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Preface

During my years as a physical science undergraduate and 
biology graduate student at the University of California, 

Berkeley, I believed almost everything I read in my textbooks. 
I knew that the books contained a few misprints and minor 
factual errors, and I was skeptical of philosophical claims that 
went beyond the evidence, but I thought that most of what I was 
being taught was substantially true.

As I was finishing my Ph.D. in cell and developmental 
biology, however, I noticed that all of my textbooks dealing with 
evolutionary biology contained a blatant misrepresentation: 
Drawings of vertebrate embryos showing similarities that were 
supposed to be evidence for descent from a common ancestor. 
But as an embryologist I knew the drawings were false. Not 
only did they distort the embryos they purported to show, but 
they also omitted earlier stages in which the embryos look very 
different from each other.

My assessment of the embryo drawings was confirmed in 
1997, when British embryologist Michael Richardson and his 
colleagues published an article in the journal Anatomy and 
Embryology, comparing the textbook drawings with actual 
embryos. Richardson was subsequently quoted in the leading 
American journal Science as saying: «It looks like it's turning 
out to be one of the most famous fakes in biology.»
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Yet most people remain unaware of the truth, and even 
biology textbooks published after 1997 continue to carry the 
faked drawings. Since then, I have discovered that many other 
textbook illustrations distort the evidence for evolution, too. At 
first, I found this hard to believe. How could so many textbooks 
contain so many misrepresentations for so long? Why hadn't 
they been noticed before? Then I discovered that other biologists 
have noticed most of them, and have even criticized them in 
print. But their criticisms have been ignored.

The pattern is consistent, and suggests more than simple 
error. At the very least, it suggests that Darwinism encourages 
distortions of the truth. How many of these distortions are 
unconscious and how many are deliberate remains to be 
seen. But the result is clear: Students and the public are being 
systematically misinformed about the evidence for evolution.

This book is about that evidence. To document it, I quote 
from the peer-reviewed work of hundreds of scientists, most 
of whom believe in Darwinian evolution. When I quote them, 
it is not because I want to make it sound as though they reject 
Darwin's theory; most of them do not. I quote them because 
they are experts on the evidence.

Wherever possible, I have avoided technical language. For 
those who want more details, I include extensive notes at the 
end of the book referring to the scientific literature. The notes 
are not intended to be exhaustive (except where they list sources 
of quotations), but to aid readers who want to pursue matters 
further.

The chapters are followed by two appendices. The first 
critically evaluates ten widely-used biology textbooks, from the 
high school to the graduate level. The second suggests warning 
labels, like those used on packs of cigarettes, that schools might 
want to place in their teaching materials to alert students to the 
misrepresentations.
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Many people were kind enough to review and comment on 
the manuscript. Those who assisted me with technical details 
in the indicated sections or chapters include: Lydia McGrew 
(Intro   duction); Dean Kenyon and Royal Truman (The Miller-
Urey Experiment); John Wiester (the Cambrian explosion, in 
The Tree of Life); W. Ford Doolittle (molecular phylogeny, in 
The Tree of Life); Brian K. Hall (Homology); Ashby Camp 
and Alan Feduccia (Archaeopteryx); Theodore D. Sargent 
(Peppered Moths); Tony Jelsma (Darwin's Finches); Edward B. 
Lewis (genetics of triple mutants, in Four-winged Fruit Flies); 
and James Graham (human origins, in The Ultimate Icon). 
Listing these people here does not imply that they endorse my 
views. On the contrary, many of them will disagree with my 
conclusions and recommendations. But for these fine people, 
science is the search for truth, and I am indebted to them for 
helping me get the facts straight. Of course, any errors that 
remain are my fault, not theirs.

People who patiently read and commented on major portions 
of the manuscript include (in alphabetical order) Tom Bethell, 
Roberta T. Bidinger, Bruce Chapman, William A. Dembski, 
David K. DeWolf, Mark Hartwig, Phillip E. Johnson, Paul A. 
Nelson, Martin Poenie, Jay Wesley Richards, Erica Rogers, 
Jody F. Sjogren (who also did most of the illustrations), Lucy 
P. Wells, and John G. West, Jr. Some of these readers helped 
me with scientific content, but all of them helped me to make 
the book readable. If there are still errors or rough spots, it is 
because I failed to follow all of their excellent advice.

I am grateful for research assistance from many people, 
especially Winslow G. Gerrish and William Kvasnikoff, and 
from staff members of the Natural Sciences and Health Sciences 
Libraries at the University of Washington, Seattle. Research 
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the Renewal of Science and Culture (www.crsc.org), 
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CHAPTER   I

Introduction

Science is the search for the truth,» wrote chemist Linus 
Pauling, winner of two Nobel prizes. Bruce Alberts, 

current president of the U. S. National Academy of Sciences, 
agrees. «Science and lies cannot coexist,» said Alberts in May 
2000, quoting Israeli statesman Shimon Peres. «You don't have 
a scientific lie, and you cannot lie scientifically. Science is 
basically the search of truth.»

For most people, the opposite of science is myth. A myth is 
a story that may fulfill a subjective need, or reveal something 
profound about the human psyche, but as commonly used it is not 
an account of objective reality. «Most scientists wince,» writes 
former Science editor Roger Lewin, «when the word 'myth' is 
attached to what they see as a pursuit of the truth.» Of course, 
science has mythical elements, because all human enterprises 
do. But scientists are right to wince when their pronouncements 
are called myths, because their goal as scientists is to minimize 
subjective storytelling and maximize objective truth.

Truth-seeking is not only noble, but also enormously useful. 
By providing us with the closest thing we have to a true 
understanding of the natural world, science enables us to live 
safer,
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healthier and more productive lives. If science weren't the 
search for truth, our bridges wouldn't support the weight we put 
on them, our lives wouldn't be as long as they are, and modern 
technological civilization wouldn't exist.

Storytelling is a valuable enterprise, too. Without stories, we 
would have no culture. But we do not call on storytellers to build 
bridges or perform surgery. For such tasks, we prefer people 
who have disciplined themselves to understand the realities of 
steel or flesh.

The discipline of science

How do scientists discipline themselves to understand the 
natural world? Philosophers of science have answered this 
question in a variety of ways, but one thing is clear: Any theory 
that purports to be scientific must somehow, at some point, 
be compared with observations or experiments. According 
to a 1998 booklet on science teaching issued by the National 
Academy of Sciences, «it is the nature of science to test and 
retest explanations against the natural world.»

Theories that survive repeated testing may be tentatively 
regarded as true statements about the world. But if there is 
persistent conflict between theory and evidence, the former 
must yield to the latter. As seventeenth-century philosopher 
of science Francis Bacon put it, we must obey Nature in order 
to command her. When science fails to obey nature, bridges 
collapse and patients die on the operating table.

Testing theories against the evidence never ends. The 
National Academy's booklet correctly states that «all scientific 
knowledge is, in principle, subject to change as new evidence 
becomes available.» It doesn't matter how long a theory has 
been held, or how
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many scientists currently believe it. If contradictory evidence 
turns up, the theory must be reevaluated or even abandoned.

Otherwise it is not science, but myth. To ensure that theories 
are tested objectively and do not become subjective myths, the 
testing must be public rather than private. «This process of public 
scrutiny,» according to the National Academy's booklet, «is an 
essential part of science. It works to eliminate individual bias 
and subjectivity, because others must also be able to determine 
whether a proposed explanation is consistent with the available 
evidence.»

Within the scientific community, this process is called «peer 
review.» Some scientific claims are so narrowly technical that 
they can be properly evaluated only by specialists. In such cases, 
the «peers» are a handful of experts. In a surprising number of 
instances, however, the average person is probably as competent 
to make a judgment as the most highly trained scientist. If a 
theory of gravity predicts that heavy objects will fall upwards, 
it doesn't take an astrophysicist to see that the theory is wrong. 
And if a picture of an embryo doesn't look like the real thing, it 
doesn't take an embryologist to see that the picture is false.

So an average person with access to the evidence should be 
able to understand and evaluate many scientific claims. The 
National Academy's booklet acknowledged this by opening 
with Thomas Jefferson's call for «the diffusion of knowledge 
among the people. No other sure foundation can be devised 
for the preservation of freedom and happiness.» The booklet 
continued: «Jefferson saw clearly what has become increasingly 
evident since then: the fortunes of a nation rest on the ability of 
its citizens to understand and use information about the world 
around them.»

U. S. District Judge James Graham affirmed this Jeffersonian 
wisdom in an Ohio newspaper column in May 2000. Graham
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wrote: «Science is not an inscrutable priesthood. Any person 
of reasonable intelligence should, with some diligence, be able 
to understand and critically evaluate a scientific theory.» Both 
the National Academy's booklet and Judge Graham's newspaper 
column were written in the context of the present controversy 
over evolution. But the former was written to defend Darwin's 
theory, while the latter was written to defend some of its critics. 
In other words, defenders as well as critics of Darwinian 
evolution are appealing to the intelligence and wisdom of the 
American people to resolve the controversy.

This book was written in the conviction that scientific theories 
in general, and Darwinian evolution in particular, can be 
evaluated by any intelligent person with access to the evidence. 
But before looking at the evidence for evolution, we must know 
what evolution is.

What is evolution?

Biological evolution is the theory that all living things are 
modified descendants of a common ancestor that lived in the 
distant past. It claims that you and I are descendants of ape-like 
ancestors, and that they in turn came from still more primitive 
animals.

This is the primary meaning of «evolution» among biologists. 
«Biological evolution,» according to the National Academy's 
booklet, «explains that living things share common ancestors. 
Over time, evolutionary change gives rise to new species. 
Darwin called this process 'descent with modification,' and it 
remains a good definition of biological evolution today.»

For Charles Darwin, descent with modification was the origin 
of all living things after the first organisms. He wrote in The 
Origin of Species: «I view all beings not as special creations, 
but
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as the lineal descendants of some few beings» that lived in the 
distant past. The reason living things are now so different from 
each other, Darwin believed, is that they have been modified 
by natural selection, or survival of the fittest: «I am convinced 
that Natural Selection has been the most important, but not 
the exclusive, means of modification.» When proponents of 
Darwin's theory are responding to critics, they sometimes 
claim that «evolution» means simply change over time. But 
this is clearly an evasion. No rational person denies the reality 
of change, and we did not need Charles Darwin to convince 
us of it. If «evolution» meant only this, it would be utterly 
uncontroversial. Nobody believes that biological evolution is 
simply change over time.

Only slightly less evasive is the statement that descent with 
modification occurs. Of course it does, because all organisms 
within a single species are related through descent with 
modification. We see this in our own families, and plant and 
animal breeders see it in their work. But this still misses the 
point.

No one doubts that descent with modification occurs in 
the course of ordinary biological reproduction. The question 
is whether descent with modification accounts for the origin 
of new species—in fact, of every species. Like change over 
time, descent with modification within a species is utterly 
uncontroversial. But Darwinian evolution claims much more. 
In particular, it claims that descent with modification explains 
the origin and diversification of all living things.

The only way anyone can determine whether this claim is 
true is by comparing it with observations or experiments. 
Like all other scientific theories, Darwinian evolution must be 
continually compared with the evidence. If it does not fit the 
evidence, it must be reevaluated or abandoned—otherwise it is 
not science, but myth.
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Evidence for evolution

When asked to list the evidence for Darwinian evolution, 
most people—including most biologists—give the same set of 
examples, because all of them learned biology from the same 
few textbooks. The most common examples are:

• a laboratory flask containing a simulation of the Earth's 
primitive atmosphere, in which electric sparks produce the 
chemical building-blocks of living cells;

• the evolutionary tree of life, reconstructed from a large and 
growing body of fossil and molecular evidence;

• similar bone structures in a bat's wing, a porpoise's flipper, 
a horse's leg, and a human hand that indicate their evolutionary 
origin in a common ancestor;

• pictures of similarities in early embryos showing that 
аmphibians, reptiles, birds and human beings are all descended 
from a fish-like animal;

• Archaeopteryx, a fossil bird with teeth in its jaws and claws 
on its wings, the missing link between ancient reptiles and 
modern birds;

• peppered moths on tree trunks, showing how camouflage 
and predatory birds produced the most famous example of 
evolution by natural selection;

• Darwin's finches on the Galapagos Islands, thirteen separate 
species that diverged from one when natural selection produced 
differences in their beaks, and that inspired Darwin to formulate 
his theory of evolution;

• fruit flies with an extra pair of wings, showing that genetic 
mutations can provide the raw materials for evolution;

• a branching-tree pattern of horse fossils that refutes the old-
fashioned idea that evolution was directed; and
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• drawings of ape-like creatures evolving into humans, 
showing that we are just animals and that our existence is merely 
a by-product of purposeless natural causes.

These examples are so frequently used as evidence for 
Darwin's theory that most of them have been called «icons» of 
evolution. Yet all of them, in one way or another, misrepresent 
the truth.

Science or myth?

Some of these icons of evolution present assumptions or 
hypotheses as though they were observed facts; in Stephen 
Jay Gould's words, they are «incarnations of concepts 
masquerading as neutral descriptions of nature.» Others conceal 
raging controversies among biologists that have far-reaching 
implications for evolutionary theory. Worst of all, some are 
directly contrary to well-established scientific evidence.

Most biologists are unaware of these problems. Indeed, 
most biologists work in fields far removed from evolutionary 
biology. Most of what they know about evolution, they learned 
from biology textbooks and the same magazine articles and 
television documentaries that are seen by the general public. 
But the textbooks and popular presentations rely primarily on 
the icons of evolution, so as far as many biologists are concerned 
the icons are the evidence for evolution.

Some biologists are aware of difficulties with a particular 
icon because it distorts the evidence in their own field. When 
they read the scientific literature in their specialty, they can see 
that the icon is misleading or downright false. But they may 
feel that this is just an isolated problem, especially when they 
are assured
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that Darwin's theory is supported by overwhelming evidence
from other fields. If they believe in the fundamental correctness 

of Darwinian evolution, they may set aside their misgivings 
about the particular icon they know something about.

On the other hand, if they voice their misgivings they may 
find it difficult to gain a hearing among their colleagues, 
because (as we shall see) criticizing Darwinian evolution is 
extremely unpopular among English-speaking biologists. This 
may be why the problems with the icons of evolution are not 
more widely known. And this is why many biologists will be 
just as surprised as the general public to learn how serious and 
widespread those problems are.

The following chapters compare the icons of evolution with 
published scientific evidence, and reveal that much of what 
we teach about evolution is wrong. This fact raises troubling 
questions about the status of Darwinian evolution. If the icons 
of evolution are supposed to be our best evidence for Darwin's 
theory, and all of them are false or misleading, what does that 
tell us about the theory? Is it science, or myth?



CHAPTER 2

The Miller-Urey 
Experiment

Accompanied by music from Stravinsky's Rite of Spring, the 
primordial Earth seethes with volcanic activity. Red-hot lava 
flows over the land and tumbles into the sea, generating clouds 
of steam while lightning flashes in the sky above. Slowly, the 
camera pans down until it reaches the calm depths of the ocean, 
where mysterious specks glow in the dark. Suddenly, a single-
celled animal darts across the screen. Life is born.

The scene is from Walt Disney's 1940 film classic, Fantasia, 
and the narrator calls it «a coldly accurate reproduction of what 
science thinks went on during the first few billion years of this 
planets existence.» The scenario was the brain-child of Russian 
scientist A. I. Oparin and British scientist J. B. S. Haldane, 
who in the 1920s had suggested that lightning in the primitive 
atmosphere could have produced the chemical building blocks 
of life. Although Darwin did not pretend to understand the 
origin of life, he speculated that it might have started in «some 
warm little pond.» Similarly, Oparin and Haldane hypothesized 
that chemicals produced in the atmosphere dissolved in the 
primordial seas to form a «hot dilute soup,» from which the 
first living cells emerged.
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FIGURE 2-1 The 1953 Miller-Urey Experiment.
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FIGURE 2-1 The 1953 Miller-Urey experiment.

(a) Vacuum line; (b) high-voltage spark electrodes; (c) condenser with 
circulating cold water; (d) trap to prevent backflow; (e) flask for boiling 
water and collecting reaction products; (f) sealed tube, broken later 
to remove reaction products for analysis. In later experiments, the 
electrodes were moved up into the large flask at the upper right, and a 
stopcock for withdrawing reaction products was added to the trap at 
the bottom. Most textbook drawings show these later modifications.

The Oparin-Haldane hypothesis captured the imagination 
of many scientists, and thus became «what science thinks» 
about the first steps in the origin of life. But it remained an 
untested hypothesis until the early 1950s, when an American 
graduate student, Stanley Miller, and his Ph.D. advisor, Harold 
Urey, produced some of the chemical building blocks of life 
by sending an electric spark through a mixture of gases they 
thought simulated the Earth's primitive atmosphere. (Figure 
2-1) The 1953 Miller-Urey experiment generated enormous 
excitement in the scientific community, and soon found its way 
into almost every high school and college biology textbook as 
evidence that scientists had demonstrated the first step in the 
origin of life.

The Miller-Urey experiment is still featured prominently in 
textbooks, magazines, and television documentaries as an icon 
of evolution. Yet for more than a decade most geochemists have 
been convinced that the experiment failed to simulate conditions 
on the early Earth, and thus has little or nothing to do with the 
origin of life. Here's why.
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The Oparin-Haldane scenario

The first step in the Oparin-Haldane scenario—the production 
of life's chemical building blocks by lightning—depends 
crucially on the composition of the atmosphere. The Earth's 
present atmosphere is about 21 percent oxygen gas. We tend to 
think of an oxygen-rich atmosphere as essential to life, because 
we would die without it. Yet, paradoxically, life's building 
blocks could not have formed in such an atmosphere.

We need oxygen because our cells produce energy through 
aerobic respiration (though some bacteria are «anaerobic,» and 
thrive in the absence of oxygen). In effect, aerobic organisms 
use oxygen to get energy from organic molecules in much the 
same way that automobile engines use oxygen to get energy 
from gasoline. But our bodies must also synthesize organic 
molecules, otherwise we could not grow, heal, or reproduce. 
Respiration, which breaks down organic molecules, is the 
opposite of synthesis, which builds them up. Chemists call the 
process of respiration «oxidizing,» while they call the process 
of synthesis «reducing.»

Not surprisingly, the same oxygen that is essential to aerobic 
respiration is often fatal to organic synthesis. An electric spark 
in a closed container of swamp gas (methane) might produce 
some interesting organic molecules, but if even a little oxygen 
is present the spark will cause an explosion. Just as a closed 
container excludes oxygen and prevents swamp gas from 
exploding, so compartments in living cells exclude oxygen from 
the processes of organic synthesis. Free oxygen in the wrong 
places can be harmful to health, which is why some nutritionists 
tell people to consume more «anti-oxidant» vitamins.

Since free oxygen can destroy many organic molecules, 
chemists often must remove oxygen and use closed containers
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when they synthesize and store organic chemicals in the 
laboratory. But before the origin of life, when there were neither 
chemists nor laboratories, the chemical building blocks of 
life could have formed only in a natural environment lacking 
oxygen. According to Oparin and Haldane, that environment 
was the Earth's primitive atmosphere.

The Earth's present atmosphere is strongly oxidizing. Oparin 
and Haldane postulated its exact opposite: a strongly reducing 
atmosphere rich in hydrogen. Specifically, they postulated 
a mixture of methane (hydrogen combined with carbon), 
ammonia (hydrogen combined with nitrogen), water vapor 
(hydrogen combined with oxygen) and hydrogen gas. Oparin 
and Haldane predicted that lightning in such an atmosphere 
could spontaneously produce the organic molecules needed by 
living cells.

The Miller-Urey experiment

At the time, it seemed reasonable to postulate a strongly 
reducing primitive atmosphere. Scientists believed that the 
Earth originally formed from a condensing cloud of interstellar 
dust and gas, so it was reasonable to suppose that the original 
atmosphere resembled interstellar gases, which consist 
predominantly of hydrogen. In 1952, Nobel Prize-winning 
chemist Harold Urey concluded that the early atmosphere 
consisted primarily of hydrogen, methane, ammonia and water 
vapor—just as Oparin and Haldane had postulated.

Urey's graduate student at The University of Chicago, 
Stanley Miller, set out to test the Oparin-Haldane hypothesis 
experimentally. Miller assembled a closed glass apparatus in 
Urey's laboratory, pumped out the air, and replaced it with 
methane, ammonia, hydrogen and water. (If he hadn't removed 
the air, his next step might have been his last.)
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 He then heated the water and circulated the gases past a high-
voltage electric spark to simulate lightning. (Figure 2-1)

«By the end of the week,» Miller reported, the water «was deep 
red and turbid.» He removed some of it for chemical analysis and 
identified several organic compounds. These included glycine 
and alanine, the two simplest amino acids found in proteins. 
Most of the reaction products, however, were simple organic 
compounds that do not occur in living organisms.

Miller published his initial results in 1953. By repeating 
the experiment, he and others were able to obtain small yields 
of most biologically significant amino acids, as well as some 
additional organic compounds found in living cells. The Miller-
Urey experiment thus seemed to confirm the Oparin-Haldane 
hypothesis about the first step in the origin of life. By the 1960s, 
however, geochemists were beginning to doubt that conditions 
on the early Earth were the ones Oparin and Haldane had 
postulated.

Did the primitive atmosphere really lack oxygen?

Urey assumed that the Earth's original atmosphere had the 
same composition as interstellar gas clouds. In 1952, however 
(the same year Urey published this view), University of Chicago 
geochemist Harrison Brown noted that the abundance of the rare 
gases neon, argon, krypton, and xenon in the Earth's atmosphere 
was at least a million times lower than the cosmic average, and 
concluded that the Earth must have lost its original atmosphere 
(if it ever had one) very soon after its formation.

In the 1960s Princeton University geochemist Heinrich 
Holland and Carnegie Institution geophysicist Philip Abelson 
agreed with Brown. Holland and Abelson independently 
concluded that
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the Earth's primitive atmosphere was not derived from 
interstellar gas clouds, but from gases released by the Earth's 
own volcanoes. They saw no reason to believe that ancient 
volcanoes were different from modern ones, which release 
primarily water vapor, carbon dioxide, nitrogen, and trace 
amounts of hydrogen. Since hydrogen is so light, Earth's gravity 
would have been unable to hold it, and (like the rare gases) it 
would quickly have escaped into space.

But if the principal ingredient of the primitive atmosphere 
was water vapor, the atmosphere must also have contained 
some oxygen. Atmospheric scientists know that ultraviolet rays 
from sunlight cause dissociation of water vapor in the upper 
atmosphere. This process, called «photodissociation,» splits 
water molecules into hydrogen and oxygen. The hydrogen 
escapes into space, leaving the oxygen behind in the atmosphere. 
(Figure 2-2)

Scientists believe that most of the oxygen in the present 
atmosphere was produced later by photosynthesis, the process 
by which green plants convert carbon dioxide and water into 
organic matter and oxygen.

Nevertheless, photodissociation would have generated small 
amounts of oxygen even before the advent of photosynthesis. 
The question is, how much?

In 1965 Texas scientists L. V. Berkner and L. C. Marshall 
argued that the oxygen produced by photodissociation could not 
have exceeded about one thousandth of its present atmospheric 
level, and was probably much lower. California Institute of 
Tech-nology geophysicist R. T. Brinkmann disagreed, claiming 
that «appreciable oxygen concentrations might have evolved in 
the Earth's atmosphere»—as much as one quarter of the present 
level—before the advent of photosynthesis. As the controversy 
over theoretical implications widened, various scientists took 
one
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side or the other: Australian geologist J. H. Carver concurred 
with Brinkmann, while Pennsylvania State University geologist 
James Kasting agreed with Berkner and Marshall. The issue 
was never resolved.

Evidence from ancient rocks has been inconclusive. Some 
ancient sedimentary rocks contain uraninite, an oxygen-poor 
uranium compound that suggests to some geologists that those 
sediments had been laid down in an oxygen-poor atmosphere. 
But other geologists point out that uraninite also occurs in 
later rocks that were deposited in our modern oxygen-rich 
atmosphere. Sediments rich in the highly oxidized red form 
of iron have also been used to infer primitive oxygen levels. 
Geologist James C. G. Walker argued that the appearance of these 
«red- beds» about two billion years ago «marks the beginning 
of the aerobic atmosphere.» But red-beds also occur in rocks 
older than two billion years, and Canadian geologists Erich 
Dimroth and Michael Kimberly wrote in 1979 that they saw 
«no evidence» in the sedimentary distribution of iron «that an 
oxygen-free atmosphere has existed at any time during the span 
of geological history recorded in well preserved sedimentary 
rocks.»

Biochemical evidence has been used to infer primitive 
oxygen levels, as well. In 1975 British biologists J. Lumsden 
and D. O. Hall reported that an enzyme (superoxide dismutase) 
used by living cells to protect themselves from the damaging 
effects of oxygen is present even in organisms whose ancestors 
are thought to have existed before the advent of photosynthesis. 
Lumsden and Hall concluded that the enzyme must have evolved 
to provide protection against primitive oxygen produced by 
photodissociation. 
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FIGURE 2-2 Photodissociation. 

Water molecules (oxygen plus hydrogen) are split by ultraviolet rays 
from sunlight in the upper atmosphere. The hydrogen (H) is too light 
to be held by Earth's gravity and escapes into outer space, while the 
heavier oxygen (0) remains in the atmosphere. 
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So theoretical models implied some primitive oxygen, 
but no one knew how much. Evidence from the rocks was 
inconclusive, and the biochemical evidence seemed to point 
to significant levels of oxygen produced by photodissociation. 
The controversy raged from the 1960s until the early 1980s, 
when it faded from view.

Declaring the controversy over

In 1977 origin-of-life researchers Sidney Fox and Klaus 
Dose reported that a major reason why the Earth's primitive 
atmosphere «is widely believed not to have contained in its 
early stage significant amounts of oxygen» is that «laboratory 
experiments show that chemical evolution, as accounted for by 
present models, would be largely inhibited by oxygen.» James 
C. G. Walker likewise wrote that «the strongest evidence» 
for the composition of the primitive atmosphere «is provided 
by conditions for the origin of life. A reducing atmosphere is 
required.»

Participants at a 1982 conference on the origin of life (one 
of whom was Stanley Miller) agreed that there could not have 
been free oxygen in the early atmosphere «because reducing 
conditions are required for the synthesis of the organic 
compounds needed for the development of life.» That same year, 
British geologists Harry Clemmey and Nick Badham wrote that 
the evidence showed «from the time of the earliest dated rocks 
at 3.7 billion years ago, Earth had an oxygenic atmosphere.» 
Clemmey and Badham declared it a mere «dogma» to claim 
that the Earth's early atmosphere lacked oxygen.

But geological and biochemical evidence no longer mattered, 
because certain influential scientists decided that the Miller-
Urey experiment had demonstrated the first step in the origin
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of life, and they simply declared that the primitive atmosphere 
must have lacked oxygen. Clemmey and Badham were right. 
Dogma had taken the place of empirical science.

From a scientific perspective, this dogma puts the cart before 
the horse. The Miller-Urey experiment succeeded in synthesizing 
organic molecules, but the question was not whether organic 
molecules could be synthesized in the laboratory. Of course they 
could, and they had been for years. They can be synthesized in 
the laboratory even though the present atmosphere is strongly 
oxidizing, because chemists create local environments from 
which oxygen is excluded or maintained at extremely low 
levels. The success of the Miller-Urey experiment doesn't prove 
that the entire primitive atmosphere lacked oxygen any more 
than the success of modern organic chemistry proves that the 
modern atmosphere lacks oxygen.

Clearly, some of the geological and biochemical evidence 
points to oxygen in the primitive atmosphere; otherwise, the 
issue would not have been so hotly debated among geologists 
from the 1960s through the early 1980s. In fact, evidence for 
primitive oxygen continues to mount: Smithsonian Institution 
paleobiologist Kenneth Towe (now emeritus) reviewed the 
evidence in 1996, and concluded that «the early Earth very 
likely had an atmosphere that contained free oxygen.»

The evidence Towe cited is usually ignored by people 
currently involved in origin-of-life research, and has been for 
years. Ironically, however, not even this arbitrary dismissal 
of evidence saved the Miller-Urey experiment. Although 
geochemists were sharply divided on the oxygen issue, they 
soon reached a near-consensus that the primitive atmosphere 
was nothing like the one Miller used. 
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The Miller-Urey experiment fails anyway

Holland and Abelson concluded in the 1960s that the Earth's 
primitive atmosphere was derived from volcanic outgassing, and 
consisted primarily of water vapor, carbon dioxide, nitrogen, 
and trace amounts of hydrogen. With most of the hydrogen 
being lost to space, there would have been nothing to reduce 
the carbon dioxide and nitrogen, so methane and ammonia 
could not have been major constituents of the early atmosphere. 
(Figure 2-3)

Abelson also noted that ammonia absorbs ultraviolet radiation 
from sunlight, and would have been rapidly destroyed by it. 
Furthermore, if large amounts of methane had been present 
in the primitive atmosphere, the earliest rocks would have 
contained a high proportion of organic molecules, and this is 
not the case. Abelson concluded: «What is the evidence for a 
primitive methane-ammonia atmosphere on Earth? The answer 
is that there is no evidence for it, but much against it.» (emphasis 
in original) In other words, the Oparin-Haldane scenario was 
wrong, and the early atmosphere was nothing like the strongly 
reducing mixture used in Miller's experiment.

Other scientists agreed. In 1975 Belgian biochemist Marcel 
Florkin announced that «the concept of a reducing primitive 
atmosphere has been abandoned,» and the Miller-Urey 
experiment is «not now considered geologically adequate.» 
Sidney Fox and Klaus Dose—though they argued that the 
primitive atmosphere lacked oxygen—conceded in 1977 that a 
reducing atmosphere did «not seem to be geologically realistic 
because evidence indicates that... most of the free hydrogen 
probably had disappeared into outer space and what was left of 
methane and ammonia was oxidized.»
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According to Fox and Dose, not only did the Miller-Urey 
experiment start with the wrong gas mixture, but also it did 
«not satisfactorily represent early geological reality because no 
provisions [were] made to remove hydrogen from the system.» 
During a Miller-Urey experiment hydrogen gas accumulates, 
becoming up to 76 percent of the mixture, but on the early Earth 
it would have escaped into space. Fox and Dose concluded: 
«The inference that Miller's synthesis does not have a geological 
relevance has become increasingly widespread.»

Since 1977 this view has become a near-consensus among 
geochemists. As Jon Cohen wrote in Science in 1995, many 
origin- of-life researchers now dismiss the 1953 experiment 
because «the early atmosphere looked nothing like the Miller-
Urey simulation.»

So what? Maybe a water vapor—carbon dioxide—nitrogen 
atmosphere would still support a Miller—Urey-type synthesis 
(as long as oxygen is excluded). But Fox and Dose reported 
in 1977 that no amino acids are produced by sparking such a 
mixture, and Heinrich Holland noted in 1984 that the «yields and 
the variety of organic compounds produced in these experiments 
decrease considerably» as methane and ammonia are removed 
from the starting mixtures. According to Holland, mixtures of 
carbon dioxide, nitrogen, and water yielded no amino acids at 
all.

In 1983 Miller reported that he and a colleague were able to 
produce a small amount of the simplest amino acid, glycine, 
by sparking an atmosphere containing carbon monoxide and 
carbon dioxide instead of methane, as long as free hydrogen was 
present. But he conceded that glycine was about the best they 
could do in the absence of methane. As John Horgan wrote in 
Scientific American in 1991, an atmosphere of carbon dioxide, 
nitrogen,
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and water vapor «would not have been conducive to the 
synthesis of amino acids.»

The conclusion is clear: if the Miller-Urey experiment is 
repeated using a realistic simulation of the Earth's primitive 
atmosphere, it doesn't work. Therefore, origin-of-life researchers 
have had to look elsewhere.

An RNA world?

Since the Miller-Urey experiment fails to explain how 
proteins could have formed on the early Earth, origin-of-life 
researchers have considered the possibility that proteins were 
not the first molecular building-blocks of life. DNA is not a good 
candidate, because it needs a whole suite of complex proteins to 
make copies of itself. Therefore DNA could not have originated

OXIDIZING (present 
Earth)

NEUTRAL (volcanic 
outgassing)

REDUCING (Oparin-
Haldane)

nitrogen water vapor 
(hydrogen + oxygen)

methane (carbon + 
hydrogen)

oxygen carbon dioxide 
(carbon + oxygen)

ammonia (nitrogen + 
hydrogen)

carbon dioxide 
(carbon + oxygen)

nitrogen hydrogen

water vapor 
(hydrogen + oxygen)

hydrogen (trace; lost 
to space)

water vapor (oxygen 
+ hydrogen)

FIGURE 2-3 A comparison of oxidizing, neutral, and reducing 
atmospheres

Constituents are listed from top to bottom in order of their prevalence.
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before proteins, and could not have been the first step in the 
origin of life.

Another candidate is RNA, a close chemical relative of 
DNA that is used by all living cells in the process of making 
proteins. In the 1980s molecular biologists Thomas Cech and 
Sidney Altman showed that RNA can sometimes behave like 
an enzyme—that is, like a protein. Another molecular biologist, 
Walter Gilbert, suggested that RNA might be able to synthesize 
itself in the absence of proteins, and thus might have originated 
on the early Earth before either proteins or DNA. This «RNA 
world» might then have been the molecular cradle from which 
living cells emerged.

But no one has demonstrated how RNA could have formed 
before living cells were around to make it. According to Scripps 
Research Institute biochemist Gerald Joyce, RNA is not a 
plausible candidate for the first building block of life «because 
it is unlikely to have been produced in significant quantities on 
the primitive Earth.» Even if RNA could have been produced, 
it would not have survived long under the conditions thought to 
have existed on the early Earth.

Joyce concludes: «The most reasonable interpretation is that 
life did not start with RNA.» Although he still thinks that an 
RNA world preceded the DNA world, he believes that some 
kind of living cells must have preceded RNA. «You have to 
build straw man upon straw man,» Joyce said in 1998, «to get 
to the point where RNA is a viable first biomolecule.»

In other words, the RNA world—like the protein-first 
scenario in the Miller-Urey experiment—is a dead end. Origin- 
of-life researchers have been unable to show how the molecular 
building blocks of life formed on the early Earth. But even if 
they had discovered the origin of the building blocks, the ori-
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gin of life would remain a mystery. A biochemist can mix all 
the chemical building blocks of life in a test tube and still not 
produce a living cell.

The origin of life problem is so difficult that German researcher 
Klaus Dose wrote in 1988 that current theory is «a scheme of 
ignorance. Without fundamentally new insights in evolutionary 
processes... this ignorance is likely to persist.» And persist it 
has. In 1998, comparing the scientific search for the origin of 
life to a detective story, Salk Institute scientist Leslie Orgel 
acknowledged that «we are very far from knowing whodunit.» 
And New York Times science writer Nicholas Wade reported 
in June 2000: «Everything about the origin of life on Earth is 
a mystery, and it seems the more that is known, the more acute 
the puzzles get.»

So we remain profoundly ignorant of how life originated. 
Yet the Miller-Urey experiment continues to be used as an icon 
of evolution, because nothing better has turned up. Instead of 
being told the truth, we are given the misleading impression 
that scientists have empirically demonstrated the first step in the 
origin of life.

The Miller-Urey experiment as an icon of evolution
The March 1998 issue of National Geographic carries a photo 

of Miller standing next to his experimental apparatus. The 
caption reads: «Approximating conditions on the early Earth in 
a 1952 experiment, Stanley Miller—now at the University of 
California at San Diego—produced amino acids. 'Once you get 
the equipment together it's very simple,' he says.»

Several pages later, the National Geographic article explains: 
«Many scientists now suspect that the early atmosphere was 
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different from what Miller first supposed.» But a picture 
is worth a thousand words—especially when its caption is 
misleading and the truth is buried deep in the article. Even a 
careful reader is left with the impression that the Miller-Urey 
experiment showed how easy it was for life to originate on the 
early Earth.

Many biology textbooks use the same misleading approach. 
The 2000 edition of Kenneth Miller and Joseph Levine's 
Biologyy a popular high school textbook, includes a drawing of 
the Miller-Urey apparatus with the caption: «By re-creating the 
early atmosphere (ammonia, water, hydrogen and methane) and 
passing an electric spark (lightning) through the mixture, Miller 
and Urey proved that organic matter such as amino acids could 
have formed spontaneously.» Like the National Geographic 
article, the Miller-Levine textbook buries a disclaimer in the text: 
«Miller's original guesses about the Earth's early atmosphere 
were probably incorrect,» but even this is softened by adding 
that experiments using other mixtures «also have produced 
organic compounds.» In any case, the textbook is quite adamant 
that the ancient atmosphere «did not contain oxygen gas.»

The 1998 college textbook, Life: The Science of Biology 
by William Purves, Gordon Orians, Craig Heller, and David 
Sadava, tells students that Stanley Miller produced «the building 
blocks of life» using «a reducing atmosphere such as existed 
on early Earth,» and that «no free oxygen was present in this 
early atmosphere.» This textbook gives students no hint that 
most scientists now think the Miller-Urey experiment failed to 
simulate actual conditions on the early Earth.

Even advanced college textbooks misrepresent the truth. 
The 1998 edition of Douglas Futuyma's Evolutionary Biology 
includes a drawing of «the apparatus Miller used to synthesize 
organic molecules under simulated early Earth conditions.» The
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only thing Futuyma's book has to say about the controversy 
over primitive oxygen is that «at the time of the earliest life, 
the atmosphere virtually lacked oxygen.» And the latest edition 
of Molecular Biology of the Cell, a graduate level textbook by 
National Academy of Sciences President Bruce Alberts and 
his colleagues, features the Miller-Urey apparatus and calls it 
«a typical experiment simulating conditions on the primitive 
Earth.» The accompanying text asserts that organic molecules 
«are likely to have been produced under such conditions. The 
best evidence for this comes from laboratory experiments.»

A 1999 booklet published by the National Academy of 
Sciences perpetuates the misrepresentation: «Experiments 
conducted under conditions intended to resemble those present 
on primitive Earth have resulted in the production of some of 
the chemical components of proteins.» This booklet includes a 
preface by Bruce Alberts, who (as we saw in the Introduction) 
assures us that «science and lies cannot coexist.»

This is even more troubling than the misuse of the Miller- Urey 
experiment by National Geographic and biology textbooks. The 
National Academy of Sciences is the nation's premier science 
organization, commissioned by Congress in 1863 to advise the 
government on scientific matters. Its members include many 
of the best scientists in America. Do they really approve of 
misleading the public about the evidence for evolution? Or is 
this being done without the members' knowledge? What are the 
American people supposed to think?

As we shall see in the following chapters, booklets published 
recently by the National Academy contain other false and 
misleading statements about evolution, too. Clearly, we are not 
dealing here with an isolated textbook error. The implications 
for American science are potentially far-reaching.
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In 1986 chemist Robert Shapiro wrote a book criticizing 
several aspects of research on the origin of life. He was especially 
critical of the argument that the Miller-Urey experiment proved 
that the Earth's primitive atmosphere was strongly reducing. 
«We have reached a situation,» he wrote, «where a theory has 
been accepted as fact by some, and possible contrary evidence 
is shunted aside.» He concluded that this is «mythology rather 
than science.»

Are we teaching our biology students mythology rather than 
science?
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CHAPTER 3

Darwin's Tree of 
Life 

Nо one knows how the first living cells originated, but most 
biologists think the event was so improbable that it happened 
only once—or, at most, a few times. If so, then it is reasonable 
to suppose that those few original cells gave rise to the millions 
of different species alive today. This was Charles Darwin's 
view in The Origin of Species: «I view all beings not as special 
creations, but as the lineal descendants of some few beings 
which lived long before the first bed of the Cambrian system 
was deposited.» (When Darwin wrote The Origin of Species in 
1859, the Cambrian was the oldest geological period in which 
fossils had been found.) Indeed, Darwin thought that «all the 
organic beings which have ever lived on this earth may be 
descended from some one primordial form.»

The Origin of Species included only one illustration, showing 
the branching pattern that would result from this process of 
descent with modification. (Figure 3-1) Darwin thus pictured 
the history of life as a tree, with the universal common ancestor 
is its root and modern species as its «green and budding twigs.» 
He called this the «great Tree of Life.»
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FIGURE 3-1 Darwin's tree of life.

The only illustration in Darwin's Origin of Species, showing the 
branching pattern of divergence predicted by his theory. The vertical 
dimension represents time, with oldest at the bottom and most 
recent at the top, while the horizontal dimension represents degrees 
of differences among organisms. As the illustration shows, Darwin 
conceived of some lineages as persisting largely unchanged. The 
dotted lines at the bottom reflect Darwin's conviction that the eleven 
lineages shown here descended from still fewer lineages. Indeed, 
he believed that «one primordial form» may have been the common 
ancestor of all living things. Most of Darwin's modern followers believe 
that the origin of life was sufficiently improbable that the tree of life is 
rooted in a single universal common ancestor. 

