of thing that Darwin did for ethics in The Descent of Man.

In the past twenty or thirty years, a huge amount of effort has been directed
to these ends. The evolutionary psychologists particularly have been interested in
knowledge claims. Darwin had the insight, but he never followed it up: “Plato...
says in Phaedo that our ‘imaginary ideas’ arise from preexistence of the soul, are
not derivable from experience. ...read monkeys for preexistence.” (Notebook M.
121, Barrett et al 1987, 558) More recently, people have been looking at knowl-
edge claims and how we come to make them. John Tooby and Leda Cosmides
have been pioneers here (Cosmides 1989; Tooby et al. 2005). The basic idea is
really quite simple. Assuming that there is a real world out there, generally speak-
ing one is better off if one knows about it rather than otherwise. If it is hot, it is
silly to think that it is cold and conversely. If a tiger is bearing down on you, it is
silly to think it is a panda bear, and conversely. If meat stinks to high heaven, it is
silly to think it smells fresh, and conversely. Of course, much knowledge is more
than a simple matter of observation. It demands reasoning. Two tigers went into
the cave. One came out. Should you go on in? You go down to the water hole at
the end of the day, and see brushes crumpled, footsteps in the sand, growling in
the undergrowth. Do you say, “Tigers, let’s leave.” Or do you say, “Tigers, just a
theory not a fact.”

Tooby and Cosmides follow these sorts of things right through, arguing that
things get interesting when life is not straightforward, and when for various rea-
sons your thinking plays tricks on you. Cosmides especially has been interested in
those puzzles that so delight psychologists. Particularly pertinent are those para-
doxes where humans perform well on one task and badly on another task, even
though formally they are identical. Take for example the Wason test: Given four
cards, with a number on one side and a letter on the other, and the distribution
D, F, 3, 7, which cards must you turn over to see if the following rule holds true:
“If a card has a D on the one side, it must have a 3 on the other”? Now try this
one: “Given cards corresponding to four drinkers in a bar—beer, lemonade, 25
years old, 16 years old—and if the bar bans under 18 year old drinking, which
equivalent cards must you turn over to see that no one is breaking the law?” Ev-
eryone gets the second problem right but most people flunk the first. Why? Sim-
ply because, in everyday life, we much more commonly encounter the boozing-
type situation than the abstract number-letter situation, and so are better at solv-
ing it. In other words, Cosmides argues (what we might expect) the brain is not a
simple all-purpose computer but one that reflects the needs of its possessors as
they strive for success in life’s struggles.

This is work at the empirical level. But we did set out to ask philosophical
questions. Suppose that the science of Tooby and Cosmides and fellow workers all
succeeds and gives us genuine information about human nature. Suppose, for in-
stance, that those pro-humans who said 2—1=1 rather than 2—1=0 survived and
reproduced, and those that did not did not. Suppose that those who took circum-
stantial evidence seriously survived and reproduced, and those that did not did



not. Suppose that those humans who could work out who should be drinking in a
bar survived and reproduced, and those who could not did not. Suppose that it re-
ally did not matter at all whether we could solve the abstract game with letters
and numbers, and so it made no difference to survival and reproduction. What
does this tell us about knowledge? Does it tell us that most of the time we really
are in touch with a real world, and those times that we are not there are good
reasons why. Probably that is true. But what if someone says, “Yes, but how do
you know you are not being systematically deceived? How do you know that the
world is really that way?” If selection does not care about you being deceived
once, perhaps it does not care about you being deceived a great many times. So
long as it all works pretty well, that is enough for selection.

The philosopher Alvin Plantinga (1991) expresses a worry like this. Imagine
we are in a factory making those mythical objects known as widgets, and suppose
that these widgets are all red. If a supervisor were to tell us that the widgets seem
red because, to find cracks and other defects, the factory is bathed in red light,
then obviously you will think yourself deceived. The widgets are not really red.
They are cream-colored, say. This is hardly troublesome in the sense of upsetting
to someone trying to use knowledge of our evolution to arrive at estimates of the
reliability of our knowledge claims. But suppose now that supervisor’s boss tells
you that the supervisor is a liar or hallucinating. Then you really do get stuck
about the redness of the widgets. An observer “doesn’t know what to believe
about those alleged red lights.” Ultimately “she will presumably be agnostic about
the probability of a widget being red, given that it looks red; she won’t know
what the probability might be; for all she knows it could be very low, but also,
for all she knows, it could be very high.” We are in the same position with respect
to evolutionary theory. Perhaps the whole thing is deceiving us, and even the ba-
sic beliefs against which we judge false or misleading beliefs are themselves unreli-
able. Then we really are in a skeptical mess. Plantinga makes reference to David
Hume, arguing that: “What we really have [is] one of those nasty little dialectical
loops to which Hume draws our attention.” And he quotes Hume: “’Tis happy
therefore, that nature breaks the force of all skeptical arguments in time, and
keeps them from having any considerable influence on understanding.”

For Plantinga, a deeply committed Christian who loathes and detests Darwi-
nian evolutionary biology, that is an end to matters. Bring on God to guarantee
our beliefs about the real world. But what if (even though you might be a Chris-
tian) you would prefer not to bring in God too quickly? Then it seems that you
are probably going to have to agree to some kind of pragmatic solution. Ultimate-
ly we can say why we believe in certain things, but ultimately equally we cannot
give any absolute guarantees. The great American philosopher of the twentieth
century, Willard Van Orman Quine, wrote about the problem of induction, the
problem of why it is reasonable to think that the future will be like the past:

One part of the problem of induction, that part that asks why there should be re-
gularities in nature at all, can, I think, be dismissed. That there are or have been

regularities, for whatever reason, is an established fact of science; and we cannot
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ask better than that. Why there have been regularities is an obscure question, for it
is hard to see what would count as an answer. What does make clear sense is this
other part of the problem of induction: why does our innate subjective spacing of
qualities accord so well with the functionally relevant groupings in nature as to
make our inductions come out right? Why should our subjective spacing of quali-
ties have a special purchase on nature and a lien on the future?

There is some encouragement in Darwin. If people’s innate spacing of qualities is
a gene-linked trait, then the spacing that has made for the most successful induc-
tions will have tended to predominate through natural selection. Creatures inveter-
ately wrong in their inductions have a pathetic but praise-worthy tendency to die

before reproducing their kind. (Quine 1969, 162)

That is all you can say, and incidentally that is about all Hume would have had us
say. Ultimately, philosophical inquiry leads to skepticism, from which fortunately
our psychology rescues us.

The intense view of these manifold contradictions and imperfections in human rea-
son has so wrought upon me, and heated my brain, that I am ready to reject all be-
lief and reasoning, and can look upon no opinion even as more probable or likely
than another. Where am I, or what? From what causes do I derive my existence,
and to what condition shall I return? Whose favour shall I court, and whose anger
must | dread? What beings surround me? And on whom have, I any influence, or
who [has] any influence on me? I am confounded with all these questions, and be-
gin to fancy myself in the most deplorable condition imaginable, environed with
the deepest darkness, and utterly deprived of the use of every member and faculty.

Most fortunately it happens, that since reason is incapable of dispelling these
clouds, nature herself suffices to that purpose, and cures me of this philosophical
melancholy and delirium, either by relaxing this bent of mind, or by some avoca-
tion, and lively impression of my senses, which obliterate all these chimeras. I



dine, I play a game of backgammon, I converse, and am merry with my friends;
and when after three or four hours’ amusement, I would return to these specula-
tions, they appear so cold, and strained, and ridiculous, that I cannot find in my
heart to enter into them any farther. (Hume 1978, 1, 7)

Darwin incidentally used to play endless games of backgammon with his wife,
Emma, keeping score over many years.

Justice as Fairness

What about ethics? Really, given evolution through natural selection and the in-
tention to apply this theory literally, the basic approach is much as with epistem-
ology. One is going to look at moral behavior and thinking from an adaptive per-
spective. Getting on with your fellow humans is a good thing rather than other-
wise. This was very much Darwin’s approach in the Descent.

It has often been assumed that animals were in the first place rendered social, and
that they feel as a consequence uncomfortable when separated from each other,
and comfortable whilst together; but it is a more probable view that these sensa-
tions were first developed, in order that those animals which would profit by living
in society, should be induced to live together, in the same manner as the sense of
hunger and the pleasure of eating were, no doubt, first acquired in order to induce
animals to eat. The feeling of pleasure from society is probably an extension of the
parental or filial affections, since the social instinct seems to be developed by the
young remaining for a long time with their parents; and this extension may be at-
tributed in part to habit, but chiefly to natural selection. With those animals which
were benefited by living in close association, the individuals which took the great-
est pleasure in society would best escape various dangers, whilst those that cared
least for their comrades, and lived solitary, would perish in greater numbers. With
respect to the origin of the parental and filial affections, which apparently lie at the
base of the social instincts, we know not the steps by which they have been gained;
but we may infer that it has been to a large extent through natural selection. (1,

80)

One thing that did worry Darwin was (as we know already) answering questions
about the level at which selection operates. Morality seems to be such a group
sort of thing. If I sacrifice my life for yours, I am really not doing much to further
my own self-interests, my genes as we would say. In part in the end he wondered
if here group selection might be at work. But immediately he suggested that we
might have a case of what we have seen called “reciprocal altruism.” You scratch
my back and I will scratch yours.

Today, biological anthropologists and evolutionary psychologists show much
interest in the evolution of morality. They argue that essentially morality is much
as you would expect if it is an adaptation. It pays to get on with others and so we
do, but not as suckers or infinite givers. We expect something in return, not nec-
essarily consciously but instinctively. Quine’s colleague at Harvard, ethical philos-
opher the late John Rawls (1971), used to argue that the supreme principle of
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morality was “justice as fairness.” We ought to be just and to be just is to be fair.
This is not to say that we treat everyone identically, but that we treat others as we
might want to be treated ourselves. If I am handicapped then I need and expect
more help than otherwise, but also I feel the obligation to do or offer the same to
others. Again, as with the Wason test in epistemology, we get those nagging para-
doxes in ethical behavior that the empirical researchers think cast important light
on the nature and origin of moral thinking. Consider a conundrum much dis-
cussed these days by moral philosophers—the trolley problem. Suppose you are
down a mine by a rail track and you see a laden, unmanned truck coming your
way. Down the track beyond you stand five people who will die if you do not do
something. Fortunately you are standing by some points and can switch the rails
so the trolley is diverted to a sideline, where it will kill only one person. Most
people unhesitatingly say you should switch. Suppose now, however, the situation
is the same except there is no sideline and you are standing next to a large over-
weight person. You are so small that if you threw yourself on the tracks it would
make no difference, but your neighbor is big enough so that if you pushed him, he
would stop the trolley, albeit at the cost of his life. Would you do this? Most peo-
ple say no, even though the situations are formally the same. One life sacrificed
would save five. Why are we willing to pull the switch but not to push the neigh-
bor? Ethicists now suggest that in our evolution we have been primed to care
about neighbors because then they will care about us, but abstract reasoning is an-
other matter. In other words, there is no logical or rational reason for our behav-
ior. It is all emotion, as designed by natural selection. Interestingly it turns out
that we use different parts of the brain to make these conflicting decisions, grist
for the Darwinian mill. (See Singer 2005 for a fascinating discussion of these
points.)
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Finally, let us ask the same question we asked about epistemology. What
does any of this have to do with truth and falsity? Suppose it is the case that thanks
to my evolution through natural selection I evolved the sentiment that killing hu-
mans for fun is wrong. Does that mean that it really is wrong to kill humans for
fun? Or is this just some sort of convention put in place by our genes? Although
by now you will realize that this is not really the position of Edward O. Wilson,
this was the position I had rather dragooned him into saying in one of our jointly
authored papers and it was to this that Daniel Dennett crisply responded: Non-
sense! So perhaps I had better bring this chapter to an end by leaving the answer-
ing of the question as an exercise for the reader. My personal feeling is that once
you have the Darwinian explanation of morality out on the table, there is not
much more to be said. Ultimately I don’t think there is any more to prohibitions
against rape and pillage. This does not mean that I am urging you to go out at
once and start raping and pillaging, or that I think you can. Apart from anything
else, others will have something to say on the matter. More importantly, evolu-
tion has made us so that we want to be moral—most of the time anyway (and
when we are eyeing someone else’s manservant or maidservant, there are good
reasons for that too)—and breaking with morality makes us feel very uncomfort-
able. It is known as conscience.

The great Russian novelist Fyodor Dostoevsky, although hardly an evolu-
tionary ethicist, knew all about these things and portrayed them dramatically in
Crime and Punishment. The student Raskolnikov wants to be a Napoleon of crime,
beyond morality, and kills an old woman and her sister. The police detective
knows full well that he is the culprit but waits until Raskolnikov can stand it no
longer and confesses. David Hume also knew all about these things. There is no
reason to ultimate moral commitments. “It is not contrary to reason to prefer the
destruction of the whole world to the scratching of my finger” (Hume 1978, 2, 3,
3). It is all a matter of feelings or emotions. But, as the Darwinian will tell you,
that’s what being human is all about.
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Further Reading & Discussion

In my Taking Darwin Seriously: A Naturalistic Approach to Philosophy, 2nd ed. (Buffa-
lo: Prometheus, 1998) I explore some of these philosophical avenues in a prelimi-
nary sort of way. This has been a somewhat controversial book—most philoso-
phers are not keen on the idea that evolutionary biology might be the key to un-
locking the secrets of their inquiry. I have gathered together many pertinent dis-
cussions in a collection: Philosophy After Darwin: Classic and Contemporary Readings
(Princeton: Princeton University Press, 2009). This really covers the spectrum,
from Darwin to the very latest findings in evolutionary psychology and their appli-
cations to the perennial problems of philosophy. On the side of epistemology, I
recommend Karl Popper’s autobiography (worth reading in its own right), Unend-
ed Quest: An Intellectual Autobiography (La Salle, Ill.: Open Court, 1976). I also
strongly recommend a book I talked about in this chapter, David Hull’s account of
the taxonomic wars, Science as a Process (Chicago: University of Chicago Press,
1988). For a somewhat different perspective turn to Daniel Dennett’s racy (albeit
overly long) Darwin’s Dangerous Idea: Evolution and the Meanings of Life (New York:
Simon & Schuster, 1995), a book that managed to offend just about everyone (ex-
cept me and Richard Dawkins), so it must be saying something right.

On the ethics side, Peter Singer has written a couple of really good, clear
books: The Expanding Circle: Ethics and Sociobiology (New York: Farrar, Straus, and
Giroux, 1981) and then a short work trying to show that the critics of sociobiolo-
gy who claim that it is bound to be right-wing are just plain wrong: The Darwinian
Left: Politics, Evolution, and Cooperation (New Haven: Yale University Press, 2000).
A corresponding book arguing that Darwinism justifies right-wing thinking (and a
good thing too!) is Larry Arnhart’s Darwinian Conservativism (Exeter, U.K.: Im-
print Academic, 2005). Also look at Unto Others: The Evolution and Psychology of
Unselfish Behavior (Cambridge: Harvard University Press, 1998), a work co-au-
thored by philosopher Elliott Sober and biologist David S. Wilson. This is a book
that tries to resuscitate the notion of group selection over individual selection, a
project in my opinion on a par with King Canute’s trying to stop the tide from
entering. (Unlike Sober and Wilson, Canute knew that what he was doing was fu-
tile and was simply trying to show his sycophantic courtiers that he was not capa-
ble of miracles.) You may end by thinking that Sober and Wilson are right and
Ruse and Dennett are wrong, but what I want you to see is how modern philoso-
phers of very different convictions are nevertheless turning to evolutionary biolo-

gy for insight into their philosophical problems.



Chapter 11

Evo]utionar)/ Deve]opment:

Minimizing Natural Selection

Overview

T his chapter explores how, as scientists were increasingly able to refine
their genetic research, new discoveries resulted in the emergence of a new
field of biology called Evolutionary Development. These biologists argue that evo-
lution, or organism change, happens at the embryonic level or deeper and can
happen without natural selection. Once again Darwinism finds itself at war with a

new science.

Well before Darwin, embryology was important and controversial in evolutionary
thinking. It continued so after The Origin of Species was published in 1859. For
Darwin himself, embryology was important because he could show the impor-
tance of natural selection in the evolutionary process. Embryonic similarities of
organisms that then grow into very different adults are due to the fact that the se-
lective pressures on the young are similar, while these pressures on adults are dif-
ferent. Germanic-type thinkers, however, used embryology to discern pathways,
particularly through Ernst Haeckel’s so-called biogenetic law, “ontogeny recapitu-

lates phylogeny.”

Although we will see, in the following pages, that the “original” biogenetic law
had too many exceptions to be really successful , embryology has roared back into
evolutionary studies in recent years, thanks to work at the molecular level. Most
stunning are discoveries that there are molecular homologies between genes con-
trolling development in both humans and fruitflies. It is clear that organisms are
built on the Lego principle—the same parts and processes are put together in dif-

ferent ways to make different organisms.

