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1. Intr oduction

This brief guide isintended to hdp you, the volunteer docent, understand and explain the
basics of evolutionary biology to Museum of the Earth visitors. It is also intended to help prepare
you to answer some of the most frequently asked questions about evolution, and to refer visitors
to sources of additional information. Findly, it isintended to equip you with some tools that you
can use to respond to chdlenges, some of them potentially hostile, from Museum visitors to the
ideas presented in the Museum exhibits.

This guide isintended for your use in conjunction with the actud Museum exhibits. It is
therefore very useful for you to become familiar with the content of the exhibits, especialy the
Evolution areain the Triassic-Jurassic World. In the pages that follow, look for the heading In
the Museum for specific comments aboutthe content of the exhibits in the Museum of the Earth.



2. Background

A. Evolution and science.

Science is an approach to explaining the natural world. It uses observationsaboutthat
world and the rules of logic to test hypotheses tha explain natural phenomena Hypotheses that
pass these tests are accepted, but such acceptance is always provisional, that is they can be
overturned by sufficient credible contrary evidence. Science does not deal with supernatural or
with questions or issues for which no material or physical evidence exists; it is about seeking
material causesfor material phenomena.

Evolutionis oneof themost well supported ideas in science, tha is, there is abundant
evidence tha it istrue, so much that it would beirrational to reject it. Although all ideasin
science are provisional, and potentially can be overturned by sufficient contrary evidence,
evolutionisasclosto banga"fact" asany widdy accepted scientific hypohess, such asthe
hdiocentric solar system or atomic theory.

Evolutionis a, perhagps the, fundamental idea of modern biology. Essentially every field
of biology concerned with whole organisms, induding ecology, behavior, and systematics (the
study of biodiversity) is based on evolution. Essentialy al practicing professiond biologists who
work onwhole organisms accept evolution as an adequae explanation for the order, history, and
diverdity of life they observe. There is no serious disagreement among such professiond
biologists abou whether evolutionis "true'. Although it is possible to pursue many fields of so-
called "suborganismal” biology, such as genetics, physiology, medicine, and biochemistry,
without thinking abou evolution, it is not possible to connect these areas to the biology of
organisms without considering evolution.

But evolutionis about far more than biology.

Evolutionis also central to many areas o f the Earth sciences, such as stratigraphy (the study
of the layering of rocks), geochronology (geological dating), tectonics (the study of mountain
building and other major Earth movements), and pd eontology (the study of the history of life as
revealed by fossils). The assumptions that underlie evolution, furthermore, such as the great age of
the universe, the solar system, and the Earth; the continuity of past and present processes; and the
constancy of physical law in time and space are shared with and essential to -other fields of
science suchas astronomy, physics,and chemistry. Every major organization of-N professiona
scientists in the United States has endorsed the teaching of evolution and therejection of the
teaching of creationism as science.

Put simply, evolution is theresult of the application of princples of scientific logic and
reasoning to questions abou the history, diversity, and order we observein living things. If the
fundamental assumptions of evolutionary biology are incorrect, so are the fundamental
assumptionsof many other fieldsof science that we trus every day.

B. Creationism.

Creationism isthe bdief that the Earth and itslife were created, essentidly in their moden
forms, by a supernaura power. Moden creationism is actudly quite diverse; it includes



people who think the Earth is 10,000 years old, and those who believe it is much older; people
who bdieve that the Biblical floodexplains all of the geologica record, and those who accept a
more complex history. Most importantly, creationists beieve in the action of divine or
supernatural forces in shaping the natural world on aregular basis, and creationists reject
evolution as an explanation for the order, history and diversity of life.

By this definition, most people in the United States are creationists. They do not beieve
in evolution, tha isthey do notthink tha it happened or tha it explains the natural world. Public
opinion polls have been consistent over more than 20 yearsin reporting that at least half of
Americans do not think evolution occurs. Almos 50%think that "God created human beings
pretty much in their present form at one time within thelast 10,000years or so", and ailmost 70%
support teaching creationism in schods. Only about half of the respondentsto one survey
answered "false" to the statement, "The earliest humanslived at the same time as the dinosaurs’;
less than hdf responded "true" to the statement, "Human bengs, as we know them today,
developed from earlier species of animals' (Altersand Alters, 2003; see " Sources of more
information" beow). Although people with less education tend to accept evolution in smaller
numbe's, this pattern appears to cut across lines of education, class, and socio-econonmic status.
Corndl Professor William Provine has polled studentsin the course he teaches on evolution for
more more than a decade, and finds that Cornell undergraduates accept or reject evolutionin
proportions approximately equd to nationa opinion polls.