Of all the icons of evolution, the tree of life is the most 
pervasive, because descent from a common ancestor is the 
foundation of Darwin's theory. Neo-Darwinist Ernst Mayr 
boldly proclaimed in 1991 that «there is probably no biologist 
left today who would question that all organisms now found 
on the earth have descended from a single origin of life.» Yet 
Darwin knew—and scientists have recently confirmed—that 
the early fossil record turns the evolutionary tree of life upside 
down. Ten years ago it was hoped that molecular evidence 
might save the tree, but recent discoveries have dashed that 
hope. Although you would not learn it from reading biology 
textbooks, Darwin's tree of life has been uprooted.

Darwin's tree of life

If all living things are descended from a common ancestor, 
why are they so different? Domestic breeders modify existing 
stocks by selecting only certain variants for breeding. Darwin
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argued that an analogous process operates in the wild. If part 
of a natural population were exposed to one set of conditions, 
and other parts were exposed to other conditions, «natural 
selection» could modify the various sub-populations in different 
ways. Given enough time, one species could produce several 
varieties; and Darwin believed that if those varieties continued 
to diverge, they would eventually become separate species.

In the system of biological classification invented by Carolus 
Linnaeus a century before Darwin (and still used by most 
biologists), organisms are grouped on the basis of similarities 
and differences into a hierarchical series. The species is the 
lowest level of the hierarchy; genus (plural «genera») is the 
next, then family, order, class, phylum (plural «phyla»; called a 
«division» in plants and fungi), and the highest level, kingdom. 
For example, the species name for human beings is sapiens, 
and the genus name is Homo; both are included in the scientific 
name, which is Homo sapiens. Humans are grouped together 
with apes in the Hominid family; hominids and monkeys are 
grouped together in the Primate order, then grouped with other 
warm-blooded, milk-producing animals in the Mammal class. 
Mammals, in turn, are placed in the Chordate 

phylum (the «chord» is an embryonic structure that in most 
members of this phylum becomes a backbone; such animals are 
called «vertebrates»). At the highest level of the hierarchy, the 
Animal kingdom includes several dozen phyla.

For comparison, the common fruit fly is called Drosophila 
melanogaster (genus and species). It is a member of the 
Drosophilid family, which is grouped with other two-winged 
insects in the Diptera order, and these are grouped with other 
six-legged animals in the Insect class. Insects are grouped 
with other organisms possessing external skeletons and jointed 
appendages (lobsters, for example) in the Arthropod phylum, 
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which (like the Chordate phylum) is in the Animal kingdom. 
(Other kingdoms include plants, fungi, and bacteria.) (Figure 
3-2)

According to Darwin's theory, humans and fruit flies shared a 
common ancestor (which probably looked nothing like humans 
or fruit flies) sometime in the distant past. Darwin believed that 
if we could have been there to observe the process, we would 
have seen the ancestral species split into several species only 
slightly different from each other. These species would then 
have evolved in different directions under the influence of 
natural selection. More and more distinct species would have 
appeared; and eventually, at least one of them would have 
become so different from the others that it could be considered a 
different genus. As generations passed, differences would have 
continued to accumulate, eventually giving rise to separate 
families.

Humans Fruit Flies
KINGDOM Animals Animals
PHYLUM Chordates Arthropods
CLASS Mammals Insects
ORDER Primates Diptera
FAMILY Hominids Drosophilids
GENUS Homo Drosophila
SPECIES sapiens melanogaster

FIGURE 3-2 Biological classification.

Devised by Carolus Linnaeus a century before Darwin, the Linnaean 
system classifies organisms into increasingly more inclusive groups. 
Only the major categories are shown here; there are also intermediate 
categories such as «sub-phylum Vertebrates» (animals with backbones, 
which comprise most of the Chordates). 
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This was the process Darwin illustrated in The Origin of 
Species. (Figure 3-1) The vertical dimension in Darwin's 
drawing represents time, with oldest at the bottom and newest 
at the top, while the horizontal dimension represents differences 
among organ-isms. Darwin believed that minor variations 
within the original ancestral species were gradually amplified 
over the course of many generations into larger differences that 
separated species from one another. As he put it, «the small 
differences distinguishing varieties of the same species, steadily 
tend to increase, till they equal the greater differences between 
species.»

Taking each horizontal line in his illustration to indicate a 
thousand generations, Darwin estimated that «six new species, 
marked by the letters n14 to z14» at the top, might have been 
produced after fourteen thousand generations. In fact, since 
«the original species (I) differed largely from (A), standing 
nearly a: the extreme end of the original genus» at the bottom, 
it seemed probable that «the six new species descended from 
(I), and the eight descendants from (A), will have to be ranked 
as very distinct genera, or even as distinct sub-families.»

Still greater differences could be explained on a larger 
time scale. For example, if one were to take «each horizontal 
line [to] represent a million or more generations,» Darwin 
saw «no reason to limit the process of modification, as now 
explained, to the formation of genera alone,» but considered 
it equally capable of producing «new families, or orders,... 
[or] classes.» Thus the large differences separating orders and 
classes would emerge only after a very long history of small 
differences: «As natural selection acts solely by accumulating 
slight, successive, favorable variations, it can produce no great 
or sudden modifications; it can act only by short and slow 
steps.» These «short and slow steps» give Darwin's illustration 
its characteristic branching-tree pattern. 
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Therefore, if the bottom line in Darwin's diagram represents 
varieties, the top line might be different species or genera. If we 
take those genera, put them at the bottom, and start the process 
over, we might get families or orders; then if we put those orders 
at the bottom and repeat the process, we might get classes or 
even phyla. But in Darwin's theory, there is no way phylum-
level differences could have appeared right at the start. Yet that 
is what the fossil record shows.

Darwin and the fossil record

When Darwin wrote The Origin of Species, the oldest known 
fossils were from a geological period known as the Cambrian, 
named after rocks in Cambria, Wales. (Figure 3-3) But the 
Cambrian fossil pattern didn't fit Darwin's theory. Instead of 
starting with one or a few species that diverged gradually over 
millions of years into families, then orders, then classes, then 
phyla, the Cambrian starts with the abrupt appearance of many 
fully- formed phyla and classes of animals. In other words, the 
highest levels of the biological hierarchy appeared right at the 
start.

Darwin was aware of this, and considered it a major difficulty 
for his theory. He wrote in The Origin of Species that «if the 
theory be true, it is indisputable that before the lowest Cambrian 
stratum was deposited long periods elapsed... [in which] the 
world swarmed with living creatures.» Yet he acknowledged 
that «several of the main divisions of the animal kingdom 
suddenly appear in the lowest known fossiliferous rocks.» 
Darwin called this a «serious» problem which «at present must 
remain inexplicable; and may be truly urged as a valid argument 
against the views here entertained.»

Darwin was convinced, however, that the difficulty was only 
apparent. The fossil record is «a history of the world imperfectly 
kept» he argued, «and written in a changing dialect; of this
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FIGURE 3-3 The Geological record.

The column on the left represents the entire history of the earth 
since its formation, currently dated at about four and a half 
billion years ago. The column on the right represents slightly 
more than the last  ten percent of this. 
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history we possess the last volume alone, relating only to 
two or three countries.» He believed that rocks older than the 
Cambrian period had been so altered by heat and pressure as 
to destroy all vestiges of fossils; because of this, the major 
groups of animals only «falsely appear to have been abruptly 
introduced» in the Cambrian. Darwin also pointed out that «only 
a small portion of the surface of the earth has been geologically 
explored,» as if to suggest that further fossil-hunting might 
provide at least some of the missing evidence.

Since that time, further exploration has turned up many fossil 
beds older than the Cambrian, so our present understanding of 
Precambrian history is far better than Darwin's. Paleontologists 
have also found Cambrian rocks in Canada, Greenland, and 
China where well-preserved fossils are particularly plentiful. But 
this vastly improved knowledge of Cambrian and Precambrian 
fossils has aggravated Darwin's problem rather than alleviated it. 
Many paleontologists are now convinced that the major groups 
of animals really did appear abruptly in the early Cambrian. The 
fossil evidence is so strong, and the event so dramatic, that it 
has become known as «the Cambrian explosion,» or «biology's 
big bang.»

The Cambrian explosion

In Africa and Australia, geologists have reported 
unmetamorphosed sediments more than three billion years 
old that contain fossilized single-celled organisms. Sediments 
only slightly younger have been found that contain fossil 
«stromatolites,» layered mats of photosynthetic bacteria and 
sediment that form in shallow seas. But Precambrian fossils 
consisted only of single-celled organisms until just before the 
Cambrian.

Multicellular organisms slightly older than the Cambrian 
were first discovered in the Ediacara Hills in South Australia, 
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but are now known from many other locations around the 
world. Some paleontologists argue that the Ediacaran fossils 
were ancestors of the animals that appeared later in the Cambrian, 
while others claim they are so utterly different from all other 
life-forms that they should be placed in their own kingdom. 
British paleontologist Simon Conway Morris believes that at 
least some of the Ediacaran fossils were animals, but maintains 
that most of the many species appearing in the Cambrian did 
not have ancestors in Ediacara. «Apart from the few Ediacaran 
survivors,» wrote Conway Morris in 1998, «there seems to be a 
sharp demarcation between the strange world of Ediacaran life 
and the relatively familiar Cambrian fossils.»

There are two other indications of multicellular animals just 
before the Cambrian: a «small shelly fauna,» consisting of 
tiny fossils that are unlike any modern group, and trace fossils 
(burrows and tracks), apparently left by multicellular worms. But 
except for the latter, and possibly a few survivors from Ediacara, 
there is no fossil evidence connecting Cambrian animals to 
organisms that preceded them. The now well-documented 
Precambrian fossil record does not provide anything like the 
long history of gradual divergence required by Darwin's theory

Although the abrupt appearance of animal fossils in 
the Cambrian was known to Darwin, the full extent of the 
phenomenon wasn't appreciated until the 1980s, when fossils 
from the previously-discovered Burgess Shale in Canada 
were reanalyzed by paleontologists Harry Whittington, Derek 
Briggs and Simon Conway Morris. The 1980s also marked the 
discovery of two other fossil locations similar to the Burgess
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Shale: the Sirius Passet in northern Greenland, and the 
Chengjiang in southern China. All of these locations document 
the bewildering variety of animals that appeared in the 
Cambrian. The Chengjiang fossils, however, appear to be the 
earliest and best-preserved, and they include what may be the 
first vertebrates.

Various dates have been proposed for the Cambrian period 
and the time of the Cambrian explosion, with recent estimates 
ranging between 600 and 500 million years ago. In 1993 
geologist Samuel Bowring and his colleagues summarized the 
available evidence from the rock strata and radioactive dating 
methods, and concluded that the Cambrian period began about 
544 million years ago. The major increase in animal fossils that 
marks the Cambrian explosion began about 530 million years 
ago, and lasted a maximum of 5 to 10 million years. (Although 
10 million years is a long time in human terms, it is short in 
geological terms, amounting to less than 2 percent of the time 
elapsed since the beginning of the Cambrian.) The Cambrian 
explosion gave rise to most of the animal phyla alive today, as 
well as some that are now extinct. (Figure 3-4)

According to paleontologists James Valentine, Stanley 
Awramik, Philip Signor, and Peter Sadler, «the single most 
spectacular phenomenon evident in the fossil record is the 
abrupt appearance and diversification of many living and extinct 
phyla» near the beginning of the Cambrian. Many animal body 
plans ranked as phyla and classes «first evolved at that time, 
during an interval that may have lasted no more than a few 
million years.» Valentine and his colleagues concluded that the 
Cambrian explosion «was even more abrupt and extensive than 
previously envisioned.» 
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FIGURE 3-4 Actual fossil records of the major living animal 
phyla.
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FIGURE 3-4 Actual fossil records of the major living animal 
phyla.

One phylum (the sponges) and possibly two others appeared just 
before the Cambrian; two worm phyla appeared much later, in the 
Carboniferous; two phyla appeared midway through the Cambrian, 
and one in the Ordovician. For phylum names, see the notes to this 
chapter at the end of the book. 

The challenge to Darwin's theory

The Cambrian explosion presents a serious challenge to 
Darwinian evolution. The event was remarkable because it was 
so abrupt and extensive—that is, because it happened so quickly, 
geologically speaking, and because so many major groups of 
animals made their debut in it. But its challenge to Darwin's 
theory lies not so much in its abruptness (it doesn't really matter 
whether it lasted 5 million years or 15 million years), or in its 
extent (it doesn't really matter that sponges preceded it, or that 
some types of worms appeared later), as in the fact that phyla 
and classes appeared right at the start.

Darwin's theory claims that phylum- and class-level 
differences emerge only after a long history of divergence from 
lower categories such as species, genera, families and orders. 
Yet the Cambrian explosion is inconsistent with this picture. As 
evolutionary theorist Jeffrey Schwartz puts it, the major animal 
groups «appear in the fossil record as Athena did from the head 
of Zeus—full blown and raring to go.»

Some biologists have described this in terms of «bottom-up» 
versus «top-down» evolution. Darwinian evolution is «bottom- 
up,» referring to its prediction that lower levels in the biological 
hierarchy should emerge before higher ones. But the Cambrian 
explosion shows the opposite. In the words of Valentine and his
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colleagues, the Cambrian pattern «creates the impression that 
[animal] evolution has by and large proceeded from the 'top 
down'.»

Clearly, the Cambrian fossil record explosion is not what one 
would expect from Darwin's theory. (Figure 3-5) Since higher 
levels of the biological hierarchy appear first, one could even 
say that the Cambrian explosion stands Darwin's tree of life on 
its head. If any botanical analogy were appropriate, it would be 
a lawn rather than a tree. Nevertheless, evolutionary biologists 
have been reluctant to abandon Darwin's theory Many of them 
discount the Cambrian fossil evidence instead.

Saving Darwin's theory

There are three ways some biologists have attempted to salvage 
Darwin's theory in the face of the Cambrian explosion. One is to 
argue (as Darwin did) that the apparent absence of Precambrian 
ancestors is due to the fragmentary fossil record. Another is to 
claim that even if the record were continuous the Precambrian 
ancestors would not have fossilized—either because they 
were too small, or because they were soft-bodied. A third is to 
override the fossil evidence with molecular comparisons among 
living organisms that point to a hypothetical common ancestor 
hundreds of millions of years before the Cambrian.

Is the fossil record sufficiently fragmented to explain the 
absence of Precambrian ancestors for Cambrian animals? Most 
paleontologists don't think so. Enough good sedimentary rocks 
from the late Precambrian and Cambrian have now been found 
to convince paleontologists that if there had been ancestors, and 
they had fossilized, they would have been discovered by now. 
According to James Valentine and Douglas Erwin: «The sections 
of Cambrian rocks that we do have (and we have many) are 
essentially as complete as sections of equivalent time duration 
from similar depositional environments» in more recent rocks. 
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FIGURE 3-5 Evolution of the animal phyla: theory and fact.

Graphs comparing the pattern of increase in the number of animal 
phyla over time according to Darwin's theory and the fossil evidence. 
(A) In Darwin's theory, the number of animal phyla gradually increases 
over time. (B) The fossil record, however, shows that almost all of the 
animal phyla appear at about the same time in the Cambrian explosion, 
with the number declining slightly thereafter due to extinctions. 
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Yet «ancestors or intermediates» are «unknown or 
unconfirmed» for any of the phyla or classes appearing in the 
Cambrian explosion. Valentine and Erwin conclude that the 
«explosion is real; it is too big to be masked by flaws in the 
fossil record.»

Several recent surveys of the quality of the fossil record 
from the Cambrian to the present support this view. Although 
older strata are clearly not as well-preserved, on average, as 
younger ones, they are good enough. In February 2000, British 
geologists M. J. Benton, M. A. Wills, and R. Hitchin concluded: 
«Early parts of the fossil record are clearly incomplete, but they 
can be regarded as adequate to illustrate the broad patterns of 
the history of life.»

Did the ancestors of the animal phyla fail to fossilize because 
they were too small, or soft-bodied? The problem with this 
explanation is that microfossils of tiny bacteria have been 
found in rocks more than three billion years old. Furthermore, 
the Pre-cambrian organisms found fossilized in the Australian 
Ediacara Hills were soft-bodied. «In the Ediacaran organisms 
there is no evidence for any skeletal hard parts,» wrote Simon 
Conway Morris in his 1998 book, The Crucible of Creation. 
«Ediacaran fossils look as if they were effectively soft-bodied.» 
The same is true of many of the organisms fossilized in the 
Cambrian explosion. The Burgess Shale, for example, includes 
many fossils of completely soft-bodied animals. «These 
remarkable fossils,» according to Conway Morris, «reveal not 
only their outlines but sometimes even internal organs such as 
the intestines or muscles.»

So whatever the reason may be for the absence of ancestors, it 
is certainly not that they were small or soft-bodied. As geologist 
William Schopf wrote in 1994: «There is only one source of 
direct evidence of the early history of life—the Precambrian 
fossil record; speculations made in the absence of such evidence, 
even by widely acclaimed evolutionists, have commonly proved 
groundless.» One such speculation is «the long-held notion that
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Precambrian organisms must have been too small or too 
delicate to have been preserved in geological materials.» 
According to Schopf, this notion is «now recognized as 
incorrect.»

The third way some evolutionary biologists have attempted to 
«defuse» the Cambrian explosion is by claiming that molecular 
evidence from living organisms points to a common ancestor 
of the animal phyla hundreds of millions of years before the 
Cambrian. In order to understand this defense of Darwin's 
theory—and why it doesn't work—we must turn to a relatively 
new discipline called «molecular phylogeny.»

Molecular phylogeny

A phylogeny is the evolutionary history of a group of 
organisms. Until recently, phylogenies were inferred from 
anatomical and physiological features (such as the number 
of limbs, or warm-bloodedness). Since the advent of modern 
molecular biology, however, many phylogenies have been 
based on DNA and protein comparisons.

All living organisms, from bacteria to humans, contain 
DNA. A DNA molecule is a long chain consisting of various 
combinations of four subunits, abbreviated A, T, С and G; and 
the order of these subunits specifies the sequence of amino acids 
in an organism's proteins. During reproduction, the sequence 
of subunits is copied from one DNA molecule to another, 
but molecular accidents, or mutations, sometimes make the 
copy slighdy different from the parent molecule. Therefore, 
organisms may have DNA molecules (and thus proteins) that 
differ somewhat from the DNA and proteins of their ancestors.

In 1962 biologists Emile Zuckerkandl and Linus Pauling 
suggested that comparisons of DNA sequences and their protein 
products could be used to determine how closely organisms are
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related. Organisms whose DNA or proteins differ by 
only a few subunits are presumably more closely related in 
evolutionary terms than those which differ by more. If mutations 
have accumulated steadily over time, the number of differences 
between organisms can serve as a «molecular clock» indicating 
how many years have passed since their DNA or protein was 
identical—that is, how long ago they shared a common ancestor. 
(Figure 3-6)

Much of the early work in molecular phylogeny relied on 
pro-teins, but determining protein sequences is slow work. With 
the development of faster techniques for determining DNA 
sequences, it became more common to analyze the genes coding 
for proteins rather than the proteins themselves. In addition to 
proteins and DNA, all organisms contain RNA, a close chemical 
relative of DNA that is involved in converting information 
from DNA into protein sequences. Part of this process relies 
on tiny particles in the cell called «ribosomes,» which consist 
partly of ribosomal RNA, or «rRNA.» Since 1980 the DNA 
sequences that code for rRNA have provided many of the data 
for molecular phylogeny.

Comparing DNA sequences is simple in theory, but complex in 
practice. Since an actual segment of DNA may contain thousands 
of subunits, lining them up to start a comparison is itself a tricky 
task, and different alignments can give very different results. 
Nevertheless, conclusions drawn from molecular comparisons 
have been brought to bear on the Cambrian explosion.

Molecular phylogeny and the Cambrian explosion Did the 
animal phyla originate abruptly in the Cambrian, as the fossils 
seem to indicate, or did they slowly diverge from a common 
ancestor millions of years before, as Darwin's theory implies? 
It's not possible to analyze DNA from Cambrian fossils, but 
molecular biologists are able to compare protein and
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DNA sequences in living species. Assuming that sequence 
dif-ferences among the major animal phyla are due to mutations, 
and that mutations accumulate at the same rate in various 
organisms over long periods of time, biologists use sequence 
differences as a «molecular clock» to estimate how long ago the 
phyla shared a common ancestor.

It turns out that the dates obtained by this method cover a 
wide range. Bruce Runnegar started the bidding in 1982 with an 
estimate of 900-1000 million years for the initial divergence of 
the animal phyla. In 1996 Russell Doolittle and his colleagues 
proposed a date of 670 million years, while Gregory Wray 
and his colleagues proposed 1200 million. In 1997 Richard 
Fortey and his colleagues endorsed the older date, and in 1998 
Francisco Ayala and his colleagues endorsed the younger. But 
these two dates represent a spread of 530 million years, or as 
much time as has elapsed between the Cambrian explosion and 
the present.

DNA Sequence
Organism 1 АТ С G
Organism 2 AT С T
Organism 3 AT G T

FIGURE 3-6 Comparing DNA sequences.

All DNA molecules consist of linear sequences of four subunits, 
abbreviated A, T, C, and G. In the short sequence shown here, Organism 
2 differs from Organism 1 in one position, while Organism 3 differs 
from it in two positions. If this were the only sequence being compared, 
Organisms 1 and 2 would be considered to have a more recent common 
ancestor (i.e., to be more closely related) than Organisms 1 and 3. 
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This «range of divergence estimates,» in the opinion of 
American geneticist Kenneth Halanych, testifies «against the 
ability to date such ancient events» using molecular methods.

Obviously, 670 million years comes closer to fitting the 
fossil record than 1200 million. For some scientists, the choice 
between the two comes down to a choice between molecular 
and paleontological evidence. In 1998 molecular evolutionists 
Lindell Bromham, Andrew Rambault, Richard Fortey, 
Alan Cooper, and David Penny relied on molecular data «to 
confidently reject the Cambrian explosion hypothesis, which 
rests on a literal interpretation of the fossil record.» In 1999, 
however, paleontologists James Valentine, David Jablonski, and 
Douglas Erwin wrote that «the accuracy of molecular clocks is 
still problematical, at least for phylum divergences,» since the 
estimates vary by hundreds of millions of years «depending on 
the techniques or molecules used.» Valentine and his colleagues 
consider the fossil record to be the primary evidence, and 
maintain that the molecular data «do not muffle the [Cambrian] 
explosion, which continues to stand out as a major feature» in 
animal evolution.

So the Cambrian explosion remains a paradox. The fossil 
evidence shows that the major animal phyla and classes appeared 
right at the start, contradicting a major tenet of Darwin's theory. 
Molecular phylogeny has not resolved the paradox, because the 
dates inferred from it vary over such a wide range.

The failure of molecular phylogeny to resolve the paradox 
now appears to be part of a larger problem. Since the early 
1970s, evolutionary biologists have been hoping that sequence 
comparisons would overcome many of the difficulties arising 
from more traditional approaches, and would enable them to 
construct a «universal tree of life» based on molecules alone. 
Recent discoveries, however, have dashed that hope.
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The growing problem in molecular phytogeny

Modern versions of the Darwinian tree of life are called 
«phylogenetic trees.» In a typical phylogenetic tree, the «root» 
is the common ancestor of all the other organisms in the tree. 
The lower branches represent lineages that diverged relatively 
early, while the upper branches diverged later. The tips of the 
branches are actual species. Wherever two branches diverge, 
the branchpoint indicates the hypothetical common ancestor of 
the two branching lineages. Many phylogenetic trees are drawn 
so that the lengths of the branches are proportional to sequence 
differences, which are often assumed to indicate how much time 
has elapsed since lineages diverged. (Figure 3-7)

It is important to remember that the only actual data in a 
phylogenetic tree (with rare exceptions) come from living 
organisms, which are the tips of the branches. Everything else 
about a phylogenetic tree is hypothetical. The arrangement of 
the tips, the branches and branch-points, and the root itself 
are all based on methodological assumptions and sequence 
comparisons.

Ideally, phylogenetic trees should be approximately the same 
regardless of which molecules are chosen for comparison. 
Indeed, there has been a general expectation among evolutionary 
biologists that the more molecules they include in a phylogenetic 
analysis, the more reliable their results are likely to be.

But the expectation that more data would help matters «began 
to crumble a decade ago,» wrote University of California 
molecular biologists James Lake, Ravi Jain, and Maria Rivera 
in 1999, «when scientists started analyzing a variety of genes 
from different organisms and found that their relationships to 
each other contradicted the evolutionary tree of life derived 
from rRNA analysis alone.» According to French biologists 
Herve Philippe and Patrick Forterre: «With more and more 
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sequences available, it turned out that most protein phylogenies 
contradict each other as well as the rRNA tree.»

In other words, different molecules lead to very different 
phylogenetic trees. According to University of Illinois biologist 
Car Woese, an early pioneer in constructing rRNA-based 
phylogenetic trees: «No consistent organismal phylogeny has 
emerges from the many individual protein phylogenies so far 
produced. Phylogenetic incongruities can be seen everywhere 
in the universal tree, from its root to the major branchings within 
and among the various [groups] to the makeup of the primary 
groupings themselves.»

FIGURE 3-7 A molecular phylogenetic tree, circa 1990.

A tree based on rRNA genes, showing the presumed evolutionary 
relationships among the kingdoms of life. The root represents the 
universal common ancestor; lower branches represent lineages that 
presumably diverged before the upper branches; and the branch-
points represent the hypothetical immediate common ancestors of 
the lineages that diverge from them.
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Woese dealt mainly with discrepancies at the level of the 
major kingdoms of life, but (as he indicated) the problems 
extend even to smaller branches, including animal phylogenies. 
«Clarification of the phylogenetic relationships of the major 
animal phyla has been an elusive problem,» wrote biologist 
Michael Lynch in 1999, «with analyses based on different genes 
and even different analyses based on the same genes yielding a 
diversity of phylogenetic trees.» Even when different molecules 
can be combined to give a single tree, the result is often bizarre: 
A 1996 study using 88 protein sequences grouped rabbits with 
primates instead of rodents; a 1998 analysis of 13 genes in 19 
animal species placed sea urchins among the chordates; and 
another 1998 study based on 12 proteins put cows closer to 
whales than to horses.

Inconsistencies among trees based on different molecules, 
and the bizarre trees that result from some molecular analyses, 
have now plunged molecular phylogeny into a crisis.

Uprooting the tree of life

Some molecular biologists believe that the problem is 
methodological. According to Forterre and Philippe, some 
sequences evolve too rapidly to preserve a «phylogenetic 
signal» over long periods of time. They claim that by limiting 
themselves to sequences they believe evolved slowly, they can 
produce a consistent universal tree. The problem is that their 
analysis points to a cell with a nucleus as the universal common 
ancestor. Since bacteria (which do not have nuclei) are simpler 
than cells with nuclei, Darwinists have traditionally believed 
that the latter evolved from the former. In other words, from 
the standpoint of Darwinian evolution the phylogenetic tree 
proposed by Forterre and Philippe is rooted in the wrong place. 
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Other biologists think the problem is not just methodological. 
For example, Woese maintains that the incongruities «are 
sufficiently frequent and statistically solid that they can neither 
be overlooked nor trivially dismissed on methodological 
grounds.» According to Woese, «it is time to question underlying 
assumptions.»

Woese recommends abandoning the idea that the universal 
common ancestor is a living organism. «The universal ancestor 
is not an entity, not a thing,» wrote Woese in 1998, «it is a 
process.» As Woese conceives it, that process did not involve 
organisms «in any conventional sense,» but an interchange of 
genetic material in a complex primordial soup. He concludes: 
«The universal phylogenetic tree, therefore, is not an organismal 
tree at its base.» But if the universal common ancestor was not 
an organism, then does it make sense to call it an «ancestor»? 
If the primordial soup is our ancestor, so is the periodic table of 
the elements, or the planet Earth. Once the notion of organism 
is discarded, the word «ancestor» loses its biological meaning.

Another solution to the problem has been proposed by 
Dalhousie University biologist W. Ford Doolittle. Maybe 
molecular phylogeneticists «have failed to find the 'true tree',» 
wrote Doolittle in 1999, «not because their methods are 
inadequate or because they have chosen the wrong genes, but 
because the history of life cannot properly be represented as 
a tree.» According to Doolittle, the discrepancies in molecular 
phylogenies are due largely to «lateral gene transfer.» 
Microbiologists know that bacteria can exchange genes, and 
Doolittle proposes that gene exchange among bacteria and 
primitive cells with nuclei could account for many of the 
discrepancies we now see in molecular phylogenies. But then 
the early history of life would not have resembled a branching 
tree, but a tangled thicket. (Figure 3-8)

According to Doolittle: «Perhaps it would be easier, and in 
long run more productive, to abandon the attempt to force the
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data that Zuckerkandl and Pauling stimulated biologists to 
collect into the mold provided by Darwin.» In a February 2000 
article in Scientific American entitled «Uprooting the Tree of 
Life,» Doolittle concluded: «Now new hypotheses, having final 
forms we cannot yet guess, are called for.»

So the branching-tree pattern of evolution is inconsistent 
with major features of the fossil and molecular evidence. The 
Cambrian explosion demonstrates that the highest categories of 
animals appeared first, thus turning Darwin's tree of life upside 
down. The molecular evidence, far from saving it, uproots it 
entirely. Yet the tree of life still dominates the iconography of 
evolution, because Darwinists have declared it to be a fact.

FIGURE 3-8 The molecular thicket of life (as of 2000).

This diagram attempts to take into account both the absence of a single 
universal common ancestor and some of the lateral gene transfer that 
has sup-posedly occurred throughout the history of life. The resulting 
pattern is less like a tree than a tangled thicket. 
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The fact of evolution

For many years, the California Academy of Sciences in 
San Francisco has proudly featured a museum exhibit about 
evolution. As parents, teachers, and schoolchildren wander 
through the exhibit, their attention is occasionally drawn to 
magnifying glasses mounted over tiny fossils in the display 
cases. Visitors reaching the end of the exhibit are treated to 
the «Hard Facts Wall,» which shows a phylogenetic tree of the 
major animal phyla. The various branch points in the tree—
indicating supposed common ancestors—are decorated with 
magnifying glasses like those elsewhere in the exhibit. But as 
tired visitors pass by the Hard Facts Wall on their way to the 
exit, most of them miss the fact that these magnifying glasses 
have nothing under them. There are no «hard facts» there to see.

Maybe hard facts seemed superfluous to the exhibit's creators, 
because people have become conditioned to thinking that the 
Darwinian tree of life is itself a fact. According to the same 
1998 National Academy of Sciences booklet mentioned in the 
previous chapters: «Scientists most often use the word 'fact' to 
describe an observation. But scientists can also use fact to mean 
something that has been tested or observed so many times that 
there is no longer a compelling reason to keep testing or looking 
for examples. The occurrence of evolution in this sense is a fact. 
Scientists no longer question whether descent with modification 
occurred because the evidence supporting the idea is so strong.»

The booklet is not talking about descent with modification 
within a species, because no one ever questioned that anyway. It 
is claiming that descent with modification of all organisms from 
common ancestors is a fact, and it lists “several compelling of 
evidence that demonstrate [this] beyond a reasonable doubt.” 
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These lines of evidence include the fossil record, common 
anatomical structures, the geographical distribution of species, 
similarities during embryo development, and DNA sequences.

The authors of a 1999 booklet also published by the National 
Academy go into more detail on the first of these: «The fossil 
record thus provides consistent evidence of systematic change 
through time—of descent with modification.» Yet there is no 
mention at all of the Cambrian explosion, or of the paradox it 
presents for Darwinian evolution, though both have been well 
known for over a decade. The Cambrian explosion even made 
the cover of Time magazine in 1995.

Regarding molecular phylogeny, the 1999 booklet continues: 
«As the ability to sequence... DNA has improved, it has also 
become possible to use genes to reconstruct the evolutionary 
history of organisms.» The booklet concludes: «The evidence 
for evolution from molecular biology is overwhelming and is 
growing quickly.» What the booklet doesn't mention, however, 
is that this growing evidence uproots the standard evolutionary 
history of life.

One might be tempted to excuse the booklet's authors for 
ignoring the last three years of published articles in molecular 
phylogeny, on the grounds that they cannot be expected to 
keep up with all the research. But they also ignored the fossil 
evidence from the Cambrian explosion, and (as we saw in the 
last chapter) the evidence that the Miller-Urey experiment failed 
to simulate primitive earth conditions. These writers purport to 
be representing the nation's premier science organization, yet 
even ordinary scientists are expected to keep up with research 
in their field—especially if they are going to write authoritative- 
sounding booklets about it.

Since booklets published by the National Academy of 
Sciences ignore the fossil and molecular evidence and call
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evolution a «fact,» perhaps it is not surprising to find biology 
textbooks doing the same. «Descent with modification from 
common ancestors is a scientific fact, that is, a hypothesis so 
well supported by evidence that we take it to be true» according 
to Douglas Futuyma’s 1998 college textbook, Evolutionary 
Biology. « The theory of evolution, on the other hand, is a 
complex body of statements, well supported but still incomplete, 
about the causes of evolution.» (emphasis in original) Although 
Futuyma s book subsequently discusses the Cambrian explosion, 
its emphasis is on explaining it away rather than dealing candidly 
with its challenge to Darwin's theory.

Distinguishing between fact and theory—and insulating 
universal common descent from criticism by placing it on the 
«fact» side of the divide—is typical of other biology textbooks, 
as well. For example, the 1999 edition of Biology, by Neil 
Campbell, Jane Reece, and Lawrence Mitchell—probably the 
most widely used introductory college biology textbook in the 
United States—explains that «Darwinism has a dual meaning.» 
The first is the historical fact that «all organisms [are] related 
through descent from some unknown prototype that lived in the 
remote past,» so that «the history of life is like a tree.» The 
second is «Darwin's theory of natural selection—the mechanism 
Darwin proposed to explain the historical facts» included in the 
first meaning.

Anyone reading these books without knowing better would 
get the impression that the evidence for the Darwinian tree 
of life is overwhelming, and that no scientist would think of 
doubting universal common descent. Yet Harry Whittington, the 
renowned paleontologist whose work first revealed the extent 
of the Cambrian explosion in the Burgess Shale, did not hesitate 
to doubt it. Whittington wrote in 1985: «I look skeptically
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upon diagrams that show the branching diversity of animal 
life through time, and come down at the base to a single kind 
of animal.... Animals may have originated more than once, in 
different places and at different times.»

And Whittington did not even know about the recent evidence 
from molecular phylogeny. Biologist Malcolm Gordon, who 
does know about it, wrote in 1999 that «life appears to have had 
many origins. The base of the universal tree of life appears not 
to have been a single root.» Gordon concluded: «The traditional 
version of the theory of common descent apparently does not 
apply to kingdoms... [or] phyla, and possibly also not to many 
classes within the phyla.»

Clearly, qualified biologists can and do question the 
Darwinian tree of life. Nevertheless, some influential writers 
continue to insist that evolution—in the sense of descent with 
modification from common ancestors—is a «fact.» But unless 
they are referring only to what happens within a species, this 
is about as far from the truth as one can get. At the level of 
kingdoms, phyla, and classes, descent with modification from 
common ancestors is obviously not an observed fact. To judge 
from the fossil and molecular evidence, it's not even a well-
supported theory.

So why does the tree of life continue to be such a popular 
icon of evolution? The best way for biology students to find out 
might be to ask those who continue to use it. But their question 
may not be warmly welcomed, at least in the United States. 
In 1999, a Chinese paleontologist who is an acknowledged 
expert on Cambrian fossils visited the United States to lecture 
on several university campuses. I attended one lecture in which 
he pointed out that the «top-down» pattern of the Cambrian 
explosion contradicts Darwin's theory of evolution. Afterwards, 
scientists in the audience asked him many questions about



58 • ICONS OF EVOLUTION

specific fossils, but they completely avoided the topic of 
Darwinian evolution. When our Chinese visitor later asked 
me why, I told him that perhaps they were just being polite to 
their visitor, because criticizing Darwinism is unpopular with 
American scientists. At that he laughed, and said: «In China we 
can criticize Darwin, but not the government; in America, you 
can criticize the government, but not Darwin.»



CHAPTER 4

Homology in 
Vertebrate Limbs

Biologists since Aristotle have noticed that very different 
organisms may share remarkable similarities. One kind of 
similarity is functional: Butterflies have wings for flying, and 
so do bats, but the two animals are constructed very differently. 
Another kind of similarity is structural: The pattern of bones in 
a bat's wing is similar to that in a porpoise s flipper, though the 
wing is used for flying and the flipper is used for swimming.

In the 1840s British anatomist Richard Owen called the first 
kind of similarity «analogy,» and the second kind «homology.» 
At the time, the distinction served principally as an aid in 
biological classification: Analogy suggests independent 
adaptations to external conditions, while homology suggests 
deeper structural affinities. The latter was considered a more 
reliable guide in grouping organisms together in families, 
orders, classes and phyla.

The classic examples of homologous structures are the fore-
limbs of vertebrates (animals with backbones). Although a bat 
has wings for flying, a porpoise has flippers for swimming, a 
horse has legs for running, and a human has hands for grasping, 
the bone patterns in their forelimbs are similar. (Figure 4-1) 
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Such skeletal similarities, along with other internal affinities 
such as warm-bloodedness and milk production, justify 
classifying all these creatures as mammals despite their external 
differences.

Like other pre-Darwinian biologists, Owen considered 
homologous features to be derived from a common «archetype.» 
An «archetype,» however, could be understood in various ways: 
a disembodied Platonic idea, a plan in the mind of the Creator, 
an Aristotelian form inherent in the structure of nature, or a 
prototypical organism, among others. Both Owen and Darwin

FIGURE 4-1 Homology in vertebrate limbs.

Forelimbs of (a) bat, (b) porpoise, (c) horse, and (d) human, showing 
bones considered to be homologous.
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regarded the archetype as a prototypical organism, but Owen 
was not an evolutionist. While Owen regarded organisms 
as constructed on a common plan, Darwin regarded them as 
descended from a common ancestor.

In The Origin of Species Darwin argued that the best 
explanation for homology is descent with modification. «If 
we suppose that an early progenitor—the archetype as it 
may be called—of all mammals, birds and reptiles, had its 
limbs constructed on the existing pattern,» then «the similar 
framework of bones in the hand of a man, wing of a bat, fin of 
the porpoise, and leg of the horse... at once explain themselves 
on the theory of descent with slow and slight modifications.» 
Darwin considered homology important evidence for evolution, 
listing it among the facts which «proclaim so plainly, that the 
innumerable species, genera and families, with which this 
world is peopled, are all descended, each within its own class or 
group, from common parents.»

The link between homology and common descent was so 
central to Darwin's theory that his followers actually re-defined 
homology to mean features inherited from a common ancestor. 
Even after homology was re-defined, however, the Darwinian 
account remained incomplete without a mechanism to explain 
why homologous features were so similar in such different 
organisms. When neo-Darwinism arose in the 1930s and 1940s, 
it seemed to have a solution to this problem: Homologous 
features were attributed to similar genes inherited from a 
common ancestor.

Modern Darwinists continue to use homology as evidence 
for their theory. In fact, next to the Darwinian tree of life, 
homology in vertebrate limbs is probably the most common 
icon of evolution in biology textbooks. But the icon conceals 
two serious problems: First, if homology is defined as similarity 
due
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to common descent, then it is circular reasoning to use it as 
evidence for common descent. Second, biologists have known 
for decades that homologous features are not due to similar 
genes, so the mechanism that produces them remains unknown.

Re-defining homology

For Darwin, homologies were similar structures explained by 
common ancestry. But some similar structures are not acquired 
through common ancestry. For example, the structure of an 
octopus eye is remarkably similar to the structure of a human 
eye, yet biologists do not think that the common ancestor of 
octopuses and humans possessed such an eye. To ensure that 
only structures inherited from a common ancestor would be 
called homologous, Darwin's followers redefined homology to 
mean similarity due to common ancestry.

So before Darwin (and for Darwin himself), the definition 
of homology was similarity of structure and position (as in the 
bone patterns of vertebrate limbs). But similarity of structure 
and position did not explain the origin of homology, so an 
explanation had to be provided. For pre-Darwinian biologists, 
the explanation was derivation from an original pattern, or 
archetype. Darwin identified «derivation» with biological 
evolution, and «archetype» with a common ancestor.

But for twentieth-century neo-Darwinists, common ancestry 
is the definition of homology as well as its explanation. 
According to Ernst Mayr, one of the principal architects of neo-
Darwinism: «After 1859 there has been only one definition of 
homologous that makes biological sense.... Attributes of two 
organisms are homologous when they are derived from an 
equivalent characteristic of the common ancestor.» 
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In other words, with Charles Darwin evolution was a theory, 
and homology was evidence for it. With Darwin's followers, 
evolution is assumed to be independently established, and 
homology is its result. The problem is that now homology 
cannot be used as evidence for evolution except by reasoning 
in a circle.

