MISCONCEPTIONS

There are many misconceptions about evolution. Here are afew of the more common
misconceptions, and some very basic responses to them. For more details on any of these,
consult the resources list. The first section deals with common misconceptions that stem from an
incomplete or inaccurate understanding of the nature of science, while the second section deals

with misconceptions that are more specifically about evolutionary concepts.

MISCONCEPTIONS ABOUT THE NATURE OF SCIENCE

Misconception: “if you believein evolution, you can’t believein God”

First, evolution is not something one “believesin.” Biologists do not believein
evolution; rather, they accept it as the best explanation for the diversity and unity of biological
organisms.

Second, thisis afalse dichotomy. Evolutionary theory does not invoke God as an
explanation for the adaptation of organisms. What thismeansisthat it is not necessary to invoke
God as an explanation, but thisis not the same as saying that God does not exist, or that God is
impossible. Evolution does not imply thisat al. Scienceis neutral to God; God is neither
required nor eliminated by scientific explanations. Nothing about evolution precludes or
disprovesthe existence of God. Science, as adiscipline, cannot address the question of the
existence of God, since science provides natural explanations for natural phenomena, and God
issupernatural.

Furthermore, many evolutionary biologists are devout members of their religiousfaith,
which comprise al of the world’s major religions. Indeed, most religions accept that evolution
does not conflict with their religious beliefs (see Voices for Evolution, National Center for

Science Education). [[www.ncseweb.org/article.asp?category=2]|




Misconception: “evolution meansthat thereisno purposeto life”

Again, science cannot address this question (see above). Unfortunately, some scientists
have used their scientific status to postul ate that there is no purpose to life; however, these are
their own personal beliefs, and not scientific opinions. Science can only describe how the world
is; not how the world should be. Also see The Limits of Science.

Misconception: “evolution isjust atheory”

What isreally meant by thisisthat “evolutionisjust aguess.” Thisisa
misunderstanding based on the difference between the scientific definition of theory and the
colloquial use of theory. In common usage, atheory means aguess, and it is used when
someone is taking a guess about a causal explanation. In science, however, atheory isasbig as
it gets. A scientific theory is acoherent body of interconnected statements, based on reasoning
and evidence, which explains a variety of observations. Because atheory isacomplex of
interconnected statements, it does not stand or fall based on asingle critical test. In science,
specific hypotheses are tested within an explanatory theoretical framework, and if continuously
supported, are added to that framework. Also see The Nature of Science.

Describing evolution as “just atheory” aso undermines all of the other mgjor scientific
theories (the theory of relativity, the theory of plate tectonics, the theory of quantum mechanics,
the theory of gravity, etc.). Evolution isarguably the most well supported theory in all of
science. Also see Craig Nelson's article: Effective strategies for teaching evolution and other

controversial topicsin The Creation Controversy and the Science Classroom, NSTA.
[[php.indiana.edu/~nelsoNL/NSTA2.html]]

Misconception: “evolution hasn’t been proven,” or “prove evolution to me”

These are meaningless statements. Gravity has never been proven either. Neither have
cells, nor electricity. Evolution cannot be “proven” because it isascientific theory. All ideasin
science are accepted tentatively, with the understanding that eventually, with new evidence, they
may be overturned. Evolution isextremely well accepted in the scientific community because of
the vast amount of evidence that has been put forward for it (many, many examples, from many
different biological disciplines), and the absence of any evidence against it. Because of the sheer
quantity of evidence for evolution, it is extremely unlikely that it will ever be overturned. Also
see The Evidence for Evolution.




Misconception: “noonewasthereto seetheorigin of life, so any ideasabout it arejust a
guess’

First, evolutionary theory does not specifically address the origin of life, but the origin of
species. In fact, many argue that a discussion of evolution should not include the origin of life,
since thisissue deals with prebiotic events, and haslittle to do with biological evolution.

Second, it is true that no one was there to see the origin of life. This speaksto alarger
guestion about methods used in the historical sciences. So how do we know anything about the
past? Cluesto the past are always left behind. Thisishow detectives figure out how acrime
was committed, even if there were no eyewitnesses. Scientists use clues|eft in the fossil record,
for example, to make inferences about biological history. Scientists' ideas about the past are
based on evidence; they are not “just aguess’ (see “evolution isjust atheory” above).