Is this the clue to something deeper and more profound? Could it be that organ-
isms are built by purely physico-chemical processes like the evolutionary develop-
ment field claims, without the help or need of natural selection? In the tradition of
the Scottish morphologist of the early twentieth-century, D’Arcy Wentworth
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Thompson, there are those who argue just this. Nature yields “order for free.”

Darwinism is unneeded.

Expectedly, Darwinians are unimpressed. They agree that we are going to find
constraints on development, but they disagree that this means the end of natural
selection. They agree that a phenomenon like phyllotaxis, the patterns revealed by
many plants as they grow, is indeed something that is ruled by fairly complex
mathematical formulae, but they disagree that this means the end of selection,
claiming that, as they strive for adaptive excellence, organisms must still succeed

in the struggle for existence—selection at work.

In fact, Darwinians argue that today we have more and more evidence of natural
selection at work. The deservedly celebrated, long-term study of Peter and Rose-
mary Grant on the beak-size of finches on the Galapagos Archipelago makes it
clear that adaptation is the key to understanding.

Today’s Darwinians go beyond direct studies and look at nature in more subtle
ways. Very important are “optimality models,” where one assumes adaptive excel-
lence and then studies nature in this light. Although there are critics of this prac-
tice, the work of people like Edward O. Wilson on the caste distributions among
the leaf-cutter ants is highly instructive and shows the great success of the models.
Optimal models are part of the overall reason why today’s Darwinians think the

evidence for natural selection and its importance has never been stronger.

The Role of the Scientific Community

The work of the following scientists is discussed in this chapter. Short, biographi-
cal essays of these individuals appear in Biographies on page 607.

D’Arcy Wentworth Thompson (1860—1948)

Brian Goodwin (1931 )

Jerry Fodor (1935— )

Stuart Kauffman (1939 )

Peter and Rosemary Grant
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Setting the Stage

he homologies of process within morphogenetic fields provide some of the

best evidence for evolution—just as skeletal and organ homologies did ear-
lier. Thus, the evidence for evolution is better than ever. The role of natural selec-
tion in evolution, however, is seen to play less an important role. It is merely a
filter for unsuccessful morphologies generated by development. Population genetics
is destined to change if it is not to become as irrelevant to evolution as Newtonian
mechanics is to contemporary physics. (Gilbert, Opitz, and Raff 1996, 368)

Oh my goodness! Here we go again! These three writers are at the forefront
of a new subdiscipline in the evolutionary spectrum known as “evolutionary devel-
opment” or “evo-devo” for short. No sooner does a new biological idea or discov-
ery arrive on the scene—Mendelian genetics, newly refurbished paleontology,
you name it—and the Darwin-bashing index is pushed up one more notch. Philos-
opher Jerry Fodor joins in the fun. Talking about what structures the physical
form of organisms (their “phenotypes”), Fodor suggests that natural selection pro-
ducing adaptively fine-tuned beings may be the wrong answer. It could all be a
matter of development as brought on by the genes.

External environments are structured in all sorts of ways, but so, too, are the in-
sides of the creatures that inhabit them. So, in principle at least, there’s an alterna-
tive to Darwin’s idea that phenotypes ‘carry implicit information about’ the envi-
ronments in which they evolve: namely, that they carry implicit information about
the endogenous structure of the creatures whose phenotypes they are. This idea
currently goes by the unfortunate soubriquet ‘Evo-Devo’ (short for ‘evolutionary-
developmental theory’). Everybody thinks evo-devo must be at least part of the
truth, since nobody thinks that phenotypes are shaped directly by environmental
variables. Even the hardest core Darwinists agree that environmental effects on a
creature’s phenotype are mediated by their effects on the creature’s genes: its ‘ge-
nome’. (Jerry Fodor, “Why Pigs Don’t Have Wings”, London Review of Books,
18 October, 2007, 29(20), 19-22)

Fodor continues, suggesting that it is really the genes that do the donkey work,

not something from outside:

Indeed, in the typical case, the environment selects a phenotype by selecting a ge-
nome that the phenotype expresses. Once in place, this sort of reasoning spreads
to other endogenous factors [that is factors that come from inside the organism].
Phenotypic structure carries information about genetic structure. And genotypic
structure carries information about the biochemistry of genes. And the biochemical
structure of genes carries information about their physical structure. And so on
down to quantum mechanics for all I know. It is, in short, an entirely empirical
question to what extent exogenous variables [variables that come from outside the
organism] are what shape phenotypes; and it’s entirely possible that adaptationism

is the Wrong answer. (p- 21)

As is our wont, let us start with some history and move toward the present.
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Essa Ly

EmbU/o]ogy

Embryology and history were an item long before Darwin wrote on the topic in
The Origin of Species. Remember Louis Agassiz with his ideas about the three-fold
parallel: between the history of life, the history of the individual, and the spec-
trum of organisms as it exists today? He was not the first to think in these terms.
Even in the eighteenth century we start to find people who argue that life’s histo-
ry has the same kind of developmental momentum as we find in the individual.

The philosopher Hegel spoke for many:

Nature is to be regarded as a system of stages, one arising necessarily from the other
and being the proximate truth of the stage from which it results: but it is not gen-
erated naturally out of the other but only in the inner Idea which constitutes the
ground of Nature. Metamorphosis pertains only to the Notion as such, since only its
alteration is development. But in Nature, the Notion is partly only something in-
ward, partly existent only as a living individual: existent metamorphosis, therefore,
is limited to this individual alone. (Hegel 1970, 21)

Others, perhaps including the aged Goethe, probably crossed the evolutionary (in
our sense of the term) divide. But the real point for everyone was that there is a
parallel between the individual and the group, and both are, as it were, caught in
an inevitable thrust upwards, to the completed individual or to the completed
(meaning modern, complex) group. There is more than a hint of teleology about
all of this, as nature unfolds and takes its course to a much better and developed
end than from which it set out.

Although it is true that Darwin’s writings sometimes reflect this kind of
thinking—perhaps acknowledge would be a better word—essentially he broke en-
tirely from this way of thinking about the past. Darwin wanted nothing to do with
any sort of world spirit bringing all to fruition, of any kind of inner momentum,
so beloved of Goethe and other Naturphilosophen. For Darwin, embryology was (as
we have seen) very important, but it was to play a key role in his theory, not in
the theories of others. Embryology was to be an essential lynchpin in the case for
natural selection. And so it was in the Origin. First there is the most striking fact
that embryos of organisms widely different as adults are frequently very similar if

not Virtually identical:

It has already been casually remarked that certain organs in the individual, which
when mature become widely different and serve for different purposes, are in the
embryo exactly alike. The embryos, also, of distinct animals within the same class
are often strikingly similar: a better proof of this cannot be given, than a circum-
stance mentioned by Agassiz, namely, that having forgotten to ticket the embryo of
some vertebrate animal, he cannot now tell whether it be that of a mammal, bird,
or reptile. The vermiform larvae of moths, flies, beetles, & c., resemble each other
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Goethe

much more closely than do the mature insects; but in the case of larvae, the em-

bryos are active, and have been adapted for special lines of life. (p.439)

Then comes the explanation. The adults are ripped apart by natural selection. The
young feel no such pressures, protected as they so often are, and hence they stay
similar. In an adaptationist passage that would no doubt send shudders down Jerry
Fodor’s spine, were he ever to read this far into the Origin, Darwin pointed out
that animal breeders only care about the adult forms, and hence expectedly the

juveniles are often very similar even though the adults are very different.

As the evidence appears to me conclusive, that the several domestic breeds of Pi-
geon have descended from one wild species, I compared young pigeons of various
breeds, within twelve hours after being hatched; I carefully measured the propor-
tions (but will not here give details) of the beak, width of mouth, length of nostril
and of eyelid, size of feet and length of leg, in the wild stock, in pouters, fantails,
runts, barbs, dragons, carriers, and tumblers. Now some of these birds, when ma-
ture, differ so extraordinarily in length and form of beak, that they would, I cannot
doubt, be ranked in distinct genera, had they been natural productions. But when
the nestling birds of these several breeds were placed in a row, though most of
them could be distinguished from each other, yet their proportional differences in

the above specified several points were incomparably less than in the full-grown

birds. (p.445)
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Jerry Fodor

One is hardly surprised that Darwin was particularly pleased with this explana-
tion. It was an absolutely beautiful application—not just of the idea of evolution
but of the causal concept of natural selection.

Unfortunately, as we learnt earlier in this book, Darwin’s thinking at this
point fell on deaf ears. His great supporters, Thomas Henry Huxley in particular,
were far more interested in pushing Darwinism as a world picture than in using
natural selection as a precise tool of causal inquiry. Big hypothetical pictures of
life’s past were the order of the day, not precise little experiments showing selec-
tion in action. It is no wonder therefore that, for all people may have thought and
said otherwise, truly it was the Naturphilosoph vision that triumphed. This was par-
ticularly thanks to Ernst Haeckel’s appropriation of the thinking and his incorpo-

”. «

ration of it into his “biogenetic law”: “ontogeny recapitulates phylogeny.” For the
rest of the nineteenth century, spurred on particularly by all of those fabulous fos-
sil finds, people happily used embryology to speculate about the paths of the past.
Selection was irrelevant. Parallels were everything.

By century’s end, the anomalies and exceptions and consequent contradic-
tions were becoming too great to ignore. Increasingly, bright young people
turned from evolutionary speculations and into areas of inquiry where one could
do good experimental science with prospects of firm and important results. As an
old man remembering the days when he started out, William Bateson, an English

biologist and early enthusiast for the genetics of Mendel, wrote that he and his fel-
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lows all became morphologists because they thought that here lay the way to un-
lock the secrets of evolution—and for morphology, embryology was at the cut-
ting edge. “Therefore every aspiring zoologist was an embryologist, and the one
topic of professional conversation was evolution....” But it did not work. It went
nowhere. “Discussion of evolution came to an end because it was obvious that no
progress was being made. Morphology having been explored in its minutest cor-
ners, we turned elsewhere” (Bateson 1928, 390—1). People like Bateson wanted
to do productive fruitful work in the life sciences, as trained profession-
als—experimenting, observing, predicting, explaining, and all else that goes with
such activity (Allen 1978). German-inspired tracing of histories, phylogenies, was
not enough. Thus, as these young men turned to other fields, up rose cytology
(the study of the cell), genetics (the study of heredity), and experimental em-
bryology, where one looks at development in its own right and forgets about the
evolutionary implications, real or apparent.

These scientists made good career decisions. They put biology on its modern
foundations. At the same time, however, when the evolutionists did finally start
to get their act together—first the theoreticians like Fisher and Haldane and
Wright, and then the experimentalists and naturalists like Dobzhansky and
Mayr—the young turks had become old codgers. Often they were the very ones
who blocked at every turn the new evolutionary speculations and the move of
evolution to professional status. Ernst Mayr (with some delight) used to tell the
story of the founding of the journal Evolution, in the late 1940s. He and his fellows
went cap in hand to the American Philosophical Society in Philadelphia. (Founded
by Benjamin Franklin, it uses the word “philosophy” in the old sense of natural sci-
entist.) The committee, with one dissenter, gave them $500. The opposition
came from Edwin Grant Conklin, a very eminent Princeton embryologist who
wrote and lectured extensively on evolution, but who was convinced that it could
never be a real science and could only be a metaphysical background to real em-
pirical inquiry!

There were some among the new breed of evolutionists of the 1930s who
were interested in development and embryology—C. D. Darlington (1932) for
one did important work on the origins of the chromosomes. But generally em-
bryology was not a subject included in the professional affiliations of the synthesiz-
ers, and one gets the strong sense that this suited them fine and dandy. The em-
bryologists did not want any part of them. They did not want any part of em-
bryology. In fact, this was easy enough to do. The theoretical models of the popu-
lation geneticists all worked simply with genes. One started with something like
the Hardy-Weinberg law, a formula dealing with the distributions of genes in
large populations, and then one introduced different causal factors like natural se-
lection and one watched what the gene ratios would do. If one turned to fruitflies
or finches or dinosaurs or plants, one rather treated the organisms as black boxes.
There was the level of the genes—the genotype, and the level of the physical char-
acteristics—the phenotype, and don’t ask too many questions about what goes on
in between. Rather like making sausages. The pigs go in the one door. The links
come out another. And don’t be too nosy about what goes on inside!
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The fruitfﬂyf
human gene

homology

Evolutionar)/ Development

Let me say straight off that today there is no area of evolutionary inquiry, experi-
mental and theoretical, which is more exciting. Forty years ago, if you were an
aggressive young evolutionist looking for an area to conquer, it would have been
sociobiology. Today it is evo-devo. And let me add that there is good reason for
this. Some of the results have been absolutely stunning. Among the most incredi-
ble are those of the kind to which my three critics at the head of this chapter are
referring. Homologies, the structural similarities between organisms, have been
with us since Aristotle and (as we know) they have been the stock in trade of evo-
lutionists since Erasmus Darwin. But there are homologies and homologies. It is
one thing to look for similarities between horses and humans. It is quite another
to look for similarities between humans and fruitflies. Indeed, in one of his books
about fifty years ago, Ernst Mayr (1963) raised that possibility only to laugh it to
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scorn. That is the kind of quest that makes a mockery of evolutionary studies. Any
similarities between humans and fruitflies are “purely accidental,” as they say at
the beginning of detective stories.

Well, guess what! There are human and fruitfly genes that are virtually iden-
tical, in the same order, doing exactly the same things. In particular, the genes
that control development in animals are carbon copies of each other, and they lay
down the developing organism in exactly the same ways. (See figures.) There is
no great mystery about any of this, incredible though the findings surely are. Na-
ture is economical. Having found a good solution, she uses it over and over again.
Why keep on reinventing the wheel when the ones you have work just fine? In
particular, it turns out that organisms are built on the Lego principle. Those same
Legos can be put together to make the White House or the Creature from the
Black Lagoon. Similarly the same little bits and pieces of DNA can be used to
build a fruitfly or a human. It is as simple as that! It’s as astounding as discovering
that Elvis is alive and well and living in a retirement home in Florida. But it has
the all-important difference of being true!

How would Ernst Mayr feel about this discovery? How would Charles Dar-
win feel about this discovery? I know the answer. They would have been over-
joyed. Mayr would have told one of his incredibly convoluted, not-very-funny
German jokes. Darwin would have taken another large pinch of snuff and chal-
lenged his butler to a game of billiards. But should they have been so pleased? The
discoverer of natural selection in the nineteenth century? The cherisher of natural
selection in the twentieth century? Should they have welcomed this and other
findings of evo-devo? Scientists do not take personally being proven wrong on
particulars. They do not necessarily get upset at having bigger pictures over-
thrown. They often get very excited. Biblical Creationists frequently make the
mistake of thinking that the worst thing that can happen to a scientist is finding
that he or she has committed to a false idea or theory. That’s just not true. It’s be-
ing committed to a boring idea or theory that is the kiss of death. Finding a better
idea or theory is very much akin to the soldier and the tinderbox going into the
next room, his pockets full of copper, and discovering that this room is filled with
silver (and then gold in the third room). Don’t regret the past. Celebrate the
present. Anticipate the future. When plate tectonics arrived around 1960, a
whole generation of geologists who had spent their professional lives opposing
moving continents swung around and happily spent their final days speculating
about the ways in which the earth’s surface slips around the globe. Likewise, I am
sure that Darwin is hugging himself in his grave in Westminster Abbey. Likewise,
I am sure that Mayr would be happy to take time off from arguing with Gould
about punctuated equilibrium to celebrate the homologies between humans and
fruitflies.

The question I raise now is the deeper one about natural selection itself. Be-
fore plate tectonics no one really had much idea about how to make sense of the
globe. It was a bit of hypothetical land-bridging here and a bit of ignoring there.

The new theorem filled a vacuum. It is true that Einstein’s theory showed that

Evolutionary Development *® 303



Newton’s theory—the most successful in the history of science—is false, but only
in a sense. Most of Newton’s ideas could be incorporated readily into the new
theory. But what the critics like Gilbert and company, together with their sup-
porters like Fodor, are arguing is that the Darwinians just got completely wrong.
They were simply off base from day one. In reply to respondents who complained
that he did not know enough science, Fodor (2008) made reference to Thomas
Kuhn’s celebrated The Structure of Scientific Revolutions: “I am, to be sure, in danger
of having insufficient ‘acquaintance with the biological theory that [I aspire] to re-
place’; but I'm prepared to risk it. A blunder is a blunder for all that, and it
doesn’t take an ornithologist to tell a hawk from a handsaw. Tom Kuhn remarks
that you can often guess when a scientific paradigm is ripe for a revolution: it’s
when people from outside start to stick their noses in.”

So what is going on here? Why is there the feeling that evo-devo shoves Dar-
winism out in the cold? Two things I think. First, there is the assumption by evo-
devo enthusiasts that what really counts in evolutionary change is the nature of the
raw building blocks—the variations or (in the language of genetics) the mutations.
Everything else is periphery. This of course is a feeling sparked and reinforced by
such findings as the homologies between humans and fruitflies. Now we can see
how organisms are put together and how they develop from the egg to the adult.
We see how the parts are made and work together. Hence the assumption is that
change from one organism to another is no more than a matter of new parts and
(most particularly) of rearranging old parts. It is all a question of structure, or (in
the old language) of form. This assumption has been around a long time, well be-
fore Darwin, and persisted after Darwin—it was clearly the position of Thomas
Henry Huxley—and it has thriven right up to (as we shall see) Stephen Jay Gould.
The feeling is that if you are, say, going to turn a reptile into a mammal, then
what really counts are those variations that make for hotbloodedness and hairiness
and all of the other features associated with mammals and not with reptiles. Let us
say variation (or mutation) A, variation B, and variation C. Reptiles don’t have
them. Mammals do. End of story.