Homology and circular reasoning

Consider the example of bone patterns in forelimbs (Figure 
4-1), which Darwin regarded as evidence for the common 
ancestry of the vertebrates. A neo-Darwinist who wants to 
determine whether vertebrate forelimbs are homologous must 
first determine whether they are derived from a common 
ancestor. In other words, there must be evidence for common 
ancestry before limbs can be called homologous. But then to 
turn around and argue that homologous limbs point to common 
ancestry is a vicious circle: Common ancestry demonstrates 
homology which demonstrates common ancestry. (Figure 4-2)

This circularity has been noticed and criticized by many 
biologists and philosophers. In 1945 J. H. Woodger wrote that 
the new definition was «putting the cart before the horse.» Alan 
Boyden pointed out in 1947 that neo-Darwinian homology 
requires «that we first know the ancestry and then decide that 
the corresponding organs or parts» are homologous. «As though 
we could know the ancestry without the essential similarities 
to guide us!» (emphasis in original) When neo-Darwinian 
paleontologist George Gaylord Simpson tried to use homology-
as-common-ancestry to infer evolutionary relationships, 
biologists Robert Sokal and Peter Sneath criticized him for «the 
circularity of reasoning» inherent in his procedure.
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Neo-Darwinian philosophers rose to the defense. In 1966 
Michael Ghiselin pointed out that the neo-Darwinian definition 
is not circular because homology is not defined in terms of 
itself. But this did not solve the problem, because although the 
definition is not circular, the reasoning based on it is. The fol-

FIGURE 4-2 homology and circular reasoning.

(Top) Darwin, like his predecessors, inferred homology from structural 
similarity, then inferred common ancestry from homology. (Bottom) 
in the circular reasoning employed by some modern neo-Darwinists, 
homology is inferred from common ancestry, then turned around and 
used as evidence for common ancestry.
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lowing year, David Hull argued that the reasoning is not 
circular, but merely an example of the scientific «method of 
successive approximation» (or what German biologist Willi 
Hennig called the «method of reciprocal illumination»). 
According to Hull, evolutionary biologists start by assuming 
a particular hypothesis of descent, then they use similarities 
to refine the hypothesis. But the method—which critics at the 
time derided as «groping»— works, if it works at all, only 
by assuming the truth of common ancestry. If the question is 
whether Darwin's theory is true in the first place, then Hull's 
method of successive approximation is just another circular 
argument.

The controversy has raged ever since. Neo-Darwinists 
defend their notion of homology as common ancestry, while 
critics object that it confuses definition with explanation and 
leads to circular reasoning. Philosopher Ronald Brady wrote 
in 1985: «By making our explanation into the definition of the 
condition to be explained, we express not scientific hypothesis 
but belief. We are so convinced that our explanation is true that 
we no longer see any need to distinguish it from the situation we 
were trying to explain. Dogmatic endeavors of this kind must 
eventually leave the realm of science.»

Breaking the circle

There seem to be only three ways to avoid the circular 
reasoning brought on by defining and explaining homology in 
terms of common ancestry. One way is to embrace the neo-
Darwinian definition but give up trying to infer common descent 
from it— in other words, to acknowledge that homology no 
longer provides evidence for evolution. «Common ancestry is 
all there is to homology,» wrote evolutionary biologist David 
Wake in 1999;
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thus «homology is the anticipated and expected consequence 
of evolution. Homology is not evidence of evolution.»

A second way is to retain the pre-Darwinian definition of 
homology as structural similarity, but acknowledge that this 
reopens the question of whether descent with modification is 
the best explanation for it. Recent advocates of this position are 
hard to find, because among biologists in the United States it 
is extremely unpopular (and professionally risky) to question 
whether Darwinian evolution is the best explanation.

The third (and currently most popular) way to deal with the 
problem is to define homology in terms of common ancestry 
and then seek evidence for descent with modification that is 
independent of homology. Such evidence may come from 
pattern (DNA sequence comparisons or the fossil record) or 
process (developmental pathways and developmental genetics). 
The first two begin by assuming common ancestry, and then 
attempt to infer the most likely pattern of ancestor-descendant 
relationships. The second two attempt to identify the processes 
that would account for similarity due to common ancestry.

Evidence from DNA sequences

As we saw in the previous chapter, molecular phylogenies 
are constructed by comparing DNA sequences (or their protein 
products) in different organisms. Since DNA sequences are 
copied directly from other DNA sequences through the process 
of replication, molecular phylogeneticists assume that sequence 
similarities are more likely to indicate an ancestor-descendant 
relationship than morphological similarities, which are produced 
by a complex series of events in the embryo rather than inherited 
directly from parents.
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Unfortunately, molecular sequence comparisons face as 
many difficulties as morphological comparisons. First, in 
molecular phylogeny the meaning of «homology» is no less 
problematic. As molecular biologist David Hillis wrote in 
1994, «the word homology is now used in molecular biology to 
describe everything from simple similarity (whatever its cause) 
to common ancestry (no matter how dissimilar the structures).» 
Thus «molecular biologists may have done more to confound 
the meaning of the term homology than have any other group 
of scientists.»

Second, identifying homologous sequences is as difficult 
as identifying homologous organs. According to Hillis: 
«Some proponents of molecular techniques have claimed that 
molecular biology 'solves the problem of homology'... [but] the 
difficulties of assigning homology to molecules parallel many 
of the difficulties of assigning homology to morphological 
structures.»

Finally, molecular homology generates at least as many 
conflicting results as the more traditional approach. «Congruence 
between molecular phylogenies,» wrote British biologists Colin 
Patterson, David Williams and Christopher Humphries in 1993, 
«is as elusive as it is in morphology.» But when molecular 
phylogenies conflict, the only way to choose among them is 
to have independent knowledge of common ancestry, and this 
leads right back into the very circular reasoning that molecular 
comparisons were supposed to avoid.

The fossil record

How about the fossil record? Some biologists have argued 
the best way to determine evolutionary relationships would be 
to trace the similarities in two or more organisms back through
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an unbroken chain of fossil organisms to their common 
ancestor. Unfortunately, comparing fossils is no more 
straightforward than comparing live specimens. As Sokal 
and Sneath pointed out in 1963: «Even when fossil evidence 
is available, this evidence itself must first be interpreted» by 
comparing similar features. Any attempt to infer evolutionary 
relationships among fossils based on homology-as-common-
ancestry «soon leads to a tangle of circular arguments from 
which there is no escape.»

In fact, inferring evolutionary relationships from the fossil 
record is more difficult than inferring them from live specimens, 
because the record is fragmentary and because fossils do not 
preserve all relevant features. As biologist Bruce Young wrote 
in 1993: «If anything, fossils are of less value in establishing 
homologues since they normally include far fewer characters» 
than living organisms.

But even if the fossil record were complete, and it preserved 
all the desired characters, it would not establish that homology 
is due to common ancestry. This problem was inadvertently 
illustrated by biologist Tim Berra in a 1990 book defending 
Darwinian evolution against creationist critics. Berra compared 
the fossil record to a series of automobile models: «If you 
compare a 1953 and a 1954 Corvette, side by side, then a 1954 
and a 1955 model, and so on, the descent with modification 
is overwhelmingly obvious. This is what [paleontologists] do 
with fossils, and the evidence is so solid and comprehensive 
that it cannot be denied by reasonable people.» (emphasis in 
the original)

But Berra's analogy actually spotlights the problem of using 
a sequence of similarities as evidence for Darwin's theory. 
We all know that automobiles are manufactured according to 
archetypes (in this case, plans drawn up by engineers), so it 
is clear that there can be other explanations for a sequence of 
similarities besides descent with modification. In fact, most pre-
Darwinian biologists would have explained such sequences by
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something akin to automobile manufacturing—that is, 
creation by design. So although Berra believed he was 
defending Darwinian evolution against creationist explanations, 
he unwittingly showed that the fossil evidence is compatible 
with either. Law professor (and critic of Darwinism) Phillip E. 
Johnson dubbed this «Berra's Blunder.» (Figure 4-3)

Berra's Blunder demonstrates that a mere succession of 
similar forms does not furnish its own explanation. Something 
more is needed—a mechanism. In the case of Corvettes, the 
mechanism (human manufacturing) can be directly observed; 
but in a succession of fossils, it cannot. This is where Darwin's 
theory comes in. For Darwin, the mechanism is descent with 
modification. But «descent» and «modification» are merely 
words, unless they can be tied to actual biological processes.

Darwin realized this. He wrote in The Origin of Species 
that a naturalist reflecting on the geological evidence «might 
come to the conclusion that species had not been independently 
created, but had descended, like varieties, from other species. 
Nevertheless, such a conclusion, even if well founded, would 
be unsatisfactory, until it could be shown how the innumerable 
species inhabiting this world have been modified.» Darwin 
concluded: «It is, therefore, of the highest importance to gain a 
clear insight into the means of modification.»

Of course, the means of modification in Darwin's theory is 
natural selection. But the means of descent remained elusive. In 
the ordinary process of reproduction, like always produces like. 
Can natural selection alter the process, so that like sometimes 
produces not-so-like? Darwin didn't know enough about embryo 
development to answer the question. Without knowing the 
mechanisms that make embryos similar, it is mere speculation 
to say that those unknown mechanisms can be modified by 
natural selection.
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FIGURE 4-3 Berra's Blunder.

Berra used four models of Corvette automobiles to illustrate descent 
with modification. Shown here from bottom to top: 1953,1963,1968, 
and 1978 models.
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In 1982 University of Chicago evolutionary biologist Leigh 
Van Valen wrote that the key to explaining homology lies in 
understanding the «continuity of information.» An embryo 
contains information, inherited from its parents, that directs its 
development. Until we understand the nature of that information, 
we cannot understand how it might be modified.

Developmental information could be in the form of 
«developmental pathways»—the patterns of cell division, cell 
movement, and tissue differentiation by which embryos produce 
adult structures. Or it could be encoded in genes that affect 
the development of the embryo. But neither developmental 
pathways nor developmental genetics has solved the problem 
of what causes homology.

Evidence from developmental pathways

The theory that homologous structures are products of 
similar developmental pathways does not fit the evidence, and 
biologists have known this for over a century. «It is a familiar 
fact,» said American embryologist Edmund Wilson in 1894, 
«that parts which closely agree in the adult, and are undoubtedly 
homologous, often differ widely in larval or embryonic origin 
either in mode of formation or in position, or in both.» More than 
sixty years later, after reviewing the embryological evidence 
that had been amassed since Wilson's time, British biologist 
Gavin de Beer agreed: «The fact is that correspondence between 
homologous structures cannot be pressed back to similarity 
of position of the cells in the embryo, or of the parts of the 
egg out of which the structures are ultimately composed, or of 
developmental mechanisms by which they are formed.»

De Beer's assessment is still accurate. It is «the rule rather 
than the exception,» developmental biologist Pere Alberch 
wrote in
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1985, that «homologous structures form from distinctly 
dissimilar initial states.» Evolutionary developmental biologist 
Rudolf Raff, who studies two species of sea urchin that develop 
by radically different pathways into almost identical adult 
forms, restated the problem in 1999: «Homologous features in 
two related organisms should arise by similar developmental 
processes.... [but] features that we regard as homologous from 
morphological and phylogenetic criteria can arise in different 
ways in development.»

The lack of correspondence between homology and 
developmental pathways is true not only in general, but 
also in the particular case of vertebrate limbs. The classic 
examples of this problem are salamanders. In most vertebrate 
limbs, development of the digits proceeds from posterior to 
anterior—that is, in the tail-to-head direction. This accurately 
describes frogs, but their fellow amphibians, salamanders, do it 
differently. In salamanders, development of the digits proceeds 
in the opposite direction, from head to tail. The difference is so 
striking that some biologists have argued that the evolutionary 
history of salamanders must have been different from all other 
vertebrates, including frogs.

There are other anomalies, as well. Skeletal patterns in 
vertebrate limbs initially form as cartilage, which later turn 
into bone. If the development of vertebrate limbs reflected their 
origin in a common ancestor, one might expect to see a common 
ancestral cartilage pattern early in vertebrate limb development. 
But this is not the case. Cartilage patterns correspond to the form 
of the adult limb from the beginning, not only in salamanders, 
but also in frogs, chicks and mice. According to British zoologist 
Richard Hinchliffe and P. J. Griffiths, the idea that vertebrate 
limbs develop from a common ancestral pattern in the embryo
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«has arisen because investigators have superimposed their 
preconceptions» on the evidence.

So homologous features, even in vertebrate limbs, are not 
produced by similar developmental pathways. How about 
similar genes?

Evidence from developmental genetics

According to neo-Darwinian theory, the information Van 
Valen described is contained in DNA sequences, or genes. Genes 
carry information from one generation to the next, and according 
to theory direct the development of the embryo. Therefore, the 
neo-Darwinian explanation for homologous features is that they 
are programmed by similar genes inherited from a common 
ancestor. If it could be shown that homologous structures in 
two different organisms are produced by similar genes, and that 
homologous structures are not produced by different genes, then 
we would have evidence for the «continuity of information» 
that Van Valen wrote about.

But this is not the case, and biologists have known it for 
decades. In 1971 Gavin de Beer wrote: «Because homology 
implies community of descent from... a common ancestor it 
might be thought that genetics would provide the key to the 
problem of homology. This is where the worst shock of all is 
encountered... [because] characters controlled by identical genes 
are not necessarily homologous... [and] homologous structures 
need not be controlled by identical genes.» De Beer concluded 
that «the inheritance of homologous structures from a common 
ancestor... cannot be ascribed to identity of genes.»

To illustrate his point that homologous structures can arise 
from different genes, de Beer cited only one experiment
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(involving eye development in fruit flies), but other examples 
have been found since then. One involves segment formation in 
insects. Fruit fly embryos require the gene even-skipped for the 
proper development of body segments; but other insects, such 
as locusts and wasps, form segments without using this gene. 
Since all insect segments are considered homologous (whether 
defined in terms of structural similarity or common ancestry), 
this shows that homologous features need not be controlled 
by identical genes. Another example is Sex-lethal, a gene that 
is required for sex-determination in fruit flies but not in other 
insects, which produce males and females without it.

The opposite situation—non-homologous structures arising 
from identical genes—is both more striking and more common. 
Geneticists have found that many of the genes required for 
proper development in fruit flies are similar to genes in mice, sea 
urchins, and even worms. In fact, gene transplant experiments 
have shown that developmental genes from mice (and humans) 
can functionally replace their counterparts in flies. If genes 
control structure, and the developmental genes of mice and flies 
are so similar, why doesn't a mouse embryo develop into a fly, 
or a fly embryo into a mouse?

The lack of correspondence between genes and structures 
is true not only for entire organisms, but also for limbs. One 
developmental gene shared by several different types of animals 
is Distal-less, so named because a mutation in it blocks limb 
development in fruit flies («distal» refers to structures away 
from the main part of the body). A gene with a very similar 
DNA sequence has been found in mice; in fact, genes similar 
to Distal-less have been found in sea urchins, spiny worms 
(members of the same phylum as earthworms), and velvet 
worms (another phylum entirely). (Figure 4-4)
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FIGURE 4-4 A similar gene in non-homologous limbs.

The gene Distal-less is involved in the development of appendages 
in all five of these animals, yet the appendages are not homologous 
either by similar structure or by common ancestry. The animals, each 
in a different phylum, are (counterclockwise from top): mouse; spiny 
worm; butterfly; sea urchin (its limbs are tube feet underneath its 
body); and velvet worm.
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In all these animals, Distal-less is involved in the development 
of appendages, yet the appendages of these five groups of animals 
are not structurally or evolutionarily homologous. «These 
similarities are puzzling,» noted the biologists who reported them 
in 1997, because the «appendages have such vastly different 
anatomies and evolutionary histories.» In 1999 Gregory Wray 
found «surprising» the association between Distal-less and 
«what are superficially similar, but non-homologous structures.» 
He concluded: «This association between a regulatory gene and 
several non-homologous structures seems to be the rule rather 
than the exception.»

Not only Distal-less but also the entire network of genes 
involved in limb development has been found to be similar in 
insects and vertebrates. Clifford Tabin, Sean Carroll, and Grace 
Panganiban, who described these networks in 1999, noted that 
«there has been no continuity of any structure from which the 
insect and vertebrate appendages could be derived, i.e., they 
are not homologous structures. However, there is abundant 
evidence for continuity in the genetic information» involved in 
their development.

Evolutionary biologists argue that the striking similarity of 
developmental genes in such a wide variety of animal phyla 
points to their common ancestry. And so it might. But then the 
problems we encountered above with molecular phylogenies 
surface again, while the problem of explaining how homologous 
structures arise remains unsolved.

The conclusion is clear: Whether or not homology is due to 
descent with modification, the specific mechanism responsible 
for producing it remains unknown. In 1971 Gavin de Beer 
wrote: «What mechanism can it be that results in the production 
of homologous organs, the same 'patterns', in spite of their not
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being controlled by the same genes? I asked this question in 
1938, and it has not been answered.» Today, more than sixty 
years after it was first asked, de Beer's question still has not 
been answered.

Vertebrate limbs as evidence for evolution?

How do vertebrate limbs provide evidence for Darwinian 
evolution? If continuity of information does not come from 
genes or developmental pathways, how do we know that it 
comes from descent with modification? Is it even possible to 
infer common ancestry from homology? If we attempt to settle 
the issue simply by defining homology as common ancestry, 
how can we then use homology as evidence for evolution? 
These are legitimate scientific questions, but biology students 
will probably not find them in their textbooks.

Almost every biology textbook uses vertebrate limbs to 
illustrate homology, and claims that homology is evidence 
for common ancestry. But most of those textbooks also define 
homology in terms of common ancestry. They thereby fall into 
the same vicious circle that biologists and philosophers have 
been criticizing for over half a century.

For example, the 1999 edition of Teresa and Gerald Audesirk's 
Biology: Life on Earth explains that «internally similar structures 
are called homologous structures, meaning that they have the 
same evolutionary origin,» and on the very same page states 
that homologous structures «provide evidence of relatedness in 
organisms.» Along the same lines, the most recent edition of 
Sylvia Mader's Biology declares: «Structures that are similar 
because they were inherited from a common ancestor are called 
homologous structures,» and on the same page claims: «This 
unity of plan is evidence of a common ancestor.»
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According to the 1999 edition of Peter Raven and George 
Johnson's Biology, homology refers to «structures with different 
appearances and functions that all derived from the same 
body part in a common ancestor,» yet the book also claims 
that homology is «evidence of evolutionary relatedness.» And 
the 1999 edition of Campbell, Reece, and Mitchell's Biology 
contains the following: «Similarity in characteristics resulting 
from common ancestry is known as homology, and such 
anatomical signs of evolution are called homologous structures. 
Comparative anatomy is consistent with all other evidence in 
testifying [to] evolution.»

These textbooks give students no hint of the continuing 
controversy over homology. Instead, they give the impression 
that it is scientific to define homology in terms of common 
ancestry and then turn around and claim it as evidence for 
common ancestry. Such circular reasoning lulls students into 
sloppy and uncritical thinking. This is a problem not just for 
science, but for our society as a whole. A democracy needs 
well-educated citizens who can spot faulty arguments and think 
for themselves, not docile masses who swallow what they are 
fed by authority figures.

Critical thinking in action

Faced with the circular reasoning prevalent in most biology 
textbooks, students might do well to ask more questions in 
class. According to Henry Gee, Chief Science Writer for the 
prestigious journal, Nature, «nobody should be afraid to ask 
a silly question.» In science, Gee writes, «statements from 
authorities in a field should be as subject to scrutiny as those 
emanating from the most humble sources, even a beginning 
student.»

What would happen if a beginning student were to ask some 
appropriately respectful questions about homology? One might
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imagine the following exchange between an inquisitive 
student and a biology teacher:

Teacher: OK, let's start today's lesson with a quick review. 
Yesterday I talked about homology. Homologous features, such 
as the vertebrate limbs shown in your textbook, provide us with 
some of our best evidence that living things have evolved from 
common ancestors.

Student (raising hand): I know you went over this yesterday, 
but I'm still confused. How do we know whether features are 
homologous?

Teacher: Well, if you look at vertebrate limbs, you can see 
that even though they're adapted to perform different functions 
their bone patterns are structurally similar.

Student: But you told us yesterday that even though an 
octopus eye is structurally similar to a human eye, the two are 
not homologous.

Teacher: That's correct. Octopus and human eyes are not 
homologous because their common ancestor did not have such 
an eye.

Student: So regardless of similarity, features are not 
homologous unless they are inherited from a common ancestor?

Teacher: Yes, now you're catching on.
Student (looking puzzled): Well, actually, I'm still confused. 

You say homologous features provide some of our best evidence 
for common ancestry. But before we can tell whether features 
are homologous, we have to know whether they came from a 
common ancestor.

Teacher: That's right.
Student (scratching head): I must be missing something. It 

sounds as though you're saying that we know features are
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derived from a common ancestor because they're derived 
from a common ancestor. Isn't that circular reasoning?

At this point, the overburdened teacher might simply end 
the discussion and move on to something else. But science 
education would be better served if he or she acknowledged 
the problem and took some time to analyze it in class. Instead 
of being told to memorize a circular argument, students might 
be encouraged to think about the difference between theory and 
evidence, and how to compare the two.

In the process, they might become not only better scientists, 
but also better citizens.



CHAPTER 5

Haeckel's Embryos

Darwin knew that the Cambrian fossil record was a serious 
problem for his theory. He also knew that without a mechanism 
to explain how homologies were produced, his identification 
of archetypes with common ancestors remained open to 
challenge. Thus it seemed to him that neither the fossil record 
nor homologous structures supported his theory as conclusively 
as the evidence from embryology.

«It seems to me,» Darwin wrote in The Origin of Species, 
«the leading facts in embryology, which are second to none in 
importance, are explained on the principle of variations in the 
many descendants from some one ancient progenitor.» And 
those leading facts, according to him, were that «the embryos 
of the most distinct species belonging to the same class are 
closely similar, but become, when fully developed, widely 
dissimilar.» Reasoning that «community in embryonic structure 
reveals community of descent,» Darwin concluded that early 
embryos «show us, more or less completely, the condition of 
the progenitor of the whole group in its adult state.» In other 
words, similarities in early embryos not only demonstrate that 
they are descended from a common ancestor, but also reveal 
what that ancestor looked like.
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Darwin considered this «by far the strongest single class of 
facts in favor of» his theory.

Darwin was not an embryologist, so he relied for his evidence 
on the work of others. One of those was German biologist 
Ernst Haeckel (1834-1919). Darwin wrote in The Origin of 
Species that Professor Haeckel «brought his great knowledge 
and abilities to bear on what he calls phylogeny, or the lines of 
descent of all organic beings. In drawing up the several series 
he trusts chiefly to embryological characters.»

Haeckel made many drawings, but his most famous were of 
early vertebrate embryos. Haeckel drew embryos from various 
classes of vertebrates to show that they are virtually identical 
in their earliest stages, and become noticeably different only as 
they develop. (Figure 5-1) It was this pattern of early similarity 
and later difference that Darwin found so convincing in The 
Origin of Species. Thus «it is probable, from what we know 
of the embryos of mammals, birds, fishes and reptiles, that 
these animals are the modified descendants of some ancient 
progenitor.» In The Descent of Man, Darwin extended the 
inference to humans: «The [human] embryo itself at a very early 
period can hardly be distinguished from that of other members 
of the vertebrate kingdom.» Since humans and other vertebrates 
«pass through the I same early stages of development,... we 
ought frankly to admit their community of descent.»

Haeckel's embryos seem to provide such powerful evidence 
for Darwin's theory that some version of them can be found 
almost every modern textbook dealing with evolution. Yet 
biologists have known for over a century that Haeckel faked his 
drawings; vertebrate embryos never look as similar as he made 
them out to be. Furthermore, the stage Haeckel labeled the 
«first» is actually midway through development; the similarities 
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he exaggerated are preceded by striking differences in earlier 
stages of development. Although you might never know it from 
reading biology textbooks, Darwin's «strongest single class of 
facts» is a classic example of how evidence can be twisted to fit 
a theory. 

FIGURE 5-1 Haeckel's embryos.

The embryos are (left to right) fish, salamander, tortoise, chick, hog, 
calf, rabbit, and human. Note that only five of the seven vertebrate 
classes are represented, and that half the embryos are mammals. This 
version of Haeckel's drawings is from George Romanes's 1892 book, 
Darwinism Illustrated.
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Wl11 the real embryologist please stand up?

Before the publication of The Origin of Species, Europe's most 
famous embryologist was not Ernst Haeckel, but Karl Ernst von 
Baer (1792-1876). Trained in physics and biology, von Baer 
had published his major work in embryology by the mid-1830s. 
That work included four generalizations that became important 
in subsequent controversies over evolution.

Von Baer's first two generalizations were intended to refute 
«preformationism,» the old idea that embryos are simply minia-
ture adults. If preformationism were true, then every embryo 
would show the distinctive adult characteristics of its species 
right from the start. But von Baer pointed out that «the more 
general characters of a large group of animals appear earlier in 
their embryos than the more special characters.»

The second two generalizations were intended to refute the 
«law of parallelism» which was being promoted by two of von 
Baer's contemporaries, Johann Friedrich Meckel and Etienne 
Serres. According to the evolutionary parallelism of Meckel and 
Serres, the embryos of higher organisms pass through the adult 
forms of lower organisms in the course of their development. 
But von Baer noted that «the embryo of a higher form never 
resembles any other form, but only its embryo.»

Although von Baer's generalizations were called «laws,» 
they were actually summaries of empirical observations. They 
were intended to show that two other «laws»—preformationism 
and parallelism—did not fit the evidence, and thus should be 
abandoned. As a research embryologist, von Baer emphasized 
the importance of careful observation. It was this that led to his 
discovery of the tiny mammalian egg cell—his principal claim 
to scientific fame.



Haeckel's Embryos  • 85

Although von Baer accepted the possibility of limited 
transformation of species at lower levels of the biological 
hierarchy, he saw no evidence for the large-scale transformations 
proposed by Darwin. For example, von Baer did not believe 
that the various classes of vertebrates (e.g., fishes, amphibians, 
reptiles, birds, and mammals) were descended from a common 
ancestor. According to historian of science Timothy Lenoir, 
von Baer feared that Darwinists had «already accepted the 
Darwinian evolutionary hypothesis as true before they set to 
the task of observing embryos.»

So von Baer rejected the evolutionary parallelism of Meckel 
and Serres, and the large-scale transformations proposed 
by Darwin. Yet Darwin ended up citing him as the source of 
the «strongest single class of facts» supporting his theory of 
evolution.

Darwin's misuse of von Baer

Darwin apparently never read von Baer, who wrote in 
German. The first two editions of The Origin of Species cited 
a passage of von Baer's that had been translated by Thomas 
Henry Huxley, but Darwin mistakenly attributed the passage to 
Louis Agassiz. Only in the third and subsequent editions did he 
mention von Baer.

Darwin wrote: «Generally the embryos of the most distinct 
species belonging to the same class are closely similar, but 
become, when fully developed, widely dissimilar. A better proof 
of this latter fact cannot be given than the statement by von Baer 
that 'the embryos of mammals, birds, lizards and snakes, and 
probably [turtles] are in their earliest states exceedingly like 
one another.... In my possession are two little embryos in spirit,
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whose names I have omitted to attach, and at present I am 
quite unable to say to what class they belong. They may be 
lizards or small birds, or very young mammals, so complete is 
the similarity in the mode of formation of the head and trunk in 
these animals.»

When von Baer wrote this he may have been exaggerating, 
because in fact the embryos of lizards, birds, and mammals 
can be distinguished at an early age. And the embryos of other 
vertebrate classes, such as fishes and amphibians, look even 
more different. In any case, von Baer knew that embryos never 
look like the adult of another species, and he saw no evidence for 
Darwin's theory that the various classes of vertebrates shared a 
common ancestor. Yet several pages after citing von Baer as his 
authority in these matters, Darwin claimed that «it is probable, 
from what we know of the embryos of mammals, birds, fishes 
and reptiles, that these animals are the modified descendants 
of some ancient progenitor,» and that «with many animals the 
embryonic or larval stages show us, more or less completely, 
the condition of the progenitor of the whole group in its adult 
state.»

This last claim is exactly what von Baer's second two laws 
denied. In other words, Darwin cited von Baer as the source 
of his embryological evidence, but at the crucial point Darwin 
distorted that evidence to make it fit his theory. Von Baer lived 
long enough to object to Darwin's misuse of his observations, 
and be was a strong critic of Darwinian evolution until his death 
in 1876. But Darwin persisted in citing him anyway, making 
him look like a supporter of the very doctrine of evolutionary 
paralelism he explicitly rejected. 

In what historian of science Frederick Churchill calls « one of 
the ironies of nineteenth-century biology» von Baer's view «was 
confounded with and then transformed into an evolutionary
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form of the law of parallelism.» Naturalist Fritz Muller 
(whom Darwin also cited) «encouraged the confusion,» but 
it was Muller's student, Ernst Haeckel, who «dramatized the 
obfuscation» and became its most ardent promoter.

Haeckel's biogenetic law

Haeckel coined the terms «ontogeny» to designate the 
embryonic development of the individual, and «phylogeny» 
to designate the evolutionary history of the species. He 
maintained that embryos «recapitulate» their evolutionary 
history by passing through the adult forms of their ancestors as 
they develop. When new features evolve they are tacked on to 
the end of development, in a process Stephen Jay Gould calls 
«terminal addition,» making ancestral forms appear earlier in 
development than more recently evolved features. Haeckel 
called this the «biogenetic law» and summarized it in the now-
famous phrase, «ontogeny recapitulates phylogeny.»

Von Baer's laws and Haeckel's biogenetic law are very 
different. The former were based on empirical observations and 
intended to refute theories that didn't fit the evidence, while the 
latter was deduced from evolutionary theory rather than inferred 
from evidence. «The recapitulation theory,» wrote British 
zoologist Adam Sedgwick in 1909, «originated as a deduction 
from the evolution theory and as a deduction it still remains.» 
Ten years later, American embryologist Frank Lillie likewise 
acknowledged that recapitulation is a logical consequence of 
evolution rather than an empirical inference, though he was 
inclined to accept it anyway. Lillie reasoned that since the basis 
of any theory of descent is heredity, and it must be recognized 
that ontogenies are inherited, the resemblance between
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the individual history and the phylogenetic history necessarily 
follows.»

So from the very beginning, Haeckel's biogenetic law was 
a theoretical deduction rather than an empirical inference. 
It exerted considerable influence in the late nineteenth and 
early twentieth centuries, but by the 1920s it was losing favor. 
According to Stephen Jay Gould, «the biogenetic law fell 
only when it became unfashionable.» Historian of science 
Nicholas Rasmussen agrees. Certainly, it did not fall because 
new discoveries contradicted it. As Rasmussen puts it: «All the 
important evidence called upon in the rejection of the biogenetic 
law was there from the first days of the laws acceptance.»

Resurrecting recapitulation

Nevertheless, some twentieth-century American and British 
embryologists attempted to salvage what they considered an 
element of truth in Haeckel's law. Lillie knew that Haeckel's 
law was empirically false. He also knew that von Baer's laws 
had only limited applicability, because «it never happens that 
the embryo of any definite species resembles in its entirety the 
adult of a lower species, nor even the embryo of a lower species; 
its organization is specific at all stages from the [egg] on, so 
that it is possible without any difficulty to recognize the order 
of animal to which a given embryo belongs.» Nevertheless, 
on theoretical grounds Lillie affirmed some sort of parallelism 
between ontogeny and phylogeny.

In 1922 British embryologist Walter Garstang criticized 
Haeckel's biogenetic law as «demonstrably unsound», because 
«ontogenetic stages afford not the slightest evidence оf the 
specially adult features of the ancestry.» According to Garstang
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Haeckel's theory that newly evolved features are simply 
tacked onto the end of development makes no sense: «A house 
is not a cottage with an extra story on the top. A house represents 
a higher grade in the evolution of a residence, but the whole 
building is altered—foundations, timbers, and roof—even if 
the bricks are the same.» Nevertheless, Garstang (like Lillie) 
maintained on theoretical grounds that there must be a general 
correspondence between ontogeny and phylogeny, and that in 
this «original and general sense»—which Garstang attributed 
to Meckel— «recapitulation is a fact.» So Garstang and Lillie 
knew that the biogenetic law did not fit the evidence, but because 
of their belief in Darwinian evolution they were convinced that 
some form of recapitulationism had to be true.

From 1940 to 1958 British embryologist Gavin de Beer 
published three editions of a book on embryology and evolution in 
which he criticized Haeckel's biogenetic law. «Recapitulation,» 
wrote de Beer, «i.e., the pressing back of adult ancestral stages 
into early stages of development of descendants, does not take 
place.» But the problem was not merely the claim that adult forms 
are recapitulated, since «variations of evolutionary significance 
can and do arise at the earliest stages of development.» In 
other words, the earliest stages of development show important 
differences, contrary to Darwin's belief that they are the most 
similar. De Beer concluded that recapitulation is «a mental 
strait-jacket» that «has thwarted and delayed» embryological 
research.

Yet if organisms are descended from a common ancestor, 
it seems reasonable to expect ontogeny to provide evidence 
of phylogeny. Recapitulation in some sense is a logical 
consequence of Darwinian evolution. The question is: What 
sense? In discussions of development and evolution, two views 
keep recurring. Both are found in Darwin's Origin of Species:
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I. The earliest stages of embryos are more than their later 
stages. In Darwin's words: «The embryos of the most distinct 
species belonging to the same class are closely similar, but 
become, when fully developed, widely dissimilar.»

II. Embryos pass through the adult forms of their ancestors 
as they develop. In Darwin's words: «With many animals the 
embryonic or larval stages show us, more or less completely, 
the condition of the progenitor of the whole group in its adult 
state.

The first view is von Baer's, though he would not have 
extended it beyond the level of classes. Modern Darwinists 
sometimes call it «von Baerian recapitulation, though this is 
actually an oxymoron-on a par with «Copernican geocentrism» 
or «Darwinian creationism.» The second view is Haeckel's 
biogenetic law, and is thus called «Haeckelian recapitulation.»

Both views are empirically false. Yet throughout the twentieth 
century they have periodically risen, phoenix-like, from the 
ashes of empirical disconfirmation. Since both are frequently 
enlisted in support of Darwinian evolution, it is often difficult 
to tell them apart. And as we shall see below, in one of the most 
bizarre twists of all, both are now illustrated with the same set 
of faked drawings.

Haeckel's embryo drawings

Haeckel produced many drawings of vertebrate embryos 
to illustrate his biogenetic law. The drawings show vertebrate 
embryos that look very much alike at their earliest stage. 
(Figure 5-1, top row) In fact, the embryos look too much alike. 
According to historian Jane Oppenheimer, Haeckel's «hand as 
an artist altered
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what he saw with what should have been the eye of a more 
accurate beholder. He was more than once, often justifiably, 
accused of scientific falsification, by Wilhelm His and many 
others.»

In some cases, Haeckel used the same woodcut to print 
embryos that were supposedly from different classes. In others, 
he doctored his drawings to make the embryos appear more 
alike than they really were. Haeckel's contemporaries repeatedly 
criticized him for these misrepresentations, and charges of fraud 
abounded in his lifetime.

Whether or not Haeckel was guilty of fraud—that is, deliberate 
deception—there is no doubt that his drawings misrepresent 
vertebrate embryos. First, he chose only those embryos that came 
closest to fitting his theory. Although there are seven classes 
of vertebrates (jawless fishes, cartilaginous fishes, bony fishes, 
amphibians, reptiles, birds, and mammals), Haeckel showed 
only five, omitting jawless and cartilaginous fishes entirely. 
Furthermore, to represent amphibians he used a salamander 
rather than a frog, which looks very different. Finally, half of 
his embryos are mammals, and all of these are from one order 
(placentals); other mammalian orders (egg-laying monotremes 
and pouch-brooding marsupials) are omitted. Thus, Haeckel 
began with a biased sample.

Even the embryos he chose are distorted to fit his theory. 
British embryologist Michael Richardson noted in 1995 
that the top row of embryos in Haeckel's drawings is «not 
consistent with other data on the development of these species.» 
Richardson concluded: «These famous images are inaccurate 
and give a misleading view of embryonic development.» In 
1997 Richardson and an international team of experts compared 
Haeckel's embryos with photographs of actual embryos from 
all seven classes of vertebrates, showing quite clearly that 
Haeckel's drawings misrepresent the truth.
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FIGURE 5-2 A comparison of haeckel's drawings with actual 
vertebrate embryos.

The top row is Haeckel's. The middle row consists of drawings of 
actual embryos at the stage Haeckel falsely claimed was the earliest. 
They are (left to right): a bony fish (zebrafish); an amphibian (frog); a 
reptile (turtle); a bird (chicken); and a placental mammal (human). 
To represent amphibians Haeckel used a salamander, which fits his 
theory better than a frog; a frog is used here to highlight this fact. Other 
groups not included by Haeckel (such as jawless and cartilaginous 
fishes, and monotreme and marsupial mammals) are significantly 
different from the embryos shown here.

Among other things, Richardson and his colleagues found 
that «there is great variation in embryonic morphology» among 
amphibians, but Haeckel chose a salamander that happened to 
fit his theory. Richardson and his colleagues also found that 
vertebrate embryos vary tremendously in size, from less than 
1 millimeter to almost 10 millimeters, yet Haeckel portrayed 
them all as being the same size. Finally, Richardson and 
his colleagues found considerable variation in the number 
of somites—repetitive blocks of cells on either side of the 
embryo's developing backbone. Although Haeckel's drawings 
(Figure 5-1, top row) show approximately the same number 
of somites in each class, actual embryos vary from 11 to more 
than 60. Richardson and his colleagues concluded: «Our survey 
seriously undermines the credibility of Haeckel's drawings.»

When Haeckel's embryos are viewed side-by-side with 
actual embryos, there can be no doubt that his drawings were 
deliberately distorted to fit his theory. (Figure 5-2) Writing in the 
March 2000, issue of Natural History, Stephen Jay Gould noted 
that Haeckel «exaggerated the similarities by idealizations and 
omissions,» and concluded that his drawings are characterized
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by «inaccuracies and outright falsification.» Richardson, 
interviewed by Science after he and his colleagues published 
their now-famous comparisons between Haeckel's drawings 
and actual embryos, put it bluntly: «It looks like it's turning out 
to be one of the most famous fakes in biology.»

So Haeckel's drawings are fakes, and they misrepresent the 
embryos they purport to show. But they are fakes in another 
sense, too. Darwin based his inference of common ancestry on 
the belief that the earliest stages of embryo development are 
the most similar. Haeckel's drawings, however, omit the earliest 
stages entirely, and start at a point midway through development. 
The earlier stages are much different.

The earliest stages in vertebrate embryos are not the most 
similar

When an animal egg is fertilized, it first undergoes a process 
called «cleavage,» during which it subdivides into hundreds 
or thousands of separate cells without growing in overall size. 
At the end of cleavage, the cells begin to move and rearrange 
themselves in a process known as «gastrulation.» Gastrulation, 
even more than cleavage, is responsible for establishing the 
animal's general body plan (e.g., insect or vertebrate) and for 
generating basic tissue types and organ systems (e.g., skin, 
muscles, and gut). British embryologist Lewis Wolpert has 
written that «it is not birth, marriage, or death, but gastrulation 
which is truly 'the important event in your life'»

Yet only after cleavage and gastrulation does a vertebrate  
embryo reach the stage which Haeckel labeled the «first». If 
it were true (as Darwin and Haeckel claimed) that vertebrates 
are most similar in the earliest stages of their development,then 
the various classes would be most similar during cleavage and 
gastrulation. Yet a survey of five classes (bony fish, amphibian, 
reptile, bird and mammal) reveals that this is not the case. 
(Figure 5-3)
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FIGURE 5-3 Early stages in vertebrate embryos.

Drawings of early embryonic stages in five classes of vertebrates. 
The stages are (top to bottom): fertilized egg; early cleavage; end 
of cleavage; gastrulation; and Haeckel's «first» stage. The fertilized 
eggs are drawn to scale relative to each other, while the scales of 
the succeeding stages are normalized to facil-tate comparisons. The 
embryos are (left to right): bony fish (zebrafish), amphib-ian (frog), 
reptile (turtle), bird (chicken), and mammal (human).
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Differences among the five classes are evident even in the fer-
tilized eggs. Zebrafish and frog eggs are about a millimeter in 
diameter; turtles and chicks start out as discs 3 or 4 millimeters 
in diameter that rest on top of a large yolk; while the human egg 
is only about a tenth of a millimeter in diameter. (Figure 5-3, top 
row) The earliest cell divisions in zebrafish, turtle, and chick 
embryos are somewhat similar, but in most frogs they penetrate 
the yolk. Mammals are completely different, however, since 
one of the second cleavage planes is at a right angle to the other. 
(Figure 5-3, second row) Continued cleavage in the other four 
classes produces a stable arrangement of cells, but mammalian 
embryos become a jumbled mass.