On theother hand, alarge majority in several recent polls say that they think evolution
should be taught in public schools and some polls suggest that a majority of Americans may
prefer that creationism be taught, but not as science.

Some of the disagreement between these results may be due to widespread public
misunderstanding of evolution. Polls suggest tha Americansdo notreally know much abou it.
Roughly athird of poll respondents think that "evolution means human beings have devel oped
fromapes" (which is such adramatic oversimplification asto beincorrect); three quarters agree
tha "evolutionis commonly referred to as they theory of evolution because it is not yet proven
scientifically" (Alters and Alters, 2003). Most respondents to a 2000 poll sponsored by People
for the American Way admit they dont really know what the theory of evolutioniis.

Modern creationism frequently focuses on what its advocates describe as scientific
evidence for creationist interpretations, labeled mog often as "creation science” or, most
recently, "intelligent designtheory”. Althoughit is perfectly legitimate for a person to hold and
promote creationist bdiefs, there is no scientific evidence for such beliefs, and they are not
scientific by any reasonable definition of science, a point repeatedly affirmed by state and federal
courts, aswell asthe U.S. Supreme Couirt.

3. Evolution answers questions

|deas become widdy accepted in science because they are useful for explaining
observationsaboutthe physcal world, because they hdp us make predictions abou natura
occurrences, and because they providelogically congstent explanations for wha we see and
answersto questions we ask.



Evolutionis awiddy accepted ideain science because it answers questions Indeed,
evolution was adopted amos immediately after the publication of Charles Darwin's bodk On the
Origin of Speiesin 1859because it appeared to providelogica and cons stent answversto
questions that had troubled scientists for generations. Evolution is an attempt by science to
explain why thingsare theway they are.

In the Museum: The exhibits in the Museum of the Earth, especially the exhibit on
Evolution, are based on the enormous usefulness of evolution as a source of answers - of
fundamental understanding about the natural world and how it came to be as we seeit.

4. Why is evolution important?

Evolutionisimportant for at least three reasons:

A. It isthe central ideaof modern biology.

It is accepted by essentially every modean, practicing biologist, and has been since around
1870. It forms the basis for ailmost everything we think we know abou life andits history. An
understanding of evolution istherefore very important for an understanding of al of biology.

B. It iscentral to our understanding of oursdves.

Evolution has implications for our conceptions of humanity's place in nature. The
widespread acceptance of evolution by most educated people in the nineteenth century played a
crucia rolein the emergence of the modern world view in which dynamic change and scientific
methods play such centra roles. Undeastanding evolutionisimportant for undestanding moden
world history aswell asfor acritical and informed examination of human's place in the world.

C. It isscientifically valid.

Evolution chalenges some people's views of religion, morality, and ethics. Thisis not
because evolution is contrary to religion in general, but because it is contrary to some religious
views. Because of these objections, evolution - ailmost uniquely among scientific ideas - is often
the subject of passionate public, political, and legal debates. Evolutionis aswell supported as
anyscientific idea, such as atomic theory, gravity, or the hdiocentric solar system. Discarding or
diluting theteaching or public discussion of evolutionisthusachallengeto all science, and
therefore afundamental intellectual issue for society.



5. Evolution: A quick overview

A. Evidencevs. mechanism.

Thequestion of whether evolution occursis separate and different from the question of
how evolution occurs. The evidence is overwhelming that evolution has occurred - that itisa
satisfactory explanation for the observations we make about the history, order, and diversity of
life.

In the Museum: The Evolution exhibit divides the evidence for evolution into six
categories: biogeography, thefossil record, classification, comparative anaomy, observable
small scale changes, and genetics. No serious biologist or geologist has serioudy questioned
whether evolution occurs since thelate nineteenth century. Thereis no significant evidence tha
it does not. Exhibits elsewhere throughout therest of the Museum provide abundant additiond
examples of evidence for evolution in the fossil record.