The second thing driving the evo-devo scientists is the belief that Darwinism
is trying to solve a pseudo-question, namely that of function or adaptive excel-
lence, and once that is seen the need for Darwinism’s (meaning natural selec-
tion’s) existence or invocation is much reduced, to virtual non-being. Darwin’s
challenge, Darwin’s revolution, was to say: Stop for a moment. Structure alone is
not the whole story. Change is not the whole story. Organisms have to be func-
tional. They have to be adaptive. If they aren’t, they will die without reproduc-
ing. (True, this was not Darwin’s insight. The natural theologians believed this.
Cuvier believed this. But Darwin’s genius was to put it into an evolutionary con-
text and to come up with natural selection.) So it can’t be just variation A and
variation B and variation C. It has to be these variations as possessed by organisms
that are working, that are living and surviving and reproducing. The Darwinian
says that you cannot just consider the variations in isolation. The evo-devo people

want to challenge this and to say: Oh yes, you can consider the variation in isola-
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tion. We do so and do so successfully. That is why traditional population genetics,
something that has selection as a major causal force, must be changed drastically

or even rejected.

Se]f—or(ganizatjon

Why do the evo-devo people feel this way? In part, I guess, because they are hu-
man. They are doing terrific science and they want to show that their work has
big implications. What bigger implication than that they are no longer just part of
the evolutionary synthesis, but that they are the evolutionary synthesis?! We could
call this the Stephen Jay Gould syndrome. As we shall see, much of his life was
devoted to promoting the importance of paleontology. Make your field really im-
portant. Given the biogenetic law and its non-evolutionary predecessors, there
has long been a connection between embryology and paleontology—that is what
Gould’s Ontogeny and Phylogeny was all about—so it is really no surprise that in his
last book, The Structure of Evolutionary Theory, Gould waxed enthusiastic about evo-
devo.

In part, the attitudes of evo-devo people come from the fact that they tend
to be bench scientists and not naturalists. Like Thomas Henry Huxley, they work
inside the laboratory. What excites them is structure. Function enters into their
thinking only secondarily. In particular, these people do not encounter living or-
ganisms having to fight and survive and reproduce. They are not in a position of
someone like Edward O. Wilson who once said to me, “Mike, without adapta-
tion, my work grinds to a halt.” And as with Huxley, so with the evo-devo work-
ers. Without adaptation, natural selection becomes otiose.

In part, the evo-devo people are responding to other, non-Darwinian cur-
rents. There has long been a tradition, linked to the formalists, of seeing the laws
of physics and chemistry as determining structure and hence of being the all-im-
portant factors in evolutionary change. The evo-devo people, who obviously insist
that the Lego pieces must be joined together properly—Iess metaphorically, who
insist that bodily components must fit together properly and who, accordingly,
have to know a lot more physics and chemistry than they have to know biology—
are part of this tradition. In the twentieth century, the most important figure in
this movement was the Scottish morphologist D’ Arcy Wentworth Thompson, au-
thor of On Growth and Form (1917). In that book, Thompson—interestingly and
significantly a great hero of Gould (1971)—argued that most organic form has lit-
tle to do with selection and much to do with physics. A favorite example is of a
jellyfish that is shaped exactly like an ink drop falling in water. More generally,
Thompson delighted in showing how different organisms (fish particularly) could
be generated by simple mathematical functions, suggesting that shapes are all a
matter of accidental changes in the mechanisms that control form and have little
to do with natural selection. “To seek not for ends but for antecedents is the way
of the physicist, who finds ‘causes’ in what he has learned to recognise as funda-
mental properties, or inseparable concomitants, or unchanging laws, of matter
and of energy. In Aristotle’s parable, the house is there that men may live in it;
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Similarities between
patterns show that jelly
fish’s shape is due solely to
physical laws and has
nothing to do with
adaptation and natural

selection (W. D’A.
Thompson, On Growth

and Form)

but it is also there because the builders have laid one stone upon another”
(Thompson 1948, 6). Continuing: “Cell and tissue, shell and bone, leaf and flow-
er, are so many portions of matter, and it is in obedience to the laws of physics
that their particles have been moved, moulded and conformed.... Their problems
of form are in the first instance mathematical problems, their problems of growth
are essentially physical problems, and the morphologist is, ipso facto, a student of
physical science” (p.10). Thus: “We want to see how, in some cases at least, the

forms of living things, and of the parts of living things, can be explained by physi-
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cal considerations, and to realise that in general no organic forms exist save such
as are in conformity with physical and mathematical laws” (p.15).

In recent years, Thompson-type thinking has been picked up by a number of
people, often theoretical biologists whose main connection with the real world is
mediated through the glowing monitors before which they spend their working
days devising ever more subtle algorithms to try out their ideas. They argue that
form carries everything forward. Nature obeys its laws inexorably and from this
emerges structure. “Order for free” is the catchy slogan. Canadian-residing,
American theoretician Stuart Kauffman writes: “The tapestry of life is richer than
we have imagined. It is a tapestry with threads of accidental gold, mined quixoti-
cally by the random whimsy of quantum events acting on bits of nucleotides and
crafted by selection sifting. But the tapestry has an overall design, an architecture,
a woven cadence and rhythm that reflect underlying law—of self-organization”
(1995, 185).

Self-organization! The so-called Beloussov-Zhabotinsky reaction yields an
example. This phenomenon, discovered by a Russian team in Moscow in the
1950s, has a mixture of organic and inorganic substances on a flat plane (as in a
Petri dish) making concentric rings, moving out from the center and vanishing as
they encounter other such rings. (See figure on next page.) Their significance is
that these kinds of rings are seen also in nature. In particular, the cellular slime
mold goes through a phase in which it simulates the Beloussov-Zhabotinsky reac-
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Wave patterns in aggregating slime mold
amoebas showing expanding concentric
circles associated with the (purely chemical)

Beloussov-Zhabotinsky reaction.

tion very precisely. Usually, such slime molds are from colonies of free-living
amoebas, eating bacteria. However, if and when food supplies become scarce,
they begin to aggregate. “Cells start to signal to one another by means of a chemi-
cal that they release. This initiates a process of aggregation: the amoebas begin to
move toward a center, defined by a cell that periodically gives off a burst of the
chemical that diffuses away from the source and stimulates neighboring cells in
two ways: (1) cells receiving the signal themselves release a burst of the same
chemical; and (2) they move toward the origin of the signal” (Goodwin 2001,
46). What is truly significant is that, as these amoebas begin to move together—at
which point, combining into a mullticellular organism that can fruit and repro-
duce, making another crop of independent amoebas—the patterns exhibited are
identical to those of the Beloussov-Zhabotinsky reaction. It is important to stress
that, in fact, the molecules in the chemical state and the living state are quite dif-
ferent. Nevertheless, the underlying process is similar. Linking the two cases, we
find that substances are produced in increasing amounts until other processes take
over to inhibit the production of these substances. Then, the whole system exists
in an unstable condition of oscillation, as the various processes switch on and off.
The new formalists seize on the similarities. Here we have a case where an
organism (or group of organisms, depending on how you count the slime molds)
uses a self-generating, chemical process for its own biological ends. The overt pat-
tern was not shaped by selection, but emerged spontaneously from the way that
the non-living world works. Defining a field as “the behaviour of a dynamic sys-

tem that is extended in space,” Canadian-born, British biologist Brian Goodwin
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(2001) writes: “a new dimension to fields is emerging from the study of chemical
systems such as the Beloussov-Zhabotinsky reaction and the similarity of its spatial
patterns to those of living systems. This is the emphasis on self-organization, the
capacity of these fields to generate patterns spontaneously without any specific in-
structions telling them what to do, as in a genetic program. These systems pro-
duce something out of nothing.” Continuing: “There is no plan, no blueprint, no
instructions about the pattern that emerges. What exists in the field is a set of re-
lationships among the components of the system such that the dynamically stable
state into which it goes naturally—what mathematicians call the generic (typical)
state of the field—has spatial and temporal pattern” (pp. 51-2). To be honest, in
some of the earlier writings, particularly that of Thompson, it is not always clear
whether the claim is that physics and chemistry make organisms that are adaptive,
or whether the claim is that physics and chemistry make organisms and the matter
of adaptation is simply irrelevant. With people like Kauffman and Goodwin one
senses the latter is the case. Adaptation is not an issue in the biological world.

Is Natural Selection Irrelevant?

What can the Darwinian say in response? In part, the evo-devo people do have
some good points. It may be that we all need to look more at the nature of varia-
tion and of how this plays out in development. If changes, say, are usually less a
matter of coming up with something completely fresh and more a matter of tak-
ing what you have and reorganizing it, then we should all be aware of this and
think about its implications. Richard Dawkins (2007) uses the analogy of a Jumbo
Jet, a Boeing 747. You are not going to build a functioning Jumbo Jet out of parts
found in a scrap yard. That is just not possible. But you can take a Jumbo Jet and
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stretch it, in one step making a longer, bigger plane, and still have a functioning
method of transporting people through the sky. If, in nature, these kinds of
changes not only occur but are common, or are involved in key evolutionary
events, then Darwinians should know about them and take note of them. There is
no question about that.

Relatedly, whatever may be the particular scientific or philosophical ends of
the order-for-free brigade, they too make points worth considering by the Darwi-
nian. In particular, physics and chemistry do matter when it comes to building or-
ganisms. They set constraints on what you can and what you cannot do. Why do
you never have a cat as big as an elephant? Simply because, as the length increases,
the volume goes up by the cube. To bear their weight, elephants have massive,
tree-trunk-type legs. Cats are agile and if they were the size of elephants, their
legs would break immediately. On the other hand, one needs to be careful about
using this argument. Critics of Darwinism often think that an appeal to constraints
surprises Darwinians—which is simply not true because they have known about
them all along—or forces Darwinians to abandon their theory—which again is
simply not true. The developmental morphologist Rudolf Raff, one of Darwin-
ism’s critics quoted at the head of this chapter, raises the issue of genome size.
“Having a large genome has consequences outside of the properties of the genome
per se. Larger genomes result in larger cells. Because cells containing large ge-
nomes replicate their DNA more slowly that cells with a lower DNA content,
large genomes might constrain organismal growth rates. Cell size will also deter-
mine the cell surface-to-volume ratio, which can affect metabolic rates” (1996,
304). Raff notes that salamanders often have large genome sizes. Hence, if we do
find constraints in action, we might expect to find them here. And there does
seem to be some evidence of their operation. “Roth and co-workers have ob-
served that in both frogs and salamanders, larger genome size results in larger
cells. In turn, larger cells result in a simplification of brain morphology. Thus,
quite independently of the demands of function, internal features such as genome
size can affect the morphology and organization of complex animals. Plethodontid
salamanders share the basis vertebrate nervous system and brain, but they have
very little space in their small skulls and spinal cords” (p.305, referring to Roth et
al [1994]).

Having said this, however, Raff is too good a biologist not to admit that if
there are constraints at work, they apparently do not make much difference. The
salamanders can do some pretty remarkable things—remarkable salamander
things, that is—seeming not at all to be functionally constrained. “These salaman-
ders occupy a variety of caverniculous, aquatic, terrestrial, and arboreal habitats.
They possess a full range of sense organs, and most remarkably, a spectacular in-
sect-catching mechanism consisting of a projectile tongue that can reach out in ten
milliseconds to half the animal’s trunk length (snout to vent is the way herpetolo-
gists express it).” They have pretty good depth perception too. And indeed, their
slow metabolic rate brought on by large genome size may even be of adaptive ad-

vantage. “Plethodontids are sluggish, and the low metabolic rates introduced by
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large cell volume may be advantageous to sit-patiently-and-wait hunters that can
afford long fasts. Vision at a distance is reduced to two handbreadths, but since
these animals are ambush hunters that strike at short range, that probably doesn’t
affect their efficiency much” (p.306). In other words, far from refuting Darwin-
ism, it seems if anything to help the cause. Moreover, if nature demands, appar-
ently the salamanders can start to bring down their genome sizes. The constraints
are just not that strong.

But what about the stronger claim? After all, constraint talk does still imply
that selection can do its work, if only within limits. What about the kind of claim
of someone like Brian Goodwin, who maintains that really physics and chemistry
do everything? Let us look at another example that is a favorite of people like
him. Phyllotaxis refers to a very common phenomenon in the plant world, where
many identical elements are packed together. A sunflower shows this very dra-
matically, for the seeds on the head form a highly characteristic pattern of clock-
wise and counterclockwise spirals. One sees this also in pinecones and even in
cauliflowers as you tear them apart. All told, more than 80% of the quarter-mil-
lion higher plants show it in one form or another. This pattern, phyllotaxis, is
produced by the leaves appearing at the center (the “growing apex”) and then, as
it were, being pushed outwards (Mitchison 1977). The appearing leaves follow a
spiral (known as the “genetic spiral”) and, given constant growth, the angle be-
tween successive leaves is also constant. The spirals that catch one’s eye are
known technically as “parastichies.” Botanists long ago discovered that one could
express phyllotaxis in mathematical form by means of a formula discovered by
thirteenth-century Italian mathematician Leonardo Fibonacci, made popular by
the bestseller The Da Vinci Code. Rather boringly, unlike the hero of the novel, he
was not fighting some secret Catholic society, but looking for a way to calculate
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Monkey Puzzle
tree Aravearia
excelsa (8,13);
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the growth of the offspring of a pair of rabbits. He thus discovered the series
formed by adding together the previous two members of the series, starting with
zero and one. The series thus being 0, 1, 2, 3, 5, 8, 13, and so on, or more gen-
erally, n; = n1 + ny-. Botanists have found that the numbers of parastichies, one
set clockwise and one set counterclockwise, on a particular species of plant are al-
ways related by being consecutive numbers of the Fibonacci series. In the stylized
picture given in the diagram, the example is of an 8, 13 phyllotaxis. As can also be
seen from the diagram, another way of calculating the measure is by using the or-
der of production of the “contact” leaves on the same spiral. This is not a measure
based on the order of production of the leaves but on the pattern itself, and refers
to those leaves, along shared paratischies, that will be touching. Using examples
furnished by Asa Gray in the sixth edition of his textbook, Structural Botany
(1881), the American larch produces a cone that is 2,3; holly is 3,5; and the cone

of Pinus strobus is 5,8.

Why do plants show this pattern? Darwinians are obviously going to think in
terms of selection and adaptation. Indeed, shortly after the Origin was published,
the American pragmatist Chauncey Wright argued that the arrangement gives the
best way of exposing each leaf to the light, without undue overlap from its fel-
lows. With this end in view, the differences between the various phyllotactic ar-
rangements are so minute as to not really matter that much. “To realize simply
and purely the property of the most thorough distribution, the most complete ex-

posure to flight and air around the stem, and the most ample elbow-room, or
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space for expansion in the bud, is to realize a property that exists separately only
in abstraction, like a line without breadth” (Wright quoted in Gray 1881, 125).

The critics of Darwinism will have none of this. D’Arcy Thompson listed
one objection after another. The differences between the arrangements are indeed
significant, and the Darwinian teleological intent is something which “cannot com-
mend itself to a plain student of physical science.” Thompson argued that there
are all sorts of other ratios that would do the job as well, and that the plant could
have taken other and better paths to exposing the leaves to sunlight, and much
more. “We come then without more ado to the conclusion that while the Fibo-
nacci series stares us in the face in the fir-cone, it does so for mathematical rea-
sons; and its supposed usefulness, and the hypothesis of its introduction into
plant-structure through natural selection, are matters which deserve no place in
the plain study of botanical phenomena” (Thompson 1948, 953).

Calling back over his shoulder as he walked away, Thompson accused the
Darwinian of “harking back to a school of mystical idealism.” There is a certain
irony to this given the fascination that mathematics exerts over the order for free
supporters. When faced with phyllotaxy, Brian Goodwin (2001) sounds like a fol-
lower of Pythagoras, such is his fascination with the underlying numerology. He
begins with the happy observation that the vulgar-fraction series formed from di-
viding consecutive members of the Fibonacci series homes in on the irrational
number 0.618. This is no casual finding for it is what the ancient Greeks called
the Golden Mean or Section—the ratio of the sides of a rectangle, where the rec-
tangle left after removing the biggest possible square is of the same proportions as
the original rectangle. This is but a beginning. You can get the Golden Mean out
of circles also, if you divide up the perimeter in an appropriate way. This yields
the major angle of 137.5 degrees, and—a finding so wonderful you begin to think
you are seeing the hand of God—this is just about the angle you tend to get with
successive leaves on the genetic spiral. “So plants with spiral phyllotaxis tend to
locate successive leaves at an angle that divides the circle of the meristem in the
proportions of the Golden Section. Plants seem to know a lot about harmonious
properties and architectural principles” (p. 127). (The meristem is the growing tip
of a plant, such as stems and roots. The connections, of course, are not arbitrary,
but follow mathematically from the properties of lattices, which is what we have
here.)