At the end of cleavage, the cells of the zebrafish embryo form 
a large cap on top of the yolk; in the frog they form a ball with a 
cavity; in the turtle and chick they form a thin, two-layered disc 
on top of the yolk; and in humans they form a disc within a ball. 
(Figure 5-3, third row) Cell movements during gastrulation are 
very different in the five classes: In zebrafish the cells crawl 
down the outside of the yolk; in frogs they move as a coherent 
sheet through a pore into the inner cavity; and in turtles, chicks, 
and humans they stream through a furrow into the hollow 
interior of the embryonic disc. (Figure 5-3, fourth row)

If the implications of Darwin's theory for early vertebrate 
development were true, we would expect these five classes to be 
most similar as fertilized eggs; slight differences would appear 
during cleavage, and the classes would diverge even more 
during gastrulation. What we actually observe, however, is that 
the eggs of the five classes start out noticeably different other; 
the cleavage patterns in four of the five classes show general 
similarities, but the pattern in mammals is radically dif-
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ferent. In the gastrulation stage, a fish is very different from an 
amphibian, and both are very different from reptiles, birds, and 
mammals, which are somewhat similar to each other. Whatever 
pattern can be discerned here, it is certainly not a pattern in 
which the earliest stages are the most similar and later stages 
are more different. 

The dissimilarity of early embryos is well-known

The dissimilarity of early vertebrate embryos has been 
known to biologists for over a century. Embryologist Adam 
Sedgwick pointed out in 1894 that von Baer's law of early 
similarity and later difference is «not in accordance with the 
facts of development.» Comparing a dog-fish with a fowl (i.e., 
a chicken), Sedgwick wrote: «There is no stage of development 
in which the unaided eye would fail to distinguish between 
them with ease.» Even more to the point: «If von Baer's law 
has any meaning at all, surely it must imply that animals so 
closely allied as the fowl and duck would be indistinguishable 
in the early stages of development;... yet I can distinguish a 
fowl and a duck embryo on the second day.» It is «not necessary 
to emphasize further these embryonic differences,» Sedgwick 
continued, because «every embryologist knows that they exist 
and could bring forward innumerable instances of them. I 
need only say with regard to them that a species is distinct and 
distinguishable from its allies from the very earliest stages all 
through the development.» (emphasis in the original) 

Modern embryologists confirm this. William Ballard wrote In 
1976 that it is «only by semantic tricks and subjective selection 
evidence,» by «bending the facts of nature,» that one can argue 
that the cleavage and gastrulation stages of vertebrates «are 
more
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alike than their adults.» The following year Erich 
Blechschmidth noted: «The early stages of human embryonic 
development are distinct from the early development of other 
species.» Аnd in 1987 Richard Elinson reported that frogs, 
chicks, and mice «are radically different in such fundamental 
properties as egg size, fertilization mechanisms, cleavage 
patterns, and [gastrulation] movements.»

Surprisingly, after developing quite differently in their early 
stages, vertebrate embryos become somewhat similar midway 
through development. It is this midway point that Haeckel 
chose as the «first» stage for his drawings. Although he greatly 
exaggerated the similarities at this stage, some similarities are 
there. Classical embryologists called this midpoint the «tailbud 
stage.» In 1976 William Ballard called it the «pharyngula» 
because of the paired ridges and pouches on either side of the 
pharynx. Klaus Sander proposed in 1983 to call it the «phylotypic 
stage,» since it is here that the various classes first exhibit the 
characteristics common to all vertebrates.

Some developmental biologists, however, point out that 
the midpoint at which vertebrate embryos are most similar is 
spread out over several stages. «The phylotypic point is neither 
a point nor a stage,» wrote Denis Duboule in 1994, «but rather, 
a succession of stages.» And according to Michael Richardson 
«the phylotypic stage is a misleading concept that needs to 
be reassessed,» because «in vertebrates, body plan characters 
develop over a long range of different stages, not just at one 
stage . Nevertheless, no one doubts that vertebrate embryos 
start out looking very different, converge in appearance midway 
through development (though not at the same time), then become 
increasingly more different as they continue toward adulthood. 
Duboule uses the metaphor of a «developmental egg-timer» to



Haeckel's Embryos  • 99

describe this pattern, while Rudolf Raff calls it the 
«developmental hourglass.» (Figure 5-4) Although von Baer's 
laws do not apply to embryonic stages before the middle of 
the developmental hourglass, they do appear to be roughly 
applicable to later stages. As Raff wrote in 1996: «It should be 
noted that von Baer's laws provide an incomplete description of 
development.... In fact, he was dealing only with the later half 
of ontogeny.»

A paradox for Darwinian evolution

But if von Baer's laws apply only to the second half of 
ontogeny, descent with modification is deprived of what Darwin 
believed to be «the strongest single class of facts» in favor of it. 
According to Darwin, it was the similarity of embryos in their 
earliest stages that provided evidence for common descent. 
The actual pattern—early differences followed by similarities, 
then differences again—is quite unexpected in the context of 
Darwinian evolution. Instead of providing support for Darwin's 
theory, the embryological evidence presents it with a paradox.

Recently, some embryologists have sought to explain the 
paradox by proposing that early development evolves much 
more easily than anyone expected. According to Gregory 
Wray, differences in early development indicate that «profound 
changes in developmental mechanisms can evolve quite 
rapidly.» Rudolf Raff suggests that «the evolutionary freedom 
of early ontogenetic stages is significant in providing novel 
developmental patterns and life histories» Whatever the merit 
of such proposals may be, it is clear that they start by assuming 
Darwinian evolution, then read that back into the embryological 
evidence.
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FIGURE 5-4 The developmental hourglass.

The vertical axis represents developmental time, from top to bottom; 
the horizontal axis represents morphological diversity. Vertebrate 
embryos start out looking very different, then superficially converge 
midway through development at the «pharyngula» or «phylotypic» 
stage, before diverging into their adult forms.
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Of course, this is the exact opposite of basing evolutionary 
theory on embryological evidence. If one were to start with the 
evidence, then follow Darwin's reasoning about the implications 
of development for evolution, one would presumably conclude 
that the various classes of vertebrates are not descended 
from a common ancestor, but had separate origins. Since this 
conclusion is unacceptable to people who have already decided 
that Darwin's theory is true, they cannot take the embryological 
evidence at face value, but must re-interpret it to fit the theory.

So we have come back to our starting-point. Von Baer 
objected to nineteenth-century Darwinists because they accepted 
evolutionary theory before they even began looking at embryos. 
Many modern Darwinists haven't changed. It doesn't matter how 
much the embryological evidence conflicts with evolutionary 
theory—the theory, it seems, must not be questioned. This is 
why, despite repeated disconfirmation, Haeckel's biogenetic 
law and faked drawings haven't gone away.

Haeckel is dead. Long live Haeckel.

Since Darwin's theory is affirmed regardless of the evidence, 
and «ontogeny recapitulates phylogeny» is a logical deduction 
from that theory, biology textbooks continue to teach it— though 
they usually attach von Baer's name to it. Thus the 1975 edition 
of B. L Balinsky's classic textbook, Introduction to Embry-
ology, includes this amazing passage: «Von Baer's law... can be 
interpreted in the light of evolutionary theory. In its new form 
the law is known as the biogenetic law of Muller-Haeckel.»

According to von Baer's law, the book continues, «features 
of ancient origin develop early in ontogeny; features of newer 
origin develop late. Hence, the ontogenetic development 
presents



102 • ICONS OF EVOLUTION

the various features of the animal's organization in the same 
sequence as they evolved during the phylogenetic development. 
Ontogeny is a recapitulation of phytogeny.» (emphasis in the 
original)

It is difficult to imagine how any history of the biogenetic 
law could be more distorted than this. Yet the distortion is 
perpetuated in many modern biology textbooks. And as if this 
weren't bad enough, some textbooks even use Haeckel's faked 
drawings to illustrate von Baer's law.

For example, Haeckels drawings are reproduced in the 1998 
edition of Douglas Futuyma's advanced college textbook, 
Evolutionary Biology, but the figure caption doesn't mention 
Haeckel; instead, it describes the drawings as «an illustration 
of von Baer's law.» And the most recent edition of Invitation 
to Biology, by Helena Curtis and Sue Barnes, reproduces the 
top two lines of Haeckel's drawings with the following caption: 
«These drawings are based on the work of the nineteenth-
century embryologist Karl Ernst von Baer.»

Yet falsely attributing Haeckel's ideas and drawings to 
von Baer is not the most serious offense in these textbooks. 
That distinction goes to their use of Haeckel's drawings to 
misrepresent the embryological evidence. As we have seen, 
Haeckel's drawings are misleading in three ways: (1) they 
include only those classes and orders that come closest to fitting 
Haeckel's theory; (2) they distort the embryos they purport to 
show; and (3) most seriously, they entirely omit earlier stages 
in which vertebrate embryos look very different. 

Haeckel's drawings appear not only in Futuyma's book and 
the book by Curtis and Barnes, but also in the latest edition 
Molecular Biology of the Cell, by National Academy of 
Science President Bruce Alberts and his colleagues. «Early 
developmental stages of animals whose adult forms appear 
radically different
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are often surprisingly similar,» the Alberts textbook claims, 
and neo-Darwinian mechanisms explain why «embryos of 
different species so often resemble each other in their early 
stages and, as they develop, seem sometimes to replay the steps 
of evolution.»

Many textbooks use slightly redrawn versions of Haeckel's 
embryos. One example is the 1999 edition of Peter Raven and 
George Johnson's Biology, which accompanies its drawings with 
the following caption: «Notice that the early embryonic stages of 
these vertebrates bear a striking resemblance to each other.» The 
text also informs students: «Some of the strongest anatomical 
evidence supporting evolution comes from comparisons of how 
organisms develop. In many cases, the evolutionary history 
of an organism can be seen to unfold during its development, 
with the embryo exhibiting characteristics of the embryos of its 
ancestors.»

Other examples include the 1998 edition of Cecie Starr and 
Ralph Taggart's Biology: The Unity and Diversity of Life, which 
accompanies its drawings with the mis-statement that «the early 
embryos of vertebrates strongly resemble one another;» the 
latest edition of James Gould and William Keeton's Biological 
Science, which reports: «One fact of embryology that pushed 
Darwin toward the idea of evolution is that the early embryos 
of most vertebrates closely resemble one another;» and Burton 
Guttman's 1999 textbook, Biology, which accompanies its 
redrawn version of Haeckel's embryos with the following: «An 
animal's embryonic development holds clues to the forms of its 
ancestors.»

Some textbooks, instead of reproducing or redrawing 
Haeckel's embryos, use actual photos. Sylvia Mader's 1998 
Biology, for example, includes photos of chick and pig embryos, 
accompanied by the caption: «At these comparable early 
developmental stages, the two have many features in common, 
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although eventually they are completely different animals. 
This is evidence that they evolved from a common ancestor.» 
Mader's use of actual photos instead of faked drawings is a 
step in the right direction, but the embryological evidence 
is still being misrepresented. As we have seen, Haeckel's 
distortions of embryos in mid-development was just one of 
his misrepresentations; the others were his biased selection 
of classes and orders that fit his theory, and his omission of 
earlier stages. Both of these misrepresentations are perpetuated-
recapitulated, one might say—by Mader.

The 1999 edition of Campbell, Reece, and Mitchell's Biology 
also uses photos of actual embryos that mislead students. Like 
Mader's book, this one compares a mammal with a chick, which 
just happens to look more like a mammal than any other class of 
vertebrate at that stage. Although the textbook warns students 
that «the theory of recapitulation is an overstatement,» it also 
tells them that «ontogeny can provide clues to phylogeny»

Is a human embryo like a fish?

The use of embryo photos to mislead people about 
recapitulation is not limited to textbooks. The November 
1996 issue of Life magazine contains spectacular photos of an 
embryonic human, macaque monkey, lemur, pig and chick. The 
pictures were the work of photographer Lennart Nilsson, and 
the accompanying text was written by Kenneth Miller.

Miller describes the development of the human embryo as a 
«microscopic trip through evolutionary time,» though he rejects 
Haeckel's biogenetic law that a human «on its way to birth 
becomes a fish, an amphibian and so on up the evolutionary 
ladder.» Recapitulationism, according to Miller, «provides 
an example of how appearances can deceive even eminent 
scientists.»
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Yet Miller also describes how human embryos «grow fin-
like  appendages and something very much like gills.» These 
«gill-like» features are «the legacy of a primitive fish,» and this 
«is some of the most compelling evidence of evolution since 
Charles Darwin published The Origin of Species in 1859.»

Miller is not the only one who claims to see «gill-like» 
features in human embryos. According to Curtis and Barnes's 
Invitation to Biology, «early [vertebrate] embryos are almost 
indistinguishable. All have prominent gill pouches.» Gould 
and Keeton's Biological Science informs students that «telltale 
traces of their genealogy are obvious in vertebrates... Human 
embryos, for instance, have gill pouches.» Raven and Johnson's 
Biology claims that «early in their development, human embryos 
possess gill slits, like a fish.» And Futuyma's Evolutionary 
Biology likewise states: «Early in development, human embryos 
are almost indistinguishable from those of fishes, and briefly 
display gill slits.» 

All of these statements, however, are versions of Haeckel's 
biogenetic law. All of them project evolutionary theory back 
into the embryological evidence, and distort that evidence to 
make it fit the theory. The true picture looks quite different.

«Gill slits» are not gill slits

Midway through development, all vertebrate embryos 
possess a series of folds in the neck region, or pharynx. The 
convex parts of the folds are called pharyngeal «arches» or 
«ridges,» and the concave parts are called pharyngeal «clefts» 
or «pouches.» But pharyngeal folds are not gills. They're not 
even gills in pharyngula-stage fish embryos.

In a fish, pharyngeal folds later develop into gills, but in a 
reptile, mammal, or bird they develop into other structures
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entirely (such as the inner ear and parathyroid gland). In 
reptiles, mammals, and birds, pharyngeal folds are never 
even rudimentary gills; they are never «gill-like» except in 
the superficial sense that they form a series of parallel lines 
in the neck region. According to British embryologist Lewis 
Wolpert: «A higher animal, like the mammal, passes through 
an embryonic stage when there are structures that resemble 
the gill clefts of fish. But this resemblance is illusory and the 
structures in mammalian embryos only resemble the structures 
in the embryonic fish that will give rise to gills.»

In other words, there is no embryological reason to call 
pharyngeal pouches «gill-like.» The only justification for that 
term is the theoretical claim that mammals evolved from fish-
like ancestors. Swiss embryologist Gunter Rager explains: 
«The concept 'pharyngeal arches' is purely descriptive and 
ideologically neutral. It describes folds which appear [in the 
neck] region.... In man, however, gills do never exist.»

The only way to see «gill-like» structures in human embryos 
is to read evolution into development. But once this is done, 
development cannot be used as evidence for evolution without 
plunging into circular reasoning—like that used to infer 
common ancestry from the neo-Darwinian concept of homology. 
(Chapter 4) To put it bluntly: There is no way «gill-slits» in 
human embryos can logically serve as evidence for evolution.

Despite protestations that nobody any longer believes 
in Haeckelian recapitulation, here it is again. Gills are not 
embryonic structures, not even in fish. «Seeing» them in other 
classes of vertebrates is to read an adult structure back into the 
embryo.

So recapitulation continues to rear its ugly head. Although 
biologists have known for over a century that it doesn't fit the 
evidence, and although it was supposedly discarded in the 1920s, 
recapitulation continues to distort our perceptions of embryos.
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Furthermore, although biologists have also known for over a 
century that Haeckel's drawings are fakes, and that the earliest 
stages in vertebrate development are not the most similar, 
textbooks continue to use those drawings (or almost equally 
misleading photos) to convince unsuspecting students that 
Darwin's theory rests on embryological evidence.

Since 1997 when Richardson and his colleagues reminded 
biologists that Haeckel's embryos misrepresent the truth, 
Darwinists have come under increasing criticism for continuing 
to use them. Just recently, Douglas Futuyma and Stephen Jay 
Gould have been moved to respond to those criticisms.

Atrocious!

In February 2000 textbook-writer Douglas Futuyma posted a 
message to a Kansas City internet forum in response to a critic 
who had accused him of lying by using Haeckel's embryos 
in his 1998 textbook, Evolutionary Biology. In his defense, 
Futuyma explained that before reading the critic's accusation 
he had been unaware of the discrepancies between Haeckel's 
drawings and actual vertebrate embryos. Only after consulting 
a developmental biologist had he learned about the recent work 
of Richardson and his colleagues. So Futuyma, a professional 
evolutionary biologist and author a graduate-level textbook, 
did not know about Haeckel's faked drawings—a confession of 
ignorance not likely to inspire much confidence in the quality 
of our biology textbooks. But now he knows that «Haeckel was 
inaccurate and misleading,» and he said he would take this into 
account in future editions of book.

Futuyma maintained, however, that even though Haeckel had 
exaggerated their similarities «the various embryos really are 
very similar—we are talking about pretty minor differences.»
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 He argued that «Haeckel's inaccuracies, whether intended to 
deceive or not, are trivial compared to the overall message.» The 
message, according to Futuyma, is that what he calls von Baer's 
law is true: «Bird and mammal embryos are really more similar 
than the adults.» For example, «all the vertebrate embryos... 
really do have gill slits.» (emphasis in the original)

In the March 2000 issue of Natural History magazine, 
Stephen Jay Gould responded to Michael Behe, a biologist 
who had criticized Haeckel's embryos in the August 13, 1999, 
New York Times. Gould acknowledged that Haeckel faked his 
drawings. «To cut to the quick of this drama,» Gould wrote, 
«Haeckel had exaggerated the similarities by idealizations and 
omissions. He also, in some cases—in a procedure that can only 
be called fraudulent—simply copied the same figure over and 
over again.»

Unlike Futuyma, however, Gould admitted that he already 
knew this; in fact, he had known about it for more than twenty 
years. (As a historian of science, Gould wrote a major book 
on the subject in 1977, Ontogeny and Phytogeny.) He blamed 
recent news reports for sensationalizing the story by giving the 
impression «that Richardson had discovered Haeckel's misdeed 
for the first time.» Gould continued: «Tales of scientific fraud 
excite the imagination for good reason. Getting away with this 
academic equivalent of murder and then being outed a century 
after your misdeeds makes even better copy.»

But if biologists have known all along that Haeckel's drawings 
were faked, then why are they still used? Gould laid the blame at 
the feet of textbook-writers, blasting them for «dumbing down» 
their subject matter to the point of making it innacurate. «We 
do, I think, have the right,» he wrote, «to be both astonished and 
ashamed by the century of mindless recycling that
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has led to the persistence of these drawings in a large number, 
if not a majority, of modern textbooks.»

So Gould blames the textbook writer, while the textbook 
writer pleads ignorance. Both of them, however, are quick to 
criticize «creationists.» «Note that science is a self-correcting 
process,» wrote Futuyma in response to his Kansas critic, 
«unlike creationist critiques of science; evolutionary biologists 
themselves reveal inaccuracies in the earlier literature of their 
field.» And Gould blames creationists for capitalizing on the 
work of Richardson and his colleagues by making the «ersatz» 
and «sensationalist» charge that «a primary pillar of Darwinism, 
and of evolution in general, had been revealed as fraudulent 
after more than a century» of uncritical acceptance.

But it was Futuyma who mindlessly recycled Haeckel's 
embryos in several editions of his textbook, until a «creationist» 
criticized him for it. And it was Gould who (despite having 
known the truth for over twenty years) kept his mouth shut 
until a «creationist» (actually, a fellow biologist) exposed the 
problem. And all that time, Gould was letting his colleagues 
become accessories to what he himself calls «the academic 
equivalent of murder.»
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CHAPTER 6

Archaeopteryx: The 
Missing Link

When Charles Darwin published The Origin of Species in 
1859, he acknowledged that the fossil record was a serious 
problem for his theory. «By the theory of natural selection,» 
he wrote, «all living species have been connected with the 
parent-species of each genus, by differences not greater than 
we see between the natural and domestic varieties of the same 
species at the present day.» As a consequence, «the number 
of intermediate and transitional links, between all living and 
extinct species, must have been inconceivably great.» Yet in 
1859 those transitional links had not been found.

Darwin attributed their absence to «the imperfection of the 
geological record.» He argued that most organisms were never 
preserved, or if preserved were subsequently destroyed, so that 
«we have no right to expect to find, in our geological formations, 
an infinite number of those transitional forms which, on our 
theory, have connected all the past and present species of the 
same group into one long and branching chain of life. We ought 
only to look for a few links.»

Two years later, in the midst of heated controversy over 
Darwin's theory, came the dramatic announcement that one of
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those links had just been found. In 1861 Hermann von 
Meyer described a fossil that appeared to be intermediate 
between reptiles and birds. Discovered in a limestone quarry 
in Solnhofen Germany, the fossil had wings and feathers; but 
it also had teeth (unlike any modern bird), a long lizard-like 
tail, and claws on its wings. Meyer named the newly discovered 
animal Archaeopteryx (meaning «ancient wing»).

In 1877 an even more complete specimen of Archaeopteryx 
was discovered. The first specimen ended up in the Natural 
History Museum in London (and is now known as the «London 
specimen»), while the second ended up in the Humboldt 
Museum in Berlin (the «Berlin specimen»). (Figure 6-1) Six 
other specimens have been found, making a total of eight 
(though one is just a feather, and one has been lost). But the 
Berlin Archaeopteryx is the most complete and best-preserved, 
and it has become familiar to millions of people as the missing 
link that confirmed Darwin's theory.

Yet the role of Archaeopteryx as a link between reptiles and 
birds is very much in dispute. Paleontologists now agree that 
Archaeopteryx is not the ancestor of modern birds, and its own 
ancestors are the subject of one of the most heated controversies 
in modern science. The missing link, it seems, is still missing.

The «First Bird» 

The Solnhofen limestone, in which all eight specimens of 
Archaeopteryx were discovered, is from the geological period 
known as the Upper (or Late) Jurassic, about 150 million years 
ago. This makes Archaeopteryx the earliest known bird—or 
at least, the earliest undisputed bird. Several specimens of it - 
especially the Berlin specimen—are also among the most beau
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tiful fossils ever found. The Solnhofen limestone is so 
finegrained that it is quarried for use in the printing process 
known as lithography, and it preserved Archaeopteryx in 
exquisite detail— right down to the structure of its feathers.

«To museum curators,» write paleontologists Lowell Dingus 
and Timothy Rowe, «the name Archaeopteryx rings like that 
of Rembrandt, Stradivarius, or Michelangelo.» In the words 
of ornithologist Alan Feduccia, the Berlin Archaeopteryx 
«may well be the most important natural history specimen in 
existence...Beyond doubt, it is the most widely known and 
illustrated fossil

FIGURE 6-1 The Berlin Archaeopteryx.

This is the most complete and well-preserved of the eight known 
specimens of Archaeopteryx. It is owned by the Humboldt Museum in 
Berlin. (Photo courtesy of the Linda Hall Library, Kansas City, Missouri.)
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animal.» And to paleontologist Pat Shipman it is «more than 
the world's most beautiful fossil.... [it is] an icon—a holy relic of 
the past that has become a powerful symbol of the evolutionary 
process itself. It is the First Bird.»

The iconic status of the First Bird has not gone unchallenged. 
In 1983 Texas paleontologist Sankar Chatterjee found a fossil 
from the Late Triassic, about 225 million years ago, which he 
declared to be «the oldest known fossil bird.» When Chatter-
jee's colleagues examined the fossil, however, they found 
«road-kill» that was «smushed and smashed and broken.» No 
feathers were present. Some experts even questioned whether 
all the bones were part of the same animal. Chatterjee has since 
found other specimens, though none of them have feathers, 
either. Other paleontologists remain skeptical.

Another kind of challenge to Archaeopteryx came in 
1986 from British cosmologists Fred Hoyle and Chandra 
Wickramasinghe. Hoyle and Wickramasinghe claimed that the 
London specimen had been faked by pressing modern feathers 
into cement that had been painted onto the fossil of a small 
dinosaur. British paleontologist Alan Charig and his colleagues 
showed, however, that the forgery charge was unfounded. 
Although the significance of Archaeopteryx for bird evolution 
remains controversial, all parties to the current controversy 
agree that the fossils are genuine.

The missing link

When the first skeleton of Archaeopteryx was discovered in 
1861, it was widely heralded as the missing link predicted by 
Darwin's theory. Scientists at the time called it «unimpeachable» 
evidence for evolution. The enormous gap between reptiles and 
birds that had previously seemed unbridgeable now seemed to 
be bridged by a reptile-like bird.
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The most striking thing about Archaeopteryx is its wonderfully 
preserved feathers, which are structurally similar to the feathers 
of modern flying birds. But the animal had toothed jaws like 
a reptile, rather than a bird-like beak, and it had a long, bony 
reptile-like tail. It also had claws on its wings, a feature that 
appears transiently during development in only a few modern 
birds.

Darwins ardent defender, Thomas Henry Huxley, helped to 
publicize Archaeopteryx, though he actually regarded another 
Solnhofen fossil as a more important «missing link» between 
reptiles and birds. The other fossil was Compsognathus, a 
small, bird-like dinosaur that looked a bit like Archaeopteryx 
but had no feathers. One specimen of Archaeopteryx (collected 
in 1951) in which feathers were not immediately recognized 
was even misidentified as Compsognathus for several years.

Although Huxley regarded Archaeopteryx as important 
evidence for Darwin's theory, he considered Compsognathus 
«a still nearer approximation to the 'missing link' between 
reptiles and birds,» and even suggested that birds had evolved 
from dinosaurs. He acknowledged, however, that «we have 
no knowledge of the animals which linked reptiles and birds 
together historically and genetically,» and that fossils «only help 
us to form a reasonable conception of what those intermediate 
forms may have been.»

In the last edition of The Origin of Species, Darwin took note 
of the recent fossil discoveries that had persuaded many people 
of the truth of his theory. «Even the wide interval between 
birds and reptiles,» he wrote, «has been shown by [Huxley] to 
be partially bridged over in the most unexpected manner» by 
Archaeopteryx and Compsognathus. Since the latter was the 
contemporary of the former, however, it couldn't be its ancestor. 
Archaeopteryx took center stage as the no-longer-missing link. In 
1982, Harvard neo-Darwinist Ernst Mayr called Archaeopteryx 
«the almost perfect link between reptiles and birds.»
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But there are too many structural differences between 
Archaeopteryx and modern birds for the latter to be descendants 
of the former. In 1985 University of Kansas paleontologist Larry 
Martin wrote: «Archaeopteryx is not ancestral of any group of 
modern birds.» Instead, it is «the earliest known member of 
a totally extinct group of birds.» And in 1996 paleontologist 
Mark Norell, of the American Museum of Natural History in 
New York, called Archaeopteryx «a very important fossil,» but 
added that most paleontologists now believe it is not a direct 
ancestor of modern birds.

Although there is widespread agreement on this point, there 
is heated disagreement on another. Which animals might have 
been the ancestors of Archaeopteryx? The controversy involves 
two different sets of issues: How did flight originate? And how 
do we go about determining fossil ancestors?

The origin of flight

The evolution of birds from non-flying predecessors would 
not have been a simple matter, because flight requires extensive 
modifications to an animals anatomy and physiology. There are 
currently two theories of how flight might have originated: the 
«trees down» theory, and the «ground up» theory. According 
to the first, the ancestors of birds began their evolutionary 
journey by leaping from trees, gradually accumulating small 
adaptations that extended their ability to parachute and glide.
According to the second, small animals running after prey on the 
ground gradually accumulated small adaptations that facilitated 
their ability to reach and jump. In each theory, the final step 
was the acquisition of wings and the capacity for true flapping 
flight. 

A major advantage of the «trees down» theory is that gravity 
presents less of a problem for it than for a «ground up» theory.
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It is easier to envisage how animals already in the air might 
evolve the ability to stay up a little longer, than to envisage how 
an animal on the ground could evolve the ability to take off. 
A falling animal would begin by «parachuting,» spreading its 
limbs to break its fall. Small variations that increase its surface 
area, such as flaps of skin, might give it a slight advantage in 
the struggle for existence, and future generations might have 
slightly larger flaps of skin. The second step would be gliding, 
in which animals with still larger flaps of skin might be able 
to travel longer distances before coming to earth, like «flying» 
squirrels. According to the theory, gliding animals eventually 
achieved true flapping flight.

In the «ground up» theory, birds evolved from animals that 
ran along the ground chasing prey. Natural selection might favor 
an ability to run on strong hindlimbs, leaving the forelimbs free 
to catch the next meal. If selection also favored longer forelimbs 
to make grasping easier, such animals (according to the theory) 
might evolve wings and the ability to fly.

An important distinction between the two theories, at least for 
current controversies over bird evolution, is that they imply very 
different ancestors for Archaeopteryx. The «trees down» theory 
implies that the ancestors of birds were four-legged reptiles that 
climbed and jumped from trees, while the «ground up» theory 
requires two-legged reptiles that ran along the ground and used 
their forelimbs to catch prey. Four-legged reptiles, of the sort 
that might have climbed trees, appear in the fossil record well 
before Archaeopteryx. But two-legged reptiles that ran along the 
ground, and had other features one might expect in an ancestor 
Archaeopteryx, appear later.

At first glance, the «trees down» theory might seem more 
plausible. But a relatively new method for analyzing fossils—
based on a rigorous application of Darwin's theory—has become
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quite popular in recent years. The new method is called 
«cladistics» (from the Greek word meaning «branch»), and 
it leads to the conclusion that the ancestors of Archaeopteryx 
were two-legged dinosaurs.

Cladistics

Living things are classified into groups based on their 
similarities. As we saw in the chapter on the tree of life, 
humans can be grouped with primates, primates with mammals, 
mammals with vertebrates, and vertebrates with the rest of the 
animals. This «nested hierarchy» of living things was noticed 
long before Darwin by Carolus Linnaeus, who devised the 
modern biological system of classification.

According to Linnaeus, the nested hierarchy reflected the 
divine plan of creation. According to Darwin, it resulted from 
the branching-tree pattern of descent from common ancestors. 
But although Darwin's theory became widely accepted in the 
1930s, the Linnaean approach to biological classification was 
not immediately affected.

By the 1980s, however, most evolutionary biologists were 
reinterpreting biological classification along Darwinian lines. In 
1988 Berkeley biologist Kevin de Queiroz wrote that evolution 
is axiom from which systematic methods and concepts are 
deduced.» (emphasis in the original) «Taking evolution as an 
axiom, Queiroz continued, «requires that preexisting systematic 
method and concepts be reevaluated in its light. Adopting such 
a perspective should bring the Darwinian Revolution... to 
fulfillment.»

When biological classification is re-interpreted in the light of 
Darwinian evolution, all groupings become ancestor descendant 
sets. Organisms can only be grouped together if they share a 
common ancestor, and every group includes а common ancestor 
and all its descendants. 



Archaeopteryx: The Missing Link • 119

The new perspective, first elaborated by German biologist 
Willi Hennig in the 1950s, relies for its evidence entirely on 
homologies. As we saw in the chapter on vertebrate limbs, 
modern Darwinists define homology as similarity due to 
common ancestry. Once defined this way, homology cannot 
be used as evidence for common ancestry without arguing in 
a circle. In Hennig's approach, organisms are simply assumed 
to be related by common descent, and their characteristics are 
then used to infer the points where their lineages diverged into 
separate branches (hence the name, «cladistics»).

In cladistics, character comparisons take precedence over 
everything else. «The anatomical details or characters,» 
writes paleontologist Pat Shipman, «constitute the evidence, 
which ultimately adds up to a certainty approaching proof» 
of evolutionary relationships. Other factors are discounted. 
For example, physical difficulties inherent in the «ground up» 
theory of the origin of flight are unimportant; what matters is 
that birds are anatomically more similar to two-legged running 
dinosaurs than to four-legged climbing reptiles. To a «cladist» 
(someone who uses the cladistic method), the debate over the 
origin of flight is secondary, if not irrelevant.

The order in which animals appear in the fossil record also 
becomes secondary or irrelevant. If evolutionary relationships 
are inferred solely on the basis of character comparisons, an 
animal can be the descendant of another even if the supposed 
ancestor doesn't appear until millions of years later. The fossil 
record is simply re-arranged to fit the results of cladistic analysis.

Re-arranging the evidence

Applying cladistics to the evolution of birds leads to the 
conclusion that the ancestor of Archaeopteryx was a two-legged 
dinosaur.
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FIGURE 6-2 Cladistic theory and the fossil record.
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FIGURE 6-2 Cladistic theory and the fossil record.

(A) The actual fossil record of some groups of reptiles and birds, 
arranged in order of their appearance. The vertical axis represents 
time, with most recent at the top. The groups are: (1) Archaeopteryx; 
(2-3) two groups of extinct birds; (4) a group of extinct bird-like 
dinosaurs; (5-8) more groups of extinct birds; and (9) modern birds. 
(B) Evolutionary relationships among the same groups, according to 
cladistics. Note the long stretches of hypothetical lineages (thin lines) 
that are lacking fossil evidence (thick bars).

Indeed, it was the similarity between Archaeopteryx and the 
dinosaur Compsognathus that first prompted Huxley to suggest 
that birds had evolved from dinosaurs. But (as we saw above) 
that particular dinosaur was discounted as an ancestor of birds 
because it was the same age as Archaeopteryx.

Ironically, once cladistics took over and similarity became the 
only criterion for relationships, paleontologists found that the 
most likely candidates for the ancestor of Archaeopteryx lived 
tens of millions of years later. It was no longer its contemporaneity 
with Archaeopteryx that ruled out Compsognathus as an 
ancestor, but the fact that it didn't have all the right features. 
According to cladists, the animals with the right features were 
bird-like dinosaurs that lived in the Cretaceous period, long after 
Archaeopteryx had become extinct. But then, in order to make 
bird-like dinosaurs the ancestors of birds, the fossil evidence 
must be re-arranged. (Figure 6-2)

The obvious objection that an animal cannot be older than its 
ancestor is discounted by assuming that the ancestral form must 
have been there before its descendant, but its fossil remains 
cannot be found. In other words, advocates of cladistics cite the 
imperfection of the geological record—the very same reason
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Darwin gave for the troubling absence of transitional forms. 
As a result, however, the gaps in the fossil record become more 
pronounced than ever before. Immense stretches of time are left 
with no fossil evidence to support cladistic phylogenies.

Critics of cladistic methodology argue that the features 
on which cladists base their analyses may have evolved 
independently, and don't necessarily point to common ancestry. 
Critics also argue that although the fossil record is incomplete, 
it is not as incomplete as cladistic analyses imply. Cladists 
disagree, and the result has been a raging controversy.

American Museum of Natural History paleontologist Luis 
Chiappe, a cladist, is untroubled by the implication that birds are 
descended from dinosaurs that appear to be much younger. «We 
don't see time as particularly important,» Chiappe was quoted 
as saying in a 1997 Bioscience article. «We think the fossil 
record is incomplete.» But critic John Ruben, a paleobiologist 
at Oregon State University, argues that the incompleteness of 
the fossil record justifies skepticism, not cladistic speculation. 
«What we ought to be saying is, 'We don't know,'» Ruben was 
quoted as saying. «So much of this is just hot air.»

Whatever the merits of cladistic analysis may be, it has an 
important consequence for Archaeopteryx. It removes the «First 
Bird» from its iconic status as a missing link, and turns it into 
just another feathered dinosaur.

Dethroning Archaeopteryx

A cladistic grouping includes a common ancestor and all its 
descendants, so if birds are descended from dinosaurs then birds 
are dinosaurs. Cladists Lowell Dingus and Timothy Rowe tell 
their students that birds are «card-carrying» dinosaurs. Although
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most people think of «dinosaur» as a synonym for 
obsolescence, Dingus and Rowe claim that the prevalence of 
birds in the modern world makes dinosaurs «one of Mother 
Nature's greatest success stories.»

The claim that birds are dinosaurs strikes most people— 
including many biologists—as rather strange. Although it 
follows from cladistic theory, it defies common sense. Birds 
and dinosaurs may be similar in some respects, but they are also 
very different. If birds are dinosaurs, then by the same reasoning 
humans are fish. As we saw in the chapter on Haeckel's embryos, 
this sort of «logic» encourages people to see «gill slits» in 
human embryos that are nothing of the sort.

If cladists are right, then birds are merely feathered dinosaurs. 
According to Henry Gee, Chief Science Writer for Nature, one 
consequence is the «dethronement» of Archaeopteryx. «Once 
upon a time, Archaeopteryx stood alone as the earliest fossil 
bird. Its uniqueness made it an icon, conferring on it the status 
of an ancestor,» wrote Gee in 1999. But the existence of other 
bird ancestors (even if their fossils are more recent) «shows that 
Archaeopteryx is just another dinosaur with feathers.»

But if Archaeopteryx is no longer the missing link, what is? 
Ironically, the cladistic revolution has resurrected the search 
for transitional forms that Archaeopteryx was supposed to have 
ended. Now every few months some paleontologist announces 
the discovery of another «missing link,» as though the First 
Bird had never been found. Archaeopteryx, the bird in hand, has 
been abandoned for two in the bush. One recent consequence 
has been the most embarrassing fossil fraud since Piltdown.

The «Piltdown bird»

In 1912 amateur geologist Charles Dawson and the British 
Museum announced the discovery near Piltdown, England, of a
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missing link between apes and humans. The specimen lay 
in the British Museum until it was exposed as a fake in 1953. 
Someone had combined an ancient human skull with the lower 
jaw of a modern orangutan, modified to look like part of the 
same individual. «Piltdown man» (to whom we shall return in 
Chapter 11) remains the most famous fossil fraud in the history 
of science.

In 1999 amateur dinosaur enthusiast Stephen Czerkas and the 
National Geographic Society announced that a fossil purchased 
for $80,000 at an Arizona mineral show was «the missing link 
between terrestrial dinosaurs and birds that could actually fly.» 
The fossil, which was apparently smuggled out of China, had the 
forelimbs of a primitive bird and the tail of a dinosaur. Czerkas 
named it Archaeoraptor.

In November 1999 National Geographic magazine featured 
Archaeoraptor in an article entitled «Feathers for T. rex?» 
Christopher Sloan, the article's author, claimed that we can 
now say that birds are dinosaurs «just as confidently as we 
say that humans are mammals,» and that feathered dinosaurs 
preceded the first bird. The article featured a drawing of a 
baby Tyrannosaurus with feathers—hence its title. It also 
included a picture of the Archaeoraptor fossil, explaining that 
its combination of «advanced and primitive features is exactly 
what scientists would expect to find in dinosaurs experimenting 
with flight.»

It turns out that Archaeoraptor had exactly the features 
scientists were expecting to find because a clever forger had 
fabricated it that way, knowing it would bring big bucks in the 
international fossil market. The fabrication was discovered by 
Chinese paleontologist Xu Xing, who proved that the specimen 
consisted of a dinosaur tail glued to the body of a primitive bird.



Archaeopteryx: The Missing Link • 125

Storrs Olson, curator of birds at the Smithsonian Institution 
in Washington, D.C., fired off an angry letter to Peter Raven, 
Secretary of the National Geographic Society. Olson blasted the 
Society for allying itself with «a cadre of zealous scientists» 
who have become «outspoken and highly biased proselytizers 
of the faith» that birds evolved from dinosaurs. «Truth and 
careful scientific weighing of evidence have been among the 
first casualties in their program,» wrote Olson, «which is fast 
becoming one of the grander scientific hoaxes of our age.»

National Geographic posted a partial retraction January 
21, 2000, on its Internet web site. Nevertheless, the magazine 
was severely criticized in February by Nature for «naively and 
hastily publishing an article—described as 'sensationalistic, 
unsubstantiated, tabloid  journalism'  by a leading 
paleontologist—sprinkled with dubious assertions.»

The incident was acutely embarrassing for National 
Geographic, which attempted to lay it to rest by publishing a 
letter about the fraud from Xu Xing in March 2000. Meanwhile, 
the magazine's editor protested the Nature editorial, claiming 
that «pertinent information concerning the integrity of the 
specimen» had been withheld from National Geographic and 
from the scientists it had paid to study the fossil.

Charges and counter-charges continue to fly. Some people 
involved in the scandal blame it on the international trade in 
smuggled fossils, while others blame it on shoddy journalism. 
But the real culprit seems to be the cladists' desire to prove their 
theory. Just as the need for a missing link between apes and 
humans led to Piltdown man, so the need for a missing link 
between dinosaurs and birds paved the way for the «Piltdown 
bird.» Lost in the hubbub was the fact that even if Archaeoraptor 
had been genuine, it was tens of millions of years younger than



126 • ICONS OF EVOLUTION

Archaeopteryx, and thus would have failed to plug the gap 
left in the fossil record by cladistic methodology.

In April 2000 Czerkas and prominent cladists—together with 
some of their critics—gathered in Fort Lauderdale, Florida, for 
a Symposium on Dinosaur Bird Evolution. I attended, as well, 
to listen in on the controversy. Although some had feared that 
the embarrassing Archaeoraptor episode would dominate the 
conference, the fraud was largely ignored. In its place, cladists 
presented their new star, advertised to be the best missing link 
yet.

Feathers for Bambiraptor

The new discovery that upstaged the Archaeoraptor fraud 
was Bambiraptor, originally discovered by a Montana family 
in 1993 and turned over to professional paleontologists in 1995. 
The animal's body was about the size of a chicken, but its long 
tail made it about three feet long. With sharp teeth and claws, 
it resembled a small Velociraptor—the ruthless predator made 
famous in the closing scenes of the movie «Jurassic Park.»