Misconception: “science cannot explain __X_, therefore evolution must be false, and
creationism true’

Thereis a huge difference between something that is unexplained by science, and
something that science isunable to explain. Thisargument, called the “ God of the gaps’
approach by philosophers, has been used countless times for phenomenathat were as yet
unexplained by science, but for which scientific explanations were eventually found. Thisline of
thinking sets up a dichotomy between science and religion. It impliesthat if science cannot
explain__X , then God must be responsible for it. Thisargument is harmful to religion, and has
been rejected for more than a century by most theologians. Following this line of reasoning,
when science eventually finds an explanation for__ X, then that must mean that God had
nothing to do with it. Thisisbad for religion, and most religious leadersfind it to be an
ineffective route to faith.

Thisalso illustrates acommon tactic used by professional creationists. Rather than put
forward positive evidence for their own ideas, they try to discredit evolution, and then claim you
must then accept creationism. However, even if evolution were disproved some day, creationism
is not the only other option (see“you should just teach creationism, too” below).



Misconception: “Darwin recanted hisbelief in evolution on his deathbed”

First, Darwin did not “believe in” evolution; he was convinced by the evidence he
uncovered that it was the best explanation for the origin of species. Second, Darwin’s family
denies he recanted his acceptance of evolution. Third, even if he had recanted, it would mean
absolutely nothing for evolutionary theory. Darwin was the “father” of the field of evolutionary
biology, but he was not the first to discover evolution. Severa others had proposed the general
idea of evolution before Darwin (e.g. Lamarcke). Darwin’s contribution wasto: 1) gather alot
of evidence for evolution (i.e. shared ancestry), and 2) describe the first plausible mechanism of
evolution (natural selection). In addition, alot of work has been done in the past century and a
half to add to and modify hisideas into the explanatory framework that evolutionary theory is
today. Scientistsdo not blindly accept evolution because Darwin “said so;” they accept it based
on the overwhelming evidence for evolution, and the absence of any evidence against it.

Misconception: “evolution isracist/sexist/dlitist/etc.”

All of the ideas that have been promoted in the name of evolution and Darwinism
actually pre-date Darwin by centuries. Therefore, evolution and Darwinism are not the cause of
theseideas. Darwin himself was very opposed to slavery. After Darwin’s ideas about natural
selection were widely known, some people used their very naive and incorrect interpretation of
the scientific ideas to justify their political and socia beliefs (e.g. Social Darwinism). They
claimed that some races, for example, are biologically superior and more “fit” than others (the
Nazis, for example, used these arguments). They justified their beliefs by claiming they were
“natural.” However, thisisthe philosophical fallacy called naturalism: claiming that what is
natural isgood. In other words, “what is, iswhat ought to be.” Thereis no philosophical
foundation to naturalism (see Robert Pennock’ s book: The Tower of Babel).

The philosophy underlying social Darwinism is very different from biological evolution.
On the contrary, evolution unites all of humankind: we are all related through common ancestry.
In fact, evolutionary biologists have revealed through genetic studies that there is no biological
basis for the concept of race in humans (see Joseph Graves book: The Emperor’s New Clothes).

Thereis, in fact, an extremely important social role of evolution. Evolutionary theory

forms the basis and the foundation of medical and biotechnology, agriculture, conservation of



species and wildlife management, and many other fields of increasing importance to society (see
Applied Evolution).

Misconception: “you should just teach creationism, too”

Thisisavery popular argument, even with people who do not identify themselves as
creationists, since it appeals to the American sense of fairness. However, the courts have
continuously ruled creationism/creation science to be areligious view, and not a science (see
NCSE's“Eight Significant Court Decisions’ by Molleen Matsumura).

[[www.ncseweb.org/resources/articles/3675_eight_significant_court_decisi_ 2 15 2001.asp]]
As such, they violate the Establishment Clause of the First Amendment, which protects our
freedom to practice the religion of our choice, without having the state force a particular religion
on us. Creation science cannot, therefore, be taught as science in public schools.

Even if we could teach creationism in public schools, which type of creationism should
we teach? There are many different types of creationism (see Eugenie Scott’s

Creation/Evolution Continuum),

[[www.ncseweb.org/resources/articles/1593 the creationevolution_continu_12 7 2000.asp]]
aswell as hundreds of different creation stories from various cultures and religions. Should we
also teach about the Raélian view that intelligent aliens created life on earth? Which explanation
(theory) for the origin of species we teach is based on how successful it isinits ability to explain
the available evidence. It is not based on which explanation is more popular with the general
public. We have aresponsibility to teach how the world is, not how we might like it to be.