We are not yet finished. Now is the time for a little experiment. Drop a fer-
rofluid (a fluid with magnetic properties) slowly into the center of a polarized film
of oil (Douady and Couder 1992). The drops repel each other and move away
from the center. If this is done sufficiently slowly, each drop is affected only by
the previous drop. If done more rapidly, wonderful things start to happen. “As the
rate of adding drops (equivalent to the rate of initiation of leaves in a meristem) is
increased, a new drop experiences repulsive forces from more than one previous
drop, and the pattern changes: the initial simple symmetry of the alternate mode
gets broken, and a spiral pattern begins to appear. It takes a while for the system
to settle on a steady pattern, the duration of this transient depending on the rate
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of adding drops. If this is rapid, so that there is strong interaction between drops,
then a stable pattern emerges rapidly and successive drops quickly settle into a di-
vergence angle of 137.5° , the spirals obeying the normal Fibonacci series” (Go-
odwin 2001, 127-8). Once again we get self-organization, and just as one can get
different patterns by altering the rates at which the oil drops, so also in plants the
different patterns reflect simply the rates at which the plants grow and generate
leaves. In short, “the frequency of the different phyllotactic patterns in nature may
simply reflect the relative probabilities of the morphogenetic trajectories of the
various forms and have little to do with natural selection” (p. 132). Or as Kauff-
man (1995) puts it: “Like the snowflake and its sixfold symmetry, the pinecone
and its phyllotaxis may be part of order for free” (p. 151).

Let’s go back to the Darwinians. By now, you will not expect them to be
convinced. The formalists overlook the “obvious possibility” that “natural selection
may universally favor close packing by phyllotaxis over alternative arrangements”
(Reeve and Sherman 1993, 21). Obviously, however, this can be only a partial re-
sponse. After all, the flowers must pack in their parts in some way, and if not
phyllotaxis then what? And if phyllotaxis, then it is impossible to get away from
the mathematics underlying the phenomenon. A measured response has been to
recognize the nature of phyllotaxis and how and why it comes about—denying it
would be a bit on a par with denying Pythagoras’s theorem itself—but to point
out that there still remains lots of scope for selection. Plant scientist Karl Niklas
(1988) writes: “Computer simulations indicate that phyllotaxy can influence the
quantity of light intercepted by leaf surfaces. Model plants constructed with equal
total leaf area and number differ significantly in flux, even when leaf-divergence
angles are very similar.... Nonetheless, computer simulations indicate that a vari-
ety of morphological features can be varied, either individually or in concert, to
compensate for the negative aspects of leaf crowding resulting from “inefficient”
phyllotactic patterns. Internodal distance and the deflection (“tilt”) angle of leaves
can be adjusted in simulations with different phyllotactic patterns to achieve
equivalent light-interception capacities” (p. 566). Niklas would rather speak of
phyllotaxy as a limiting factor rather than as something that involves constraint. It
is not anti-adaptation. It is rather to be thought of as background, something in
which adaptation is embedded. It is indeed that which makes adaptation possible.
“The distinction between a ‘constraint’ and a limiting factor is important, because

it reflects a measure of plasticity within the developmental repertoire.”

Malejng the Positive Case

It’s déja vu all over again. We are caught again in one of those indeterminable dis-
putes, like that over the Neanderthals, that have no end or resolution. To every
suggestion or criticism, there is a counter suggestion or criticism. However,
through and through Darwinians make the same point and ultimately there is no
gainsaying it. If you don’t function, you don’t live. If you don’t live, you don’t re-

produce. If you don’t reproduce, then you are out of the evolutionary game. It is
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as simple as that. Darwinians make this point in terms of the analogies of others.
Go back to the Lego example. It is a terrific metaphor or analogy for thinking
about the way in which organisms are put together. But like all metaphors or anal-
ogies it has the capacity to mislead. Suppose you start with a simple form back in
the Cambrian, let us say a Lego outhouse. You are going to work up to lions or
apes today, Lego White Houses or Pentagons. If you are a Lego enthusiast, you
look at the outhouse, you spot some good principles of design, and then you keep
them in mind while you are building your big modern building. But between the
outhouse and the White House you have pieces of Lego all over the carpet, lying
doing nothing, waiting to be picked up, or put together in smaller units waiting to
be picked up and used in the whole. Nature is not like that. Between the Cambri-
an pre-vertebrate and the lion or ape, you have to have a continuous series of
functioning organisms. There can be no gaps—ever. It takes only one little in-
stance of non-functionality to spoil the whole sequence. Darwinians point out that
you must ignore this to make the critic’s point, and once you stop ignoring it,
then suddenly you have a different perspective on variation and mutation. How-
ever good it may be potentially, some new change can never get away from selec-
tion. You cannot think of variation except in this context. And we all know that
the bigger the change, the less likely is it going to be fully functional right from
the start. Without the hand of God to direct things, Murphy’s Law steps in. If it
can go wrong, it will. Moreover, talk about order for free is not very helpful,
unless you can show that this order for free—this self-organization—kicks in right
at the moment when new variations are introduced into the mix. Even if it hap-
pens sometimes, there is nothing in evo-devo to say that it happens when organ-
isms shuffle their Lego pieces. New variations are not snowflakes. That is why
calling for a new population genetics is just plain silly unless you are taking into
account the things that today’s population genetics takes very seriously.
Darwinians also want to make the case in their own terms. They want to say
that they have lots of positive evidence for the workings and significance of natural
selection. They do not simply spend their time answering the objections of others.
Let me give just one example: namely the already-classic work done by Peter and
Rosemary Grant on Darwin’s finches, those little birds of the Galapagos that so
excited Darwin himself when he visited the archipelago (Grant 1986, 1991; Grant
and Grant 1989, 1995). Looking at the finches was nothing new. The English or-
nithologist David Lack led the way for those who did extensive studies of these
organisms in the 1930s and 1940s. Famously, having first endorsed a non-selec-
tion-based position, Lack then swung around and wrote a highly adaptationist ac-
count. But it is the Grants and their associates, starting in the 1970s, who have
most carefully studied the birds and shown the action of selection in the wild.
They worked on an islet (Daphne Major) only a few hundred meters each way,
focusing on a population of medium ground finches, Geospiza fortis. On average
there are about 1,200 specimens, and the Grants have caught and ringed them all.
Given that the birds can live for up to sixteen years, and given also that they have

a generation time of about four and one-half years, there is plenty of death and
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destruction going on. The Grants asked whether this death and destruction is sys-
tematic and, if it is, whether it has selective effects.

Their answers were unambiguously positive. Confining attention particularly
to the finches’ most distinctive feature, the Grants asked about beak size and
shape. First, are these features heritable? If there is no genetic causal connection,
then selection could work away indefinitely without effect. In fact, this was a fair-
ly easy question to answer. By measuring parents and offspring, it was seen that
beaks in shape and size are strongly under the control of the genes. Big-beaked
parents have big-beaked offspring and so forth. Second, what is the significance of
beak size and shape? Another question readily answered. The birds eat nuts and
fruits and the like. Big-beaked birds are going to be able to crack bigger and hard-
er fruits and nuts than are small-beaked birds. Smaller-beaked birds, however, are
going to be able to eat smaller seeds and the like. The implications are obvious. If
there are mainly big and hard nuts and fruits, then the bigger-beaked birds are go-
ing to be at a selective advantage. If there is lots of everything, then probably the
smaller-beaked birds are going to be at an advantage.

Fortuitously for the researchers, if not for their subjects, there was a horren-
dous drought in 1977. There was no reproduction in that year. Hanging on was
the aim of the game. Food supplies dried up, and the advantage shifted to those
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individuals who could exploit rarer or harder-to-access resources—namely big
and hard nuts and fruits. The Grants found not only that the dead and emaciated
birds tended significantly to be those with smaller and more refined beaks, but
that the average beak size shifted strongly over the next year to bigger and coar-
ser. There really was a gene-based shift, and it was in an adaptive direction that
favored those birds able to access the more scarce resources. However, things
even out in the long run. God tempers the climate to the starving finch, and, in
the years after the 1970s, there were many times of plenty. These times favored
smaller-beaked birds, able now to take full advantage of the abundant seeds and
small-sized fruits. Not that one should assume that fluctuations of this kind imply
that nothing of significance happens over the long run. The birds rarely, if ever,
return to exactly their original starting points. There are always subtle modifica-
tions. On average, over the past thirty years, the birds tend to be smaller and
with sharper beaks. Natural selection really does leave its mark.

Optimah’t)/ Models

Straightforward methods of testing like these are not the only resources open to
Darwinians. Another method much favored today is the building of “optimality
models” showing just how and where selection might have worked. Here, instead
of going out to find selection, we work backwards rather as one does in Darwin’s
theory of the Origin. He assumed natural selection brought on evolution, and then
he went out to test this assumption in areas like palacontology and biogeographi-
cal distribution. The success of these explanations is taken as truth of the hypothe-
sis. In the language of philosophers, Darwin had made “an inference to the best
explanation.” Working at a more limited level, our hypothesis—our best explana-
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tion—is that natural selection has been at work. What would this mean? In the
best of all possible worlds, this would mean that selection has brought about per-
fect adaptation—it has “optimized” the situation—and that from here we can
work out what is going on and why. Let us therefore build “optimality models” to
explore cases of putative adaptation (Orzack and Sober 1994, 2001). The ento-
mologists George F. Oster and (our old friend) Edward O. Wilson (1978) explic-
itly think of themselves as construction workers, as people making things that
work. “In order to employ engineering optimization models the biologist tries to

’” Of course, the trouble is with

interpret living forms as in some sense the ‘best.
precisely what one means by “best” in a situation like this. “In effect the biologist
‘plays God’: he redesigns the biological system, including as many of the relevant
quantities as possible and then checks to see if his own optimal design is close to
that observed in nature.” From then on, it is all rather a matter of trial and er-
ror—putting the theoretical design model against the empirical findings. “If the
two correspond, then nature can be regarded as reasonably well understood. If
they fail to correspond to any degree (a frequent result), the biologist revises the
model and tries again. Thus, optimization models are a method for organizing em-
pirical evidence, making educated guesses as to how evolution might have pro-
ceeded, and suggesting avenues for further empirical research” (Oster and Wilson
1978, 294-5).

Now I should say that some people sneer at this way of doing things. For
Gould, these models fall into his category of “Just So Stories.” For his sometime
co-author Richard Lewontin, by “allowing the theorist to postulate various combi-
nations of ‘problems’ to which manifest traits are optimal ‘solutions’, the adapta-
tionist programme makes of adaptation a metaphysical postulate, not only incapa-
ble of refutation, but necessarily confirmed by every observation. This is the cari-
cature that was imminent in Darwin’s insight that evolution is the product of nat-
ural selection” (quoted in Maynard Smith 1978; reprinted in Sober 1994, 99).
Philosopher Robert Brandon and biologist Mark Rausher speak even more strong-
ly: “The attraction of optimality models is clear—they allow one to avoid history
and genetics. Years ago in a discussion about number theory, Bertrand Russell
said, “The method of “postulating” what we want has many advantages; they are
the same as the advantages of theft over honest toil. Let us leave them to others
and proceed with our honest toil’... These are exactly our thoughts with respect
to optimality models and the rigorous test of adaptationism” (Brandon and Raush-
er 1996, 200).

Well, having poured water on the altar, let us look at someone using opti-
mality models, and who better than Edward O. Wilson himself? As you know, he
is an expert on the social insects. In a series of papers, written at the beginning of
the 1980s, he focused specifically on the caste system in certain groups of the
ants. Using the metaphor of a division of labor, Wilson was concerned to find
why and how it is that the ants have so many different forms: ranging from tiny
workers within the nest to large soldier ants outside the nest, protecting their sib-

lings from attackers of all kinds. Wilson worked exclusively on the so-called leaf-
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cutter ants, a genus known as Atta. They have a very complex social system. First,
they send out forgers from the nest to search for vegetation, leaves, and the like.
Once they have spotted something, these foragers proceed to cut their bounty
into small pieces, which they can then carry back into the nest. At this point, an-
other caste takes over. Its members cut up the leaves into even smaller pieces and
treat them with enzymes on which they grow a kind of fungus. Finally, yet anoth-
er caste takes the fungus and feeds it to the young. “The fungus-growing ants of
the tribe Attini are of exceptional interest because, to cite the familiar metaphor,
they alone among the ants have achieved the transition from a hunter-gatherer to
an agricultural existence” (Wilson 1980a, 153).

Wilson is an ardent Darwinian, so his working assumption was that, from
the viewpoint of morphology as well as from behavior, we should find that the
ants have been shaped by natural selection. We should find that their body shapes
and behavior are about as good (optimized) as it is possible to be. Taking this as-
sumption as a tool of research, as much as an established empirical hypothesis,
Wilson turned first to the question of the whole overall caste pattern and distribu-
tion to be found in Atza. Striving to show that there is indeed a division of labor,
Wilson’s work here was as much descriptive as experimental. First and most obvi-
ously, one finds that the soldiers (who take on the roughest work) are bigger and
stronger than any of the others—a hundred times bigger than some of their nest
mates. Then one finds that those out foraging are in the middle range. Finally,
back home in the nest, one finds that here is the place of the most minute and de-
licate ants.

Why does one have this division? “The elaborate caste system and division of

labor that are the hallmark of the genus Atta are an essential part of the specializa-
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tion on fresh vegetation. And, conversely, the utilization of fresh vegetation is the
raison d’¢tre of the caste system and division of labor” (Wilson 1980a, 150). And
how does this all come about? Wilson was able to show that from a biological
point of view, it is done fairly easily. It is a question of relative growth or allome-
try, combined with a degree of behavioral flexibility. In primitive species, nest
members are not differentiated and anyone can and does do any task. “Most of the
monornorphic attines utilize decaying vegetation, insect remains, or insect excre-
ment as substrates, in other words, materials ready made for fungal growth” (Wil-
son 1980a, 153). In the Atta, with specialization, some members of the nest do
some tasks and other members do other tasks. But body forms are not radically
different; rather they are developed proportionately to their ends.

The point is that if one is going to have a kind of specialization that the Atta
have developed, namely, the ability to feed on fresh leaves and to grow fungus on
them, one needs much more specialization than one finds with primitive mono-
morphic forms. But can one then show experimentally that there are adaptive rea-
sons behind this? “Is the colony as efficient in its basic operations as natural selec-
tion can make it, without some basic change in the ground plan of anatomy and
behavior?” (Wilson 1980b, 157). In what way is one to answer this question?

The ideal way in which to test the natural selection hypothesis and to estimate the
degree of optimization is to first write a list of all conceivable optimization criteria,
deduced a priori from a knowledge of the natural history of the species. The next
step is to conduct experiments to determine which of the criteria has been most
closely approached, and to what degree. Finally, with the results in hand, the theo-
retician can alter behavioral and anatomical parameters in simulations in order to
judge whether the species is capable of still further optimization by genetic evolu-
tion. If the approach actually taken by the species cannot be significantly improved
by the simulations, we are justified in concluding that the species has not only been
shaped in this particular part of its repertory by natural selection, but that it is ac-
tually on top of an adaptive peak. (Wilson 1980b, 158)

One question that interested Wilson centered on the nature of the ants that
would be most efficient for going out foraging, cutting up leaves, and bringing
them back. Why should one find that the middle-range ants do this? Why not big-
ger ants, who could also act as soldiers, or smaller ants, who could also act as nest
tenders? Wilson’s hypothesis was that the middle-range ants are the best adapted
to their allotted task—it is they who make optimal use of the energy resources of
the nest. To test this hypothesis, Wilson ran a number of experiments using the
so-called pseudomutant strategy. Wilson removed foragers under certain circum-
stances and saw whether the other castes, who were left in the nest, were more
efficient at foraging or whether the foraging dropped off. For instance, was the
nest better off with smaller foragers or larger foragers? Or was it truly the case
that something in between, as one has at the moment, offers the best solution?
(Wilson took note of the fact that in natural conditions, the vegetation available to
the Atta is of a particular kind. In the rain forests, the vegetation is tough. One
must therefore recognize that an ant that is good at cutting up rose petals might
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not function at all well in nature. One needs an ant at least capable of cutting up
rhododendron leaves.)

Wilson showed that his hypothesis and research strategy pay off. “What A.
sexdens has done is to commit the size classes that are energetically the most effi-
cient, by both the criterion of the cost of construction of new workers ... and the
criterion of the cost of maintenance of workers” (Wilson 1980b, 164). More than
this, Wilson found that the nests are adapted more to the kind of vegetation that
they would experience in the wild than to any general range of vegetation. One
has natural selection working flat out, most efficiently. The ants are adapted in
such a way as to optimize the overall behavior of the nest. In other words, the
colony “sits atop an adaptive peak.”