The original skeleton of Bambiraptor—reconstructed in a 
lifelike pose and protected by thick Plexiglas—was proudly 
displayed at the conference. (Figure 6-3) The fossil had been 
found in Upper Cretaceous rocks, meaning that it was about 
75 million years younger than Archaeopteryx. But cladistic 
analysis showed that it had many of the skeletal features 
predicted to have existed in the ancestor of Archaeopteryx. In 
fact, paleontologists who examined it proclaimed it to be «the 
most bird-like dinosaur yet discovered» and a «remarkable 
missing link between birds and dinosaurs.»
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FIGURE 6-3 Bambiraptor.

Reconstructed skeleton displayed at the April 2000 Florida Symposium 
on Dinosaur Bird Evolution.
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Brian Cooley, who specializes in reconstructing dinosaurs 
from fossil skeletons, had reconstructed Bambiraptor for the 
соnference exhibit. He explained to the participants that he 
set out to make Bambiraptor as bird-like as possible, given its 
supposed position between dinosaurs and birds. He reconstructed 
the muscles using bird anatomy as his guide, and he placed the 
eyes in a bird-like orientation, using the same artificial eyes 
taxidermists put in stuffed eagles. Guessing that Bambiraptor 
must have been covered with «scruffy» feathers, Cooley added 
them to his reconstruction. (Figure 6-4)

Every conference attendee was given a copy of the article 
containing the official scientific description of Bambiraptor, 
published just three weeks earlier. The first published report 
of a newly discovered fossil species is supposed to conform to 
the highest scientific standards, describing the «type» specimen 
with scrupulous attention to accuracy. The official description 
of Bambiraptor contains several drawings of the reconstructed 
animal, two of which show hair-like projections on the body 
and feathers on the forelimbs.

But nothing remotely resembling feathers was found with the 
fossil. The hair-like projections and the feathers are imaginary. 
Because cladistic theory says they should be there, they were 
included in the scientific description of the fossil. The only 
indication in the article that the projections and feathers are not 
real is a figure caption that includes the line: «Reconstruction 
showing conceptual integumentary structures.» I was surprised. 
Ordinarily, one might expect something in reasonably plain 
English, such as: «Hair-like projections and feathers were 
not found with the fossil, but have been added here based on 
theoretical considerations.» Under the circumstances, the article 
seemed better designed to obscure the truth than to report it.
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FIGURE 6-4 Feathered Bambiraptor.

Recomstructed animal displayed at the April 2000 Florida Symposium 
on Dinosaur Bird Evolution showing "conceptual integumentary 
structures."
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There were several outspoken critics of the dino-bird theory at 
the Florida symposium. One was University of North Carolina 
ornithologist Alan Feduccia, who has predicted that the dino-
bird theory will turn out to be «the greatest embarrassment of 
paleontology of the 20th century.» Another was Larry Martin, 
who has said that if he had to defend the dino-bird theory, «I'd 
be embarrassed every time I had to get up and talk about it.» 
And Storrs Olson ruffled some dino-feathers by passing out 
buttons that proclaimed «Birds are NOT dinosaurs.»

But the dino-bird enthusiasts at the symposium outnumbered 
their critics, and they were undeterred from dressing up 
Bambiraptor in imaginary feathers. Not being a cladist myself, 
I found this rather funny. As a molecular biologist, however, I 
found something else even funnier.

Turkey DNA from Triceratops?

On the second day of the symposium, William Garstka reported 
that he and a team of molecular biologists from Alabama had 
extracted DNA from the fossil bones of a 65-million-year-old 
dinosaur. Although evidence from other studies suggests that 
DNA older than about a million years cannot yield any useful 
sequence information, Garstka and his colleagues amplified and 
sequenced the DNA, compared it with known DNA from other 
animals, and found that it was most similar to bird DNA. They 
concluded that they had found «the first direct genetic evidence 
to indicate that birds represent the closest living relatives of the 
dinosaurs.» Their conclusion was reported the following week 
by Constance Holden in Science.

The details of the discovery, however, are revealing. 
First, the dinosaur from which Garstka and his colleagues 
allegedly recovered the DNA was a Triceratops. According to 
paleontologists,
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there are two main branches in the dinosaur family tree. One 
branch included the three-horned rhinoceros-like Triceratops 
which millions of people have seen in museum exhibits and 
movies. But birds are thought to have evolved from the other 
branch. So according to evolutionary biologists, Triceratops 
and modern birds are not closely related, their ancestors having 
gone their separate ways almost 250 million years ago.

Even more revealing, however, was that the DNA Garstka 
and his colleagues found was 100 percent identical to the 
DNA of living turkeys. Not 99 percent, not 99.9 percent, but 
100 percent. Not even DNA obtained from other birds is 100 
percent identical to turkey DNA (the next closest match in their 
study was 94.5 percent, with another species of bird). In other 
words, the DNA that had supposedly been extracted from the 
Triceratops bone was not just similar to turkey DNA—it was 
turkey DNA. Garstka said he and his colleagues considered 
the possibility that someone had been eating a turkey sandwich 
nearby, but they were unable to confirm that.

At first, when Garstka presented his findings I thought it was 
an April Fools joke—but it was already April 8. Then I looked 
around to see whether anyone was laughing—but no one was, 
at least not openly. When I returned home the next day and 
told my wife the story, she said it reminded her of a child who 
botches an attempt to stay home from school. When the child's 
mother puts a thermometer in his mouth, he holds it up to a 
light bulb to drive the temperature up, but he holds it there too 
long. When mom returns and sees that his temperature is 130 
degrees, she sends him packing. The moral of the story is: If 
you re going to fake something, don't make it so obvious. The 
DNA from Triceratops might not have been so funny if it hadn't 
been 100 percent identical to turkey DNA.
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In all fairness, Garstka admitted that he was skeptical of the 
results—not only because of the possible turkey sandwich, but 
also because nobody thinks birds are descended from Triceratops. 
Of course, strange things happen, but the «extraction» of turkey 
DNA from Triceratops had all the earmarks of a hoax—perhaps 
a hoax perpetrated on Garstka and his colleagues by someone 
else.

The incident convinced me that some people are so eager to 
believe that birds evolved from dinosaurs that they are willing 
to accept almost any evidence that appears to support their 
view, no matter how far-fetched. The other side of the coin, of 
course, is an unwillingness to give a fair hearing to critics of 
their view. And the other side of the coin was well represented 
by the speaker who had preceded Garstka on the platform.

The «cracked kettle» approach to doing science

Just before Garstka spoke, Berkeley paleontologist Kevin 
Padian had blasted critics of the dino-bird theory for being 
unscientific. Padian explained that, as President of the National 
Center for Science Education, he spends a lot of time telling 
people what science is and what it isn't. (The National Center 
for Science Education—despite its neutral-sounding title—is 
a pro-Darwin advocacy group that discourages public schools 
from exposing students to controversies over evolution.) Padian 
emphasized that science is about testing hypotheses with 
evidence. If we can't test an idea, it isn't necessarily false, but it 
isn't scientific.

Padian called critics of the dino-bird hypothesis unscientific 
because (he claimed) they offer no empirically testable 
alternative hypotheses. The evidence the critics cite for their 
hypotheses, he claimed, is based on the «selective interpretation 
of isolated observations,» rather than on a method (cladistics) 
that is «fully
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accepted by the scientific community.» Although «science is 
not a vote,» the cladistic method is endorsed by the National 
Science Foundation, major peer-reviewed scientific journals, 
and «the majority of experts.» Therefore, criticisms of the dino-
bird hypothesis «ceased to be science more than a decade ago,» 
and the «controversy is dead.»

Needless to say, the announcement that the controversy was 
dead failed to persuade the critics in the audience. But the most 
amazing thing about Padian's lecture was its stunning display of 
non-sequiturs. In fact, it reminded me of an old lawyers' joke.

According to the joke, Jones sues Smith for borrowing his 
kettle and returning it with a crack in it. Smith's lawyer defends 
him as follows:

1. Smith never borrowed the kettle.
2. When Smith returned the kettle, it wasn't cracked.
3. The kettle was already cracked when Smith borrowed it.
4. There is no kettle.

Of course, Padian was not trying to be funny, and it may 
seem unkind to compare his talk to an old lawyers' joke. But 
consider the following summary of his argument:

1. In the controversy over bird origins, critics of the dinosaur 
hypothesis have not proposed any alternative hypotheses that 
can be tested by evidence.

2. The evidence on which the critics base their alternative 
hypotheses is selectively interpreted.

3. Although science is not a vote, the majority of the 
scientific community rejects the critics' methodology regardless 
of their evidence.

4. There is no controversy.
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Now, Kevin Padian takes his work seriously. So do the people 
who paid $80,000 for the Piltdown bird, the paleontologists 
who put imaginary feathers on Bambiraptor, and the molecular 
biologists who reported finding turkey DNA in Triceratops. But 
as I left the Florida symposium I couldn't help chuckling. So 
much of what I had seen and heard seemed downright silly. In 
fact, if I had been an artist instead of a biologist, I might have 
sketched some cartoons, with captions such as these:

«Dino-bird enthusiasts find fossils made to order.»
«Cladistic mob tars and feathers defenseless dinosaur.»
«Turkey sandwich proves birds evolved from Triceratops.»
«Old lawyers' joke becomes new scientific method.»

This isn't science. This isn't even myth. This is comic relief. 
But after we've had a good laugh we need to ask ourselves: 
Whatever happened to Archaeopteryx?

Whatever happened to Archaeopteryx?

Some biology textbooks continue to present Archaeopteryx 
as the classic example of a missing link. Mader's 1998 Biology 
calls it «a transitional link between reptiles and birds,» and 
William Schraer and Herbert Stoltze's 1999 Biology: The Study 
of Life tells students that «many scientists believe it represents 
an evolutionary link between reptiles and birds.»

But both sides in the current controversy over bird origins 
agree that modern birds are probably not descended from 
Archaeopteryx. And although the two factions disagree about 
the ancestry of Archaeopteryx, neither one has really solved the 
problem. Following the logic of Darwin's theory to sometimes 
silly
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extremes, cladists insist that the ancestors of Archaeopteryx 
were bird-like dinosaurs that do not appear in the fossil record 
until tens of millions of years later. Their critics look to animals 
that clearly lived earlier, but have not yet found one similar 
enough to Archaeopteryx to be a good candidate. As a result, 
both sides are still looking for the missing link.

Isn't it ironic that Archaeopteryx, which more than any other 
fossil persuaded people of Darwin's theory in the first place, has 
been dethroned largely by cladists, who more than any other 
biologists have taken Darwin's theory to its logical extreme? 
The world's most beautiful fossil, the specimen Ernst Mayr 
called «the almost perfect link between reptiles and birds,» has 
been quietly shelved, and the search for missing links continues 
as though Archaeopteryx had never been found.



136 • ICONS OF EVOLUTION



CHAPTER 7

Peppered Moths

Darwin was convinced that in the course of evolution «Natural 
Selection has been the most important, but not the exclusive, 
means of modification,» but he had no direct evidence of natural 
selection. There was plenty of evidence that plants and animals 
vary, and that they struggle for survival. It was reasonable to 
conclude, by analogy with domestic breeding, that organisms 
with the most advantageous variations would survive and pass 
them on to their offspring. But no one had actually documented 
this process in the wild. The best Darwin could do in The Origin 
of Species was «give one or two imaginary illustrations.»

It wasn't until 1898 that something approaching direct 
evidence for natural selection was provided by Brown 
University biologist Hermon Bumpus. After a severe snowstorm 
in Providence, Rhode Island, Bumpus had found a large number 
of English sparrows close to death. He took over a hundred of 
them back to his laboratory, where almost half died. When he 
measured and compared the living and the dead, he found that 
the survivors tended to be males that were shorter and lighter. 
Apparently, the blizzard had selected against females and larger
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FIGURE 7-1 Peppered moths resting on tree trunks.

(Top) Two moths (one typical and one melanic) resting on the dark 
bark of an oak tree in a polluted woodland. (Bottom) Typical and 
melanic moths resting on the lichen-covered trunk of an oak tree in 
an unpolluted woodland. Note the striking differences in camouflage.

males; but it was not clear why, so the actual reason for 
the selection remained elusive. For several decades, though, 
Bumpus's work was the closest biologists had come to observing 
natural selection directly.

But even as Bumpus was measuring his sparrows, British 
scientists were noticing another phenomenon that would 
eventually become the classic textbook example of natural 
selection in action. Most peppered moths were light-colored in 
the early part of the nineteenth century, but during the industrial 
revolution in Britain the moth populations near heavily polluted 
cities became predominantly «melanic,» or dark-colored. The 
phenomenon was called «industrial melanism,» but its causes 
remained a matter of speculation until the early 1950s, when 
British physician and biologist Bernard Kettlewell performed 
some experiments which made him famous. Kettlewell's 
experiments suggested that predatory birds ate light-colored 
moths when they became more conspicuous on pollution-
darkened tree trunks, leaving the dark-colored variety to survive 
and reproduce. Industrial melanism in peppered moths appeared 
to be a case of natural selection.

Most introductory biology textbooks now illustrate this 
classical story of natural selection with photographs of the two 
varieties of peppered moth resting on light- and dark-colored 
tree trunks. (Figure 7-1) What the textbooks don't explain, 
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however, is that biologists have known since the 1980s that 
the classical story has some serious flaws. The most serious is 
that peppered moths in the wild don't even rest on tree trunks. 
The textbook photographs, it turns out, have been staged.

Industrial melanism

The peppered moth, Biston betularia, comes in various shades 
of gray. One hundred and fifty years ago, most peppered moths 
were «typical» forms, which have predominantly light gray 
scales with a few black scales scattered among them (hence the 
name, «peppered»). As early as 1811, however, the species also 
included some coal-black «melanic» forms. During the industrial 
revolution, the proportion of melanic forms increased, and by 
the turn of the century more than 90% of the peppered moths 
near the industrial city of Manchester, England, were melanic.

A similar increase in melanic forms was reported in many 
other species of moths, ladybird beetles, and even some 
birds. It was also reported near other industrial cities such as 
Birmingham and Liverpool. Obviously, this was not an isolated 
phenomenon, and the name «industrial melanism» was used to 
denote all its manifestations.

In 1896 British biologist J. W. Tutt suggested that industrial 
melanism in peppered moths might be due to differences in 
camouflage. Tutt theorized that in unpolluted woodlands, 
typicals are well camouflaged against the light-colored lichens 
that grow on tree trunks; but in woodlands where industrial 
pollution has killed the lichens and darkened the tree trunks, 
melanics are better camouflaged. Since predatory birds could 
be expected to find and eat the more conspicuous moths, the 
proportion of melanic forms would increase as a result of natural 
selection.
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In the 1920s another British biologist, J. W. Heslop Harrison, 
rejected Tutt's theory and proposed that melanism was induced 
directly by airborne industrial pollutants. Although he did not 
work on Biston betularia, Harrison reported that melanism could 
be produced in several other moth species if their larvae were fed 
on leaves contaminated with metallic salts. Critics were unable 
to reproduce Harrison's results, however, and pointed out that 
some of the species Harrison tested did not exhibit industrial 
melanism in the wild.

There was a theoretical problem with Harrison's work, as 
well. If melanism could be induced it meant that the organism 
acquired it after birth. But there was also clear evidence that 
melanism was inherited, so Harrison's view implied that 
acquired characteristics could later be inherited. According to 
neo-Darwinian theory, however, the inheritance of acquired 
characteristics was impossible; all new heritable variations 
arose from genetic changes such as mutation.

As neo-Darwinism rose in popularity, the influence of 
Harrison's ideas declined, and most biologists adopted the 
theory that industrial melanism in peppered moths was due to 
natural selection. It wasn't until the 1950s, however, that British 
physician and biologist Bernard Kettlewell set out to test the 
theory empirically.

Kettlewell's experiments

Like Tutt, Kettlewell believed that melanic moths increased 
in number because of camouflage and predatory birds, and 
he performed several experiments to test the theory. First, to 
determine whether birds preyed on peppered moths at all, he 
released some moths into an aviary containing a pair of nesting 
birds and their young. Then he watched through binoculars as
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the moths settled onto various resting sites and were eaten by 
the birds.

Having established that birds actually prey on peppered 
moths, Kettlewell released some moths onto tree trunks in a 
polluted woodland near Birmingham, England. He watched 
through binoculars as the moths settled on nearby tree trunks, and 
noted that melanics were much less conspicuous than typicals, 
as judged by the human eye. He also observed that birds took 
the conspicuous moths more readily than inconspicuous ones.

Kettlewell then marked several hundred peppered moths, 
typicals as well as melanics, with tiny dots of paint on the 
underside of their wings, and released them during the day onto 
nearby tree trunks in the polluted Birmingham woodland. On 
the following nights he set out traps to recapture as many as he 
could. Of the 447 marked melanics he released, he recaptured 
123, while of 137 marked typicals he recaptured only 18. In 
other words, he recaptured 27.5 percent of the melanics, but 
only 13.0 percent of the typicals. Kettlewell concluded that a 
much higher proportion of melanics had survived predation, and 
that «birds act as selective agents, as postulated by evolutionary 
theory.»

Two years later, Kettlewell repeated the same procedure in 
an unpolluted woodland in Dorset, England. Once again he 
released moths onto nearby tree trunks. As expected, melanic 
moths were much more conspicuous than typicals on the lichen-
covered Dorset trees, and thus more readily taken by predatory 
birds. Famed animal behaviorist Niko Tinbergen accompanied 
Kettlewell and made movies of birds picking the moths off tree 
trunks.

Then Kettlewell repeated his mark-release-recapture 
experiment by marking and releasing hundreds of moths onto 
the unpolluted tree trunks, and recapturing as many as he could 
on subsequent nights. Of the 496 marked typicals he released, 
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he recaptured 62 (12.5 percent), but of the 473 marked 
melanics he recaptured only 30 (6.3 percent), so the two-to-one 
ratio he had obtained in Birmingham was completely reversed. 
Kettlewell concluded that typicals enjoyed a selective advantage 
in Dorset because their superior camouflage on lichen-covered 
tree trunks improved their chances of surviving hungry birds.

Darwin's missing evidence?

Kettlewell called industrial melanism in peppered moths 
«the most striking evolutionary change ever actually witnessed 
in any organism.» Since his experiments seemed to provide 
empirical confirmation of natural selection, Kettlewell dubbed 
his results «Darwin's missing evidence» in an article written for 
Scientific American.

Following the passage of anti-pollution legislation in the 
1950s, industrial melanism began to decline. The percentage 
of melanic peppered moths west of Liverpool dropped slightly 
between 1959 and 1962, and a decade later the reversal of 
industrial melanism was well under way. Field studies in the 
1960s and 1970s showed that the proportion of typicals rose as 
pollution decreased, consistent with the theory that industrial 
melanism in peppered moths was due to camouflage and 
predatory birds.

In 1975 British geneticist P. M. Sheppard called the 
phenomenon «the most spectacular evolutionary change ever 
witnessed and recorded by man, with the possible exception of 
some examples of pesticide resistance,» and famed evolutionary 
biologist Sewall Wright called it «the clearest case in which a 
conspicuous evolutionary process has actually been observed.»

A critic of Darwins theory might object that this «most 
spectacular evolutionary change ever witnessed» falls far short 
of providing a sufficient mechanism for evolution. After all, the
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only thing that happened was a change in the proportion 
of two varieties of a pre-existing species of moth. Although 
the change was dramatic, it was no more impressive than the 
changes domestic breeders have been producing for centuries.

But in the 1950s, Kettlewell's evidence for a «conspicuous 
evolutionary process» was the best available. Industrial melanism 
in peppered moths—and Kettlewell's explanation of its cause— 
became the classic textbook example of natural selection in 
action. Yet while peppered moths were being transformed into 
icons of evolution, discrepancies began to appear that eventually 
cast serious doubt on the validity of Kettlewell's experiments.

Problems with the evidence

When biologists looked beyond Birmingham and Dorset, 
where Kettlewell had conducted his experiments, they found 
some discrepancies between Kettlewell's explanation and the 
actual geographical distribution of melanic moths. For example, 
if melanic moths in polluted woodlands enjoyed as much of 
a selective advantage as Kettlewell's experiments seemed to 
indicate, then they should have completely replaced typicals in 
heavily polluted areas such as Manchester. This never happened, 
however, suggesting that factors other than camouflage and 
predatory birds must be involved.

Some other distribution features were inconsistent with 
Kettlewell's explanation, as well. In rural Wales, the frequency 
of melanics was higher than expected, prompting Liverpool 
biologist Jim Bishop to conclude in 1972 that «as yet unknown 
factors» were involved. In rural East Anglia (Figure 7-2, B), 
where there was little industrial pollution and typicals seemed 
better camouflaged, melanics reached a frequency of 80 percent,
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FIGURE 7-2 Discrepancies in peppered moth distribution.

Locations in the United Kingdom of some discrepancies that didn't fit 
the classical story. (A) Manchester, where the proportion of melanics 
was never as high as theory predicted; (B) East Anglia, where melanism 
was high despite lichen-covered tree trunks; (C) south of latitude 52oN, 
where melanism increased after the introduction of pollution control; 
(D) the Wirral Peninsula, where melanism began decreasing before 
lichens returned to the trees.
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prompting two other biologists to conclude in 1975 «that 
either the predation experiments and tests of conspicuousness 
to humans are misleading, or some factor or factors in addition 
to selective predation are responsible for maintaining the high 
melanic frequencies.»

On the other hand, melanics in south Wales seemed better 
camouflaged than typicals, yet they comprised only about 20 
percent of the population. Compiling data from 165 separate 
sites in Britain, R. C. Steward found a correlation between 
melanism and the concentration of sulfur dioxide (an airborne 
pollutant) north—but not south—of latitude 52°N. (Figure 7-2, 
C) Steward concluded that «in the south of Britain non-industrial 
factors may be of greater importance» than camouflage and bird 
predation.

After the passage of anti-pollution legislation, the proportion 
of melanics north of London decreased as expected, but 
inexplicably increased in the south. Theoretical models could 
account for the discrepancies only by invoking migration and 
unknown «non-visual selective factors.» Whatever had caused 
industrial melanism, it was clearly more than camouflage and 
bird predation.

In other words, Kettlewell's explanation had been too simple. 
Not surprisingly, the actual situation was turning out to be more 
complicated. And geographical discrepancies were not the only 
complication. In the 1970s and 1980s biologists realized that 
melanism was not well correlated with changes in lichens.

The exaggerated role of lichens

If the rise of melanism was due to the darkening of tree trunks 
following the loss of their lichen cover from pollution, then a
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reduction in pollution should bring lichens back to the trees 
and lead to a reversal of industrial melanism. The reversal 
occurred, but it happened without the predicted return of the 
lichens.

In the 1970s Kettlewell himself noted that melanism began 
declining on the Wirral Peninsula before lichens reappeared. 
(Figure 7-2, D) When David Lees and his colleagues surveyed 
melanism in peppered moths at 104 sites throughout Britain, 
they found a lack of correlation with lichen cover which they 
considered «surprising in view of the results of Kettlewell's 
selection experiments.»

In the early 1980s Cyril Clarke and his colleagues found 
«a reasonable correlation» in the U.K. between the decline in 
melanism and decrease in sulfur dioxide pollution, but were 
surprised to note «that throughout this time the appearance of 
the trees in Wirral does not seem to have changed appreciably» 
American biologist Bruce Grant and Cambridge biologist Rory 
Howlett noted in 1988 that if the rise of industrial melanism had 
originally been due to the demise of lichens on trees, then «the 
prediction is that lichens should precede the recovery of the 
typical morph as the common form. That is, the hiding places 
should recover before the hider.» But their field work showed 
that «this is clearly not the case in at least two regions where 
the recovery of typicals has been especially well documented in 
the virtual absence of these lichens: on the Wirral... and in East 
Anglia.»

While melanism was rising and falling in the United Kingdom, 
it was doing the same in the United States. The first American 
melanic peppered moth was reported near Philadelphia in 1906, 
and the proportion of melanics rose rapidly thereafter. By 1960 
the proportion of melanics in southeastern Michigan was over
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90 percent. When pollution-control measures were introduced, 
melanism underwent the same sort of reversal that was observed 
in the United Kingdom, and by 1995 the frequency of melanics 
in southeastern Michigan had dropped to less than 20 percent.

But the decline of melanism in the United States was not 
correlated with changes in the lichen cover on tree trunks. 
In Michigan, for example, it «occurred in the absence of 
perceptible changes» in local lichen cover, prompting Grant 
and his colleagues to conclude that «the role of lichens has been 
inappropriately emphasized in chronicles about the evolution of 
melanism in peppered moths.»

 So in the United States as well as in the United Kingdom, 
melanism declined before lichens returned to the trees. Appar-
endy, the presence or absence of lichens was not as important 
as Kettlewell had thought. The discrepancy was significant, 
and pointed to a deeper problem. It turns out that Kettlewell's 
experiments, and most of the other experiments performed in 
the 1960s and 1970s, had not used the natural resting places of 
peppered moths.

Peppered moths don't rest on tree trunks

In most of Kettlewell's experiments, moths were released and 
observed during the day. In only one experiment (June 18, 1955) 
did Kettlewell release moths at night, just before sunrise. He 
immediately abandoned this approach because of the practical 
difficulties it entailed, such as having to warm the cold moths 
beforehand on the engine of his car. But peppered moths are 
night-fliers, and normally find resting places on trees before 
dawn. The moths Kettlewell released in the daytime remained 
exposed, and became easy targets for predatory birds. Regard-
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ing his release methods, Kettlewell wrote: «I admit that, under 
their own choice, many would have taken up position higher in 
the trees.» He assumed, however, that he could disregard the 
artificiality of his technique.

Before the 1980s most investigators shared Kettlewell's 
assumption, and many of them found it convenient to conduct 
predation experiments using dead specimens glued or pinned 
to tree trunks. Kettlewell himself considered this a bad idea, 
and even some biologists who used dead moths suspected that 
the technique was unsatisfactory. For example, Jim Bishop 
and Laurence Cook conducted predation experiments using 
dead moths glued to trees; but they noted discrepancies in their 
results which «may indicate that we are not correctly assessing 
the true nature of the resting sites of living moths when we are 
conducting experiments with dead ones.»

Since 1980, however, evidence has accumulated showing 
that peppered moths do not normally rest on tree trunks. Finnish 
zoologist Kauri Mikkola reported an experiment in 1984 in which 
he used caged moths to assess normal resting places. Mikkola 
observed that «the normal resting place of the Peppered Moth 
is beneath small, more or less horizontal branches (but not on 
narrow twigs), probably high up in the canopies, and the species 
probably only exceptionally rests on tree trunks.» He noted that 
«night-active moths, released in an illumination bright enough 
for the human eye, may well choose their resting sites as soon 
as possible and most probably atypically.»

Although Mikkola used caged moths, data on wild moths 
supported his conclusion. In twenty-five years of field work, 
Cyril Clarke and his colleagues found only one peppered moth 
naturally perched on a tree trunk; they concluded that they knew 
primarily «where the moths do not spend the day.» When Rory
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Howlett and Michael Majerus studied the natural resting 
sites of peppered moths in various parts of England, they found 
that Mikkola's observations on caged moths were valid for 
wild moths, as well. «It seems certain that most B. betularia 
rest where they are hidden,» they concluded, and that «exposed 
areas of tree trunks are not an important resting site for any 
form of B. betularia.»  In a separate study reported in 1987, 
British biologists Tony Liebert and Paul Brakefield confirmed 
Mikkola's observations that «the species rests predominantly on 
branches.... Many moths will rest underneath, or on the side of, 
narrow branches in the canopy.»

In a 1998 book on industrial melanism, Michael Majerus 
defended the classical story but criticized the «artificiality» 
of much of the work on peppered moths, noting that in most 
predation experiments they were «positioned on vertical tree 
trunks, despite the fact that they rarely chose such surfaces to 
rest upon in the wild.» But if peppered moths don't rest on tree 
trunks, where did all those photographs come from?

Staged photographs

Pictures of peppered moths on tree trunks must be staged. 
Some are made using dead specimens that are glued or pinned 
to the trunk, while others use live specimens that are manually 
placed in desired positions. Since peppered moths are quite 
torpid in daylight, they remain where they are put.

Manually positioned moths have also been used to make 
television nature documentaries. University of Massachusetts 
biologist Theodore Sargent told a Washington Times reporter in 
1999 that he once glued some dead specimens on a tree trunk 
for a TV documentary about peppered moths.
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Staged photos may have been reasonable when biologists 
thought they were simulating the normal resting-places of 
peppered moths. By the late 1980s, however, the practice 
should have stopped. Yet according to Sargent, a lot of faked 
photographs have been made since then.

Defenders of the classical story typically argue that, 
despite being staged, the photographs illustrate the true cause 
of melanism. The problem is that it is precisely the cause of 
melanism that is in dispute.

Doubts about the classical story

When birds preyed on Kettlewell's moths, the moths were 
not in their natural hiding places. This one fact casts serious 
doubt on the validity of his experiments. In the mid-1980s, 
Italian biologists Giuseppe Sermonti and Paola Catastini 
criticized Kettlewell's daytime releases and concluded that his 
experiments «do not prove in any acceptable way, according 
to the current scientific standard, the process he maintains to 
have experimentally demonstrated.» Sermonti and Catastini 
concluded that «the evidence Darwin lacked, Kettlewell lacked 
as well.»

With Kettlewell's evidence impeached, some biologists now 
argue that Heslop Harrison's hypothesis of direct induction 
by pollutants deserves another look. According to Japanese 
biologist Atuhiro Sibatani, «the story of industrial melanism 
must be shelved, at least for the time being, as a paradigm 
of neo-Darwinian evolution,» and Harrison's work should be 
re-examined. Sibatani maintains that an inordinate devotion 
to neo-Darwinian theory led to a «sheer dismissal» of the 
induction hypothesis and a «too optimistic acceptance of the 
shaky evidence for the natural selection model of industrial 
melanism.»
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Most biologists, however—even critics of Kettlewell's work 
believe that the principal cause of industrial melanism was 
natural selection rather than induction. For them, the dispute is 
over what selective factors were involved. In 1998 American 
biologist Theodore Sargent and his New Zealander colleagues 
Craig Millar and David Lambert wrote: «We feel certain 
that this phenomenon is a product of selection,» though the 
intuitive appeal of Kettlewell's explanation «may have blinded 
us to the role that other selective factors might be playing in 
the melanism story.» Sargent and his colleagues listed several 
factors, including possible differences in the tolerance of larvae 
to pollutants, or in the moths' vulnerability to parasites, and 
concluded that «the complex of factors that might play a role 
in the increase (or decrease) of melanism in moths has barely 
been tapped.»

It is interesting to note that other selective factors were 
responsible for industrial melanism in ladybird beetles. Birds 
find the beetles extremely distasteful, and will not eat them, so 
camouflage and bird predation played no role. Melanic ladybird 
beetles are thought to be more fit in a smoky environment because 
they are better able to absorb solar radiation—a phenomenon 
known as «thermal melanism.» Although no one maintains that 
thermal melanism was at work in peppered moths, this example 
shows that industrial melanism may have other causes.

The need to consider other causes does not mean that 
camouflage and bird predation are irrelevant. In fact, they may 
still be the most important factors in the rise and fall of industrial 
melanism in peppered moths. British biologists Michael Majerus 
and Laurence Cook cite various other observations in defense 
of the classical story, and continue to defend it, though they also 
acknowledge that further work is needed.
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In any case, it is clear that the compelling evidence for natural 
selection that biologists once thought they had in peppered moths 
no longer exists. As Sargent and his colleagues wrote in 1998, 
«the 'classical' explanation may be true, in whole or in part. We 
contend, however, that there is little persuasive evidence, in the 
form of rigorous and replicated observations and experiments, 
to support this explanation at the present time.» It seems that 
«Darwin's missing evidence» for natural selection— at least in 
peppered moths—is still missing.

Nevertheless, controversy over the classical story continues, 
and it highlights an important question: What does it take to 
demonstrate natural selection scientifically?

Science or alchemy?

In 1998 University of Chicago evolutionary biologist Jerry 
Coyne wrote a review in Nature of Michael Majerus's book, 
Melanism: Evolution in Action. As we have seen, Majerus 
defended the classical story, but he also acknowledged the 
problems with it. And the problems were enough to convince 
Coyne that the story is in serious trouble. «From time to time,» 
Coyne wrote, «evolutionists re-examine a classic experimental 
study and find, to their horror, that it is flawed or downright 
wrong.» According to Coyne, the fact that peppered moths do 
not rest on tree trunks «alone invalidates Kettlewell's release-
and-recapture experiments, as moths were released by placing 
them directly onto tree trunks.»

After he went back to Kettlewell's original papers and 
«unearthed additional problems,» Coyne concluded that this 
«prize horse in our stable of examples» of evolution «is in bad 
shape, and, while not yet ready for the glue factory, needs serious
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attention.» Especially in need of attention, argued Coyne are 
the selective factors responsible for industrial melanism. It is 
not enough merely to claim that a phenomenon is due to natural 
selection. It is also necessary «to unravel the forces changing 
a character. We must stop pretending that we understand the 
course of natural selection» just because we know that one trait  
is more fit than another.

But College of William and Mary biologist Bruce Grant 
rushed to the defense of the classical story. While acknowledging 
that things are more complicated than they appear in textbooks, 
Grant insists that «the evidence in support of the basic story 
is overwhelming.» The evidence Grant cites, however, is 
surprisingly thin. He admits that «we still don't know the natural 
hiding places of peppered moths,» he agrees that «the greatest 
weakness of Kettlewell's mark-release-recapture experiments 
is that he released the moths during daylight hours,» and he 
repeats his own finding that most accounts of peppered moths 
«place too much attention on the importance of lichens.»

Yet Grant claims that Kettlewell's results are valid anyway. 
There is «indisputable evidence for natural selection,» he argues, 
because «even if all of the experiments relating to melanism 
in peppered moths were jettisoned, we would still possess the 
most massive data set on record» for a conspicuous evolutionary 
change. Grant concludes that «no other evolutionary force can 
explain the direction, velocity, and the magnitude of the changes 
except natural selection.»

Evidence for industrial melanism, however, is not necessarily 
evidence for natural selection, and it is certainly not evidence 
that the selective agents were predatory birds. As we saw above, 
melanic forms might survive better in a polluted environment
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for any number of reasons, and even biologists who defend 
the general outline of the classical story acknowledge that «non-
visual selective factors» must also have been involved. No one 
doubts that a change in the proportion of the two varieties of 
peppered moth occurred. But what caused it?

In 1986 evolutionary biologist John Endler wrote a book 
enti-ded Natural Selection in the Wild, now acknowledged to 
be a classic in the field. At the time, Endler was unaware of the 
problems being unearthed in the peppered moth story, so he listed 
it as one of the few cases in which the cause of natural selection 
was known. But he also declared that «the time has passed 
for 'quick and dirty' studies of natural selection.» Although 
most researchers are «satisfied in demonstrating merely that 
natural selection occurred,» Endler wrote, «this is equivalent to 
demonstrating a chemical reaction, and then not investigating 
its causes and mechanisms. A strong demonstration of natural 
selection combined with a lack of knowledge of its reasons and 
mechanisms is no better than alchemy.»

Industrial melanism in peppered moths shows that the 
relative proportions of two pre-existing varieties can change 
dramatically. This change may have been due to natural 
selection, as most biologists familiar with the story believe. But 
Kettlewell's evidence for natural selection is flawed, and the 
actual causes of the change remain hypothetical. As a scientific 
demonstration of natural selection—as «Darwin's missing 
evidence»—industrial melanism in peppered moths is no better 
than alchemy.

Open almost any biology textbook dealing with evolution, 
however, and you'll find the peppered moth presented as a 
classical demonstration of natural selection in action—complete 
with faked photos of moths on tree trunks. This is not science, 
but myth-making.
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The peppered myth?

Almost every textbook that deals with evolution not only re-
tells the classical peppered moth story without mentioning its 
flaws, but also illustrates it with staged photographs. For example, 
th 2000 edition of Kenneth Miller and Joseph Levine's Biology 
includes faked photographs of peppered moths on tree trunks 
and calls Kettlewell's work «a classic demonstration of natural 
selection in action.» Similarly, Burton Guttman's 1999 Biology 
includes the usual photos, summarizes Kettlewell's experiments, 
and calls the peppered moth «a classic contemporary case of 
natural selection.»

Many textbooks repeat the myth that the presence or absence 
of lichens was a key factor in the story. In his 1998 textbook, 
Biology: Visualizing Life, George Johnson wrote: «Recently, 
England has introduced strict air-pollution control measures. 
Forests near industrial centers like Birmingham are once again 
becoming covered with lichens. Have students predict what 
Kettlewell would find today.» The 1998 edition of Cecie Starr 
and Ralph Taggart's Biology: The Unity and Diversity of Life 
includes the following: «In 1952, strict pollution controls went 
into effect. Lichens made comebacks. Tree trunks became 
free of soot, for the most part. As you might have predicted, 
directional selection started to operate in the reverse direction.»

A Canadian textbook-writer who knew that peppered moth 
pictures were staged used them anyway. «You have to look at 
the audience. How convoluted do you want to make it for a 
first time learner?» Bob Ritter was quoted as saying in the April 
5, 1999, Alberta Report Newsmagazine. High school students 
«are still very concrete in the way they learn,» continued Ritter. 
«The advantage of this example of natural selection is that it is
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extremely visual.» (Visual perhaps, but untrue.) Ritter 
explained: «We want to get across the idea of selective 
adaptation. Later on, they can look at the work critically.»

Apparently, the «later on» can be much later. When 
University of Chicago Professor Jerry Coyne learned of the 
flaws in the classical story in 1998, he was well into his career 
as an evolutionary biologist. His experience illustrates how 
insidious the icons of evolution really are, since they mislead 
even professionals. Coyne was understandably «embarrassed» 
when he finally learned that the peppered moth story he had 
been teaching for years was a myth.

Coyne's reaction upon learning the truth reveals the 
disillusionment that may become increasingly common as 
biologists discover that the icons of evolution misrepresent the 
truth. «My own reaction,» he wrote, «resembles the dismay 
attending my discovery, at the age of six, that it was my father 
and not Santa who brought the presents on Christmas Eve.»
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CHAPTER 8

Darwin's Finches

A quarter of a century before Darwin published The Origin 
of Species, he was formulating his ideas about living things as 
a naturalist aboard the British survey ship H.M.S. Beagle. The 
Beagle left England in 1831 on a five-year voyage to chart the 
waters of South America, and in 1835 it visited the Galapagos 
Islands in the Pacific, about six hundred miles off the west coast 
of Ecuador.

While the Beagle was in the Galapagos, Darwin collected 
specimens of the local wildlife, including some finches. Thirteen 
species of finches are scattered among the two dozen or so 
volcanic islands. (A fourteenth species lives on Cocos Island, 
almost four hundred miles northeast of the Galapagos.) The 
finches differ mainly in the size and shape of their beaks, and it 
is thought that they descended from birds that arrived from the 
mainland in the distant past.

In Darwin's theory, a single species diverges into several 
varieties, then into several different species, through the action 
of natural selection. Since the beaks of the Galapagos finches 
are adapted to the different foods they eat, it seems reasonable to 
suppose that the various species are a result of natural selection. 
In fact, they seem like such a good example of Darwinian 
evolution
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that they are now known as «Darwin's finches.» (Figure 8-1) 
Many biology textbooks explain that the Galapagos finches 
were instrumental in helping Darwin to formulate his theory 
of evolution, and that field observations in the 1970s provided 
evidence for the theory by showing how natural selection affects 
the birds' beaks.

Yet the Galapagos finches had almost nothing to do with the 
formulation of Darwin's theory. They are not discussed in his 
diary of the Beagle voyage except for one passing reference, 
and they are never mentioned in The Origin of Species. The 
natural selection observed in the 1970s reversed direction in 
the following years, so there was no net evolutionary change. 
And several finch species may now be merging through 
hybridization—the opposite of what one would expect from the 
branching-tree pattern of Darwinian evolution.

The legend of Darwin's finches

While Darwin was in the Galapagos Islands, he collected 
nine of the thirteen species that now bear his name, but he 
identified only six of them as finches. Except in two cases, he 
failed to observe any differences in their diets, and even in those 
cases he failed to correlate diet with beak shape. In fact, Darwin 
was so unimpressed by the finches that he made no effort while 
in the Galapagos to separate them by island. Only after the 
Beagle returned to England did ornithologist John Gould begin 
to sort out their geographical relationships, and much of the 
information Darwin provided turned out to be wrong. Eight 
of the fifteen localities he recorded are in serious doubt, and 
most had to be reconstructed from the more carefully labeled 
collections оf his shipmates.
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Thus, according to historian of science Frank Sulloway, 
Darwin «possessed only a limited and largely erroneous 
conception of both the feeding habits and the geographical 
distribution of these birds.» And as for the claim that the 
Galapagos finches impressed Darwin as evidence of evolution, 
Sulloway wrote, «nothing could be further from the truth.»