MISCONCEPTIONS ABOUT EVOLUTIONARY CONCEPTS

Misconception: “evolution violates the second law of thermodynamics”

The second law states that closed systems tend toward increased entropy (or disorder)
over time. First, evolution does not always increase complexity. The evolutionary loss of atrait
is quite common (e.g. the loss of eyesin cave-dwelling animals; the great reduction of the
digestive system in parasitic worms, etc.). Second, the earth and the organisms on earth are not
closed systems, they are open (there is an influx of energy from the sun, from organisms eating



other organisms, etc.). Since they are open (not closed) systems, the evolution of living
organisms does not violate the second law of thermodynamics.

Misconception: “where arethe missing links?”

When Darwin proposed histheory, he did it in spite of the fossil record, not because of it.
This was because there were major gaps in the fossil record in the 19" century; the record did not
show many transitional organisms. Since Darwin’s time, many more fossils have been found,
including transitional organisms. Asthe paleontological record has developed, it continues to
support evolutionary theory. For example, there are now transitional fossils between fish and
amphibians, amphibians and reptiles, reptiles and mammals, and reptiles and birds.

Thefossil record will never be complete (although it is getting more and more complete
every day) because a specia set of circumstancesis required for fossilization. Many organisms
did not live (or die) in an environment where they were likely to be fossilized, and organisms
without hard, bony parts are very unlikely to be fossilized at all. On the other hand, organisms
with skeletons are likely to be preserved, and we expect to find at least some of them in the fossil
record.

It isaso important to remember that not all fossils are ancestors. When creationists talk
about transitional fossils, what they are really talking about is ancestry—but no one is suggesting
that we have found a direct line to primitive ancestors. Extinction breaks the chain. Most
species that have ever existed are extinct and much of what we seeis probably collateral kin (i.e.
other branches of the tree) rather than lineal kin. If we HAD afull fossil record, we could
reconstruct all ancestry with relative certainty, but it is hard to reconstruct the tree without al the
pieces. But the parts of the fossil record that have been discovered do show transitional

organisms, and do support evolutionary theory.

Misconception: “evolutionists cite homology as similarity dueto common ancestry, then
claim it asevidence for common ancestry—a circular argument”

This argument, as stated, isindeed circular. However, an understanding of the historical
development of the idea of homology showsthat it is not a circular argument. Homology is now
defined as similarity due to common ancestry. Thisisacurrent definition. Originally, homology
was just a pattern that required an explanation. The pattern of homology iswhen atrait is



similar in two different species, even if it is not functionally necessary for themto be similar.
The best explanation for homologies is common ancestry. In addition, even now, it is not just
assumed that two similar traits are homologous (or similar due to common ancestry). Thisisa
hypothesis that requires testing. Also see The Evidence for Evolution (Similarity).

Misconception: “evolutionistscite similarity of vertebrate embryos as evidence for
evolution, even though those drawings ar e faked”

Vertebrate embryos do have similar features during the early stages of development. For
example, we all havetails and gill pouches, even if those characteristics are lost later in
development. The best explanation for similarity in early embryosis a shared ancestry of all
vertebrates. Also see The Evidence for Evolution (Similarity).

The problem that creationists picked up on and are using to try to debunk evolution, is
that many textbooks today still use drawings done by Haeckel, an early embryologist. Haeckel’s
drawings (which were meant to illustrate hisidea of “ontogeny recapitul ates phylogeny”) were
indeed inaccurate (he drew them from memory). Regardless, the textbooks that still use this
drawing today do not typically useit to illustrate similarity of embryos as evidence for evolution,
but to illustrate von Baer’s law, which is that general features of a group appear early in
development while specialized features appear later.

Misconception: “evolution means people come from apes/monkeys/etc.”

First of al evolutionary biology is concerned with the history of al organisms, not just
humans (which is a particularly well studied organism). Second, we don’t “come from apes,” we
share acommon ancestor with the great apes (gorillas, chimps, orangutans, etc.). Since the great
apes are still around today, by definition, they cannot be our ancestors. Evolution does say that
we share an ancestor with the apes. It also saysthat we are more closely related to apes than we
are to horses or ferns or bacteria (i.e. we share amore recent common ancestor with apes, and
chimpanzees in particular, than we do with other organisms). Also see Human Evolution (Our
Primate Origins).