In my opinion, good science like this answers all of the critics. It is ludicrous
to speak of the work as a “Just So Story.” The ideas are checked against the evi-
dence in the most minute detail. There is far more than a simply metaphysical fab-
ric spun from ideas and fantasies. And as for the snarky comments about avoiding
honest toil, one recoils at the chutzpa of a philosopher of all people speaking in
such terms. The fact is that Darwinism—meaning evolution through natural selec-
tion, explaining the adaptive nature of the living world—is a successfully function-
ing theory and its critics can only be measured against it.
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Further Reading & Discussion

Stephen Jay Gould has a chapter on evo-devo in his The Structure of Evolutionary
Biology (Cambridge: Harvard University Press, 2002). It is long enough to be al-
most a book in itself. I disagree with just about every idea that Brian Goodwin has
ever had, but I really enjoyed How the Leopard Changed its Spots (Princeton, N.]J.:
Princeton University Press, 2001). It is clearly written and makes its case strongly
and forcibly. From the Darwinian side, you really should read something by or
about the Grants. Peter Grant’s Ecology and Evolution of Darwin’s Finches (Prince-
ton, N.]J.: Princeton University Press, 1986) is a good place to start, and then fol-
low with Peter and Rosemary on How and Why Species Multiply: The Radiation of
Darwin’s Finches (Princeton, N.]J.: Princeton University Press, 2007). A work on
them, their work, and their lives that deservedly won the 1995 Pulitzer Prize in
general nonfiction is Jonathan Weiner’s The Beak of the Finch: A Story of Evolution in
Our Time (New York: Knopf, 1994).

Another Pulitzer Prize-winning work (his second, in 1991 for general nonfic-
tion) is Wilson’s big book on ants, co-authored with his colleague Bert
Holldobler, The Ants (Cambridge: Harvard University Press, 2000). With the
same publisher in 1994, this team wrote a more popular book: Journey to the Ants:
A Story of Scientific Exploration. Finally a couple of my books are certainly relevant
to these issues: Darwin and Design: Does Evolution have a Purpose? (Cambridge: Har-
vard University Press, 2003) looks at the whole question of adaptation, and in-
cludes a discussion of the relevance of evo-devo to the debate as well as a discus-
sion of optimality models. Darwinism and its Discontents (Cambridge: Cambridge
University Press, 2006) looks at the positive evidence for evolution through natu-

ral selection.
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Chapter 12

New Evolutionary Theories:

Thickening the Plot of Natural Selection

Overview

T his chapter explores the thinking of a number of 20th century evolu-
tionists, including Stephen Jay Gould. Before he died early in the new mil-
lennium, Gould, a Harvard paleontologist, was the most famous evolutionist of
his age. Yet his thinking was disliked intensely by many leading professional evolu-
tionists, including the late John Maynard Smith, the doyen of English biologists
and an ardent Darwinian. Why?

In the early 1970s, Gould together with fellow paleontologist, Niles Eldredge,
proposed a new theory of evolution: “punctuated equilibrium.” This claimed that
evolution goes in jumps, moves from one form to another, with periods between
of non-change, “stasis.” The theory was opposed to traditional Darwinism, which
supposedly stresses gradual evolution, “phyletic gradualism.” Over the years,
Gould broadened his critique of Darwinism, arguing that it over-stresses the ex-
tent to which organisms are adapted and hence over-relies on natural selection.
Gould argued that many organic features are like the spandrels at the tops of col-
umns in medieval churches, apparently needed but truly without essential func-
tion.

The important thing to keep in mind when dealing with Gould’s thinking is that
there are so many layers at work here. Most obviously, there are scientific ques-
tions, specifically about whether the fossil record really does show a jerky history
for life or if this is truly an artifact of incomplete fossilization. But more subtly,
there are issues about the very status of paleontology as a science, with Gould
wanting to argue for a heightened status for his discipline. Then lurking are philo-
sophical questions, about whether function is really the key to understanding or-

ganisms, or if other viewpoints are equal or even better.

Emerging from the particular controversies started by Gould and his sympathizers
are some really important questions about the nature of the evolutionary process.
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In particular, do we need a kind of layered series of theories, dealing with events
at different levels of magnitude? It is clear that in some sense we do. Most evolu-
tionists now agree that change at the molecular level may well be non-Darwinian
in important respects. But whether we need different theories at higher levels is
still highly controversial.

Most importantly, do we need new theories when discussing changes over very
long periods of time? There is really no definitive answer to this question yet, be-
cause only now are we starting to get really good and reliable surveys of what ac-
tually happened. The work of the late John ]. Sepkoski, applying ideas of ecology
formulated by Robert MacArthur and Edward O. Wilson, is highly informative on
and suggestive about these issues.

The Role ofthe Scientific Community

The work of the following scientists is discussed in this chapter. Short biographical
essays of these individuals appear in Biographies on page 607.

Stephen J. Gould (1941-2002)

John J. Sepkoski (1948—1999)
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Setting the Stage

I n the past half-century there have been few science writers more read and

honored—and loved—than the late Stephen Jay Gould, of Harvard Univer-
sity (1941-2002). His books were devoured and discussed by millions. By profes-
sion, Gould was a paleontologist, and he could write about this in a fascinating
way. But his range was far wider—across biology, across science, and across cul-
ture, of today and of the past. For some thirty years he wrote a monthly column,
“This View of Life,” in the American Museum of Natural History’s journal, Nat-
ural History, and his pieces were collected in one sparkling collection after an-
other: Ever Since Darwin, Bully for Brontosaurus, The Flamingo’s Smile, and many
more. He wrote also full-length works, on the perils of 1Q testing—The Mismea-
sure of Man, on obscure organisms from the past found in a deposit in Western
Canada—Wonderful Life, on science and religion—Rocks of Ages, and again many
more. And if you thought that a Harvard professor simply has to be an egghead,
concerned only with the higher verities, not only did Gould have a deep love of
choral singing, he was also a great fan of American baseball. Like a true afi-
cionado, it was the history, the statistics, that really excited him. There was even
an entire book, Full House: The Spread of Excellence from Plato to Darwin, spurred by
Joe DiMaggio’s record of 56 continuous games with a hit.

But if Gould had been looking for glory and praise from his fellow evolu-
tionists, he would have been out of luck. You expect that philosophers will some-
times turn a little nasty. That comes with the job. The less we connect with the
real world, the more choleric we become. But you do not expect such bile of the
leading evolutionary game theorist, John Maynard Smith, a man whose boyhood
years at England’s leading private school (Eton College) reflect in the courtesy
and charm he showed in conversation and in writing. Yet, writing in the New York
Review of Books—a place, admittedly, where unbalanced emotion is the norm rath-
er than the exception—he suddenly swung from his allotted task (a mild review
of something on another topic) and started declaiming against Gould and his false

and sloppy thinking.

Stephen Jay Gould
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Gould occupies a rather curious position, particularly on his side of the Atlantic.
Because of the excellence of his essays, he has come to be seen by non-biologists as
the preeminent evolutionary theorist. In contrast, the evolutionary biologists with
whom I have discussed his work tend to see him as a man whose ideas are so con-
fused as to be hardly worth bothering with, but as one who should not be publical-
ly criticised because he is at least on our side against the creationists. All this would
not matter, were it not that he is giving non-biologists a largely false picture of the

state of evolutionary biology. (Maynard Smith 1995, 46)

Sometimes a dignified silence, however difficult, is a strategy preferable to
all-out counterattack. Such was not Gould’s way. Labeling people like Maynard
Smith and Richard Dawkins as “Darwinian fundamentalists,” Gould lamented that
although Maynard Smith has “written numerous articles, amounting to tens of
thousands of words” about Gould’s work, whereas those were “always richly in-
formed, now alas he has been seduced into adaptationist fanaticism.”

He really ought to be asking himself why he has been bothering about my work so
intensely, and for so many years. Why this dramatic change? Has he been caught
up in apocalyptic ultra-Darwinian fervor? I am, in any case, saddened that his once
genuinely impressive critical abilities seem to have become submerged within the
simplistic dogmatism epitomized by Darwin’s Dangerous Idea [i.e., all-powerful
natural selection], a dogmatism that threatens to compromise the true complexity,
subtlety (and beauty) of evolutionary theory and the explanation of life’s history.
(Gould 1997, 37)

As we shall learn, there are different levels to this quarrel, but let us start with

the most obvious level—that of the science.

Essa Ly

Punctuated Equi]ibrjum

The year of the centenary of the Origin, 1959, was the heyday of Darwinian natu-
ral selection. After years of neglect and denial, finally the significance of selection
as a mechanism was being recognized, in America as well as Britain. Great and
long were the celebrations, with honorary degrees being handed out like candy to
all of the major figures in the field. It is therefore no surprise that, when Stephen
Jay Gould began his career in the mid-1960s as a paleontologist, specializing in the
evolution of snails (Gould 1969), he was an orthodox Darwinian. Confirming
this, an earlier review paper on problems of relative growth showed how things
considered nonadaptive can be fitted readily into a selectionist framework. (Gould
1966). But in a sense, American Darwinism was always skin deep—remember
how Spencer had been a far greater influence—and, for all that George Gaylord
Simpson labored in Darwinian fields, paleontology was always on the edge of the
pasture. The fact of the matter is that paleontology cannot use selection directly,
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Punctuated equilibria (left)
compared to phyletic
gradualism (right)

as can the student of today’s organisms, such as the sociobiologist. Selection is not
a tool of research where you can go out and discover and test and come up with
results. You are working at a distance—a very long distance—with evidence (fos-
sils) that is spotty and incomplete and very, very dead. You are always having to
take somebody else’s exciting ideas and see if they do anything for you.

Those who knew of the self-confident personality of Stephen Jay Gould—he
was not about to take a back seat to anyone—could have predicted that he would
not tolerate this. Before long, Gould would be moving forward to make his own
mark on evolutionary studies. This mark would make paleontology a central focus
of attention, arguing that the evolutionist needs paleontology not just for estab-
lishing the fact of evolution and for ferreting out the path of evolution but also for
discovering the true nature and full extent of the causes of evolution. Expectedly,
in the early 1970s, this prediction came true. Together with a former fellow grad-
uate student, Niles Eldredge, Gould began pushing forward a supposedly all-new
perspective on the paleontological record—a perspective that Gould and Eldredge
somewhat inelegantly labeled “punctuated equilibrium”

The two young palacontologists started with the fact that traditionally, the
course of evolution is seen to be one of smooth, gradual change. This is something
that comes about simply because natural selection makes sudden change highly
improbable. The only way in which organisms can stay in adaptive harmony with
their surroundings is by changing only minutely in each generation. Therefore,
any apparently sharp breaks in the fossil record should not be explained in terms
of major jumps from one form to another but should be put down to the incom-
pleteness of the record and so forth. What Eldredge and Gould argued, to the
contrary, was that the paleontological record is in fact much better and stronger
than most people allow, and that hence a causal explanation must be found to ex-
plain this. One must accept that there are long periods of relatively little evolu-
tionary change—periods of equilibrium, or stasis—broken, or punctuated, by
rapid moves from one form to another. “The history of life is more adequately
represented by a picture of ‘punctuated equilibria’ than by the notion of phyletic
gradualism. The history of evolution is not one of stately unfolding, but a story of

equilibria, disturbed only ‘rarely’ (i.e., rather often in the fullness of time) by
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rapid and episodic events of speciation” (Eldredge and Gould 1972, 84). Although
there is no official position on this, the position today is generally known as the
“theory of punctuated equilibrium.” Informally, friends and critics often call it
punk eck! The theory of punctuated equilibrium supposedly explains the phenom-
ena of punctuated equilibria, that is periods where there are no significant
changes.

The controversial and exciting part of the Gould-Eldredge thesis was that an
explanation can indeed be found. And interestingly, at this point, far from want-
ing to break from conventional (American) neo-Darwinism or the synthetic theo-
ry, Gould and Eldredge argued that it is precisely this theory itself that has the re-
sources to explain the paradox! To make their case, the paleontologists turned to
the ideas of Dobzhansky’s associate, the major ornithologist and systematist Ernst
Mayr. Some years previously, in order to explain speciation (the fact and causes
behind new species), Mayr (1954) had proposed what he termed the “founder
principle.” According to Mayr, speciation results from a small group of organisms
getting broken off or isolated from the main species population. Simply because of
the new circumstances in which they find themselves, the members of this sub-
population start to evolve rapidly away from the parental form. In addition, ar-
gued Mayr, given the masses of genetic variation that occur naturally in any popu-
lation, any small subpopulation will necessarily be atypical with respect to the
whole group. There will therefore be a kind of shaking down as the members get
used to each other and learn to do with much reduced genetic resources. Within
the “founder population,” there will be what one might call a “genetic revolution.”

Mayr certainly thought of himself as being fairly orthodoxly Darwinian in his
claims about speciation, although with hindsight one can see that what he was pro-
posing was something much more in the spirit of Sewall Wright’s shifting balance
theory than Darwin’s theory of the Origin. (Sewall Wright thought it was the
shifting balance theory!) Mayr was arguing that a certain randomness, which oc-
curs because of the breaking off of the subpopulation, is the crucial factor in the
forming of new species. One has, as it were, a kind of genetic drift writ large. But
whatever the true lineage of Mayr’s ideas, this hypothesis was highly congenial to
Eldredge and Gould. It suggested that new species will form very rapidly, not in
the neighborhood of their immediate ancestors, but in new areas. You have spe-
cies A in one place and then, almost overnight as it were, you have species B
somewhere else. This could just be the kind of jerky fossil record that Gould and
Eldredge thought was the true story to be read from the rocks. “If new species
arise very rapidly in small, peripherally isolated local populations, then the great
expectation of insensibly graded fossil sequences is a chimera. A new species does
not evolve in the area of its ancestors; it does not arise from the slow transforma-
tion of all its forebears” (Eldredge and Gould 1972). In addition, the two paleon-
tologists liked the way that Mayr was making the dynamics of populations (rather
than the dynamics of isolated individuals) absolutely central to the evolutionary
process. In the eyes of these paleontologists, factors operating over large periods

of time, involving groups of organisms, yield the crucial causal keys needed for a
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full understanding of evolutionary processes. Here, for all that they drew on
Mayr, Gould and Eldredge were starting to stand against population geneticists in
the Dobzhansky tradition: scientists who looked at microevents often involving
just a few individuals.

Yet at this point, although Gould was starting to embrace some ideas with
but a loose connection to real Darwinism, he was not presenting himself as a dra-
matic revolutionary. This was to change in the next decade as Gould began to take
a stronger and stronger position, setting himself more and more in opposition to
prevailing orthodoxy. Why did he do this? There were a number of reasons. Un-
doubtedly, one was the fact that in the 1970s Gould immersed himself in a huge
reading program in the history of biology. This was in preparation for Ontogeny
and Phylogeny, his major work that appeared in 1977. Part history and part sci-
ence, Ontogeny and Phylogeny argued that traditional links between embryology and
phylogeny are better taken than people in the twentieth century had been pre-
pared to recognize. At the same time—and perhaps in major part because of his
reading program—Gould was growing increasingly sympathetic to elements of
German evolutionism. He responded particularly warmly to that tradition going
back, through Haeckel, to the morphology of the early nineteenth century that
had so upset Cuvier: Naturphilosophie. Gould embraced with enthusiasm the Natur-
philosophen’s emphasis on form rather than function, their insistence that what re-
ally counts when studying organisms is the architectural nature of the underlying
ground plan, or Bauplan (Russell 1916). He liked the turn to homology and the
retreat from what the German thinkers regarded as a rather superficial cherishing
of selection-caused functionality.

From this, it was but an easy step for Gould to move right into an attack on
all-embracing adaptationism. Notoriously, in 1979, writing with a colleague in the
department of organismic biology at Harvard, the population geneticist Richard
C. Lewontin, Gould produced an article arguing that much to be found in the or-
ganic world bears little or no direct connection to adaptive advantage (Gould and
Lewontin 1979). Gould, with Lewontin, argued that there are significant con-
straints on development: these constraints forming and molding organisms in no-
nadaptive ways. And, simply as part of developmental processes, even when se-
lection is at work there are bound to be a great many nonadaptive by-products.
Much that seems to have purpose probably exists for no end-related reason what-
soever. With Lewontin, Gould drew attention to the triangular areas at the tops
of pillars in medieval churches, things that they labeled spandrels (although it turns
out that the true technical name is pendentive). These triangles—one finds them in
St. Marks Church in Venice, as well as on the roof of King’s College, Cam-
bridge—are often used as vehicles for wonderful mosaics or carvings. They seem
therefore to have a direct adaptive function. But, indeed, they really are simply
part and parcel of the architectural constraints that were involved in medieval
church building.

Gould and Lewontin argued that, analogously, many organic characteristics

have a no true adaptive significance. The human chin, for instance, seems to be
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Richard Owen’s picture of the vertebrate
Bauplan (which he called an “archetype’)

something with a purpose. Surely, if naught else, it is part of the design of the face
for sexual attractiveness. But, in fact, detailed study shows that the chin is really
something that comes about simply as a result of trying to put together other
adaptive facial features: the jaw and the teeth and so forth. Seeming purpose

should never be equated simplistically with genuine purpose.