FIGURE 8-1 Darwin's finches

The fourteen species of Darwin's finches. All live on the Galapagos 
Islands except (B), the Cocos Island finch. The medium ground finch 
(K) is the species that has been most intensively studied. Note the 
differences in their beaks.
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In fact, Darwin did not become an evolutionist until many 
months after his return to England. Only years later did he look 
back at the finches and reinterpret them in the light of his new 
theory. In 1845 he wrote in the second edition of his Journal 
of Researches: «The most curious fact is the perfect gradation 
in the size of the beaks of the different species of [finches]. 
Seeing this gradation and diversity of structure in one small, 
intimately related group of birds, one might really fancy that 
from an original paucity of birds in this archipelago, one species 
had been taken and modified for different ends.» But this was 
a speculative afterthought, not an inference from evidence he 
collected. Indeed, the confusion surrounding the geographical 
labeling of Darwin's specimens made it impossible for him to 
use them as evidence for his theory.

Nor did Darwin have a clear idea of the finches' ancestry. 
We now know that the thirteen species resemble each other 
more than they resemble any birds in Central or South America, 
suggesting that they may be descendants of a common ancestor 
that colonized the islands in the distant past. But Darwin did not 
visit the western coast of South America north of Lima, Peru, so 
for all he knew the finches were identical to species still living 
on the mainland.

It wasn't until the rise of neo-Darwinism in the 1930s that the 
Galapagos finches were elevated to their current prominence. 
Although they were first called «Darwin's finches» by Реrcy 
Lowe in 1936, it was ornithologist David Lack who popularized 
the name a decade later. Lack's 1947 book, Darwin's Finches 
summarized the evidence correlating variations in finch beaks 
with different food sources, and argued that the beaks were 
adaptations caused by natural selection. In other words, it was 
Lack more than Darwin who imputed evolutionary significance
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to the Galapagos finches. Ironically, it was also Lack who did 
more than anyone else to popularize the myth that the finches 
had been instrumental in shaping Darwin's thinking.

Darwin's finches as an icon of evolution

When Lack elevated the Galapagos finches to iconic status, 
Darwin's meager contribution to our knowledge of them grew 
with each re-telling of the story. According to Sulloway, «Darwin 
was increasingly given credit after 1947 for finches he never saw 
and for observations and insights about them he never made.» 
In the most extreme form of the legend, Darwin is said to have 
«collected species and observed behavioral traits, such as the 
remarkable tool-using habit of the woodpecker finch, that were 
not even known in his lifetime.» Thus iconography becomes 
hagiography.

Although Sulloway exploded the legend almost twenty 
years ago, many modern  biology textbooks still claim that 
the Galapagos finches inspired Darwin with the idea of 
evolution. Gould and Keeton's Biological Science (1996) 
informs students that the finches «played a major role in 
leading Darwin to formulate his theory of evolution by natural 
selection.» According to Raven and Johnson's Biology (1999), 
«the correspondence between the beaks of the 13 finch species 
and their food source immediately suggested to Darwin that 
evolution had shaped them.» And George Johnson's Biology: 
Visualizing Life (1998) maintains that «Darwin attributed the 
differences in bill size and feeding habits among these finches 
to evolution that occurred after their ancestor migrated to the 
Galapagos Islands.» Johnson's textbook even tells students to 
«imagine themselves in Darwins place» and «write journal 
pages that Darwin could have written.»
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Yet as far as Charles Darwin's contribution is concerned, the 
«Darwin» in Darwin's finches is largely mythical. It wasn't until 
almost a century after Darwin that they assumed their present 
status as icons of evolution. Of course, if they really were good 
evidence for Darwin's theory, they might deserve their iconic 
status anyway.

Evidence for evolution?

If Darwin's theory is correct, then the ancestral finches that 
colonized the Galapagos in the distant past presumably scattered 
to the various islands, where they were exposed to different 
environmental conditions. Birds on different islands probably 
encountered differences in food supply, leading to natural 
selection on their eating apparatus—their beaks. Theoretically, 
this process could have led over time to the beak differences 
that now characterize thirteen separate species.

This is a plausible scenario, but the evidence that Lack cited 
for it was indirect. Differences in finch beaks are correlated 
with different food sources, and the birds are scattered among 
the various islands (though it is not the case that each island 
has its own species). The pattern seems to fit Darwin's theory, 
yet the case would be much stronger if there were some direct 
evidence for the process.

One sort of direct evidence could be genetic. But apart from 
knowing that finch beaks are highly heritable—that the beak 
of finch is very likely to resemble the beaks of its biological 
parents—we know nothing about the genetics of finch beaks. 
Chromsome studies show no differences among the Galapagos 
finches and the DNA studies that have been used to construct 
molecular phylogenies relied on genes unrelated to beak shape.
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Another sort of direct evidence would be observations of 
natural selection in the wild. This evidence has been supplied 
by the husband-and-wife team of Peter and Rosemary Grant, 
who went to the Galapagos in the 1970s to observe evolution 
in action.

The beak of the finch

The Grants made their first trip to the Galapagos in 1973. 
With the help of several other biologists, the Grants set about 
catching and banding finches on seven of the islands. Each 
finch was carefully measured for body weight, the lengths of 
its wings, legs and toes, and the length, width, and depth of 
its beak. There was variation among the finches in all these 
features—especially the beaks.

By 1975 the Grants and their colleagues had focused their 
attention on one of the smaller islands, Daphne Major. (Figure 
8-2) Its small size made Daphne Major an ideal natural laboratory 
where they were able to band and measure every individual in 
one particular species, the medium ground finch. (Figure 8-1, K) 
The biologists even recorded matings, and banded and observed 
the offspring. They also kept track of rainfall, and how many 
seeds were produced by the island's plant species.

During the early 1970s Daphne Major received regular 
rainfall that supported an abundant food supply and a large finch 
population. In normal rainy seasons, such as that of 1976, the 
island received about 5 inches of rain; but in 1977 only about 
an inch fell. The 1977 drought caused a severe reduction in the 
availability of seeds, and the island's population of medium 
ground finches declined to about 15 percent of its former size. 
The Grants and their colleagues observed that survivors of the
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drought tended to have slightly larger bodies and slightly 
larger beaks. They also noted that the supply of small seeds 
was drastically reduced that year. They concluded that natural 
selection had strongly favored those birds capable of cracking 
the tough, large seeds that remained.

FIGURE 8-2 The Galapagos Islands.

The Grants' pioneering work on finch beaks took place mostly on 
Daphne Major, a tiny island just north of Santa Cruz.
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As a result of the drought, the average beak depth of medium 
ground finches increased about 5 percent. (Beak depth is the 
distance between the top and bottom of the beak at its base.) 
This amounted to a difference of about half a millimeter—
the thickness of a human thumbnail. This may not seem like 
much, but for the finches on Daphne Major in 1977 it meant the 
difference between life and death.

It was also a dramatic example of natural selection in the wild. 
The story of the Grants' research was recounted in Jonathan 
Weiner's 1994 book, The Beak of the Finch, which called the 
observed change in beak depth «the best and most detailed 
demonstration to date of the power of Darwin's process.» 
Because of this, according to Weiner, the beak of the finch is 
«an icon of evolution.»

The Grants and their colleagues realized at the time that 
natural selection might oscillate between dry and wet years, 
making beaks larger one year and smaller the next. But if 
beak depth were to continue increasing, then something very 
interesting might happen. The various species of Darwin's 
finches are distinguished mainly by differences in their beaks. 
The Grants reasoned that if natural selection can produce 
changes in beaks, perhaps it could also explain the origin of 
species among Darwin's finches.

In Scientific American in 1991, Peter Grant explained how 
this could happen, at least in theory. Calling the increase in 
beak depth during severe drought a «selection event,» Grant 
estimated the number of such events required to transform 
the medium ground finch into another species: «The number 
is surprisingly small: about 20 selection events would have 
sufficed. If droughts occur once a decade, on average, repeated 
directional selection at this rate with no selection in between 
droughts would transform one species into another within 200
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years. Even if the estimate is off by a factor of 10, the 2,000 
years required for speciation is still very little time in relation to 
the hundreds of thousands of years the finches have been in the 
archipelago.»

Grant's extrapolation depends, of course, on the assumption 
that increases in beak size are cumulative from one drought to 
the next. But the Grants and their colleagues knew that this is 
not the case.

When the rains returned

People who live on the west coast of North or South America 
know that every few years they can expect an El Nino—a 
disturbance in winter weather patterns caused by unusually 
warm air over the Pacific Ocean. In the winter of 1982-1983, an 
EI Nino brought heavy rains to the Galapagos Islands—over ten 
times more than normal, and fifty times more than fell during 
the drought. Plant life exploded, and so did the finch population.

After the 1982-1983 El Nino, with food once again plentiful, 
the average beak size in medium ground finches returned to its 
previous value. In 1987 Peter Grant and his graduate student, 
Lisle Gibbs, reported in Nature that they had observed «a reversal 
in the direction of selection» due to the change in climate. 
«Large adult size is favoured when food is scarce,» they wrote, 
«because the supply of small and soft seeds is depleted first, and 
only those birds with large bills can crack open the remaining 
large and hard seeds. In contrast, small adult size is favoured in 
years following very wet conditions, possibly because the food 
supply is dominated by small soft seeds.»

So the evolutionary change that the Grants and their colleagues 
had observed during the drought of 1977 was reversed by
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the heavy rains of 1983. «Selection had flipped,» wrote 
Weiner. «The birds took a giant step backward, after their giant 
step forward.» As Peter Grant wrote in 1991, «the population, 
subjected to natural selection, is oscillating back and forth» 
with every shift in climate.

By itself, however, oscillating selection cannot produce any 
net change in Darwin's finches, no matter how long it continues.

FIGURE 8-3 A comparison of straight-line versus cyclical change.

The straight line represents the extrapolation that predicts the origin of 
a new species of finch in two hundred years. The wavy line represents 
the cyclical changes so far observed.
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(Figure 8-3) Some sort of long-term trend would have to be 
superimposed on the back-and-forth oscillations to produce 
long-term change, and that is not what the Grants and their 
colleagues witnessed. Indeed, it would probably take much 
longer than a decade or two to measure it, even if it were present. 
Of course, the climate of the Galapagos might change in the 
future and alter the pattern. But both of these—an unseen trend 
and future change—are speculations.

It remains a theoretical possibility that the various species of 
Galapagos finches originated through natural selection. But the 
Grants' observations provided no direct evidence for this. And 
in the course of their work, they discovered that several species 
of Darwins finches may now be merging rather than diverging.

Diverging or merging?

If Darwinian evolution requires that one population diverge 
into two, the opposite would be for two previously separate 
populations to merge into one. (Figure 8-4) Yet this may now 
be happening to several species of Darwin's finches.

At least half of the finch species on the Galapagos are known to 
hybridize, though they do so infrequently. In the years following 
the 1982-1983 El Nino, the Grants and their colleagues I noticed 
that several finch species on one island were producing hybrids 
that not only thrived, but also reproduced successfully. In fact, 
the hybrids did better than the parental species that produced 
them. The Grants noted that this process, if unchecked, 
«should lead to fusion of the species into one population.» This 
would not happen overnight: Extrapolating from the observed 
frequency of hybridization, the Grants estimated that it would 
take one hundred to two hundred years for these species to 
merge completele.
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So if we extrapolate from processes observed in the present, 
we obtain two contradictory predictions: unchecked selection 
for larger beaks could produce speciation in two hundred to 
two thousand years, while unchecked hybridization could 
produce the opposite of speciation in one hundred to two 
hundred years. Clearly, the tendency to diverge is more than 
offset by the tendency to merge. Of course, the fluctuating 
climate of the Galapagos means that neither process is likely to 
continue indefinitely, and the Grants concluded that «over the 
long term there should be a selection-hybridization balance.» 
According to Weiner it seems that a «vast, invisible pendulum 
[is] swinging back and forth in Darwin's islands, an oscillation 
with two phases,» in which the finches «are perpetually being 
forced slightly apart and drifting back together again.»

FIGURE 8-4 Diverging vs. merging.

(a) The splitting of one species into two, as required for Darwinian 
evolution, (b) The merging of two species together due to hybridization, 
currently being observed in several species of Darwin's finches.
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So Darwin's finches may not be merging or diverging, but 
oscillating back and forth. Their success at hybridizing, however. 
raises a question about whether they are separate species at all.

Fourteen species, or six?

It turns out that most of the fourteen species of Darwin's 
finches—or at least most of the thirteen living on the Galapagos 
Islands—remain distinct primarily because of mating behavior. 
Evidence suggests that the birds choose their mates on the basis 
of beak morphology and song pattern. The former is inherited, 
while the latter is learned by young birds from their parents.

But one might expect that true species would be separated 
by more than beak morphology and song pattern. In human 
populations, race is inherited and language is learned—just 
as, in finches, beaks are inherited and songs are learned. Yet 
human populations that are separated by race and language 
are unquestionably part of the same species, even though such 
differences may make interbreeding uncommon.

Writing in Science in 1992, the Grants noted that the superior 
fitness of hybrids among populations of Darwin's finches «call 
into question their designation as species.» The following yеаr 
Peter Grant acknowledged that if species were strictly defined 
by inability to interbreed then «we would recognize only two 
species of Darwins finch on Daphne,» instead of the usual four. 
«The three populations of ground finches on Genovesa would 
similarly be reduced to one species,» Grant continued. «At 
the extreme, six species would be recognized in place of the 
current 14, and additional study might necessitate yet further 
reduction.»

In other words, Darwin's finches may not be fourteen separate 
species. Perhaps they are in the process of becoming species.
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But then we would expect their tendency to diverge through 
natural selection to be greater than their tendency to merge  
through hybridization, and this is not what the evidence shows. 
Perhaps the Galapagos finches used to be separate species 
and are now in the process of becoming fewer. But then they 
demonstrate the opposite of Darwinian evolution, which occurs 
when one species divides into separate species.

The increase in average beak size in several species of 
Galapagos finches after a severe drought—and its return to 
normal after the drought ended—is direct evidence for natural 
selection in the wild. In this limited sense, the finches provide 
evidence for  Darwin's theory. As examples of the origin of 
species by natural  selection, however, Darwin's finches leave a 
lot to be desired— though this hasn't stopped some people from 
using them as examples anyway. But the only way they can do 
this is by exaggerating the evidence.

Exaggerating the evidence

Thanks to years of careful research by the Grants and their 
colleagues, we know quite a lot about natural selection and 
breeding patterns in Darwin's finches. And the available evidence 
is clear. First, selection oscillates with climatic fluctuations, 
and does not exhibit long-term evolutionary change. Second, 
the superior fitness of hybrids means that several species of 
Galapagos finches might be in the process of merging rather 
than diverging.

The Grants' excellent field work provided us with a good 
demonstration of natural selection in the wild—far better than 
Kettlewell's peppered moths. If the Grants had stopped there, 
their work might stand as an example of science at its best. Yet 
they have tried to make more of their work than the evidence
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warrants. In articles published in 1996 and 1998, the Grants 
declared that the Darwinian theory of the origin of species «fits 
the facts of Darwin's Finch evolution on the Galapagos Islands,» 
and that «the driving force» is natural selection.

This claim was echoed by Mark Ridley in his 1996 college 
textbook, Evolution. Like the Grants, Ridley extrapolated the 
increase in beak size after the 1977 drought to estimate the time 
it would take to produce a new species. This «illustrates how 
we can extrapolate from natural selection operating within a 
species to explain the diversification of the finches from a single 
common ancestor.» Ridley concluded: «Arguments of this kind 
are common in the theory of evolution.»

Indeed. But arguments of this kind exaggerate the truth. And 
this exaggeration seems to characterize many claims for Darwin's 
theory. Evidence for change in peppered moths is claimed as 
evidence for natural selection even though the selective agent 
has not been demonstrated. And evidence for oscillating natural 
selection in finch beaks is claimed as evidence for the origin of 
finches in the first place. Apparently, some Darwinists are prone 
to make inflated claims for rather meager evidence.

Does the National Academy of Sciences endorse «arguments 
of this kind» that exaggerate the evidence? A 1999 booklet 
published by the National Academy describes Darwin's finches 
as «a particularly compelling example» of the origin of species, 
booklet goes on to explain how the Grants and their colleagues 
showed «that a single year of drought on the islands can drive 
evolutionary changes in the finches,» and that «if droughts 
occur about once every 10 years on the islands, a new species 
оа finch might arise in only about 200 years.» 

That's it. Rather than confuse the reader by mentioning that 
selection was reversed after the drought, producing no long-
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term evolutionary change, the booklet simply omits this 
awkward fact. Like a stock promoter who claims a stock might 
double in value in twenty years because it increased 5 percent 
in 1998, but doesn't mention that it decreased 5 percent in 1999, 
the booklet misleads the public by concealing a crucial part of 
the evidence.

This is not truth-seeking. It makes one wonder how much 
evidence there really is for Darwin's theory. As Berkeley law 
professor and Darwin critic Phillip E. Johnson wrote in The Wall 
Street Journal in 1999: «When our leading scientists have to 
resort to the sort of distortion that would land a stock promoter 
in jail, you know they are in trouble.»



176 • ICONS OF EVOLUTION



CHAPTER 9

Four-Winged Fruit 
Flies

In Darwin's theory, evolution is a product of two factors: 
natural selection and heritable variation. Natural selection 
molds populations by preserving favorable variations that are 
passed on to succeeding generations. Small-scale evolution 
within a species (such as we see in domestic breeding) makes 
use of variations already present in a population, but large-scale 
evolution (such as Darwin envisioned) is impossible unless new 
variations arise from time to time. Darwin devoted the first two 
chapters of The Origin of Species to establishing the existence 
of heritable variations in domestic and wild populations, but he 
did not know how they are inherited or how new ones arise.

It wasn't until the advent of neo-Darwinism and molecular 
genetics in the twentieth century that many biologists finally 
felt they understood the mechanism of heredity and the origin 
of variations. According to modern neo-Darwinism, genes 
consisting of DNA are the carriers of hereditary information; 
information encoded in DNA sequences directs the development 
of the organism; and new variations originate as mutations, or 
acci-dental changes in the DNA.
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Some DNA mutations have no effect, and most others are 
harmful. Occasionally, however, a mutation comes along that is 
beneficial—it confers some advantage on an organism, which 
can then leave more offspring. According to neo-Darwinism, 
beneficial DNA mutations—though not needed for limited 
modifications within a species—provide the raw materials 
necessary for large-scale evolution.

Beneficial mutations are rare, but they do occur. For example, 
mutations can have biochemical effects that render bacteria 
resistant to antibiotics or insects resistant to insecticides. But 
biochemical mutations cannot explain the large-scale changes 
in organisms that we see in the history of life. Unless a mutation 
affects morphology—the shape of an organism—it cannot 
provide raw materials for morphological evolution.

One organism in which morphological mutations have been 
extensively studied is the fruit fly, Drosophila melanogaster. 
Among the many mutations that are now known in Drosophila, 
some cause the normally two-winged fruit fly to develop a second 
pair of wings. Since 1978, the four-winged fruit fly has become 
increasingly popular in textbooks and public presentations as an 
icon of evolution. (Figure 9-1)

But four-winged fruit flies do not occur spontaneously. They 
must be carefully bred in the laboratory from three artificially 
maintained mutant strains. Furthermore, the extra wings lack 
flight muscles, so the mutant fly is seriously handicapped. Four-
winged fruit flies testify to the skill of geneticists, and they 
help us to understand the role of genes in development, but 
they provide no evidence that DNA mutations supply the raw 
materials for morphological evolution.
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FIG U R Е 9-1 Normal and four-winged fruit flies.

(A) A normal or «wild-type» fruit fly, with two wings and two balancers 
or «halteres» (tiny appendages on either side between the wings and 
the rear legs). (B) A mutant fly in which the halteres have developed 
into normal-looking wings.
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The origin of variations from Darwin to DNA

Although Darwin did not know the origin of variations, he 
believed that "changed conditions of life are of the highest 
importance" in causing them. In other words, he thought that 
most new variations are induced by the environment, acting 
either on the whole organism or on its reproductive system. 
In some cases, he wrote, new heritable variations "may be 
attributed to the increased use or disuse of parts."

This view,  known as the inheritance of acquired 
characteristics, had been advocated a half century earlier by 
the French zoologist Jean Baptiste de Lamarck. It wasn't until 
the last years of Darwin's life (he died in 1882) that German 
zoologist August Weismann persuaded most biologists that 
Lamarck's view was false. According to Weismann, inherited 
characteristics are transmitted by "germ cells" that remain 
separate from the rest of the body from the embryo through 
adulthood, when they give rise to eggs or sperm. In a famous 
experiment, he cut off the tails of several generations of mice to 
prove that disuse did not produce mice with shorter tails.

The biological basis of heredity remained unknown, however, 
until Gregor Mendel's theory became generally known after 
1900. Cell biologists identified chromosomes as the carriers of 
Mendel's heredity factors, and in 1909 Wilhelm Johanssen named 
them "genes." In the days before DNA, genes were regions on 
chromosomes, and American fruit fly geneticist Thomas Hunt 
Morgan studied spontaneous changes in individual genes that 
he called mutations (a term he borrowed from Dutch botanist 
Hugo DeVries).

By the 1930s many geneticists believed that the sort of 
mutations Morgan studied were the source of new variations 
needed
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for evolution. In 1937 Theodosius Dobzhansky made 
this a fundamental tenet of neo-Darwinism when he wrote 
that «mutations and chromosomal changes...constantly and 
unremittingly supply the raw materials for evolution.» In the 
1940s microbiologists showed that DNA carries hereditary 
information, and in 1953 James Watson and Francis Crick 
explained how the molecular structure of DNA might determine 
and transmit heritable traits. Morgan's mutations were attributed 
to molecular accidents, and the picture seemed complete. In 
1970, molecular biologist Jacques Monod announced that «the 
mechanism of Darwinism is at last securely founded.»

We now know that some DNA mutations are «neutral»—they 
have no effect at all. The vast majority of the rest are harmful. In 
the struggle for existence, natural selection would be expected 
to ignore the former and eliminate the latter. Only those rare 
mutations which benefit the organism could be favored by natural 
selection, and thus provide raw materials for evolution. Some 
mutations that affect biochemical pathways fit this description.

Вепeficiа1 biochemical mutations

Antibiotics work by poisoning molecules in bacteria. Most 
cases of medically significant antibiotic resistance are not 
due to mutations, but to complex enzymes that inactivate the 
poison, and which bacteria either inherit or acquire from other 
organisms. Some cases of resistance, however, are due to 
spontaneous mutations that alter the bacteria's molecules just 
enough so an antibiotic can no longer poison them. Bacteria 
lucky enough to have such mutations (like those lucky enough to 
have inactivating enzymes) can resist an antibiotic and survive 
to reproduce.
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Like antibiotic resistance, most insecticide resistance is due 
to inactivating enzymes. There are cases, however, in which 
resistance is due to spontaneous mutations. Like the mutations 
that confer resistance to antibiotics, these can benefit the 
organism by enabling it to survive and reproduce despite the 
presence of the poison.

Since mutations leading to antibiotic and insecticide resistance 
are clearly beneficial in certain environments, biology textbooks 
invariably list them as evidence that mutations provide the raw 
materials for evolution. Many textbooks also list sickle-cell 
anemia, because the same mutation that causes this crippling 
genetic disease can also, in a milder form, benefit infants growing 
up in malaria-ridden areas. In all of these cases, however, the 
evolution that occurs is trivial. The raw materials for large-scale 
evolution must be able to contribute to fundamental changes in 
an organism's shape and structure.

Since biochemical mutations—such as those leading to 
antibiotic resistance and sickle-cell anemia—do not affect 
an organism's shape or structure, evolution needs beneficial 
mutations that affect morphology. Neo-Darwinists know this, 
of course, and to provide evidence of morphological mutations 
a growing number of them are using pictures of mutant fruit 
flies with an extra pair of wings.

The four-winged fruit fly

The bodies of fruit flies consist of segments, three of which 
are in the thorax (midsection). Normally, the second thoracic 
segment bears a pair of wings, and the third bears a pair of 
"halteres," or balancers—tiny appendages that enable the insect 
to maintain its balance in flight. (Figure 9-la) In 1915 geneticist
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Calvin Bridges (working in Thomas Hunt Morgan's 
laboratory) discovered a mutant fruit fly in which the third 
thoracic segment looked a bit like the second, and the halteres 
were slighdy enlarged and looked like miniature winglets. This 
spontaneously occurring «bithorax» mutant has been maintained 
as a laboratory stock ever since.

In 1978 California Institute of Technology geneticist Ed Lewis 
reported that by breeding flies possessing the bithorax mutation 
with flies possessing another mutation, «postbithorax,» he was 
able to produce a fruit fly in which the halteres were even more 
enlarged, and looked almost like a second pair of wings. He 
subsequently found that if flies combining these two mutations 
were bred with flies possessing a third, «anterobithorax» the 
triple-mutant offspring had an extra pair of wings that looked 
like the fly's normal wings. (Figure 9-1, B)

Lewis had to use three mutations because no single mutation 
affected the entire segment. Each fruit fly segment is divided into 
an anterior (forward) compartment and a posterior (rearward) 
compartment. The postbithorax mutation induced the posterior 
compartment of the third thoracic segment to produce the rear 
half of a wing, while the combination of anterobithorax and 
bithorax mutations caused the anterior compartment to produce 
the forward half of a wing. Only a fly possessing all three 
mutations bears four normal-looking wings. (Figure 9-2)

Of course, Lewis's goal was not to produce sideshow freaks, 
but to understand the molecular interactions involved in fruit 
fly development. It turns out that all three mutations in the four-
winged fruit fly affect a single large gene, «Ultrabithorax.» The 
mutations do not affect the protein produced by the gene, but 
only where the protein is produced. Every cell in the fruit fly's 
body receives the same genes from the fertilized egg; but as the
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FIGURE 9-2 Steps In the construction of a four-winged fruit fly.

The box at the upper right shows how each segment is divided into 
an anterior and posterior compartment, (a) Normal fly; (b) bithorax 
mutant (c) post-bithorax mutant; (d) triple mutant (anterobithorax, 
bithorax, and postbithorax). The anterobithorax mutation 
enhances the effect of bithorax.
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embryo develops, specific genes are turned on only in those 
cells where they are needed. This process depends on «regulatory 
sequences» associated with each gene. Such sequences act like 
switches, allowing genes to be turned on or off in different parts 
of the embryo.

In a normal fruit fly, the Ultrabithorax gene is turned on in the 
third thoracic segment, and the segment produces halteres rather 
than wings. The anterobithorax, bithorax, and postbithorax 
mutations each  turn the gene off to some degree: The first two 
turn it off in the anterior compartment, and the third turns it 
off in the posterior compartment. When all three mutations are 
present, the gene is completely turned off in the third thoracic 
segment, which then produces a pair of normal-looking wings 
instead of halteres.

By deciphering the genetic interactions involved in turning 
off Ultrabithorax, Lewis was able to shed considerable light on 
the molecular biology of fruit fly development, and his research 
earned him a Nobel Prize in 1995. But how much light do four-
winged fruit flies shed on evolution?

Four-winged fruit flies and evolution

According to Peter Raven and George Johnson's 1999 
textbook, Biology, «all evolution begins with alterations in 
the genetic message... Genetic change through mutation and 
recombination [the re-arrangement of existing genes] provides 
the raw materials for evolution.» The same page features a 
photo of a four-winged fruit fly, which is described as «a mutant 
because of changes in Ultrabithorax, a gene regulating a critical 
stage of development; it possesses two thoracic segments and 
thus two sets of wings.»
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The textbook does not explicitly claim that the four-winged 
fruit fly shows us evolution in action, but it uses the fly in its 
discussion of evolution to imply that genetic mutations are the 
origin of new variations. The textbook fails to explain, however, 
that three separate mutations had to be artificially combined in 
one fly to produce a second set of normal-looking wings. Such 
a combination is exceedingly unlikely to occur in nature.

Even more seriously, the textbook fails to point out that the 
second pair of wings is non-functional. Biologists have known 
since the 1950s that the extra wings on bithorax mutants lack 
flight muscles. The hapless insect is thus disabled, and the 
disability increases with the size of the mutant appendages. 
In aerodynamic terms, a triple-mutant four-winged fruit fly is 
like an airplane with an extra pair of full-sized wings dangling 
loosely from its fuselage. It may be able to get off the ground, 
but its flying ability is seriously impaired. Because of this, four-
winged males have difficulty mating, and unless the line is 
carefully maintained in a laboratory it quickly dies out.

So four-winged fruit flies are not raw materials for evolution. 
Even neo-Darwinists acknowledge this. Ernst Mayr wrote in 
1963 that major mutations such as bithorax "are such evident 
freaks that these monsters can be designated only as 'hopeless.' 
They are so utterly unbalanced that they would not have the 
slightest chance of escaping elimination" through natural 
selection. In addition, finding a suitable mate for the "hopeless 
monster" seemed to Mayr to be an insurmountable difficulty. 
Given this long-standing objection to the evolutionary 
significance of such monsters, the recent popularity of four-
winged fruit flies is puzzling. Perhaps, like pictures of peppered 
moths on tree trunks, they are just too "visual" to resist.

Adding to the confusion, textbook accounts typically leave 
the reader with the impression that the extra wings represent a
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gain of structures. But four-winged fruit flies have actually 
lost structures which they need for flying. Their balancers 
are gone, and instead of being replaced with something new 
have been replaced with copies of structures already present in 
another segment. Although pictures of four-winged fruit flies 
give the impression that mutations have added something new, 
the exact opposite is closer to the truth.

Someone attempting to salvage these mutants as evidence for 
neo-Darwinism might point out that even a loss of structures can 
have evolutionary significance. And indeed it can. Evolutionary 
biologists believe that two-winged flies evolved from four-
winged flies. It is conceivable that ancestral four-winged flies 
acquired genetic mutations which reduced one pair of wings 
to tiny rudiments, and these became halteres. Perhaps bithorax 
is showing us mutations back to the ancestral state—in other 
words, evolution in reverse. This scenario is plausible, but once 
again the evidence points in the wrong direction.

Evolution in reverse?

In support of the view that two-winged flies evolved from 
four-winged flies, a 1998 booklet published by the National 
Academy of Sciences points out that «geneticists have found that 
the number of wings in flies can be changed through mutations 
in a single gene.» Although this statement is technically true, 
it is quite misleading—and not just because three separate 
mutations are necessary and the extra wings are nonfunctional.

What really changes the number of wings in a fly is a 
complex genetic network. A four-winged fly does not become a 
two-winged fly because mutations knock out some hypothetical 
«wing gene,» but because the fly acquires a whole network of 
developmental controls that transform one set of wings into 
functional halteres.
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The Ultrabithorax gene itself is large and complex. It consists 
of about a hundred thousand DNA subunits, most of which are 
involved in regulating when and where the gene is turned on 
in the embryo. And Ultrabithorax does not function alone. In 
1998 Scott Weatherbee and a team of developmental biologists 
reported that Ultrabithorax affects haltere development "by 
independently regulating selected genes that act at different 
levels of the wing patterning hierarchy." It is this entire 
hierarchy, and not just one gene, that had to evolve in order 
to convert wings into halteres. According to Weatherbee and 
his colleagues, "the evolution of the haltere progressed through 
the accumulation of a complex network of [Ultrabithorax]-
regulated interactions." Biologists do not understand how fruit 
flies acquired this complex network, but it certainly could not 
have originated from just a few mutations in a single gene.

What the four-winged fruit fly shows us is that mutations 
can shut down a complex network of interactions. But there's 
nothing surprising about this; we know that a single mutation 
can shut down an entire embryo and kill it outright. Damaging a 
complex regulatory network with mutations doesn't explain how 
the network originated, any more than killing an embryo with 
a lethal mutation explains how flies evolved. Yet it is precisely 
the origin of the network that we need to understand if we are 
to explain how four-winged flies evolved into two-winged flies.

So the four-winged fruit fly is a useful window on the genetics 
of development, but it provides no evidence that mutanons 
supply the raw materials for morphological evolution. It does not 
even show us evolution in reverse. As evidence for evolution, 
the four-winged fruit fly is no better than a two-headed calf in a 
circus sideshow.

Why, then, has it become popular to feature the  four-winged 
fruit fly in textbooks and public presentations defending Dar-
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win's theory? Could it be concealing a deeper problem with 
the evidence for neo-Darwinism?

Are DNA mutations the raw materials for evolution?

According to biology textbooks, DNA mutations are 
unquestionably the source of new variations for evolution. For 
example, the 1998 edition of Cede Starr and Ralph Taggart's 
Biology: The Unity and Diversity of Life tells students that 
«every so often, a new mutation bestows an advantage on the 
individual... beneficial mutations, and neutral ones, have been 
accumulating in different lineages for billions of years. Through 
all that time, they have been the raw material for evolutionary 
change—the basis for the staggering range of biological 
diversity, past and present.» Burton Guttmans 1999 textbook, 
Biology, declares that «mutation is ultimately the source of all 
genetic variation and therefore the foundation for evolution.» 
(emphasis in original)

Yet the evidence cited in these textbooks falls far short of 
supporting these sweeping claims. To be sure, biochemical 
mutations lead to antibiotic and insecticide resistance, and 
human beings carrying the sickle-cell trait are more likely to 
survive malaria as infants. But only beneficial morphological 
mutations can provide raw materials for morphological 
evolution, and evidence for such mutations is surprisingly thin. 
As we have seen, four-winged fruit flies do not provide the 
missing evidence, despite their current popularity.

If textbook-writers have no good examples of beneficial 
morphological mutations, it's not because biologists haven't 
been looking for them. About the time that Lewis was studying 
Ultrabithorax, German geneticists Christiane Nüsslein-Volhard 
and Eric Wieschaus were using a technique called «saturation 
mutagenesis» to search for every possible mutation involved in
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fruit fly development. They discovered dozens of mutations 
that affect development at various stages and produce a variety 
of malformations. Their Herculean efforts earned them a Nobel 
prize (which they shared with Lewis), but they did not turn up 
a single morphological mutation that would benefit a fly in the 
wild.

Saturation mutagenesis has also been used in a tiny worm 
studied by many developmental biologists, and is currently 
being applied to zebrafish. So far, no morphological mutations 
that would be beneficial in nature have been found in these 
animals, either.

Since direct evidence has been so hard to come by, neo-
Darwinists usually cite indirect evidence. Genetic differences 
between two organisms are taken to indicate that their 
morphological differences are due to changes in genes. But 
without direct evidence, neo-Darwinists can only assume that 
genetic differences are the cause of morphological differences. 
As we saw in the chapter on homology, there are many cases in 
which similarities and differences in genes are not correlated 
with similarities and differences in morphology. Obviously, it 
is reasonable to question the neo-Darwinian claim that genetic 
mutations are the raw materials for large-scale evolution.

But people who question the claim are likely to encounter 
considerable resistance from defenders of neo-Darwinism. If 
they persevere in their questioning, however, they will find 
that they are not alone, and that the problem is bigger than 
they imagined. According to many biologists in the past, and 
many non-American biologists in the present, genes are not as 
important as neo-Darwinists make them out to be.

Beyond the gene

Like fruit flies, human beings begin life as a single fertilized 
egg cell. As the egg divides, it bequeaths a full set of genes to
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each of its progeny. Eventually, the fertilized egg divides into 
several hundred types of cells: A skin cell is different from a 
muscle cell, which in turn is different from a nerve cell, and so 
on. Yet with a few exceptions, all these cell types contain the 
same genes as the fertilized egg.

The presence of identical genes in cells that are radically 
different from each other is known as "genomic equivalence." 
For a neo-Darwinist, genomic equivalence is a paradox: If genes 
control development, and the genes in every cell are the same, 
why are the cells so different?

According to the standard explanation, cells differ because 
the genes are differentially turned on or off. Cells in one part 
of the embryo turn on some genes, while cells in another part 
turn on others. This certainly happens, as we saw in the case 
of Ultrabithorax. But it doesn't resolve the paradox, because it 
means that genes are being turned on or off by factors outside 
themselves. In other words, control rests with something beyond 
the genes—something "epigenetic." This does not imply that 
mystical forces are at work, but only that genes are being 
regulated by cellular factors outside the DNA.

Many biologists during the first half of the twentieth century 
investigated epigenetic factors in their attempts to understand 
embryo development, but the factors proved elusive. As the 
neo-Darwinian synthesis of Mendelian genetics with Darwinian 
evolution rose to prominence between the two World Wars, 
biologists studying epigenesis were increasingly marginalized. 
According to historian Jan Sapp, American geneticists such as 
Thomas Hunt Morgan took "an operational approach to their 
work, defining heredity and the gene in terms of the experimental 
operations by which they might be demonstrated." They thereby 
opted for "rapid production of results based on studies which 
could be carried out easily by established procedures."
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At the same time, the neo-Darwinian synthesis of genetics 
and evolution was becoming increasingly popular, and neo-
Darwinists welcomed the gene-centered emphasis in American 
research. Biologists who continued the difficult search for 
epigenetic factors were unable to match the flood of data being 
turned out by genetics labs. Furthermore, as Sapp put it, their 
ideas "seemed to threaten the significance of the merger of 
Mendelian genetics and selection theory and therefore had to be 
denied." The operational success and doctrinal aggressiveness 
of American neo-Darwinists enabled them to establish a near-
monopoly over academic jobs, research funding, and scientific 
journals that persists to this day.

But neo-Darwinian genetics never resolved the paradox of 
genomic equivalence. In fact, the paradox recently deepened with 
the discovery that developmental genes such as Ultrabithorax 
are similar in many different animals—including flies and 
humans. If our developmental genes are similar to those of 
other animals, why don't we give birth to fruit flies instead of 
human beings?

The paradox of genomic equivalence has been largely 
ignored by gene-centered American biologists, but less so by 
Europeans. In March 1999 I attended a conference on "Genes 
and Development" in Basel, Switzerland. About fifty European 
biologists and philosophers of science were present, all of them 
critical of the neo-Darwinian doctrine that genes control embryo 
development.

One of the speakers began her talk with some jokes about the 
obligatory confessions of faith in Darwinism that are expected 
of speakers at scientific conferences. She went on to explain that 
DNA sequences do not even uniquely determine the sequence 
of amino acids in proteins, much less the larger features of cells
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or embryos. During the question-and-answer session that 
followed, a participant pointed out that most biologists already 
know this. She asked: "Then why don't they say so publicly?" 
The participant responded that it would "reduce their chances 
of getting money."

Later, at lunch, the lecturer told me about an experience she 
had had a few months earlier at a conference in Germany. There 
she had made some remarks critical of neo-Darwinian evolution, 
after which a prominent American biologist and textbook-writer 
had taken her aside. He had told her that she would be wise not 
to criticize neo-Darwinism if she ever found herself speaking 
to an American audience, because they would write her off as a 
creationist—even though she's not. She laughed as she told me 
the story; obviously, she was more amused than intimidated.

I was amused, too—but also saddened. It seems that scientists 
in Germany, like scientists in communist China, have more 
freedom to criticize Darwinism than scientists in America. Yet we 
are constantly told that scientists welcome critical thinking, and 
that America treasures freedom of speech. Except, apparently, 
when it comes to Darwinian evolution.
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CHAPTER 10

Fossil Horses and 
Directed Evolution

Three years before Charles Darwin's death in 1882, Yale 
University paleontologist Othniel Marsh published a drawing of 
horse fossils to show how modern one-toed horses had evolved 
from a small four-toed ancestor. Marsh's drawing, which 
included only leg-bones and teeth, was soon supplemented by 
skulls, and illustrations of horse fossils quickly found their way 
into museum exhibits and biology textbooks as evidence for 
evolution.

Early versions of these illustrations showed horse evolution 
proceeding in a straight line from the primitive ancestor through 
a series of intermediates to the modern horse. (Figure 10-1) But 
paleontologists soon learned that horse evolution was much 
more complicated than this. Instead of being a linear progression 
from one form to another, it appeared to be a branching with 
most of its branches ending in extinction.

Although advocates of Darwinian evolution have done 
almost nothing to correct the other icons of evolution, they have 
made a determined effort to correct this one. Since the 1950s, 
neo-Darwinian paleontologists have been actively campaigning 
to replace the old linear picture of horse evolution with the 
branching tree.
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FIGURE 10-1 The old Icon of horse evolution.
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FIGURE 10-1 The old icon of horse evolution.

Drawings such as this one (created in 1902) used to be common in 
museum exhibits and biology textbooks, and can still be found in some 
places today. The two oldest members of the series, Hyracotherium and 
Protorohippus, had four toes on their front feet; the next two members, 
Mesohippus and Protohippus, each had three; and Equus, the modern 
horse, has one.

The reason for their campaign, however, is more interesting 
than the horse icon itself. People used to regard the old icon as 
evidence that evolution was directed, either supernaturally or 
by internal vital forces. Neo-Darwinists now ridicule directed 
evolution as a myth, and cite the new branching-tree arrangement 
of horse fossils as evidence that evolution is undirected.

But the doctrine of undirected evolution is philosophical, not 
empirical. It preceded all evidence for Darwin's theory, and it 
goes far beyond the evidence we now have. Like several other 
Darwinian claims we've seen, it is a concept masquerading as a 
neutral description of nature.