Misconception: “complex organs (likethe human eye) cannot be produced by chance, they
must have been designed”



Thisisthe classic argument from design; however, it is based on an incomplete
understanding of the mechanisms of evolution. Evolution is not random; adaptations are not
produced by “chance.” Mutation does produce random (chance) variation, and if mutation were
the only mechanism of evolutionary change, it would be arandom process. However, natural
selection, a nonrandom process, acts on this random variation to produce adaptations like the
eye.

Likewise, irreducible complexity arguments state that complex organs are “irreducibly
complex,” you cannot take away one of the “parts’ and still have afunctional organ, therefore, it
must have been made all at once. Evolution by natural selection does not make a complex organ
al at once. They arethe products of many small changes (produced by mutation) that are
selected for, modified, and that accumulate over along period of time. Each of the intermediate
stepsisfunctional. For example, there are many gradations in light-sensing organs, from the
very simple to the very complex (vertebrate and molluscan eyes), and each of these serves an

adaptive function for the organism. See Kenneth Miller’s book: Finding Darwin’s God for an

excellent analysis of design and irreducible complexity arguments.

Y ou may also hear probability arguments, in which an astronomically small probability is
stated that some trait evolved by natural causes. Again, these arguments are based on the
assumption that the trait appeared in its current modern form all at once. Indeed, thiswould be
highly improbable. However, thisis not the way evolution works. Evolution by natural
selection is agradual, step-by-step process, with incremental changes occurring through
mutations that are then selected for if advantageous.

Misconception: “microevolution (or limited change within a species) has been observed,
but this has nothing to do with macr oevolution (speciation, etc.)”

The difference between microevolution and macroevolution is only a matter of degree.
The same exact genetic mechanisms act at both scales. Given enough time, microevolutionary
processes (mutation, natural selection, genetic drift, etc.), produce enough change between two
populations of the same species that they are considered two separate species. Studies of natural
popul ations have shown current rates of microevolutionary changes that are orders of magnitude

faster than what istypically found in thefossil record. The distinction between microevolution



and macroevolution is descriptive (e.g. how patterns are described) and not mechanistic (e.g.
how those patterns came about).

Misconception: “survival of thefittest”

Thisisavery common misconception about natural selection. Fitness, as used by
evolutionary biologists, is ameasure of the relative success of one genotype over another (ina
particular environment). The fitness of a genotype isafunction of the survival rate of all
individuals with that genotype, as well as the average reproductive success (i.e. the fecundity) of
al individuals with that genotype. So, rather than “survival of thefittest,” itismorelike: “the
fittest genotype is the one in which individual s with that genotype have a higher survival rate and
have lots of kidswho survive.” Not as catchy.

References Used:

Alters, B.J. & Alters, SM. 2001. Defending Evolution in the Classroom: A Guide to the
Creation/Evolution Controversy. Jones and Bartlett Publishers, Massachusetts.

Carroll, S.B. 2001. The big picture: macroevolution. Nature 409: 6609.

Futuyma, D.J. 1995. Science on Trial: the Case for Evolution. Sinauer Associates, M assachusetts.

Futuyma, D.J. 1998. Evolutionary Biology (3¢ ed). Sinauer Associates, Inc. Massachusetts.

Graves, JL. Jr. 2001. The Emperor’s New Clothes: Biological Theories of Race at the Millennium.
Rutgers University Press, New Jersey.

Matsumura, M. (ed.). 1995. Voicesfor Evolution. NCSE

Miller, K.R. 1999. Finding Darwin’s God: A Scientist’s Search for Common Ground Between God
and Evolution. Harper Trade.

National Academy of Sciences. 1998. Teaching about Evolution and the Nature of Science. National
Academy Press.

National Academy of Sciences. 1999. Science and Creationism: A View from the National Academy
of Sciences. National Academy Press.

Nelson, C.E. 2000. Effective strategies for teaching evolution and other controversial topics, pp. 19 —55
in The Creation Controversy and the Science Classroom, NSTA.

Pennock, R.T. 1999. Tower of Babel: The Evidence Against the New Creationism. MIT Press.

Strahler, A.N. 1999. Science and Earth History: The Evolution/Creation Controversy. Prometheus
Books, New Y ork.