In King’s College Chapel in Cambridge, for example, the spaces contain bosses al-
ternately embellished with the Tudor rose and portcullis. In a sense, this design
represents an “adaptation,” but the architectural constraint is clearly primary. The

spaces arise as a necessary by-product of fan vaulting; their appropriate use is a sec-
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The spandrels of San Marco

ondary effect. Anyone who tried to argue that the structure exists because the al-
ternation of rose and portcullis makes so much sense in a Tudor chapel would be
inviting the same ridicule that Voltaire heaped on Dr. Pangloss: “things cannot be
other than they are ... Everything is made for the best purpose. Our noses were
made to carry spectacles, so we have spectacles. Legs were clearly intended for
breeches, and we wear them.” Yet evolutionary biologists, in their tendency to fo-
cus exclusively on immediate adaptation to local conditions, do tend to ignore ar-

chitectural constraints and perform just such an inversion of explanation. (Gould
and Lewontin 1979, 583)

We are now at the end of the decade (1980). Gould was on a roll. He was
mounting an all-out assault on the synthetic theory of Theodosius Dobzhansky and
his colleagues. Gould (1980a) went so far as to argue that the synthetic theory is
“effectively dead.” At the same time, punctuated equilibrium theory—which was
now becoming more and more identified with Gould alone—was breaking entire-
ly from any connections with conventional evolutionary thought. In particular, it
was being presented now as an outright saltationary theory, that is to say as a
theory where large jumps (presumably brought about by macro mutations) are the
key factors in evolutionary change. There was an expressed likeness for “hopeful
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monsters”: organisms that take phylogenies directly from one form to another
form. Drawing on his deep knowledge of evolution’s history, Gould was bringing
forward evolutionists from the past who were supportive of saltationism: evolu-
tionists who, so Gould maintained, had been unfairly belittled or denied credit
simply because they were out of tune with the ideology of the then prevalent Dar-
winism. The synthetic theory, so he claimed, was little more than an extension of
nineteenth-century liberalism, with its fondness for gradual change rather than
revolution.

As you might have expected, conventional evolutionists—those working on
fast-breeding organisms and concerned more with microevolution than with mac-
ro changes—started to get very tense. Here was a very public evolutionist—
Gould’s Ever since Darwin, published the same year (1977) as Ontogeny and Phyloge-
ny, was a runaway best-seller—telling the world that their theory was not true
science but merely washed-up Victorian ideology. G. L. Stebbins, the botanist
member of the cohort who put together the synthetic theory, together with Dob-
zhansky’s student Francisco Ayala, wrote an influential paper pointing out that
natural selection is sufficiently powerful to bring about all of the so-called salta-
tionary changes that Gould was demanding (Stebbins and Ayala 1981). In addi-
tion, these critics argued that although selection may seem fairly leisurely in the
eyes of an individual human, from the perspective of geological time it is more
than sufficiently rapid to bring about any conceivable macro changes: both those
recorded and those not recorded directly in the fossil record. In other words, as
Darwin and his followers had always argued, the gaps in the record are as much
artifactual as genuinely representative of things that truly happened.

Continuing their counterresponse, these doughty defenders of tradition
pointed out that no Darwinian has ever claimed that the course of evolution is al-
ways as smooth and gradual as is implied by Gould’s caricature of their theory. It
has always been recognized that the pace of evolution is something that speeds up
and slows down, according to many different factors. There are impinging condi-
tions imposed both from without the organic world, geological factors, for in-
stance, and impinging conditions imposed from within the organic world, com-
petitors and the availability of desirable ecological niches, for instance. It is true
that Darwinism demands that immediate change be gradual—there is indeed no
place for hopeful monsters—but over the time scales recorded in the fossil rec-
ord, there is no reason at all to expect uniformity. “Living fossils” such as horse-
shoe crabs have persisted over hundreds of millions of years. Other organisms
have evolved very rapidly. And in any case, the saltationists of the past, worthy
scientists though they may have been in their time, are now simply outdated and
wrong.

Gould was never one to acknowledge directly that he was mistaken or even
that he was walking on dangerous ground. There was certainly to be no dramatic
retraction of any of the claims that he had made when he was writing at his most
vehement level. However, over the next decade—that is to say, through the

1980s—in many respects, Gould did start to pull back from the more extreme
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positions that he had taken or floated. Not entirely accurately, he now denied that
he had ever made the extreme claims ascribed to him. In particular, he denied
strongly that he had ever been an outright saltationist. Gould (1982) now started
to argue that he was not so much against Darwinism as such, but that what he had
been advocating and would continue to push for was a kind of expanded Darwin-
ism. This would be a vision where natural selection and adaptation are indeed
very important aspects of organic life and of the evolutionary process. A vision,
however, where there is a perceived need for the supplementation, sometimes
dramatically, of selection by other processes.

More specifically, in Gould’s opinion what one has now (at least, what one
needs now) is less a single-level theory—as apparently was true of the synthetic
theory—and more something that is hierarchical. The image here is of the Catho-
lic church, with its different levels from the parish priest right up to the pope.
Likewise in evolutionary theory, argued Gould, we need a layered perspective,
going from bottom to top. Neo-Darwinism is good and right, as far as it goes, but
it speaks only to a kind of midlevel to the hierarchy. Beneath natural selection
working on individual organisms, one has a microlevel that involves molecular
biology. Here, at this molecular level, it is pertinent to note that a number of the-
oretical biologists, particularly Japanese population biologists, have argued that
there is ubiquitous randomness: what came to be known, naturally, as molecular
drift. It is a well-known fact that at this molecular level, there is a great deal of
redundancy. Different molecules encoding the DNA produce the same cellular
products. Hence, there is every reason to think that these differences lie below
the forces of natural selection and simply drift from one form or ratio to another.
(The classic statement of this thesis can be found in Kimura 1983.)

Then, argued Gould, above the microlevels of individual selection, one has
macrolevels involving vast periods of time. Here, other new forces come into
play. And here, at this macrolevel, the expertise of the paleontologist comes into
its own. One sees that individual selection makes no major difference and that
such things as constraints on development start to be the major determining fac-
tors. Perhaps some of the ideas raised in the spandrels paper are important here.
Initially, a certain Bauplan is the all-important constraint on what an organism (or
a group of organisms) is and must be. A threshold is reached, and there is a rapid
change from one Bauplan to another—a change that has nothing to do with natural
selection, being rather a shuffling of the internal structure (morphological, bio-
chemical, whatever) of the organism. Then selection comes back into play, refin-
ing and elaborating on the new form that has been produced. It is all rather as if a
kaleidoscope had been shaken, and a new picture emerges from parts that had
been fragmented and reassembled.

Crucial to this whole way of looking at things was the belief that what is go-
ing at this upper level simply cannot be explained in terms of the lower levels.
Gould (like Lewontin) was long an ardent critic of what he labeled “reduction-
ism”: the assumption that the key to understanding the upper levels of reality lies
in delving ever more deeply into the lower levels of reality. Gould did not deny
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The usual Cerion height to width ratio is less than 3. At extreme sizes (dwarf and giant) Cerion occur

with higher height:width ratios. Gould calls these “smokestacks.”

that this assumption can be the basis of very fruitful inquiry—in ecology, it may
well be the vital method of investigation—but he was adamant that it is very dan-
gerous if taken as an all-determining metaphysical principle. Sometimes one can
and should try for an understanding at an emergent level—at a higher hierarchical
level. And here the higher simply cannot be reduced to or explained away at the
lower level. Specifically with respect to evolution at the macrolevel, one has
things happening that cannot be explained at microlevels. Dobzhansky and his fel-
lows were just plain wrong. Genetics, the science of the micro, must be supple-
mented by paleontology, the science of the macro. To argue otherwise is to slip
into the dreadful sins of Panglossianism or the building of “Just So” stories (things
encountered in this and the last chapter).

For the last two decades of his life—he died of cancer in 2002—Gould re-
fined his position, trying to build on and develop his own ideas, while at the same
time wearing down the opposition: wearing down the Darwinian opposition, that
is. One paper dealt with the shapes of snail shells, showing that certain atypical
forms of the shells—so-called smokestack shells—are a function of constraints on

growth, rather than Darwinian selection as the synthetic theory would argue.

Evolution is a balance between internal constraint and external pushing to deter-
mine whether or not, and how and when, any particular channel of development
will be entered. Natural selection is one prominent mode of pushing, but most en-
gendered consequences of any impulse may be complex, nonadaptive sequelae of
rules in growth that define a channel. Most changes must then be prescribed by
these channels, not by any particular effect of selection. Natural selection does not
always determine the evolution of morphology; often it only pushes organisms
down a preset, permitted path. (Gould 1984, 191-192)
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Another paper, coauthored by Gould, dealt with the replacement in the
same ecological niche of one organic form by another (Gould and Calloway
1980). Gould’s claim was that such a replacement might as well be nonadaptive as
anything fueled by selection. We may have “ships that pass in the night.” To as-
sume otherwise is simply to make a dogma of Darwinism. And yet a third paper
dealt with specific forms of nonadaptive characteristics, things that Gould has la-
beled “exaptations” (Gould and Vrba 1982).

A major contribution to the cause was Gould’s (already-mentioned) Wonder-
ful Life: The Burgess Shale and the Nature of History, a book published in 1989. On
the surface, this is a work about soft-bodied organisms (dating back to the Camb-
rian) found fossilized in the in the Rockies of Western Canada. There are all sorts
of strange forms, truly sparking one’s imagination and seeming to defy orthodox
classification. But the telling of the tale is only one part of what Gould was about.
Truly, indeed, this was a work with a mission. Gould used the Burgess Shale to
launch an attack on what he saw as an incorrect picture of the history of life, an
incorrect picture that had been brought illicitly into evolutionary studies by en-
thusiastic Darwinians. A particular bugbear of Gould was the idea of evolutionary
progress—our old friend of upward change, from monad to man. He thought this
is a truly false picture of history, which is rather one of randomness and chance
and lack of any significant direction. Certainly, humans came last. If they did not,
we would not be around now to tell the tale. But we are not the finest culmina-
tion of a directed process. Like everything else, we just happened. And the fossils
of the Burgess Shale show that this is so. There are all sorts of weird and wonder-
ful forms, all now extinct with very few exceptions (one of which may be a verte-
brate predecessor), and any one of these might have been the progenitor of to-
day’s organisms. It was just chance that it all went one way rather than any other.
Life has no ultimate meaning and history shows this. Those who think otherwise,
Darwinians particularly, are just plain wrong.

This continued as Gould’s theme. Another book, already mentioned, was
Full House: The Spread of Excellence from Plato to Darwin (1996). This may ostensibly
have been about baseball statistics, and the probabilities of anyone ever repeating
DiMaggio’s feat, but truly it was about the nature of history and how seeming di-

rection can be simply a function of chance:

If one small and odd lineage of fishes had not evolved fins capable of bearing
weight on land (though evolved for different reasons in lakes and seas), terrestrial
vertebrates would never have arisen. If a large extraterrestrial object—the ultimate
random bolt from the blue—had not triggered the extinction of dinosaurs 65 mil-
lion years ago, mammals would still be small creatures, confined to the nooks and
crannies of a dinosaur’s world, and incapable of evolving the larger size that brains
big enough for self-consciousness require. If a small and tenuous population of pro-
tohumans had not survived a hundred slings and arrows of outrageous fortune (and
potential extinction) on the savannas of Africa, then Homo sapiens would never have
emerged to spread throughout the globe. We are glorious accidents of an unpre-
dictable process with no drive to complexity, not the expected results of evolu-
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The discoverer of Burgess Shale,
Charles Doolittle Walcott

A denizen of the Burgess Shale (Marrella)

tionary principles that yearn to produce a creature capable of understanding the
mode of its own necessary construction. (Gould 1996, 216)

Just as he lay dying, Gould published yet another book, The Structure of Evo-
lutionary Theory (2002). This was a truly gargantuan compendium of all of Gould’s
thinking on just about everything. Certainly, if you could take only one Gould
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book with you to a desert island, this would be it. But really Gould’s genius lay in
the short, pithy piece. Love him or loathe him—and at (different) times I felt
both emotions in the course of our twenty-five year relationship—the guy really

could write a terrific opinion piece.

Taking Tbings Apart

Whether or not evolution has many different levels or layers, Gould’s arguments
most certainly do. So let us take them apart and see what we get. At one level,
the most basic level, you may say that we have a scientific argument. Was he right
that the fossil record is as jerky as he claimed and that this is something that a
Darwinian cannot handle or explain? Whatever else, one can certainly say that
Gould drew attention to the question of the rates of evolution. Intense effort has
been expended on the path or course of evolution as revealed through the fossil
record and on its putative support for the theory of punctuated equilibria. And
the answer, I am afraid, is one of extreme ambiguity! Indeed, perhaps by now you
might have been expecting that I would say this, because several times before in
this book when we have come up to crucial points of decision, I back away and
say that the facts cannot decide! Although an exaggeration, there is some truth in
this. But I think it probably tells you more about science than it does about me.
(Although my father used to complain that I could not open my mouth without
telling you something about me.)

The truth is that when scientists hold different positions, it rarely is simply
one of the physical facts. Both sides can summon up facts to suit their respective
causes: Cuvier points to function, Geoffroy to form; Dobzhansky to heterozygosi-
ty, Muller to homozygosity; Stringer to Neanderthal differences, Wolpoff to
Neanderthal similarities. The facts are not irrelevant, anything but, yet they are
not decisive. And certainly this is the case here. There are cases where evolution-
ary change seems to have been very rapid indeed—so rapid, that it surely qualifies
as sudden or jerky in the terms demanded by punctuated equilibrium theory. It
seems likely that the evolution of fish (cichlids) in East African lakes qualifies
here—one can show that speciation has been so rapid an event that even if there
were fossilization, it would be invisible in the record. (Williamson 1985). There
are cases where evolutionary change seems not to have been so very rapid—slow
enough, in fact, that the changes do come through in the fossil record. This seems
true of the evolution of certain mammals, for instance. And there are cases
where, depending on your inclination, you can interpret the record one way or
the other. The human fossil trail seems to fall into this camp. It is not that punctu-
ated equilibrium theory is wrong and that the Darwinian alternative (what Gould
calls “phyletic gradualism”) is right, or conversely. Rather it is that the fossil rec-
ord simply is not decisive.

But this is not the end of the argument, for there are other levels of debate.
Just as I am always arguing that the facts are not decisive, so I am also always ar-
guing that philosophical differences really count. I will not disappoint your expec-
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tations, for I do think that they are very important here. One thing that may seem
important is Marxism. Notoriously, Gould boasted of his connections to this phi-
losophy—we are told that he learnt it “at his daddy’s knee”—and he certainly
drew attention to the way in which the Marxist view of world history is one of
rapid revolutionary change, rather than gradualism (which Gould linked with the
liberal philosophy that was Charles Darwin’s). Also, the antireductionism—seeing
different processes at work at different levels is Marxist—is a translation of En-
gels’s law of quantity to quality. (Lewontin, who coauthored the spandrels paper,
is an ardent Marxist. See also the comments in Gould and Eldredge 1977.)

But although I am sure that this is important, I doubt that it ever was all-im-
portant, even if we discount the fact that after Stephen Jay Gould became the
Stephen Jay Gould, he rather backtracked on his earlier influences and enthusi-
asms. In line with what we have seen, more pertinent to Gould’s thinking, I sus-
pect, was that whole Germanic approach to biology (which was, naturally, shared
by Marx and Engels). It is the approach of the Naturphilosoph, who thinks that
form takes precedence over function, who thinks in terms of hierarchy, whose
philosophy of history is one of dialectic, swinging from one pole to another. Add
to this a good swig of Herbert Spencer—the very name, “punctuated equilibri-
um,” reeks of the old man. More seriously, the obsession with equilibrium is very
much a Spencerian concern for evolution (as opposed to Darwinian, where it
plays no essential role whatsoever). And certainly in some of his writings Gould
showed a liking for the notion of “homeostasis,” an idea developed on Spencerian
lines in the 1930s by the physiologist Walter B. Cannon (1931), supposing that
organisms get themselves into a kind of balance and have a natural tendency to
stay or return to the beginning point.

There is one final item that should be added and then the case will be com-
plete. Gould was a paleontologist. In the eyes of the general public, this is what
evolution is all about: fossils, dinosaurs, Lucy, and all of that. But as you must
now realize, this is not at all the way that professional evolutionists see things. To
them, paleontology is just the thing that they have had to escape in order to raise
the status of their science. To get out of the museums and away from a quasi-reli-
gious system of hypothetical phylogeny building, they have had to turn to tight,
mathematical, experimental, causal studies of fast-breeding organisms like fruit-
flies. I would hardly want to say that dinosaurs are an embarrassment, but even
now there are echoes of the past. The past decade or so, for example, has seen a
very public and indecisive debate about the origins of the birds (Feduccia 1996)—
are they descended from the dinosaurs or from other nondinosaur reptiles? If you
cannot answer something as basic as this, what hope of a real quality science?