Fossil horses and orthogenesis

Most evolutionists who were Darwin's contemporaries 
believed that evolution was directed. Some regarded human 
beings as the divinely pre-ordained goal of the evolutionary 
process, while others saw evolutionary trends as directed by 
forces inherent in organisms themselves. Those forces might 
be vital principles, or simply built-in constraints that channeled 
evolution in particular directions. The view that evolution was 
directed by internal forces or constraints became known as 
"orthogenesis (from the Greek words for "straight" and "origin").
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Orthogenesis was especially popular among paleontologists, 
because there are many trends in the fossil record that it 
seemed to explain. The most famous of these was the horse 
progression. In 1950 German paleontologist Otto Schindewolf 
wrote that "excellent examples of orthogenetic courses of 
events are provided by the progressive reduction of digits," 
and this process "is best and most completely known in the 
evolution leading to the modern horse." Schindewolf attributed 
orthogenesis to mechanisms inherent in the organism, rather 
than a supernaturally ordained goal. "It is not the conceptual 
final point but the concrete starting point," he explained, "that 
determines and brings about the orientation of evolution. Such 
a view can be based on actual, causative mechanisms."

But the causative mechanisms to which Schindewolf referred 
were never found. Meanwhile, neo-Darwinists were claiming 
they could explain evolution in terms of natural selection acting 
on random genetic mutations. Although the neo-Darwinian 
mechanism had not been shown to produce anything like horse 
evolution, it was at least clearly defined. In 1949 American 
paleontologist George Gaylord Simpson (one of the architects of 
neo-Darwinism) wrote: "Adaptation has a known mechanism: 
natural selection acting on the genetics of populations...It is not 
quite completely understood as yet, but its reality is established 
and its adequacy is highly probable." Thus "we have a choice 
between a concrete factor with a known mechanism and the  
vagueness of inherent tendencies, vital urges, or cosmic goals,  
without known mechanism."

So orthogenesis lacked a mechanism. It also seemed to  
become less plausible when new evidence led to a revised 
picture of horse evolution.
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Revising the picture of horse evolution

By the 1920s it was already becoming clear that the evolution 
of the horse was much more complicated than Marsh's linear 
picture implied. Paleontologist William Matthew and his 
graduate student, Ruben Stirton, established that several extinct 
horse species coexisted with the Protohippus, and that the 
history of horses ranged back and forth over several continents. 
The fossil record of horses looked less like a straight line and 
more like Darwin's branching tree. (Figure 10-2)

In 1944 Simpson wrote that the "general picture of 
horse evolution is very different from most current ideas of 
orthogenesis." In particular, its branching-tree pattern is "flatly 
inconsistent with the idea of any inherent rectilinearity." 
Furthermore, the trends that had seemed to support orthogenesis 
were illusory. For example, the trend toward larger size was not 
seen in all of the extinct side-branches, some of which actually 
reversed direction and became smaller. Even the revised 
picture of horse evolution is oversimplified. Among other 
things, Miohippus actually appears in the fossil record before 
Mesohippus, though it persists after it.

Despite having been revised, the picture of horse evolution 
still includes a line connecting Hyracotherium with its supposed 
descendants, all the way up to the modern horse. Ironically, this 
very Darwinian line of ancestor-descendant relationships still 
presents a problem for neo-Darwinists like Simpson, because it 
is «consistent with directed evolution as the linear series in the 
old icon. The mere existence of extinct side-branches doesn't 
rule out the possibility that the evolution of modern horses was 
directed. A cattle drive has a planned destination, even though 
some steers might stray from the herd along the way. Or, to use 
another analogy, the branching pattern of arteries and veins in
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FIGURE 10-2 The new icon of horse evolution.

Two of the fossils shown in the old version, Hyracotherium and 
Mesohippus, are still considered to be in the line leading to modern 
horses, but Protorohippus has been dropped, and Protohippus 
is regarded as an extinct side-branch. Only a few of the many other 
extinct side-branches are shown here. Note that although the new 
pattern is not linear, it still shows a continuous lineage connecting 
Hyracotherium with the modern horse (heavy line).
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the human body has some randomness to it, but our very lives 
depend on the fact that the overall pattern is predetermined.

This doesn't prove that directed evolution is true, but only 
that a branching-tree pattern in the fossil record doesn't refute 
it. A straight line and a branching tree are equally consistent 
(or inconsistent) with the existence (or non-existence) of either 
a predetermined goal or an inherent directive mechanism. In 
other words, even if we knew for sure what the pattern was, that 
alone would not be sufficient to establish whether or not horse 
evolution was directed.

What does the evidence really show?

Although the fossil pattern, by itself, does not refute directed 
evolution, it does seem to refute orthogenesis—if orthogenesis 
is taken to imply a straight line with no branches. But in the 
process of criticizing orthogenesis, Simpson made it clear that 
there was more at stake than straight-line evolution.

One thing at stake was the theory of inner forces or constraints. 
A mechanism was needed, and neo-Darwinists succeeded 
in persuading most biologists that theirs was the best—if not 
the only—candidate. But Simpson was criticizing even more 
than straight-line evolution and internal forces or constraints. 
By tacking "cosmic goals" onto the theory he was attacking, 
Simpson tried to strike a blow against the idea that evolution 
tends to follow some sort of pre-established plan.

If the whole of evolution were really the product of natural 
election acting on random mutations, as neo-Darwinists claim, 
perhaps it would be legitimate to conclude that evolution is 
undirected in this cosmic sense. If peppered moths and Darwin's 
finches are our best evidence for natural selection, however, and
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the four-winged fruit fly is our best example of a morphological 
mutation, then neo-Darwinists are very far from proving their 
case. They don't have anywhere near enough evidence.

But the rejection of goal-directed evolution was around long 
before the fossil record of horses was revised, and long before 
neo-Darwinists proposed random genetic mutations and natural 
selection as the mechanism of evolutionary change. In fact, it 
was around before Othniel Marsh drew his picture of straight-
line horse evolution in the 1880s.

Undirected evolution from Darwin to Dawkins

In Charles Darwin's view, the process of evolution by natural 
selection excluded designed results. He wrote: "There seems to 
be no more design in the variability of organic beings, and in 
the action of natural selection, than in the course which the wind 
blows." Darwin did not exclude design entirely, since the laws 
of nature—including the law of natural selection—might have 
been supernaturally designed. But he believed that survival of the 
fittest, acting on random variations, was inherently undirected, 
and thus could not produce designed results. He wrote that he 
was "inclined to look at everything as resulting from designed 
laws, with the details, whether good or bad, left to the working 
out of chance."

Darwin's view that evolution was undirected was not inferred 
from biological evidence. Natural selection had not yet been 
directly observed, and the nature and origin of variations was 
unknown. According to historian of science Neal Gillespie, 
Darwin excluded directed evolution and designed results because 
he wanted to place science on a foundation of materialistic 
philosophy. Since Darwin's view was primarily a philosophical
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doctrine rather than an empirical inference, its success 
depended less on marshalling evidence than on winning a war 
of ideas.

Simpsons rejection of directed evolution, like Darwin's, was 
a philosophical move rather than a scientific one. As Simpson 
put it, he favored the view that evolution "is dependent only on 
the physical possibilities of the situation and on the interplay of 
organism and environment, the usual materialist hypothesis." 
And he didn't limit himself to horses. Although the evidence for 
human evolution was (and still is) much scantier than that for 
horses, Simpson extrapolated his materialistic conclusion to our 
own species. "Man," he declared, "is the result of a purposeless 
and natural process that did not have him in mind."

Simpson wrote in the 1940s and 1950s, before Watson and 
Crick's discovery of the structure of DNA led to our current 
understanding of mutations as molecular accidents. By 1970 it 
seemed to many biologists that DNA mutations are the ultimate 
source of Darwin's random variations, and this seemed to 
confirm that evolution was undirected. When Jacques Monod 
announced in 1970 that "the mechanism of Darwinism is at last 
securely founded," he also declared: "And man has to understand 
that he is a mere accident."

Yet when Monod said this, the only beneficial DNA mutations 
known to him were biochemical. There was no evidence in 
1970 that DNA mutations—random or not—could provide 
raw materials for morphological evolution. In other words, 
Monod—like Darwin and Simpson—was going far beyond the 
evidence in claiming that human beings are "a mere accident." 
Once again, the claim was philosophical rather than empirical.

This tendency to promote materialistic philosophy in the 
guise of biological science has continued. Oxford zoologist 
Richard Dawkins, as dogmatic a Darwinist as one might expect
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to find, is an outspoken apostle of what he calls "the blind 
watchmaker."

The blind watchmaker

Richard Dawkins's views on design in living things and 
direction in evolution are expressed most clearly in his 1986 
book, The Blind Watchmaker. The book got its name from 
an argument made famous in the early nineteenth century by 
William Paley. "In crossing a heath," Paley wrote in 1802, 
"suppose I pitched my foot against a stone, and were asked 
how the stone came to be there." Paley answered that for all he 
knew, the stone might have been there forever. "But suppose I 
had found a watch upon the ground," Paley continued. Like any 
reasonable person, he would say that the watch had been made 
by a watchmaker.

For Paley, living things were like watches in their complexity 
and adaptiveness, so he argued that they must be designed. For 
Charles Darwin and Richard Dawkins, however, living things 
only appear to be designed. In fact, Dawkins defines biology 
as "the study of complicated things that give the appearance of 
having been designed for a purpose."

How does Dawkins know that design in living things is 
only apparent? Because, he says, natural selection explains 
all the adaptive features of living things, and natural selection 
is undirected. "Natural selection, the blind, unconscious, 
automatic process which Darwin discovered, and which we 
now know is the explanation for the existence and apparently 
purposeful form of all life, has no purpose in mind.... it is the 
blind watchmaker."

Although the subtitle of Dawkins s book is "Why the evidence 
of evolution reveals a world without design," it turns out that he 
actually excludes design on philosophical grounds. As he



Fossil Horses and Directed Evolution • 205

writes in his preface: "I want to persuade the reader, not 
just that the Darwinian world-view happens to be true, but 
that it is the only known theory that could, in principle, solve 
the mystery of our existence." And he repeats this claim in his 
concluding chapter: "Darwinism is the only known theory that 
is in principle capable of explaining certain aspects of life." 
(emphases in the original)

But claiming that a theory is true "in principle" is the hallmark 
of a philosophical argument, not a scientific inference. The latter 
requires evidence, and as Dawkins himself admits, evidence is 
unnecessary to prove the truth of Darwinism.

If Dawkins were making a scientific inference, he would 
have to have better evidence than computer simulations (the 
main "evidence" he provides in his book). He would need real 
evidence from living things. Yet, as we have seen throughout 
the preceding chapters, the real evidence for Darwin's theory is 
surprisingly thin. It appears to be overwhelming only because it 
is greatly exaggerated and sometimes blatantly misrepresented 
by certain proponents of Darwinian evolution. If there is 
anything about living things that is mere appearance, it is the 
alleged "evidence" that natural selection explains the existence 
and form of all life.

So Dawkins's exclusion of  design  and purpose is 
philosophical, not empirical. This is obvious not only from the 
insufficiency of the evidence, but also from the "in principle" 
form of his argument. It is also clear from the motivation that 
apparently underlies it. As Dawkins states early in his book, 
"Darwin made it possible to be an intellectually fulfilled atheist."

Now, Professor Dawkins has a right to profess atheism. He 
even has a right to make it intellectually fulfilling. But atheism 
is not science.
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Teaching materialistic philosophy in the guise of science

There is nothing wrong with having philosophical views. 
Everyone does, whether they admit it or not. In public education, 
however, there is a reasonable expectation that philosophy be 
clearly identified as such, and not disguised as science. Certainly 
no philosophical view of human nature should be taught as 
though it were on a par with Newtonian physics or Mendelian 
genetics. Yet that is exactly what American public schools are 
doing in biology classrooms.

As we have seen, the doctrine that evolution was undirected, 
and consequently that human existence is a mere accident, is 
rooted in materialistic philosophy rather than empirical science. 
The doctrine existed long before the meager evidence now cited 
to justify it. Since the doctrine is very influential in our culture, 
it is a good idea to teach students about it—but as philosophy, 
not science.

Yet Miller and Levine's high school textbook, Biology, 
teaches students that as they learn about "the nature of life" 
they must "keep this concept in mind: Evolution is random and 
undirected'." (emphasis in the original) College students using 
Life: The Science of Biology, by Purves, Orians, Heller and 
Sadava, read that the Darwinian world view "means accepting 
not only the processes of evolution, but also the view that... 
evolutionary change is not directed toward a final goal or state."

Campbell, Reece and Mitchell's Biology treats students to 
an interview with Richard Dawkins, who tells them: "Natural 
selection is a bewilderingly simple idea. And yet what it explains 
is the whole of life, the diversity of life, the complexity of lite, 
the apparent design of life," including human beings, "who are 
fundamentally not exceptional because we came from the same
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evolutionary source as every other species. It is natural 
selection of selfish genes that has given us our bodies and our 
brains." But our existence was not planned, because natural 
selection is the blind watchmaker, "totally blind to the future."

Students who have moved beyond introductory biology to 
study evolution in greater detail might find themselves reading 
Douglas Futuyma's textbook, Evolutionary Biology. According 
to Futuyma, Darwin's "theory of random, purposeless variations 
acted on by blind, purposeless natural selection provided a 
revolutionary new answer to almost all questions that begin 
with 'Why?'" The "profound, and deeply unsettling, implication 
of this purely mechanical, material explanation for the existence 
and characteristics of diverse organisms is that we need not 
invoke, nor can we find any evidence for, any design, goal, 
or purpose anywhere in the natural world, except in human 
behavior." (emphasis in original) Futuyma goes on to explain 
that "it was Darwin's theory of evolution, followed by Marx's 
materialistic (even if inadequate or wrong) theory of history and 
society and Freud's attribution of human behavior to influences 
over which we have little control, that provided a crucial plank 
to the platform of mechanism and materialism" that has since 
been "the stage of most Western thought."

Clearly, biology students are being taught materialistic 
philosophy in the guise of empirical science. Whatever one 
may think of materialistic philosophy, there is no doubt that it is 
being imposed on the evidence rather than inferred from it. And 
this in the real significance of neo-Darwinian efforts to revise 
the picture of horse evolution. Although there are scientific 
issues involved, what really matters is the myth.
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CHAPTER II

From Ape to Human: 
The Ultimate Icon

The most controversial aspect of Darwin's theory has 
always been its implications for human origins. Perhaps 

for this reason, Darwin did not even mention human evolution 
in The Origin of Species, except as a brief afterthought: "Much 
light will be thrown on the origin of man and his history." 
Twelve years went by before he wrote about this issue in any 
detail—in the first half of The Descent of Man and Selection in 
Relation to Sex.

According to Darwin, the origin of the human species was 
fundamentally similar to the origin of every other species. 
Human beings, he argued, are modified descendants of an 
ancestor they shared with other animals (most recently, the 
apes), and their distinctive features are due primarily (though 
not exclusively) to natural selection acting on small variations. 
Darwin's view had two implications which were (and continue 
to be) especially controversial: humans are nothing but animals, 
and they are not the preordained goal of a directed process.

But in Darwin's lifetime the evidence in favor of his theory 
was much too meager to support such sweeping claims about 
human nature. As far as Darwin knew, fossil evidence for human 
evolution had not yet been found, there was as yet no direct
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FIGURE 11-1 The ultimate icon.

Although it is widely used to show that we are just animals, and that our 
very existence is a mere accident, the ultimate icon goes far beyond 
the evidence. Such drawings are (in Stephen Jay Gould's words) 
"incarnations of concepts masquerading as neutral descriptions of 
nature."

evidence for natural selection, and the origin of variations 
was unknown.

Despite the lack of evidence, the Darwinian view of human 
origins was soon enshrined in drawings that showed a knuckle-
walking ape evolving through a series of intermediate forms 
into an upright human being. (Figure 11-1) Such drawings 
have subsequently appeared in countless textbooks, museum 
exhibits, magazine articles, and even cartoons. They constitute 
the ultimate icon of evolution, because they symbolize the 
implications of Darwin's theory for the ultimate meaning of 
human existence.

In the twentieth century, the ultimate icon seemed to acquire 
evidence it initially lacked. Numerous fossil discoveries supplied 
what appeared to be transitional links in the evolutionary chain 
leading to modern humans; experiments on peppered moths and 
other organisms seemed to provide the missing evidence natural 
selection; and geneticists thought they had the raw materials for 
evolution in DNA mutations.

Yet the evidence is not as straightforward as it appears. As 
we have seen, Kettlewell's peppered moth experiments were 
flawed, and the oscillating natural selection observed in Darwin's 
finches produces no long-term evolution. Furthermore, although 
benefical DNA mutations occur at the biochemical level, the 
widely advertised morphological mutations in four-winged fruit 
flies produce cripples, not raw materials for evolution.
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Finally, as we shall see in this chapter, interpretations of the 
fossil evidence for human evolution are heavily influenceed by 
personal beliefs and prejudices. Experts in paleoanthropology 
— the study of human origins—acknowledge that their field is 
the most subjective and contentious in all of biology—hardly 
a firm foundation for the far-reaching claims some Darwinists 
want make about human nature.

Are we (just) animals?

Darwin began The Descent of Man by reminding readers 
that "man is constructed on the same general type or model 
as other mammals." After reviewing evidence for evolution 
that he had presented in The Origin of Species—especially 
the supposed similarities between the embryos of humans and 
other vertebrates—he concluded that "man bears in his bodily 
structure clear traces of his descent from some lower form."

"My object," Darwin explained, "is to show that there is no 
fundamental difference between man and the higher animals in 
their mental faculties." He argued that all have "similar passions, 
affections, and emotions, even the more complex ones, such as 
jealousy, suspicion, emulation, gratitude, and magnanimity... 
they possess the same faculties of imitation, attention, 
deliberation, choice, memory, imagination, the association of 
ideas, and reason, though in very different degrees." Thus "the 
difference in mind between man and the higher animals, great 
as it is,certainly is one of degree and not of kind."

For Darwin, the continuity between animals and human 
extended even to morality and religion. It seemed to him "any 
animal whatever, endowed with well-marked social instincts, 
the parental and filial affections being here included, would 
inevitably acquire a moral sense or conscience, as soon as
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its intellectual powers had become as well, or nearly as well 
developed, as in man." And the "tendency in savages to imagine 
that natural objects and agencies are animated by spiritual and  
living essences," which Darwin compared to a dog's tendency 
to imagine hidden agency in things moved by the wind, "would 
easily pass into the belief in the existence of one or more gods." 
Thus the "feeling of religious devotion" is merely a higher form 
of "the deep love of a dog for his master."

There are at least three questions here. First, do human beings 
have some features in common with other animals? Second, 
did human beings acquire these features through descent with 
modification from animal ancestors? And third, are humans 
just animals? Darwin explicitly answered "yes" to the first two 
questions; and by maintaining that human morality and religion 
differ only in degree rather than kind from animal instincts, he 
implicitly answered "yes" to the third.

Some modern Darwinists write as though it was Darwin who 
showed us that we are part of the natural world. For example, 
Oxford zoologist Richard Dawkins wrote in 1989 that Darwin 
shocked "the vanity of our species" by showing that we are 
close cousins to... monkeys and apes," thus proving that "we 
are too are animals". 

But the awareness that the human body is part of nature 
was around long before Darwin. It was affirmed by thirteenth-
century Catholic theologian and philosopher Thomas Aquinas, 
who even included emotive responses among the features that 
humans share with other animals. And eighteenth-century cre-
ationist Carolus Linnaeus, who devised the modern system of 
biological classification, placed humans in the primate order 
with apes and monkeys. In other words, by answering "yes" to 
the first question Darwin wasn't saying anything new.



214 • ICONS OF EVOLUTION

Of course, the tradition represented by Aquinas maintained 
that human beings have a spiritual nature as well as an animal 
one. When Darwin implicitly answered "yes" to the third ques- 
tion, and claimed that human beings are nothing more than 
animals, he departed from this tradition. Even here, however 
Darwin wasn't saying anything new. Materialistic philosophers 
since ancient Greece had been saying the same thing.

Darwin's novel contribution was to claim that descent with 
modification accounted for all of human nature, including 
the part previously attributed to spirit. He thereby provided 
materialistic philosophy with what appeared to be scientific 
support. But before Darwin's claim could qualify as science 
rather than philosophy, it required evidence.

Finding evidence to fit the theory

Although "Neanderthal Man" had been discovered in 1856, 
he was not then regarded as an ancestor of human beings. 
According to one popular theory, his bones were different from 
those of a modern human because they had been deformed by 
disease. In any case, Darwin and his immediate followers had 
to argue for their theory without any fossil evidence for human 
evolution.

In the absence of fossil evidence, similarities between 
humans and living apes served as a proxy. In an 1863 book 
entitled Evidence as to Man's Place in Nature, Thomas Henry 
Huxley compared skeletons of apes to that of a human to show 
the gradations between them. (Figure 11-2) "But if Man be 
separated by no greater structural barrier from the brutes than 
they are from one another," wrote Huxley, "then, there would be 
no rational ground for doubting that man might have originated... 
by the gradual modification of a man-like ape [or] as a ramifica-
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tion of the same primitive stock as those apes." Huxley 
concluded: "Man is, in substance and in structure, one with the 
brutes."

The striking similarity between Huxley's illustration and the 
ultimate icon is unmistakable. Yet neither Huxley nor Darwin 
believed that living apes were our ancestors. What Huxley's 
illustration shows is that, from the very beginning, the ape-
to-human icon was simply a restatement of materialistic 
philosophy. Its form preceded any fossil evidence of ancestor-
descendant relationships, and it made do with whatever evidence 
happened to be at hand—in this case, similarities to living apes. 
Fossils discovered later were just plugged into this preexisting 
framework. Neanderthal was not initially among them. Huxley 
knew about Neanderthal, but like most of his contemporaries he 
regarded it as fully human, rather than ancestral to humans. A  
few decades later, however, after more fossils had been found, 
French paleontologist Marcellin Boule declared that Neanderthal 
was not human, and not even ancestral to humans. Instead, he 
regarded it as an extinct side branch of the evolutionary tree.

According to Boule, Neanderthals had a stooped posture, 
midway between apes and humans—the "cave man" 
image subsequently immortalized in countless cartoons. 
Paleoanthropologists are now convinced that Boule was wrong, 
and that Neanderthals walked upright just as we do. But this 
realization came later; in the early twentieth century most people 
accepted Boules interpretation, and excluded Neanderthals from 
the evolutionary line leading to human beings.

Without Neanderthal, however, there was still no fossil evi- 
dence for human origins. Where were the ancestors required by 
Darwin's theory? Dutch anatomist Eugene Dubois had found 
some fossil bones in Java in the 1890s, but his claim that "Java 
Man" was intermediate between apes and humans was widely
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disputed. It wasn't until 1912 that amateur paleontologist 
Charles Dawson announced that he had found what everyone 
was looking for, in a gravel pit at Piltdown, England.

The Piltdown fraud 

Dawson had found some pieces of human skull and part of 
an ape-like lower jaw with two teeth. He took them to Arthur 
Smith Woodward at the British Museum, who reconstructed an 
entire skull from the fragments and reported the discovery to 
the Geological Society of London in December 1912. Although 
some paleontologists were skeptical, subsequent discoveries at 
the same site seemed to confirm Smith Woodward's conclusion 
that "Dawson's Dawn Man" was the missing link needed to 
confirm evolutionary theory.

That theory, as understood in 1912, predicted that the 
ancestor of human beings would have a large brain and an ape-
like jaw. The Piltdown specimen fit the prediction so well that 
nobody checked closely to determine whether the skull and jaw 
fragments belonged to the same individual. Smith Woodward's 
reconstruction was at first disputed, but then widely accepted, and 
for several decades all newly discovered fossils were interpreted 
in the light "Piltdown Man." Only after several fossils had been 
found that couldn't be shoehorned into the existing theory did 
ideas about human origins begin to change. Then, having already 
lost much of lts iconic status, Piltdown was exposed as a fraud. 
In 1953 Joseph Weiner, Kenneth Oakley, and Wilfrid Le Gros 
Clark proved that the Piltdown skull, though perhaps thousands 
years old, belonged to a modern human, while the jaw fragment 
more recent, and belonged to a modern orangutan. The jaw had 
been chemically treated to make it look like a fossil and its teeth 
had been deliberately filed down to make them
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look human. Weiner and his colleagues concluded that 
Piltdown man was a forgery.

Most modern biology textbooks do not even mention Piltdown. 
When critics of Darwinism bring it up, they are usually told that 
the incident merely proves that science is self-correcting. And 
so it was, in this case—though the self-correcting took over 
forty years. But the more interesting lesson to be learned from 
Piltdown is that scientists, like everyone else, can be fooled into 
seeing what they want to see.

The features that pointed to fraud in 1953 had been there all 
along. As paleoanthropologist Roger Lewin wrote recently: 
"Given all the many anatomical incongruities in the Piltdown 
remains, which of course are glaringly obvious from the vantage 
of the present, it is truly astonishing that the forgery was so 
eagerly embraced." Thus "the real interest of Piltdown" is "how 
those who believed in the fossil saw in it what they wanted to 
see." And according to historian of biology Jane Maienschein, 
Piltdown shows us "how easily susceptible researchers can be 
manipulated into believing that they have actually found just 
what it was they had been looking for."

Many human-like fossils have been found since 1912, 
and unlike Piltdown they appear to be genuine. Some have 
distinctively ape-like features, while others are more human-
like. But even genuine fossils that bear on human origins have 
typically been so controversial that in 1970 British anthropologist 
John Napier called them "bones of contention." And each new 
discovery seems to add to the problem rather than alleviate 
it. In 1982 American paleontologists Niles Eldredge and Ian 
Tattersall noted that it is a "myth that the evolutionary histories 
of living things are essentially a matter of discovery." If this 
were really true, they wrote, "one could confidently expect that
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as more hominid fossils were found the story of human 
evolution would become clearer. Whereas if anything, the 
opposite has occurred."

There are at least two reasons for this. One is that the fossil 
evidence leaves a lot of room for interpretation. The other is that 
the subjectivity that prepared the way for Piltdown continues to 
plague human origins research.

How much can the fossils show us?

The fossil evidence is open to many interpretations because 
individual specimens can be reconstructed in a variety of 
ways, and because the fossil record cannot establish ancestor-
descendant relationships.

One famous fossil skull, discovered in 1972 in northern 
Kenya, changed its appearance dramatically depending on how 
the upper jaw was connected to the rest of the cranium. Roger 
Lewin recounts an occasion when paleoanthropologists Alan 
Walker, Michael Day, and Richard Leakey were studying the 
two sections of "skull 1470." According to Lewin, Walker said: 
"You could hold the [upper jaw] forward, and give it a long face, 
or you could tuck it in, making the face short.... How you held it 
really depended on your preconceptions. It was very interesting 
watching what people did with it." Lewin reports that Leakey 
recalled the incident, too: "Yes. If you held it one way, it looked 
like one thing; if you held it another, it looked like something 
else."

Just recently, National Geographic magazine commissioned 
four artists to reconstruct a female figure from casts of seven 
fossil bones thought to be from the same species as skull 1470. 
One artist drew a creature whose forehead is missing and whose 
jaws look vaguely like those of a beaked dinosaur. Another artist
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drew a rather good-looking modern African-American woman 
with unusually long arms. A third drew a somewhat scrawny 
female with arms like a gorilla and a face like a Hollywood 
werewolf. And a fourth drew a figure covered with body hair 
and climbing a tree, with beady eyes that glare out from under 
a heavy, gorilla-like brow.

This remarkable set of drawings shows clearly how a single 
set of fossil bones can be reconstructed in a variety of ways. 
Someone looking for an intermediate form to plug into an ape-
to-human sequence could pick whichever drawing seems to 
fit best. (Not surprisingly, the strongly pro-Darwin National 
Geographic buried these revealing drawings on an unnumbered 
page among the advertisements at the back of the magazine.)

Another reason why fossils have not solved the problem of 
human origins is the difficulty or impossibility of determining 
ancestor-descendant relationships from the fossil record. 
In 1981 Constance Holden wrote in Science: "The primary 
scientific evidence is a pitifully small array of bones from which 
to construct man's evolutionary history. One anthropologist has 
compared the task to that of reconstructing the plot of War and 
Peace with 13 randomly selected pages."

Henry Gee, Chief Science Writer for Nature, is even more 
pessimistic. "No fossil is buried with its birth certificate," he 
wrote in 1999, and "the intervals of time that separate fossils 
are so huge that we cannot say anything definite about their 
possible connection through ancestry and descent." It's hard 
enough, with written records, to trace a human lineage back 
a few hundred years. When we have only a fragmentary fossil 
record, and we're dealing with millions of years—what Gee 
calls "Deep Time"—the job is effectively impossible.
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Gee regards each fossil as "an isolated point, with no 
knowable connection to any other given fossil, and all float 
around in an overwhelming sea of gaps." He points out, for 
example, that all the evidence for human evolution "between 
about 10 and 5 million years ago—several thousand generations 
of living creatures—can be fitted into a small box." Thus the 
conventional picture of human evolution as lines of ancestry 
and descent is "a completely human invention created after 
the fact, shaped to accord with human prejudices." Putting it 
even more bluntly, Gee concludes: "To take a line of fossils and 
claim that they represent a lineage is not a scientific hypothesis 
that can be tested, but an assertion that carries the same validity 
as a bedtime story—amusing, perhaps even instructive, but not 
scientific."

If individual fossils lend themselves to such varied 
interpretations, however, and evolutionary history cannot be 
reconstructed from the fossil record, where do stories of human 
evolution come from?

Paleoanthropology: science or myth?

At a meeting of the British Association for the Advancement 
of Science in the early 1980s, Oxford historian John Durant 
asked: Could it be that, like 'primitive' myths, theories of 
human evolution reinforce the value-systems of their creators 
by reflecting historically their image of themselves and of the 
society in which they live?" Durant later wrote that "it is surely 
worth asking whether ideas about human evolution might serve 
essentially similar functions in both pre-scientific and scientific 
cultures.... Time and again, ideas of human origins turn out on 
closer examination to tell us as much about the present as the 
past, and as much about our own experiences as about those of
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our remote ancestors." Durant concluded: "As things stand at 
the present time, we are in urgent need of the de-mythologisation 
of science."

A few years later, Duke University anthropologist Matt 
Cartmill told a meeting of the American Association of Physical 
Anthropologists that some aspects of their science lay "within 
the province of ideology and religion, broadly defined." As 
reported by science writer Roger Lewin, many anthropologists 
reacted to this with something like the following: "Well, I guess 
in the early days people's work used to be affected by this sort 
of thing—ideology, mythology, and so on—but not now; not 
now that anthropology is really scientific." (emphasis in the 
original) Cartmill's response was unyielding: "This tendency 
to rescue scientific appearances by evading the mythological 
point of our science has distorted paleoanthropological thought 
through most of the twentieth century."

At  Yale Graduate School in the late 1970s, paleoanthropologist 
Misia Landau was struck by the similarity between accounts 
of human evolution and old-fashioned folk tales. In a 1991 
book on the subject, Narratives of Human Evolution, she 
maintained that many "classic texts in paleoanthropology" were 
"determined as much by traditional narrative frameworks as by 
material evidence." The typical framework was that of a folktale 
in which a hero (i.e., our ancestor) leaves a relatively safe haven 
in the trees, sets out on a dangerous journey, acquires various 
gifts, survives a series of tests, and is finally transformed into a 
true human being.

According to Landau, when paleoanthropologists want to 
explain what really happened in human evolution they use 
four main events. These are: moving from trees to the ground, 
developing upright posture, acquiring intelligence and language, 
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and developing technology and society. Although Landau 
found these four elements in all accounts of human evolution, 
their order varied depending on the viewpoint of the narrator. She 
concluded that "themes found in recent paleoanthropological 
writing... far exceed what can be inferred from the study of 
fossils alone and in fact place a heavy burden of interpretation on 
the fossil record—a burden which is relieved by placing fossils 
into preexisting narrative structures." Paleoanthropologists, in 
other words, are storytellers.

The mythical elements in the study of human origins are still 
there. In 1996 American Museum of Natural History Curator 
Ian Tattersall acknowledged that "in paleoanthropology, 
the patterns we perceive are as likely to result from our 
unconscious mindsets as from the evidence itself." Arizona 
State University anthropologist Geoffrey Clark echoed this 
view in 1997 when he wrote that "we select among alternative 
sets of research conclusions in accordance with our biases and 
preconceptions—a process that is, at once, both political and 
subjective." Clark suggested "that paleoanthropology has the 
form but not the substance of a science."

Given the highly subjective nature of paleoanthropology—
as acknowledged by its own practitioners—what can the field 
reliably tell us about human origins?

What do we know about human origins?

Obviously, the human species has a history. Many fossils 
have been found that appear to be genuine, and many of them 
have some features that are ape-like and some that are human-
like. On these statements, all paleoanthropologists would no 
doubt agree.
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When it comes to reconstructing entire individuals or the 
history of human evolution, however, agreement is hard to 
find. One area of disagreement is how many species of human-
like apes or ape-like humans co-existed at any given moment. 
The "lumpers" tend to group all specimens into one or a few 
species, while the "splitters" divide them into many more. Even 
if agreement were to be reached on which specimens represent 
separate species, there would still be the question of whether 
they are ancestors of modern humans or extinct side-branches 
of the evolutionary tree. Disagreement also continues between 
the "Out of Africa" camp, which maintains that modern humans 
first evolved in Africa and then spread throughout the world, 
and the "Multiregional" camp, which argues that our species 
evolved in many places simultaneously.

Currently in the news is the never-ending controversy 
over Neanderthals. Were they our ancestors? Were they a 
separate species, now extinct? Or were they a race of humans, 
eventually absorbed into our modern global family? Almost 
every month, a proponent of one view or another takes to the 
print media or the airwaves, declaring the matter settled. Wait 
a few months, however, and someone will probably say the 
opposite with equal confidence. In 1995 science writer James 
Shreeve reported that he had "talked to one hundred and fifty 
scientists—archaeologists, anatomists, geneticists, geologists, 
dating experts—and sometimes it seemed I had come away 
with one hundred and fifty different points of view" about the 
place of Neanderthals in human evolution. Any theory about 
Neanderthals is like the weather in many parts of the country: If 
you don't like it, wait a little while and it will change.

Anyone who follows these controversies for any length of 
time is likely to become somewhat cynical about the prospects
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for resolving them. In 1996 Berkeley evolutionary biologist 
F. Clark Howell wrote: "There is no encompassing theory of 
[human] evolution... Alas, there never really has been." The 
field is characterized by "narrative treatments" based on little 
evidence, so "it is probably true that an encompassing scenario" 
of human evolution "is beyond our grasp, now if not forever."

Howell's pessimism was echoed by Arizona State University 
anthropologist Geoffrey Clark in 1997: "Scientists have been 
trying to arrive at a consensus about modern human origins for 
more than a century. Why haven't they been successful?" In 
Clark's opinion, it is because paleoanthropologists proceed from 
such different "biases, preconceptions and assumptions." Thus 
explanatory models of human evolution, according to Clark, 
"are little more than a house of cards—remove one card... and 
the whole structure of inference is threatened with collapse."

The general public is rarely informed of the deep-seated 
uncertainty about human origins that is reflected in these 
statements by scientific experts. Instead, we are simply fed the 
latest version of somebody's theory, without being told that 
paleoanthropologists themselves cannot agree over it. And 
typically, the theory is illustrated with fanciful drawings of cave 
men, or human actors wearing heavy makeup.

Add to these visual effects some "just-so" stories about the 
hypothetical adaptive value of descending from the trees, or 
of learning how to use tools, or of switching from hunting to 
agriculture, and the account is complete. Popular presentations 
of this sort can be found in the "Dawn of Humans" series in 
National Geographic magazine, occasional cover stories in 
Time or Newsweek, and periodic television specials on the 
Discovery Channel. Such presentations typically mention a few 
minor disagreements among paleoanthropologists, but the
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public is rarely told that the fossils have been placed into 
"preexisting narrative structures" or that the story they are 
hearing rests on "biases, preconceptions and assumptions." It 
seems that never in the field of science have so many based so 
much on so little.

Woven into the mythical accounts of human evolution is 
usually the message that we are nothing more than animals. Yet 
the message was around long before the meager evidence that is 
now plugged into the narratives to make them sound scientific. 
Whether the ultimate icon is presented in the form of a picture 
or a narrative, it is old-fashioned materialistic philosophy 
disguised as modern empirical science.

And the claim that humans are mere animals is not the only 
philosophical pill we are expected to swallow. Since the 1970s, 
the ultimate icon has increasingly been used to promote the 
doctrine that evolution was undirected, and that our existence is 
a mere accident.

Concepts masquerading as neutral descriptions of nature

One of the most vocal critics of directed evolution has 
been Harvard paleontologist Stephen Jay Gould. In fact, the 
epigraph that introduces this book was taken from Gould's 
critique of "the iconography of progress" in his 1989 book, 
Wonderful Life. When Gould alerts his readers to "the evocative 
power of a well-chosen picture," and warns them that "ideas 
passing as descriptions lead us to equate the tentative with the 
unambiguously factual," his eloquence is aimed at the idea of 
goal-oriented evolution.

As might be expected, Gould rejects the old "ladder of  
progress" image that Simpson had found unacceptable in the 
idea of orthogenesis. Surprisingly, however, Gould also rejects 
the branching-tree pattern which Simpson put in its place. Gould 
calls Darwin's branching tree the "cone of increasing diversity,"
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and argues that it misrepresents the history of life. That 
history, according to Gould, is characterized by maximal 
diversity early on (in the Cambrian explosion), followed later 
by "decimation"  as various lineages become extinct. So Gould 
replaces both the ladder and the cone of increasing diversity 
with the "iconography of decimation ".

Gould argues that the fact of extinction is the most powerful 
antidote to the poisonous idea of progress. In his view, 
extinctions are accidents that demonstrate the fundamental 
"contingency" of evolution. If we could "replay the tape" of life's 
history, we would find that it never tells the same story twice. 
The contingency and irreproducibility of evolution destroy any 
notion of "human inevitability and superiority," and teach us 
that we are mere accidents.

But how does Gould know that extinctions are accidents? 
On the basis of fossil evidence, how could he possibly know? 
Clearly, it takes more than a pattern in the fossil record to 
answer sweeping questions about direction and purpose—
even if we knew for sure what those patterns are. And even if 
extinctions are accidents, does that rule out the possibility that 
evolution is goal-oriented? Everyone's death is contingent; does 
that make everyone's birth and life an accident? The continued 
existence of the human species is contingent on many things: 
That we don't blow ourselves up with nuclear weapons, that 
the earth isn't struck by a large asteroid, and that we don't 
poison our environment, among other things. But it doesn't 
follow that our very existence is an accident, or that human 
life is purposeless. Canadian philosopher of biology Michael 
Ruse recently criticized the tendency of Gould and others to use 
biological evolution as a platform for sermonizing about the 
meaning of human existence. "If people want to make a religion 
of evolution, that is their business," Ruse wrote, but "we should
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recognize when people are going beyond the strict science, 
moving into moral and social claims, thinking of their theory 
as an all-embracing world picture. All too often, there is a slide 
from science to something more."

Ruse is what might be called a moderate or self-critical 
Darwinist. He calls himself "an ardent evolutionist," yet he 
objects when "evolution is promoted by its practitioners as more 
than mere science. Evolution is promulgated as an ideology, a 
secular religion."

So Gould's sermons on contingency, like the materialistic 
views of Darwin, Huxley, Simpson, Monod, and Dawkins, are 
based on personal philosophy, not empirical evidence. Although 
Gould has the same right as everyone else to express his 
views, they should not be taught as though they were science. 
Nevertheless, like the philosophical views of Richard Dawkins, 
Gould's are now featured in some biology textbooks. Raven and 
Johnson's 1999 Biology includes an interview with Gould, who 
declares: "Humans represent just one tiny, largely fortuitous, 
and late-arising twig on the enormously arborescent bush of 
life."

Like so many other things we have encountered, this is not 
science, but myth.



CHAPTER 12

Science or Myth?

No educated person any longer questions the validity of 
the  so-called theory of evolution, which we now know 

to be a simple fact" announced Ernst Mayr in the July 2000 
issue of Scientific American. Mayr continued: "Likewise, most 
of Darwin's particular theses have been fully confirmed, such as 
that of common descent, the gradualism of evolution, and his 
explanatory theory of natural selection." Ask any educated person 
how we know that evolution is a simple fact, and that Darwin's 
particular theses have been fully confirmed, and chances are 
that person will list some or all of the icons described in this 
book. For most people—including most biologists—the icons 
are the evidence for Darwinian evolution. As we have seen, 
however, the icons of evolution misrepresent the evidence. One 
icon (the Miller-Urey experiment) gives the false impression 
that scientists have demonstrated an important first step in the 
origin of life. One (the four-winged fruit fly) is portrayed as 
though it were raw materials for evolution, but it is actually 
a hopeless cripple—an evolutionary dead end. Three icons 
(vertebrate limbs, Archaeopteryx, and Darwin's finches) show 
actual evidence but are typically used to conceal fundamental
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problems in its interpretation. Three (the tree of life, fossil 
horses and human origins) are incarnations of concepts 
masquerading as neutral descriptions of nature. And two icons 
(Haeckel's embryos, and peppered moths on tree trunks) are 
fakes.