It is symptomatic of the state of affairs that when, in the early 1980s, Gould
began suggesting that one must invoke one-step changes in organisms to account
for the fossil record, he was slapped down and into place by the geneticists. Pa-
leontology must do what it is told by the geneticists, rather than conversely. But
now, with punctuated equilibrium theory, the case is changed—at least, such was

the hope of Gould and others in his field. Geneticists must sit up and take notice.
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Not only does paleontology have its own level or levels of understanding—Ilevels
that cannot be eliminated (reduced away) by slick appeals to genetics—but there
are dimensions where paleontology can actually tell genetics what it can and can-
not do. Equality is now in sight. And anyone who thinks that something like this
was not of extreme interest to a person with the ego of Stephen Jay Gould, sim-
ply did not know the man. Upgrading his subject was always high on Gould’s list
of things to do. No one wants to spend their professional lives in a subject that is
regarded with disdain, if not contempt—the sociology of the life sciences. If
Gould’s program succeeds, if people do accept the need for an expanded Darwin-
ism, then at long last paleontology will come into its own. It can stand shoulder
to shoulder with genetics rather than lurk unobtrusively in the background, com-
ing forward only when called. The title of a talk Gould gave back in 1983 tells all:
“Irrelevance, Submission and Partnership: The Changing Role of Paleontology in
Darwin’s Three Centennials, and a Modest Proposal for Macroevolution.” (The
three centennials were for the birth of Darwin in 1908, the publication of the Ori-
gin in 1959, and the death of Darwin in 1982. We Darwinians like centennials.)

It is this, as much as anything, that accounts for the bitter note in John May-
nard Smith’s criticism quoted at the beginning of this chapter. The trouble is that
by the time that Maynard Smith wrote, people were starting to take Gould seri-
ously, and that rankled. It rankled also that Gould did not fight his battles just in
the professional journals, where only professional scientists would take notice. He
got into the public arena, with his monthly column in Natural History, and then in
collections and monographs, as well as many other places, notably the influential
New York Review of Books. For Maynard Smith, geneticist and sociobiologist, this
was all the wrong way around. Gould should be judged against the standards set
by Maynard Smith and his fellows and should not try to get around difficult points
with philosophy and rhetoric. He should have been more respectful of and appre-
ciative toward the ideas that have been developed and inherited. And he should
not have reminded the world of the shaky status of so much evolutionary theoriz-
ing for so long. It was not just that Gould’s ideas are wrong. It was that they are
presented as position of reason and tolerance and common sense, and the outside
world believed him. That really irritated.

It still irritates even though Gould is now gone. The already-mentioned
well-known American philosopher Jerry Fodor (2007) has embraced the spandrels
argument with gusto. Terrified that we humans might be part of the animal
world, he attacks adaptationism with the frenzied enthusiasm of the true believer.
“History might reasonably credit Stephen ]J. Gould and Richard Lewontin as the
first to notice that something may be seriously wrong in this part of the wood.
Their 1979 paper, ‘The Spandrels of S. Marco and The Panglossian Paradigm: A
Critique of the Adaptationist Programme’, ignited an argument about the founda-
tions of selection theory that still shows no signs of quieting.” Apparently it was
all part of a mistaken analogy on Darwin’s part, moving from the conscious design
of the animal and plant breeders to the supposed mindless design of natural selec-

tion.
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The present worry is that the explication of natural selection by appeal to selective
breeding is seriously misleading, and that it thoroughly misled Darwin. Because
breeders have minds, there’s a fact of the matter about what traits they breed for;
if you want to know, just ask them. Natural selection, by contrast, is mindless; it
acts without malice aforethought. That strains the analogy between natural selec-
tion and breeding, perhaps to the breaking point. What, then, is the intended in-
terpretation when one speaks of natural selection? The question is wide open as of
this writing. (Fodor 2007, 20)

Adding a twist to the Gouldian argument—a twist that might or might not
have been appreciated by one of the twentieth century’s masters of metaphor—
Fodor finds much of the trouble in the metaphor of design as we find it in biolo-
gy. The function of the eye, the purpose of the heart, and that sort of thing,
brought about by selfish genes and the like. “Metaphors are fine things; science
probably couldn’t be done without them. But they are supposed to be the sort of
things that can, in a pinch, be cashed. Lacking a serious and literal construal of

‘selection for’, adaptationism founders on this methodological truism” (p. 20).

Needless to say, none of this has gone unchallenged. Philosophers and biolo-
gists have responded with vigor spliced with a certain amount of irritation. Daniel
Dennett (2007) for one points out that the whole point of the Gould-Lewontin
argument about spandrels is that some things are adaptive—the pillars in
churches, the roofs they support—and that, in the wake of this adaptation, non-
adaptive things like spandrels are likely to emerge. “I won’t bother correcting,
one more time, Fodor’s breezy misrepresentation of Gould and Lewontin’s argu-
ment about ‘spandrels’, except to say that far from suggesting an alternative to
adaptationism, the very concept of a spandrel depends on there being adaptations:
the arches and domes are indeed selected for, and they bring spandrels along in
their wake. No ‘perfectly reasonable biologist’ has claimed that the hugely various
and exquisitely tuned sense organs of animals, or the superbly efficient water-con-
serving methods of desert plants, are spandrels, even if they spawn spandrels ga-
lore.” I am sure that somewhere, looking down or looking up, Stephen Jay Gould
is enjoying every moment of this!

Hierarch 1y Theory

Let us pull away from the motives and countermotives, charges and counterc-
harges. The really important question is whether Darwinism—an ultra Darwin-
ism, which pushes selection without hesitation or apology—is enough, or whether
one really wants and needs more to get a full understanding of the evolutionary
process. Start with the level below the physical characteristics (the phenotype),
the molecular level. At this level (as Gould noted), it has been hypothesized that
selection can have only a minimal effect. Even if natural selection produces the
hand and the eye, the molecules making everything up are another matter entire-
ly. Selection may (for instance) decide between a blue eye and a brown eye, but
suppose there are two ways (with different molecular patterns) of making a blue
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eye. Selection could not decide between them. Some biologists, extending this
possibility, think that in real life there is a huge amount of molecular redundancy,
and it was suggested by a leading Japanese population geneticist, Motoo Kimura
(1983), that at this level the molecules just drift up or down to total fixation or to
elimination. In populations where the effects of selection can make themselves
known, drift can operate only on small populations. But where selection is absent
or minimalist, drift can (in theory) have major effects on large populations.

But is this true? Well, possibly in some cases. This is the basis for the very
successful notion of a “molecular clock,” where one judges the time since different
organisms had a common ancestor by the amount of genetic molecular difference
there is between them. Drift, unlike selection, is presumed to be something that
produces change at a fairly standard or regular rate. But in other cases, molecular
drift certainly does not hold. Where one is dealing with nonfunctional chunks of
DNA (pseudogenes), no doubt drift is the player that counts. But overall the
amount of drift at the molecular level has been subject to various experiments,
some of which suggest strongly that selection is sifting through the molecules,
choosing some and rejecting others. For instance, there has been detailed study of
the molecular gene replacements in closely related species of fruitfly (Drosophi-
la). If the genes are drifting up or down, irrespective of selection, then one ought
to find the same orders of magnitude of differences between species as one finds
within species. Everything is going according to random patterns, so interbreed-
ing and like phenomena should make no difference. In fact, they did make major
differences. Between species, one finds significant differences in the molecular
genes, but within species although there is some variation, there is far less. This
all rather suggests that within the species selection is acting in a positive way to
cherish some genes and to eliminate others. A counter to the neutral theory (Mc-
Donald and Kreitman 1991).

Move next to the physical level: the phenotype. It is here that selection is
supposed to reign supreme. But does it? The Darwinian—the ultra-Darwinian like
Richard Dawkins—thinks selection is very, very important. But all important? In
fact, no one has ever wanted to claim that selection works in a perfect fashion,
forever producing adaptations at their “optimized” peak. One might for instance
be dealing with something that had an adaptive function but that now no longer
serves such an end. It could be that circumstances have changed, and selection
simply has left the feature in place—perhaps selection is unable to reduce the fea-
ture. Paradoxically, one ultra-Darwinian has suggested that human sexuality might
fall into this category (Williams 1975). Although this is a controversial issue and
not all would agree, there are reasons to think that sexuality is really only of adap-
tive advantage to fast-breeding organisms in unstable environments. For humans,
who breed slowly and who stabilize their environments, sexuality may be posi-
tively disadvantageous—a single female could do the work herself (as is the case
in many mammals and to be candid many human families). But our anatomy and
physiology have now become so specialized that we cannot relinquish sexuality.

We are stuck with it, for all its problems.
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The Irish elk

Another reason for the nonoptimality of adaptation is relative growth (al-
lometry). Sometimes features are linked together, with one part growing faster
than other parts. In fact, this is a well-known and studied phenomenon, and it
turns out that the usual relationship is logarithmic—the fast-growing part grows
at a very much faster rate than the other parts. It could be that such a fast-growing
part is of crucial importance in breeding, but unfortunately it then peaks and goes
over into nonadaptive status as the rest of the organism matures and reaches full
size. It is thought that possibly the massive horn-growth of the extinct “Irish elk”
(actually a deer) could have come through such a process. For early breeding pur-
poses, big horns are a decided advantage. But then the horns just keep growing
even though they are maladaptive. Unfortunately by this stage the damage is
done—the next generation have the potential for big horns—and so the adult ma-
ladaptation is perpetuated.

Something similar occurs when one has sexual selection working against nat-
ural selection. Big tails are sexually desirable in the peacock, but from a natural
selection viewpoint—escaping from predators—they are no good at all. Such
characteristics are adaptive in one sense and maladaptive in others. And then final-

ly let me mention pleiotropy. Sometimes more that one characteristic is produced
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by one gene. If the one characteristic is very valuable in the struggle for life, then
it can balance other characteristics that are less valuable or even harmful. In a
way, this is an individual phenomenon somewhat akin to the group effect that you
get with balanced superior heterozygote fitness, where the homozygotes are less
fit than the heterozygote—where, indeed, a homozygotes may be so unfit as to be
absolutely lethal.

So you can see that, although they are all selection connected, the Darwinian
certainly sees a place for nonadaptive features. Moreover, turning now to Gould’s
counterarguments, the Darwinian would challenge many of Gould’s supposed ex-
amples of nonadaptive characteristics. It would be argued that these features are
indeed rooted in adaptive advantage, as brought about by natural selection. Take
the key example of vertebrate limb number. Gould suggests that the fact that ver-
tebrates have four limbs rather than six (as insects have) is purely a matter of con-
tingency or constraints on building vertebrates or some such thing. Having four
rather than three or five can be explained through adaptive advantage—five legs
would be lousy for running, although I suppose the kangaroo, with two legs and a
tail, might make one pause about three—but why four rather than six or even
eight (like arachnids)? However, Maynard Smith (1981) has seized on this exam-
ple as precisely one where selection does count! He points out that the early ver-
tebrates were sea creatures, with the need to go up and down rapidly in the wa-
ter. This, as with airplanes in the air, is best effected by two wings or limbs fore
and two wings or limbs aft. In fact, there were vertebrates with other numbers of
limbs, but selection favored the four-limbed variety. Today, we live with the rel-
ict of this need. It may be that we could get by with a different number—snakes,
whales, and chickens obviously do—but that is not to deny the fact that four is
rooted in selection, contra Gould’s claim. And as we have seen, it is certainly not
part of the Darwinian case that all features must have maximum adaptive value
right now, and always. The point is that such features are connected to selection

in some way, at some point in time.

M acroquestions

Finally, what about the upper level of the hierarchy? No one is going to deny that
you are going to get effects at the macrolevel—that is, over long periods of
time—that are more than just microeffects stitched together. I am not sure that
there is anything mysterious or “holistic” about this, but the fact is that the course
of history over millions of years simply does not follow from the changes in a
fruitfly cage. If this is what antireductionism means, then we are all antireduction-
ists. One does not need an Engels to tell us as much. Take, for instance, the
whole question of extinction. Not only do individual species go extinct, but some-
times you get a whole range of species going extinct at the same time: “mass ex-
tinction.” Such events saw out the Devonian, the Permian, and most famously
(when the dinosaurs went) the Cretaceous. No one could have inferred these ex-
tinctions from microevents, but then no one would ever have pretended to.
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Clearly, some other factors—possibly random and possible not, possibly extrater-
restrial and possibly not—were involved. Everybody knows that the popular hy-
pothesis for the end of the Cretaceous is that an asteroid or some such thing hit
the earth, causing a great dust cloud and blocking out of the sun, and that as a
consequence there was cooling and paucity of food and that this put paid to the di-
nosaurs (as opposed to the mammals who were just weedy little runt-sized noc-
turnal animals). This is not something that could have been predicted by popula-
tion genetics, but it is something that is part of the causal story of life’s history
(Alvarez et al. 1980).

It has to be granted then that the macroevolutionist—the paleontologist—
will tell us something about evolution as path that we cannot get from elsewhere.
And this will surely lead into discussion of evolution as cause, as one tries to un-
derstand and explain the path. The causes might not be directly biological, but
they are part of the picture. I am not sure that there is any question of downward
causation—of the paleontologist teaching and instructing the geneticist—but
there is certainly some measure of autonomy to the macrolevel. But can one go
on from here? Are there biological patterns at the macrolevel that would not be
expected from the microlevel? Can the macroevolutionist show and explain bio-
logically fueled events that do not appear at smaller levels with shorter times?

In principle there seems no reason why not, and in fact we do find that some
workers have tried to provide explanatory models of this nature. By example, let
me take a problem that has long puzzled students of life’s history, namely the so-
called Cambrian explosion. Nearly 600 million years ago, life suddenly started to
explode in diversity and number. From fairly sparse numbers and types, at least as
revealed in the fossil record, huge numbers and varieties made their appearance,
almost overnight as it were. Now there are a number of questions that you can
ask—for instance, about why the explosion happened at all. And some of the an-
swers will surely be framed in terms of adaptive advantage. For instance, it may
be that the seawater was carrying much more oxygen, thanks to photosynthesis
caused by algae, and this then made possible the sustenance of many more and
more complex life-forms than previously.

But what about the actual pattern of the explosion? John J. Sepkoski Jr. (a
student of both Edward O. Wilson and Stephen Jay Gould) collected huge
amounts of data about the numbers of different kinds of organism that have been
recorded as living back then at the time of the explosion. He found, plotting num-
bers on a graph, that the picture is roughly s-shaped (sigmoidal)—a rapid rise up,
and then a flattening out. To explain this, Sepkoski turned to a well-known eco-
logical hypothesis about the colonization of islands by organisms, formulated in
the 1960s by Princeton biologist Robert MacArthur and Harvard entomologist
Edward O. Wilson. The island biogeography hypothesis specifies that organism
species numbers will reach equilibrium (a function of distance from the mainland
and island size) after a period of (exponential) growth—mnew species arriving on
an island will equal the old species leaving or going extinct. Reasoning that colon-
izing in time is much like colonizing in space, Sepkoski (1976) was able readily to
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John J. Sepkoski Jr.

show that one can model the sigmoidal rise of organisms in the Cambrian using
the MacArthur-Wilson hypothesis.

The first models produced by Sepkoski were understandably crude, but they
were sufficiently promising to stimulate him to further effort. He worked dili-
gently to expand his database—for technical reasons he focused on marine ani-
mals—and as the material piled up, he found that he needed to refine his theory.
Instead of a nice smooth upward rise, a sigmoidal curve carrying one through the
Cambrian and beyond, there is a midlevel break as the growth pauses before pick-
ing up again to continue the movement upward (Sepkoski 1979, 235). Tantaliz-
ingly, those organisms that seem most successful during the Cambrian reach their
peak at the time of this pause, before they start into a long, slow decline.

Tantalizing but suggestive. Surely what is needed is a second set of equa-
tions, superimposed on the first, with a second curve therefore taking off on the
back of the first. The Cambrian organisms (marine fauna) reach their peak halfway
up and then start to decline. But in the meantime, rather like a second-stage rock-
et that takes over when the first stage is exhausted and is now falling down to the
sea, the next batch of organisms has taken over and is rising up through the Paleo-
zoic. “The two-phase kinetic model ... seems to provide an adequate description
of the fundamental patterns observed in the early Phanerozoic diversification of
marine metazoan families” (p. 242). This is just a description of what is happen-
ing, but the temptation is strong to speculate on causes, and some hypotheses
come at once to mind. Could the earlier organisms be rather “generalized” in
some sense, good for flourishing and increasing when there is lots of empty eco-
logical space, and could the later organisms be rather “specialized” in some sense,
good for flourishing and increasing when the ecological space is much more
crowded? Are we looking at the replacement of organisms that have “relatively
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broad feeding and habitat adaptations” by organisms that “might be expected to
exhibit lower rates of speciation and extinction and, as a result, lower rates of di-
versification but higher equilibria” (p. 243)? Are these replacing organisms better
at utilizing crowded or restricted environments, so that we end with “more finely
divided and stable ecosystems which can be described as having high equilibrial di-
versities” (p. 243)?

We are not done yet. As more data flowed in, Sepkoski discovered that the
new, replacing organisms ran out of steam at some later point, peaking and then
going into a slow decline. But now he knew just what to do! A third set of equa-
tions yielded a third curve, with a new set of organisms taking off on the back of
the second set. After the great extinction at the end of the Permian, life picked up
again, increased in diversity , and grew with some force and speed right up to the
present (Sepkoski 1984). Humans, of course, are messing things up at the end.
The ways in which we are destroying habitats and the denizens thereof has a major
impact. But the overall picture of life’s history makes good sense.