People such as Ernst Mayr insist that there is overwhelming 
evidence for Darwin's theory. But the icons of evolution have 
been advertised for years as the best evidence we have. Even 
most evolutionary biologists think so. After all, until very 
recently Douglas Futuyma did not doubt Haeckel's embryos, 
and Jerry Coyne did not doubt peppered moths. If there is such 
overwhelming evidence for Darwinian evolution, why do our 
biology textbooks, science magazines and television nature 
documentaries keep recycling the same tired old myths?

There is a pattern here, and it demands an explanation. 
Instead of continually testing their theory against the evidence, 
as scientists are supposed to do, some Darwinists consistently 
ignore, explain away, or misrepresent the biological facts in 
order to promote their theory. One isolated example of such 
behavior might be due simply to overzealousness. Maybe even 
two. But ten? Year after year?

Before turning to the implications of this pattern, it is 
important to remind ourselves that most ordinary biologists 
have never noticed it. Most biologists are honest, hard-working 
scientists who insist on accurate presentation of the evidence, 
but who rarely venture outside of their own fields. The truth 
about the icons of evolution will surprise them as much as it 
surprises everyone else. Many of these biologists believe in 
Darwinian evolution because that's what they learned from their 
textbooks. In other words, they have been misled by the same 
misrepresentations that have fooled the general public.
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These biologists suffer from the "specialist effect"—their 
expertise is limited to a particular field. A few years ago, 
Berkeley law professor and Darwin critic Phillip E. Johnson 
was discussing evolution with a well-known cell biologist. 
The biologist insisted that Darwinian evolution is generally 
true, but acknowledged that it could not explain the origin 
of the cell. "Has it occurred to you," Johnson said, "that the 
cell is the only thing you know anything about?"—suggesting 
that if he knew more about other fields he would realize that 
Darwinian evolution doesn't work in them, either. Thus it is 
with many biologists: They realize that Darwinian evolution 
cannot adequately explain what they know in their own field, 
but assume that it explains what they don't know in others.

So even though most biologists might consider themselves 
Darwinists, in many cases it is only because they believe what 
their more dogmatic colleagues are telling them. How about 
the dogmatists themselves? Can they also claim to be innocent  
victims of the specialist effect? Or is something else going on?

The "F" word 

Fraud is a dirty word. In their 1982 book, Betrayers of the 
Truth: Fraud and Deceit in the Halls of Science, William Broad 
and Nicholas Wade distinguish between deliberate fraud and 
unwitting self-deception. Conscious faking of data is an example 
of the former, but is relatively rare. Unconscious manipulation 
of data by researchers convinced that they already know the 
truth is an example of the latter, and is much more common. 
There is a continuum between fraud and self-deception, and 
most cases of misrepresentation fall somewhere between them.

Some textbook-writers, such as Douglas Futuyma, may not 
even know that one or more of the icons of evolution are false.
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Futuyma might reasonably be criticized for his ignorance— 
especially since he is supposed to be an expert on this subject—
but ignorance is not conscious misrepresentation.

What about Stephen Jay Gould, a historian of science who has 
known for decades about Haeckel's faked embryo drawings? All 
that time, students passing through Gould's classes were learning 
biology from textbooks that probably used Haeckel's embryos 
as evidence for evolution. Yet Gould did nothing to correct the 
situation until another biologist complained about it in 1999. 
Even then, Gould blamed textbook-writers for the mistake, and 
dismissed the whistle-blower (a Lehigh University biochemist) 
as a "creationist." Who bears the greatest responsibility here— 
textbook-writers who mindlessly recycle faked drawings, 
people who complain about them, or the world-famous expert 
who watches smugly from the sidelines while his colleagues 
unwittingly become accessories to what he himself calls the 
"academic equivalent of murder"?

The revelation that the peppered moth story is flawed came 
only recently compared to the truth about Haeckel's embryos, so 
perhaps some textbook-writers can be excused for continuing to 
use it. Yet every biologist who works on peppered moths has 
known for over a decade that the moths don't rest on tree trunks, 
and that the textbook pictures have been staged. If science is 
self-correcting, why haven't the experts taken the initiative to 
get the faked photos out of the textbooks?

What about textbook-writers who know they are distorting the 
truth? As we saw in the chapter on peppered moths, Canadian 
Bob Ritter (assuming he was correctly quoted in the Alberta 
Report Newsmagazine) knowingly included staged pictures in 
his biology textbook. "How convoluted do you want to make it 
for a first time learner?" Ritter asked. "We want to get across the
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idea of selective adaptation." Ritter knew he was 
misrepresenting the truth, but defended his action on the grounds 
that he was illustrating a basic principle. Is it legitimate to 
illustrate a principle—even a true principle—with an icon known 
to be false? Do hidden convictions justify open falsehoods? 
When paleontologists published the official description of 
Bambiraptor in March 2000, they decorated the animal with 
imaginary feathers. They knew that these structures had not 
been found with the fossil, yet the only indication of this in their 
publication was an obscure phrase in a figure caption. When a 
Chinese fossil dealer glues together two different skeletons to 
make them look like one animal, he is committing fraud. When 
paleontologists put feathers on a dinosaur to make it look like a 
bird, does an obscure disclaimer make their action much better?

These are difficult questions, with potentially serious 
consequences for biologists. What should be our guidelines in 
answering them?

Scientific misconduct and stock fraud

According to Harvard biologist Louis Guenin, U.S. securities 
laws provide "our richest source of experiential guidance" in 
defining what constitutes scientific misconduct. "The pivotal 
concept here is candour," wrote Guenin in Nature in 1999, "the 
attribute on a given occasion of not uttering anything that one 
believes false or misleading. We describe breaches of candour 
as deception." Guenin continued: "An investigator induces and 
betrays a listener's trust by signalling 'I believe it' while believing 
a false utterance fake or a misleading omission misleading." As 
we saw, the average beak size in one species of Darwin's finches 
increased 5 percent during a severe drought, and the
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authors of a National Academy of Sciences booklet claimed 
that "if droughts occur about once every ten years on the islands, 
a new species of finch might arise in only about 200 years." Yet 
the authors of the booklet omitted the fact that the average beak 
size returned to normal after the drought ended. Berkeley law 
professor Phillip E. Johnson called this "the sort of distortion 
that would land a stock promoter in jail."

If security laws provide our best guidance in determining 
scientific misconduct, the analogy is appropriate. A stock 
promoter who tells his clients that a particular stock can be 
expected to double in value in twenty years because it went 
up 5 percent in 1998, but conceals the fact that the same stock 
declined 5 percent in 1999, might well be charged with fraud. 
U.S. securities laws prescribe severe penalties for anyone 
who deliberately misstates or omits material facts in securities 
transactions.

What about scientists who knowingly make false utterances 
or misleading omissions but believe the overall effect is not 
misleading because they are teaching "a deeper truth"? Does 
the commitment to a supposed deeper truth excuse conscious 
misrepresentation? Such an excuse probably wouldn't help 
a stock promoter. Under federal law, a stock promoter is not 
justified in misstating the facts just because he or she deeply 
believes that a company is destined to prosper. The stock 
promoter commits fraud by misrepresenting the truth, regardless 
of his or her underlying beliefs. Shouldn't scientists be held to 
the same standard? 

Fraud is a dirty word, and it should not be used lightly. In the 
cases described in this book, dogmatic promoters of Darwinism 
did not see themselves as deceivers. Yet they seriously distorted 
the evidence—often knowingly. If this is fraud when a stock 
promoter does it, what is it when a scientist does it? 

Of course, there are differences between the stock markets 
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and the scientific enterprise. But science is the search for 
truth, so if anything it should be held to a higher standard than 
stocktrading. If icons of evolution distort the truth, we should 
not be using them to teach biology to impressionable students. 
Yet some dogmatic Darwinists have exploited their evocative 
power to a degree that would make demagogues and advertising 
executives blush.

This is not what we have been led to expect from scientists. 
Although we are now accustomed to spin doctors in politics and 
advertising, we rightly hold scientists to a higher standard of 
honesty. The promoters of the icons of evolution style themselves 
as defenders of the truth, besieged (at least in America) by 
the dark forces of ignorance and religious fundamentalism. 
Apparently, they are not what they pretend to be.

If dogmatic promoters of Darwinian evolution were merely 
distorting the truth, that would be bad enough. But they haven't 
stopped there. They now dominate the biological sciences in the 
English-speaking world, and use their position of dominance to 
censor dissenting viewpoints.

Darwinian censorship

As we saw in Kevin Padian's "cracked ketde" approach to 
biology, dogmatic Darwinists begin by imposing a narrow 
interpretation on the evidence and declaring it to be the only 
way to do science. Critics are then labeled unscientific; their 
articles are rejected by mainstream journals, whose editorial 
boards are dominated by the dogmatists; the critics are denied 
funding by government agencies, who send grant proposals to 
the dogmaists for "peer" review; and eventually the critics are 
hounded out of the scientific community altogether.

In the process, evidence against the Darwinian view simply 
disappears, like witnesses against the Mob. Or the evidence is
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buried in specialized publications, where only a dedicated 
researcher can find it. Once critics have been silenced аnd 
counter-evidence has been buried, the dogmatists announce that 
there is no scientific debate about their theory, and no evidence 
against it. Using such tactics, defenders of Darwinian orthodoxy 
have managed to establish a near-monopoly over research 
grants, faculty appointments, and peer-reviewed journals in the 
United States.

In April 2000 a furor erupted at Baylor University in Texas 
over the right of academics to dissent from Darwinian orthodoxy. 
The Michael Polanyi Center, named after a noted philosopher 
of science, had been established six months earlier by the 
University administration to promote research on the conceptual 
foundations of science. When the Center sponsored a major 
international conference (numbering among its participants 
two Nobel laureates), all hell broke loose, because the faculty 
learned that the Center's director, William Dembski, was openly 
critical of Darwinian evolution.

The Baylor Faculty Senate immediately voted to shut down 
the Michael Polanyi Center, complaining that the university's 
president, Robert Sloan, had failed to get their approval before 
opening it. But Sloan pointed out that other centers had been 
created in the same way during and before his administration, and 
maintained that the real issue was whether "the old paradigms— 
Darwinism and neo-Darwinism—can be challenged." Professor 
Jay Losey, chair-elect of the Faculty Senate, confirmed Sloan's 
assessment: "If you dismiss or belittle evolution," he said, "then 
you call into question the whole endeavor of modern science." 
Baylor University spokesman Larry Brumley found it ironic 
that faculty members who claim to defend academic freedom 
were denying it in this case, and called their effort to close the
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Center a form of censorship." Sloan said it "borders on 
McCarthyism." As of this writing, the future of the Michael 
Polanyi Center at Baylor is uncertain. 

Dogmatic defenders of Darwinian evolution control not only 
most American universities, but they also wield enormous power 
over most public school systems. Kevin Padian is president of 
the ironically misnamed National Center for Science Education 
(NCSE), which pressures local school districts to prohibit 
classroom challenges to Darwinian evolution. (The executive 
director of the NCSE was a co-author of the National Academy's 
1998 booklet on evolution that included the sort of distortion 
that would land a stock promoter in jail.) In 1999, when a 
school district near Detroit wanted to put some books critical 
of Darwinism in the high school library, the NCSE strongly 
advised them against it.

The NCSE tells school boards that "evolution isn't scientifi-
cally controversial," so "arguments against evolution" are "code 
words for an attempt to bring non-scientific, religious views 
into the science curriculum." Since U.S. courts have declared it 
unconstitutional to teach religion in public schools, this amounts 
to a warning that the school board is contemplating something 
illegal. If the warning doesn't work, the NCSE calls on the 
American Civil Liberties Union (ACLU) for backup, and the 
ACLU sends a letter to the school board threatening an expense 
lawsuit. Since every school district in the country is already 
struggling to make ends meet, this bullying by the NCSE and 
ACLU has been quite successful in blocking overt criticism of 
darwinian evolution in public school classrooms.

In Burlington, Washington, high-school biology teacher 
Roger DeHart taught evolution for years, but supplemented his 
pro-Darwinian textbook with material criticizing Darwinian
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evolution from the perspective of "intelligent design theory." 
In 1997 the ACLU wrote a letter to the local school board 
threatening legal action on the grounds that intelligent design 
theory is religious rather than scientific. DeHart withdrew the 
disputed materials, but requested permission to provide others 
dealing with scientific problems in Darwin's theory.

After extended negotiations, DeHart submitted for approval 
several articles from mainstream science publications. The 
articles question the scientific accuracy of Haeckel's embryos 
and the peppered moth story, both of which were presented 
uncritically in the textbook DeHart was required to use. In May 
2000, under pressure from local ACLU members, Burlington 
school officials prohibited DeHart from using the articles. 
Despite its name, the ACLU did not object to this egregious 
act of censorship, apparently less concerned with defending 
civil liberties than with shielding Darwinian orthodoxy from 
criticism.

In 1999, when the Kansas State Board of Education was 
considering new statewide curricular standards, the strongly pro-
Darwin members of a writing committee proposed a ninefold 
increase in the coverage of evolution compared to the 1995 
standards. They demanded that biological evolution be made 
one of the "unifying concepts and processes" of science, on a 
par with such basic categories as "organization," "explanation", 
"measurement," and "function." They also wanted students 
to "understand" that large-scale evolutionary changes are 
explained by natural selection and genetic changes.

The Kansas Board increased the treatment of evolution 
five-fold over the previous standards, but rejected the writing 
committee's demand to install biological evolution as a unifying 
concept of science. Some Board members wanted to include the 
Darwinian explanation for large-scale evolution as long as
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students were exposed to evidence against it; but when pro-
Darwin Board members refused to agree to this, the topic was 
omitted. Dissatisfied with the outcome, the Darwinists informed 
the major news media that the Board had eliminated evolution 
entirely. Some news reports even claimed—falsely—that 
Kansas had prohibited the teaching of evolution or mandated 
the teaching of biblical creationism.

In the national outcry that followed, Herbert Lin of the 
National Research Council (an affiliate of the National Academy 
of Sciences) wrote to Science suggesting that American colleges 
and universities should declare "their refusal to count as an 
academic subject any high school biology course taught in 
Kansas." The following month, Scientific American editor John 
Rennie recommended that college admissions committees tell 
Kansas school officials that "the qualifications of any students 
applying from that state in the future will have to be considered 
very carefully. Send a clear message to the parents in Kansas 
that this bad decision carries consequences for their children." 
Apparently, for Lin and Rennie, the need to enforce Darwinian 
orthodoxy justifies the academic equivalent of holding children 
hostage.

The truth is that a surprising number of biologists quietly doubt 
or reject some of the grander claims of Darwinian evolution. 
But—at least in America—they must keep their mouths shut 
or risk condemnation, marginalization, and eventual expulsion 
from the scientific community. This happens infrequently, 
but often enough to remind everyone that the risk is real. 
Even so, there is a growing underground of biologists who 
are disenchanted with the Darwinists' censorship of opposing 
viewpoints. When isolated dissidents begin to realize how many 
of their colleagues feel the same way, more and more of them 
will begin to speak out.



240 • ICONS OF EVOLUTION

Ideally, biologists will then begin to clean their own house. 
Although the National Academy of Sciences has published 
booklets on evolution that blatantly misrepresent the truth, this 
does not mean that most of its members approve of concealing 
and distorting scientific evidence. It seems more likely that a 
relatively small faction in the National Academy—albeit with 
the approval of its current president, textbook-writer Bruce 
Alberts—has exploited the Academy's reputation to propagate 
Darwinian dogma. Once the distinguished scientists who make 
up the National Academy realize what is being done in their 
names, they will presumably take steps to correct the abuse.

But they might not. All Americans—including those in 
the National Academy of Sciences—are guaranteed the right 
to believe and speak as they choose. Scientists would be 
completely within their constitutional rights if they chose to 
continue supporting the present Darwinian establishment and 
its distortions of the truth. Unless they have your consent, 
however, they are not entitled to do it with your money.

It's your money

If you are a U.S. taxpayer, most of the financial support for 
the Darwinian establishment and its censorship of opposing 
viewpoints comes out of your pocket. The vast majority of 
research done by Darwinists in the United States is funded by 
agencies of the Federal Government, primarily the National 
Institutes of Health (NIH) and the National Science Foundation 
(NSF); and much of the funding for origin-of-life research 
comes from the National Aeronautics and Space Administration 
(NASA).

The year 2000 budget for the NIH was almost $18 billion; for 
the NSF, almost $4 billion; and for NASA, more than
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$13 billion. Much of this $35 billion went to legitimate 
research on other issues, but a significant chunk of it went to 
research on Darwinian evolution. Unfortunately, it may be 
difficult for American taxpayers to determine exactly how 
much of their money is spent on such research. According to 
evolutionary biologist Douglas Futuyma, it has been "rumored 
that the National Science Foundation, sensitive to scrutiny 
by congressional watchdogs, has recommended that the 
word 'evolution' not be used in the titles of abstracts of grant 
applications."

Whether or not this rumor is true, there is no question that 
you are paying for most of the Darwinian research done in the 
United States. If you doubt this, simply pick up a biology journal 
at a university library, find some articles dealing with evolution, 
and turn to their acknowledgments. Most articles on evolution 
published by Americans acknowledge financial support from 
the NIH, NSF, or NASA.

Of course, research—even research on evolution—is not a 
bad thing. But as we saw in several of the icons of evolution, 
data are frequently claimed to support evolutionary theory even 
when they contradict it. If an article in a mainstream journal 
reports evidence inconsistent with Darwinian evolution, chances 
are that the authors explain it away and defend the orthodox 
position anyway—otherwise, their article might never have 
been published. And they're doing it with your money.

Tax dollars support not only journal articles, but also the 
teaching careers of the people who write them. The next time 
you see a recent issue of Science, pick it up and flip through the 
job ads in the back. Most applicants for college biology teaching 
jobs in the United States are expected to have (or be able to 
get) "extramural" or "external" funding in the form of research 
grants, most of which come from the U.S. government. Once
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the applicant is hired, the institution takes a thick slice of 
the pie to subsidize its own expenses. These are the schools 
where future biologists are being taught falsehoods and circular 
reasoning in the guise of science. Even if you don't have college-
age children, your taxes are supporting these institutions and 
the dogmatic Darwinists who teach in them.

Federal support for research and teaching is not the only 
way you are compelled to support what amounts to a massive 
indoctrination campaign by dogmatic Darwinists. Through your 
state and local taxes, you are paying for a state university system, 
local community colleges, and public schools, all of which are 
teaching the icons of evolution as though they were facts. If 
you doubt this, go look at their textbooks. High school biology 
books generally cost over $40 apiece, because they include lots 
of full-color pictures. Now that you've read the truth about the 
icons of evolution, stop by your local high school sometime and 
see how your tax dollars are working for you.

If you are putting a son or daughter through college, some of 
your money may also be paying for college biology textbooks, 
most of which cost over $75 apiece. If those textbooks deal 
with, evolution, you can bet that they contain at least some of the 
icons described in this book. When you add up federal and state 
tax support for research and teaching, state and local money 
spent on biology textbooks, and family support for students, 
you can see that the Darwinian establishment is receiving tens 
of billions of dollars annually from the American people.

What can you do about it? 

If you object to supporting dogmatic Darwinists that 
misrepresent the truth to keep themselves in power, there may 
be things you can do about it. One possibility is to call for
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congressional hearings on the way federal money is 
distributed by the NIH, the NSF, and NASA. When Harvard 
biologist Louis Guenin wrote that "we describe breaches of 
candour as deception," he also wrote that "the government might 
reasonably assert that one who stoops to deception in quest of 
distinction betrays such lack of distinction that further support 
would waste public funds." Scientists who deliberately distort 
the evidence should be disqualified from receiving public funds.

As we have seen, the National Academy of Sciences publishes 
booklets that misrepresent the evidence for evolution. Although 
the National Academy is not a government agency, it receives 
about 85 percent of its funding from contracts with the federal 
government, and its finances are reviewed every year by the 
Judiciary Committee of the U.S. House of Representatives. 
Maybe your representatives should look more closely at how 
your monеу is being spent.

The U.S. Congress has already taken note of how dogmatic 
Darwinists treat dissenters in American academia. After the 
interzonal conference on the conceptual foundations of science 
at Baylor University in April 2000, eight Baylor scientists 
(purporting to speak for the university as a whole) wrote to US. 
Representative Mark Souder (R-Indiana) to complain about 
the Michael Polanyi Center. Their letter backfired, however, 
when Souder blasted them on the floor of the U.S. House of 
Representatives. "As the Congress," Souder said, "it might 
be wise for us to question whether the legitimate authority of 
science over scientific matters is being misused by persons who 
wish to identify science with a philosophy they prefer. Does 
the scientific community really welcome new ideas and dissent, 
or does it merely pay lip service to them while imposing a 
materialist orthodoxy?"
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State legislators might also want to take a look at the 
Darwinian establishment, to determine whether state taxes are 
being used for indoctrination rather than education. State and 
local school boards could be encouraged to take a closer look 
at the textbooks they buy for public schools. Textbooks already 
in circulation will probably continue to be used for a while—
after all, it will be expensive to replace them, and most of the 
material in them is reasonably accurate anyway. But school 
boards might want to alert students to their misrepresentations 
by attaching warning labels.

Not all the financial support for dogmatic Darwinists is 
coerced from taxpayers. Voluntary donations by college 
graduates to their alma maters often go to departments that 
indoctrinate students in Darwinism rather than show them the 
real evidence. The next time you get a fundraising letter from 
your alma mater, you might want to ask where your money will 
go.

The danger with a popular revolt against the Darwinian 
establishment is that the baby might be thrown out with the bath. 
It's vitally important to remember that science is not the enemy. 
Publicly funded scientific research and high-quality science 
education are essential to the future well-being of our society. It 
would be a great tragedy if the excesses of dogmatic Darwinists 
provoked a public outcry that resulted in lowering support for 
scientific research in general. This is why biologists, most or 
whom are truth-seekers rather than dogmatists, will presumably 
want to take the lead in cleaning their own house.

Another reason for biologists to clean their own house is so 
they can avoid replacing one dogmatism with another. Some 
dogmatic Darwinists have been very effective at shoring up 
monopoly by playing on the fear of religious fundamentalist. 
Darwinism is indispensable, we are told, because it protects us
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from religious fanatics who might impose a suffocating 
orthodoxy on science. Ironically, these people "protect" science 
from religious dogmatism by imposing a dogmatism of their 
own. Nevertheless, it would be a shame if their dogmatism were 
simply replaced by another.

So biologists will want to clean their own house before the 
taxpaying public has to do it for them, and they will want to 
avoid dogmatism altogether. The safest and best approach would 
simply be to restore biological science to its true foundation— 
the evidence.

Nothing in biology makes sense except in the light of WHAT?

In 1973, neo-Darwinist Theodosius Dobzhansky announced 
that "nothing in biology makes sense except in the light of 
evolution." Ever since, Dobzhansky's maxim has been the 
rallying cry people who think that everything in biology should 
evolve around evolutionary theory.

Certainly, there are some areas of biology in which Darwinian 
evolution plays an important role. As we have seen, there is good 
evidence that mutations and natural selection are significant  
factors at the molecular level, especially in rendering bacteria 
resistant to antibiotics, or insects and other pests resistant to 
pesticides. There is also good evidence that natural selection 
can produce limited modifications within existing species such 
as Darwin's finches. Surely, anyone who wants to make sense 
of these phenomena would be foolish to ignore evolutionary 
theory.

Promoters of Darwinism typically use evidence from 
antibiotiс and pesticide resistance, and minor modifications 
within species, to justify their claim that the economically 
important
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fields of medicine and agriculture depend on their theory. Yet 
for most practical purposes Darwinian evolution is irrelevant 
to medicine—even in dealing with antibiotic resistance. A 
physician treating a patient with a bacterial infection usually 
begins by administering an antibiotic known to work in 
similar cases. If the antibiotic is ineffective, the physician may 
ask a laboratory technologist to identify the organism using 
biochemical tests, and determine what antibiotics would be 
more effective in combating it. But neither the physician nor 
the technologist needs evolutionary theory to diagnose or treat 
the infection.

Agriculture has also been quite successful without help from 
Darwinism. Of course, the domestic breeding of crops and 
livestock is important, but agricultural science was around long 
before Darwin. Even when it comes to pesticide resistance, 
farmers (like physicians) deal with problems pragmatically, on a 
case-by-case basis. Ironically, despite the Darwinists' insistence 
that nothing in agriculture makes sense without them, they 
were handed their greatest defeat in recent years by the State of 
Kansas—home of some of the most successful farmers in the 
world.

No one would deny that medicine and agriculture do best, 
when they proceed scientifically. But science is not synonymous, 
with Darwinism—contrary to what some dogmatic Darwinists 
would have us believe.

There are many other areas of biology which do quite well 
without Darwinian evolution. In fact, most major disciplines in 
modern biology—including embryology, anatomy, physiology 
paleontology and genetics—were pioneered by scientists who 
had never heard of Darwinian evolution—or who (like von 
Baer) explicitly rejected it. Although Darwinian jargon become 
commonplace in these fields in recent years, it is misleading
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and doctrinaire to say that nothing in them makes sense in the 
light of evolution. 

Evolutionary biologist Peter Grant (famous for his research 
on Darwin's finches) acknowledged in his presidential address 
to the American Society of Naturalists in 1999 that "not all 
biologists who would call themselves naturalists pay attention 
to [Dobzhansky's maxim] or even feel the need to. For example, 
an ecologist's world can make perfect sense, in the short term at 
least, in the absence of evolutionary considerations."

So the claim that "nothing in biology makes sense except in 
the light of evolution" is demonstrably false. A person can be a 
first-rate biologist without being a Darwinist. In fact, a person 
who rejects Dobzhansky's claim can be a better biologist than one 
who accepts it uncritically. The distinctive feature and greatest 
virtue of natural science, we are told, is its reliance on evidence. 
Someone who starts with a preconceived idea and distorts the 
evidence to fit it is doing the exact opposite of science. Yet this 
is precisely what Dobzhansky's maxim encourages people to 
do. The icons of evolution are a logical consequence of the 
dogma nothing in biology makes sense except in the light 
of evolution. All the misleading claims we have examined 
in this book follow from the sort of thinking represented by 
Dobzhansky's profoundly anti-scientific starting-point. The 
primitive atmosphere was strongly reducing. All organisms are 
descended from a universal common ancestor. Homology is 
similarity due to common ancestry, vertebrate embryos are most 
similar in their earliest stages, and birds are feathered dinosaurs. 
Peppered moths rest on tree trunks, natural selection produced 
fourteen species of Darwin's finches, mutations provide the 
raw materials for morphological evolution, and humans are 
accidental by-products of undirected natural processes.
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How do we know all these things? Because of the evidence? 
No, because—Dobzhansky says—nothing in biology makes 
sense except in the light of evolution.

This is not science. This is not truth-seeking. This is 
dogmatism, and it should not be allowed to dominate scientific 
research and teaching. Instead of using the icons of evolution to 
indoctrinate students in Darwinian theory, we should be using 
them to teach students how theories can be corrected in light of 
the evidence. Instead of teaching science at its worst, we should 
be teaching science at its best.

And science at its best pursues the truth. Dobzhansky was 
dead wrong, and so are those who continue to chant his anti-
scientific mantra. To a true scientist, nothing in biology makes 
sense except in the light of evidence.
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APPENDIX I

An Evaluation of 
Ten Recent Biology 

Textbooks
on their Use of Selected Icons of Evolution

List of textbooks
All have copyright dates of 1998 or later. Books are listed 

alphabetically by first author's last name.)

1. Alton Biggs, Chris Kapicka & Linda Lundgren, Biology: 
The Dynamics of Life (Westerville, OH: Glencoe/McGraw-Hill, 
1998). ISBN 0-02-825431-7
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2. Neil A. Campbell, Jane B. Reece & Lawrence G. Mitchell, 
Biology, Fifth Edition (Menlo Park, CA: The Benjamin/ 
Cummings Publishing Company, 1999).

ISBN 0-8053-6573-7
3. Douglas J. Futuyma, Evolutionary Biology, Third Edition 

(Sunderland, MA: Sinauer Associates, 1998).
ISBN 0-87893-189-9
4. Burton S. Guttman, Biology, (Boston: WCB/McGraw-

Hill, 1999).
ISBN 0-697-22366-3
5. George B. Johnson, Biology: Visualizing Life, Annotated 

Teachers Edition (Orlando, FL: Holt, Rinehart & Winston, 
1998).

ISBN 0-03-016724-8
6. Sylvia Mader, Biology, Sixth Edition (Boston: WCB/ 

McGraw-Hill, 1998).
ISBN 0-697-34080-5
7. Kenneth R. Miller & Joseph Levine, Biology, Fifth Edition 

(Upper Saddle River, NJ: Prentice-Hall, 2000).
ISBN 0-13-436265-9
8. Peter H. Raven & George B. Johnson, Biology, Fifth 

Edition (Boston: WCB/McGraw-Hill, 1999).
ISBN 0-697-35353-2
9. William D. Schraer & Herbert J. Stoltze, Biology: The 

Study of Life, Seventh Edition (Upper Saddle River, NJ: Prentice 
Hall, 1999).

ISBN 0-13-435086-3
10. Cecie Starr & Ralph Taggart, Biology: The Unity and 

Diversity of Life, Eighth Edition (Belmont, CA: Wadsworth 
Publishing Company, 1998). 

ISBN 0-534-53001-X
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Specific evaluation criteria

In general, an "A" requires full disclosure of the truth, 
discussion of relevant scientific controversies, and a recognition 
that Darwin's theory—like all scientific theories—might have 
to be revised or discarded if it doesn't fit the facts. An "F" 
indicates that the textbook uncritically relies on logical fallacy, 
dogmatically treats a theory as an unquestionable fact, or 
blatantly misrepresents published scientific evidence.

The Miller-Urey experiment

A = does not include a picture or drawing of the Miller-Urey 
apparatus, or else accompanies it with a caption pointing out 
that  the experiment (though historically interesting) is probably 
irrelevant to the origin of life because it did not simulate 
conditions on the early Earth; text mentions the controversy 
over oxygen in the primitive atmosphere, and includes extensive 
discussion of the other problems faced by origin-of-life research, 
acknowledging that they remain intractable.

В = does not include a picture or drawing of the Miller-Urey 
apparatus, or else accompanies it with a caption pointing out 
that experiment (though historically interesting) is probably 
irrelevant  the origin of life because it did not simulate conditions 
on the early Earth; text includes at least some discussion of 
other problems in origin-of-life research, and does not leave the 
student with the impression that scientists are on the verge of 
understandmg the origin of life.

C = includes a picture or drawing of the Miller-Urey apparatus, 
but the caption does not claim that the Miller-Urey experiment 
simulated conditions on the early Earth; the accompanying text 
points out that the experiment fails even if other starting
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mixtures are used, and does not leave the student with 
the impression that the experiment (or some variant of it) 
demonstrated how life's building-blocks formed on the early 
earth; does not discuss other problems with origin-of-life 
research.

D = includes a picture or drawing of the Miller-Urey 
apparatus with a misleading caption claiming or implying that 
the experiment simulated conditions on the early Earth; but the 
accompanying text explicitly points out that this was probably 
not the case (merely listing other gasses, and leaving it to the 
student to spot the discrepancy, is not sufficient); may leave 
the student with the impression that the experiment (or some 
variant of it) demonstrated how life's building-blocks formed 
on the early earth.

F = includes a picture or drawing of the Miller-Urey 
apparatus with a misleading caption claiming or implying that 
the experiment simulated conditions on the early Earth; the 
text contains no mention of the experiment's flaws, and leaves 
the student with the impression that it demonstrated how life's 
building-blocks formed on the early earth.

Darwin's tree of life

A = explicitly treats universal common ancestry as a theory 
rather than a fact; clearly points out that the "top-down" 
Cambrian explosion contradicts the "bottom-up" pattern 
of Darwinian evolution, and acknowledges the theoretical 
possibility of multiple origins and separate lines of descent; 
also mentions problems for universal common ancestry posed 
by recent evidence from molecular phylogeny.

В = explicitly treats universal common ancestry as a theory 
rather than a fact; clearly points out that the "top-down" Cambrian 
explosion contradicts the "bottom-up" pattern of Darwin-
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ian evolution, and acknowledges the theoretical possibility 
of multiple origins and separate lines of descent; but does not 
mention recent problems in molecular phylogeny.

С = explicitly treats universal common ancestry as a theory 
rather than a fact; discusses the Cambrian explosion as a problem 
for Darwinian evolution, but does not mention the theoretical 
possibility of multiple origins and separate lines of descent.

D = assumes the truth of universal common ancestry without 
questioning it (and may call it a "fact"); mentions the Cambrian 
explosion in the body of the text (briefly mentioning it in a 
note at the end of the chapter, without explaining what it is, 
is not sufficient), but does not discuss the problem it poses for 
Darwinian evolution.

F = assumes the truth of universal common ancestry without 
questioning it (and may call it a "fact"); does not even mention 
the Cambrian explosion.

Homology in vertebrate limbs

A = defines homology as similarity of structure and position, 
and explains that this was historically attributed to a common 
archetype; mentions a biological ancestor as one possible 
meaning of "archetype," but acknowledges that there are others, 
and that the concept of homology continues to be controversial; 
clearly explains that the two biological mechanisms proposed 
so far to account for homology (similar genes and similar 
developmental pathways) are inconsistent with the evidence.

B = defines homology as similarity of structure and position 
due to a common archetype, and identifies "archetype" with 
a biological ancestor without explaining that there are other 
possibilities; points out that the two biological mechanisms
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proposed so far to account for it (similar genes and similar 
developmental pathways) are inconsistent with the evidence.

С = defines homology as similarity of structure and position 
and cites it as evidence for common ancestry; attributes 
homology to similar genes or similar developmental pathways, 
but at least hints that there are problems with the evidence.

D = defines homology as similarity of structure and position, 
and cites it as evidence for common ancestry; may attribute 
homology to similar genes or similar developmental pathways, 
but fails to mention that the evidence does not fit the claim.

F = defines homology as similarity due to common ancestry, 
then engages in circular reasoning by citing homology as 
evidence for common ancestry.

Haeckel's embryos

A = does not use misleading drawings or photos, and does not 
call pharyngeal pouches "gill slits"; points out that vertebrate 
embryos are most similar midway through development, after 
being dissimilar in their earliest stages; acknowledges this as 
an unresolved problem for Darwinian evolution, and considers 
the possibility that Darwin's theory of vertebrate origins could 
be wrong.

В = does not use misleading drawings or photos, and does not 
call pharyngeal pouches "gill slits"; points out that vertebrate 
embryos are most similar midway through development, after 
being dissimilar in their earliest stages; acknowledges this 
as an unresolved problem for Darwinian evolution, but does 
not explicitly consider the possibility that Darwin's theory of 
vertebrate origins could be wrong.

С = does not use misleading drawings or photos; points out 
that vertebrate embryos are most similar midway through devel-
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opment, after being dissimilar in their earliest stages, but 
explains away this fact in order to reconcile it with Darwinian 
evolution; may call pharyngeal pouches "gill slits."

D = uses actual photos rather than Haeckel's drawings, but 
chooses those which best fit the theory; fails to mention that 
earlier stages are dissimilar, and claims that early similarities 
in vertebrate embryos are evidence for common ancestry and 
Darwinian evolution; may call pharyngeal pouches "gill slits."

F = uses Haeckel's drawings (or a re-drawn version of them) 
without mentioning the dissimilarity of earlier stages; claims 
that early similarities in vertebrate embryos are evidence for 
common ancestry and Darwinian evolution; may call pharyngeal 
pouches "gill slits."

Archaeopteryx: the missing link

A = explains that the status of Archaeopteryx as a transitional 
link between reptiles and birds is controversial; points out that 
modern birds are probably not descended from it; mentions the 
controversy over whether birds evolved from dinosaurs or from 
more primitive group; points out that the supposed dinosaur 
ancestors of Archaeopteryx do not appear in the fossil record 
until tens of millions of years after it.

B = explains that the status of Archaeopteryx as a transitional 
between reptiles and birds is controversial; points out that 
modern birds are probably not descended from it; mentions the 
controversy over whether birds evolved from dinosaurs or from 
a more primitive group; but fails to point out that the supposed 
dinosaur ancestors of Archaeopteryx do not appear in the fossil 
until tens of millions of years after it.

C = explains that the status of Archaeopteryx as a transitional 
link between reptiles and birds is controversial; points out that
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modern birds are probably not descended from it; but does 
not mention the controversy over whether birds evolved from 
dinosaurs or from a more primitive group.

D = presents Archaeopteryx as the transitional link between 
reptiles (or dinosaurs) and modern birds; does not point out that 
modern birds are probably not descended from it, but at least 
hints at the fact that there is a controversy over its ancestry or 
its transitional status.

F = presents Archaeopteryx as the transitional link between 
reptiles (or dinosaurs) and modern birds; does not point out that 
modern birds are probably not descended from it, and does not 
even hint at the fact that there is a controversy over its ancestry 
or its transitional status.

Peppered moths

A = uses photos of moths in their natural resting places; 
does not use staged photos of moths on tree trunks (except 
as illustrations of how the classical story was wrong); clearly 
discusses unresolved problems with Kettlewell's experiments 
and the classical story, and points out that these problems raise 
serious doubts about whether peppered moths provide direct 
evidence for natural selection.

В = uses photos of moths in their natural resting places; 
does not use staged photos of moths on tree trunks (except as 
illustrations of how the classical story was wrong); mentions 
unresolved problems with Kettlewell's experiments and the 
classical story, but does not discuss the possibility that peppered 
moths do not provide direct evidence for natural selection.

С = uses staged photos but clearly explains that they were 
staged, because moths do not rest on tree trunks in the wild;
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describes Kettlewell's experiments, but briefly mentions that 
they and the classical story are now in doubt.

D = uses staged photos without mentioning that they 
misrepresent the natural situation; but the accompanying text at 
least hints at the fact that there are problems with Kettlewell's 
experiments or the classical story.

F = uses staged photos without mentioning that they 
misrepresent the natural situation; describes Kettlewell's 
experiments as a demonstration of natural selection, without 
mentioning their flaws or problems with the classical story.

Darwin's finches

A = explicitly points out that the Galapagos finches had little 
to do with the formulation of Darwin's theory; explains that 
selection on finch beaks oscillates between wet and dry years, 
producing no net evolutionary change; points out both that 
the genes affecting finch beaks are unknown and that hybrids 
between several species are now more fit than their parents, 
suggesting that those species may be merging.

В = explicitly points out that the Galapagos finches had little 
to do with the formulation of Darwin's theory; explains that 
selection on finch beaks oscillates between wet and dry years, 
producing no net evolutionary change; points out either that 
the genes affecting finch beaks are unknown or that hybrids 
between several species are now more fit than their parents, 
suggesting those species may be merging.

C = describes the Galapagos finches as a good example of 
adaptive radiation (the origin of species by natural selection); 
but points out both that selection on finch beaks oscillates
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between wet and dry years and that the finches did not play 
an important role in the formulation of Darwin's theory.

D = describes the Galapagos finches as a good example of 
adaptive radiation (the origin of species by natural selection); 
but points out either that selection on finch beaks oscillates 
between wet and dry years or that the finches did not play an 
important role in the formulation of Darwin's theory.

F = describes the Galapagos finches as a good example of 
adaptive radiation (the origin of species by natural selection); 
but fails to mention that selection on finch beaks oscillates 
between wet and dry years, and implies that the finches played 
an important role in the formulation of Darwin's theory.
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APPENDIX II

Suggested Warning 
Labels for Biology 

Textbooks

Biology textbooks contain a wealth of valuable 
information. Just because they misrepresent the 

evidence for evolution doesn't mean that everything they teach 
is incorrect. Existing textbooks can and should be used until 
publishers come out with corrected ones. In the meantime, 
students should be warned, where necessary, that their books 
misrepresent the truth. Warning labels such as those below can 
be used for this purpose, but they should be applied only by, or 
under the direction of, the owner of the book.

WARNING: The Miller-Urey experiment probably did not simulate 
the Earth's early atmosphere; it does not demonstrate how life's 
building-blocks originated.

WARNING: Darwin's tree of life does not fit the fossil record of 
the Cambrian explosion, and molecular evidence does not support a 
simple branching-tree pattern.
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WARNING: If homology is defined as similarity due to common 
ancestry, it cannot be used as evidence for common ancestry; 
whatever its cause may be, it is not similar genes.

WARNING: These pictures make vertebrate embryos look more 
similar than they really are; it is not true that vertebrate embryos are 
most similar in their earliest stages.

WARNING: Archaeopteryx is probably not the ancestor of modern 
birds, and its own ancestors remain highly controversial; other 
missing links are now being sought.

WARNING: Peppered moths do not rest on tree trunks in the 
wild, and photos showing them on tree trunks have been staged; 
Kettlewell's experiments are now being questioned.

WARNING: The Galapagos finches did not inspire Darwin with the 
idea of evolution, and oscillating natural selection on their beaks 
produces no observable net change.

WARNING: Four-winged fruit flies must be artificially bred, and 
their extra wings lack muscles; these disabled mutants are not raw 
materials for evolution.

WARNING: Evidence from fossil horses does not justify the claim 
that evolution was undirected, which is based on materialistic 
philosophy rather than empirical science.

WARNING: Theories about human origins are subjective and 
controversial, and they rest on little evidence; all drawings of 
"ancestors" are hypothetical.
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