Moreover, perhaps we can even try our hand at predictions. Humans aside,
we seem to be in a bit of a lull right now. Could it be that there is a fourth group
of organisms waiting in the wings, ready to take off on the backs of today’s ani-
mals, ready to scale yet higher peaks? It seems improbable but cannot be discount-
ed entirely. In the plant world, with the arrival of the Cretaceous, we got a new
fourth kind of flora, the angiosperms (the flowering plants). Could not the same
be true of the animal world? “By analogy to the plant record, we can speculate
that one or more unpredictable innovations of importance comparable to angio-
sperms might appear among future marine animals, leading to major changes in
faunal composition and driving diversity to yet higher levels” (p. 264).

The point is made! Sepkoski was certainly not against Darwinism, meaning
explaining evolution through selection. Rather, he was interested in somewhat
different questions. To be honest, if I were looking for a predecessor, someone in
whose shoes he stands, I would opt for Herbert Spencer rather than Darwin. All
of the talk about moving up to a plateau and then a period of stability or equilibri-
um sounds very much like the synthetic philosophy updated. Which would fit in
with the influences under which Sepkoski fell. Remember that he was a student of

Gould as well as Wilson, and both of these men are Spencer-influenced: the fact
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that they fell out bitterly is almost what you expect from family members. More-
over, since in the case of Sepkoski we have a paleontologist who came into evolu-
tion via an intense interest in computers—he never took biology courses as an un-
dergraduate—there is really no reason to seeck for strong naturalist influences. I
mean that we should not expect to find, nor do we indeed find, influences leading
to a fondness for selection.

But however you analyze Sepkoski—on content or on influences—the fact is
that he worked at a level that is above and beyond that of the Darwinian working
on selection-related problems, trying to understand features of and changes in to-
day’s organisms. In this sense, Gould was truly right to think of evolutionary
theorizing as hierarchical. Darwinism is not the washed-out, inadequate theory he
pretends it to be, but there may well be more to the history of life and to our un-
derstanding than ultra-Darwinians sometimes claim. In the end, Steve Gould was
much like the rest of us. Sometimes he was wrong. And sometimes he was right!
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Further Reading & Discussion

As I noted in the text, for many years, in the magazine Natural History, Gould
wrote a monthly column: “This View of Life.” He ranged over many topics, on
and around the life sciences. One month you got an account of an old volume on
natural history Gould had discovered tucked away in a secondhand book store.
The next month you learnt of the mating practices of some tropical bird. But
through the diversity of topics and friendly, almost folksy, style, the reader senses
that there is not just a keen intelligence but a burning moral passion. Gould’s
view of life was fun. Gould’s view of life was serious. As also noted, the essays
were collected in published volumes. The first and still the best is Ever Since Dar-
win (New York: Norton, 1977).

Although I am more passionate about the shorter pieces, the best of Gould’s
full-length books has also already been mentioned. Ostensibly, Wonderful Life: The
Burgess Shale and the Nature of History (New York: Norton, 1989) is a discussion of
the marvelous finds of soft-bodied, fossilized invertebrates, in a place up in the
Rockies between the Canadian provinces of Alberta and British Columbia. These
fossils give us an insight into the nature of life just before it exploded up into the
rich diversity that marks living beings as we know them, an event that happened
during the Cambrian period some half a billion or more years ago. Gould used the
fossils and their interpretation as a vehicle to discourse on the process of scientific
discovery and theorizing, as well as on nature and form of life itself, drawing con-
clusions about the paths and causes of evolution, the status of humankind, and the
ways of scientific reasoning. I myself disagree with just about every one of his
conclusions, but I have rarely enjoyed a book so much. It is simply science writing
at its best—clear, informative, provocative.

Wonderful Life was also, I believe, a rather clever pastiche on books about
what was, along with the fossils, Gould’s other great passion: baseball. See how
Gould wrote of his characters as if they were managers and players in America’s
National Pastime. Judge, for instance, how he treated the British paleontologist
Simon Conway Morris, brought up from the minors by a manager who saw real
talent in his unpolished character and who took him on to win a Cy Young award
of science, fellowship in Britain’s Royal Society. Conway Morris, I should say, did
not entirely appreciate the honor of Gould’s analysis and responded with a some-
what waspish book of his own: The Crucible of Creation: The Burgess Shale and the
Rise of Animals (Oxford: Oxford University Press, 1998). Unfortunately, although
he may be a better scientist, Conway Morris is nowhere like as good a writer.

Given Gould’s engaging prose, what more could you ask of anyone or any-
thing? Well, how about a different perspective, from someone who writes as well
yet who is as committed to Darwinism as Gould is questioning. I refer to Richard
Dawkins, as English as Gould is American. Dawkins’s exposition of the ideas and
achievements of Darwinism, The Blind Watchmaker (New York: Norton, 1986), is

just superb. Dawkins has long been something of a computer buff, and he uses his
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knowledge and skill to great effect, especially when he is dealing with all of those
worries so often expressed about whether so simple a mechanism as natural selec-
tion can truly generate the complexity we find distinctive of the living world.
How can you generate a line of a Shakespeare play in just a few moves, if all you
have is the random processes of nature, akin to a monkey striking randomly on
the keys of a typewriter? Read Dawkins and find out. Find out this and much
more as you are taken from one dazzling chapter to the next, each one proving
that those who think that the scientific study of nature in some way impoverishes
our sensibility are themselves the ones truly lacking and blind in spirit.

Nearly a century ago, the embryologist E. S. Russell wrote a book trying to
trace what he saw as the two conflicting tendencies in biological understanding,
between those (like the Naturphilosophen) who emphasize the form of organisms
and those (like Cuvier) who emphasize the functional nature of organisms. You
know that I think this difference is reflected in the opposed thinking of Gould and
Dawkins. Read Form and Function, a Contribution to the History of Animal Morphology
(London: John Murray, 1916) to see that they are the end points of a long tradi-
tion of difference. In my Darwin and Design: Does Nature have a Purpose? (Cam-
bridge: Harvard University Press, 2003). I try to bring these issues up to date in
the light of a century of work on evolutionary questions since Russell wrote his
great book. In my Mystery of Mpysteries: Is Evolution a Social Construction? (Cam-
bridge: Harvard University Press, 1999) I discuss Gould as well as Geoffrey Par-
ker and Jack Sepkoski (as he was always known). I look also at Edward O. Wil-
son, Richard Lewontin, and Richard Dawkins.

Finally, one question I will ask you is whether, given that the form and func-
tion divide predates Darwin and continues still today, this means that in some
sense the Darwinian revolution is less revolutionary (for all that Darwin estab-
lished evolution through selection) than many have assumed. Is evolution just a
surface dance on philosophical issues of much greater depth? In my The Darwinian
Revolution: Science Red in Tooth and Claw, 2d ed. (Chicago: University of Chicago
Press, 1999) I try to answer this question myself, and I return to it in two more
recent books: Darwinism and its Discontents (Cambridge: Cambridge University
Press, 2006) and Charles Darwin (Oxford: Blackwell, 2008). One suspects that I

am not quite sure of the answer.
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C harles Darwin’s body lies a mould’ring in his grave, but his soul goes

marching on. And it marches in the form of the wonderful theory that he
bequeathed to us. I am not now particularly interested in whether you are a Dar-
winian or even an evolutionist—although I do hope that you are certainly the
latter if not the former. I am certainly not interested in whether or not you are a
Christian or a subscriber to some other faith. I do not mean to be rude: I expect
and hope that your religious beliefs are important to you as mine are to me. But I
am not about to convert you to or from Christianity or any other religion. That is
for you to decide.

What I do care is that, at the very least, you are now able to stand back and
appreciate what Darwin and his fellow evolutionists did and still do. I want you to
recognize that these were magnificent achievements, even if in the end you decide
you cannot accept them. I want you to see that the work of these scientists is the
real miracle of life. That grubby little primates should be able to work out all of
these things is something one should respect and admire. If God exists—certainly
if the Christian God exists—then we have in this life an intellectual challenge as
much as a moral challenge. It is our job to discern and understand this wonderful
creation, and to give thanks and praise. That is what the evolutionists have been
doing. And whether you are a Christian or not, history and logic dictate that you
can accept evolution—Darwinism even—for what it is. A wonderful scientific
theory—no more but certainly no less.

And with this I come to an end. I have spent a lot of my life working on and
around Darwin and his achievements. I have had a lot of fun doing so. If I have
passed on to you some of my enthusiasm, then this is a good reason for my having
written this book and for your having read it. What more can either of us say?

Epi]ogue
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Chapter I

Introduction

M y first document is an extract from Jean Baptiste de Lamarck’s Philoso-
phie Zoologique (1809). Lamarck’s theory of evolution was of an up-
wardly moving escalator, with organisms somehow being carried along rising ever
higher until they evolved into humans. On this, as a kind of secondary mecha-
nism, he laid the force for which he is best known, the inheritance of acquired
characteristics: through use and disuse features are developed or lost, and then
they are passed on to future generations. This is the idea presented in the first
document. Note how Lamarck presents his thinking in the form of laws of nature.
He wants to come across as a genuine scientist like those in the physical sciences.
Georges Cuvier of course would have none of this, and in the second document
he takes on Lamarck’s ideas, arguing that they are simply not borne out in nature:
breeders can never cross the species barrier and the forms of ancient animals are
those that live today. Note that whatever his ideological objections to evolu-

tionism, Cuvier the scientist knew that he had to oppose it on scientific grounds.

The third document of this chapter contains extracts from In Memoriam by the En-
glish poet Alfred Tennyson. Published in 1850, the poem is dedicated to the
memory of a friend (Arthur Hallam) who had died some twenty years before. It
was long in conception and writing as Tennyson wrestled with his troublesome
and worrying thoughts, especially those sparked by his reading of the science of
his day. As a young man Tennyson had read Charles Lyell’s Principles of Geology,
and in the first of the two extracts we see the poet recoiling from the endless,
mindless picture of nature that the geologist sketched. Nothing seems to make
sense. Later Tennyson read a detailed review of Robert Chambers’s Vestiges of the
Natural History of Creation, that evolutionary work published in 1844. It claimed
that all of nature is in an evolutionary progression up to humankind and perhaps
beyond to something superior. In the second of the extracts, Tennyson recovers
hope by supposing that Hallam was a precursor of this future “crowning race,”
doomed because he was born before his time. I offer these passages here to show
that even before the Origin people were getting ready for evolutionary ideas. In
Memoriam, with its evolutionary underpinnings offering hope for the future, was
the Victorians’ favorite poem. It was a source of great comfort to many, not the
least the queen after her husband, Prince Albert, died suddenly in 1860. You

should not think that evolutionary ideas faced simple, complete, absolute opposi-
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tion. The story is more complex than that, with many having more reasons to ac-

cept some form of evolution than to reject it outright.

Zoological Pbilosopb 1y

J. B. Lamarck

In every locality where animals can live, the conditions constituting any one
order of things remain the same for long periods: indeed they alter so slowly that
man cannot directly observe it. It is only by an inspection of ancient monuments
that he becomes convinced that in each of these localities the order of things
which he now finds has not always been existent; he may thence infer that it will
go on changing.

Races of animals living in any of these localities must then retain their habits
equally long: hence the apparent constancy of the races that we call species,—a
constancy which has raised in us the belief that these races are as old as nature.

But in the various habitable parts of the earth’s surface, the character and si-
tuation of places and climates constitute both for animals and plants environmen-
tal influences of extreme variability. The animals living in these various localities
must therefore differ among themselves, not only by reason of the state of com-
plexity of organisation attained in each race, but also by reason of the habits which
each race is forced to acquire; thus when the observing naturalist travels over
large portions of the earth’s surface and sees conspicuous changes occurring in the
environment, he invariably finds that the characters of species undergo a corre-
sponding change.

Now the true principle to be noted in all this is as follows:

Every fairly considerable and permanent alteration in the environment of any

race of animals works a real alteration in the needs of that race.

Every change in the needs of animals necessitates new activities on their part for

the satisfaction of those needs, and hence new habits

Every new need, necessitating new activities for its satisfaction requires the ani-

mal, either to make more frequent use of some of its parts which it previously used
less, and thus greatly to develop and enlarge them; or else to make use of entirely
new parts, to which the needs have imperceptibly given birth by efforts of its inner
feeling; this I shall shortly prove by means of known facts.

Thus to obtain a knowledge of the true causes of that great diversity of
shapes and habits found in the various known animals, we must reflect that the in-
finitely diversified but slowly changing environment in which the animals of each
race have successively been placed, has involved each of them in new needs and
corresponding alterations in their habits. This is a truth which, once recognised,
cannot be disputed. Now we shall easily discern how the new needs may have
been satistied, and the new habits acquired, if we pay attention to the two follow-
ing laws of nature, which are always verified by observation.



First Law.

In every animal which has not passed the limit cy[its development, a morefrequent and con-
tinuous use qf any organ gradually strengthens, develops and enlarges that organ, and gives
it a power proportional to the length of time it has been so used: while the permanent disuse
gf any organ imperceptibly weakens and deteriorates it, and progressively diminishes its

functional capacity, until it finally disappears.

Second Law.

All the acquisitions or losses wrought by nature on individuals, through the 1‘nﬂuence oftbe
environment in which their race has long been placed, and hence through the influence of
the predominant use or permanent disuse (yr any organ; all these are preserved by reproduc-
tion to the new individuals which arise, provided that the acquired modifications are com-

mon to both sexes, or at least to the individuals which produce the young.

Here we have two permanent truths, which can only be doubted by those
who haw never observed or followed the operations of nature, by those who have
allowed themselves to be drawn into the error which I shall now proceed to com-
bat.

Naturalists have remarked that the structure of animals is always in perfect
adaptation to their functions, and have inferred that the shape and condition of
their parts have determined the use of them. Now this is a mistake: for it may be
easily proved by observation that it is on the contrary the needs and uses of the
parts which have caused the development of these same parts, which have even
given birth to them when they did not exist, and which consequently have given
rise to the condition that we find in each animal.

If this were not so, nature would have had to create as many different kinds
of structure in animals, as there are different kinds of environment in which they
have to live; and neither structure nor environment would ever have varied.

This is indeed far from the true order of things. If things were really so, we
should not have race-horses shaped like those in England; we. should not have big
draught-horses so heavy and so different from the former, for none such are pro-
duced in nature; in the same way so fleet of foot, nor water-spaniels, etc.; we
should not have fowls without tails, fantail pigeons, etc.; finally, we should be
able to cultivate wild plants as long as we liked in the rich and fertile soil of our
gardens, without the fear of seeing them change under long cultivation.

A feeling of the truth in this respect has long existed; since the following
maxim has passed into a proverb and is known by all, Habits form a second nature.

Assuredly if the habits and nature of each animal could never vary, the prov-
erb would have been false and would not have come into existence, nor been pre-
served in the event of any one suggesting it.

If we seriously reflect upon all that I have just set forth, it will be seen that I
was entirely justified when in my work entitled Recherches sur les corps vivants (p.

50), I established the following proposition:
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“It is not the organs, that is to say, the nature and shape of the parts of an animal’s
body, that have given rise to its special habits and faculties; but it is, on the con-
trary, its habits, mode of life and environment that have in course of time con-
trolled the shape of its body, the number and state of its organs and, lastly, the fa-
culties which it possesses.”

If this proposition is carefully weighed arid compared with all the observa-
tions that nature and circumstances are incessantly throwing in our way, we shall
see that its importance and accuracy are substantiated in the highest degree.

Time and a favourable environment are as I have already said nature’s two
chief methods of bringing all her productions into existence: for her, time has no
limits and can be drawn upon to any extent.

As to the various factors which she has required and still constantly uses for
introducing variations in everything that she produces, they may be described as
practically inexhaustible.

The principal factors consist in the influence of climate, of the varying tem-
peratures of the atmosphere and the whole environment of the variety of localities
and their situation, of habits, the commonest movements, the most frequent ac-
tivities, and, lastly, of the means of self-preservation, the mode of life and the
methods of defence and multiplication.

Now as a result of these various influences, the faculties become extended
and strengthened by use, and diversified by new habits that are long kept up. The
conformation, consistency and, in short, the character and state of the parts, as
well as of the organs, are imperceptibly affected by these influences and are pre-
served and propagated by reproduction.

These truths, which are merely effects of the two natural laws stated above,
receive in every instance striking confirmation from facts; for the facts afford a
clear indication of nature’s procedure in the diversity of her productions.

Theory of the Earth

G. Cuvier

Nature appears also to have guarded against the alterations of species which
might proceed from mixture of breeds, by influencing the various species of ani-
mals with mutual aversion from each other. Hence all the cunning and all the
force that man is able to exert is necessary to accomplish such unions, even be-
tween species that have the nearest resemblances. And when the mule-breeds that
are thus produced by these forced conjunctions happen to be fruitful, which is sel-
dom the case, this fecundity never continues beyond a few generations, and would
not probably proceed so far, without 