Very energetic debae continues, however, about the mechanisms by which evolutionay
change occurs. The exhibitsin the Museum of the Earth present what mog scientists believeis
the most important evolutionary mechanism, natura selection, but they also touch on other
mechanisms that various scientists seriously consider today, such as genetic drift and higher-
level sorting of species. The evidence for natural selection is abundant and compelling and few
scientists doubtthat it occurs; the questioniswhether it is able to explain most or al of the
changes that have occurred in evolution. These are areas of very active scientific research and a
great deal remainsto belearned.

Questions or debates about evolutionay mechanism have nothing to do with our
confidence in whether evolution occurred.

In the Museum: The Evolution exhibit area features displays that emphasize variation as
oneof the central observations aboutliving things. Variationistheraw material of natura
selection (see bdow) andit can be clearly seen in the groups of sparrows, snals, and fossil
brachiopodsin the exhibit. Also in the Evolution exhibit areais a computer game tha simulates
natural selection. The visitor isan imaginary predator on moths of two colors. The more the
vigitor "catches' of onecolor in ageneration, thesmaller the contribution of that color to the next

genedtion.

B. Natural selection.

Natural selection is a process proposed by Charles Darwin in his book On the Origin of
Speiesin 1859to accourt for evolutionary change - it isapotential mechanism for evolution.
Like Darwin, most evolutionary biologists today think that natural selectionisthe most
important mechanism by which evolution occurs.

Natural selection isa surprisingly smple conoept. It istheideatha someindividuals
survive and reproduce better than others because they have inheited characteristics tha help
them do so0. These characteristics are passed on to thar descendants, which are more numerous
than those of individuds lacking the characteristics, and so the whole populktion changes over



time as these characteristics come to dominate.

Natural selection depends on genetic variation. That is, notwo individual organisms are
identical, because of some combination of genetic differences and the effects of theenvironment.
Thos differences that are genetic or inheited are the "raw material" for natural selection.
Ultimately, these differences originate by mutation of the genes (DNA), but variability isalso
affected by many other genetic processes. The environment "selects’ from amongthe variants
presented to it by every generation; those that do better and/or leave more offspring will deliver
more of thar genesto the next generation. Thus thedirection of evolution (e.g., whether horses
g€ bigger, birdsge bluer, or shdls get thicker) by naural selectionis provided by the
environment, notthe underlying genetic variation. When the environment changes, according to
this view, so will the popuktion, or it will become extind.

Strictly speaking, "Darwinism” or "Darwinian evolution” refers only to evolution by
natural selection, notto evolutionin general. Thus when evolutionay biologists debae whether
"Darwinism" is an accurate or adequée view, they are talking aboutto what degree naural
selection can accountfor evolutionay change, not whether evolution itself isvalid.

In the Museum: The Museum exhibits on natural selection emphasize the existence of
variation within species with displays of birds, snails, and brachiopods The exhibit also includes
acomputer game tha simulates the process of naural selection usng mothsof different colorsin
which the visitor is an imaginary "predaor".

Helpful hint: akey point aboutsituaionssuch as simulated by this computer gameisthe
idea of extrapolation. Scientists examine a particular ingance of apparent natural selectionin
nature, such as birds eating moths over ayear or two, and then extrapolate to much longer time
spans. This approach is not unique to evolutionay biology; al science is based on examining
paticular cases or a sample of data and then inferring on this basis what is happening in the
larger world.

C. Speciation.

Not only has life changed over time; it has diversified. That is, it comes in many different
kinds This diversity is one of the most conspicuous characteristics of life on Earth N there have
been and are millions of species N and any theory of evolution must explain it. Speciationisthe
process or set of processes by which new species arise during evolution. Speciationisavery
complex phenomenon, which is only partly undestood. Wha seems clear, however, isthat the
origin of new species requires tha an ancestral (sometimes called "parental”) popuktion be
divided into subpopukbtions by some event, such as theformation of anew island or mountin
range or asudden change in behavior. Theresulting descendant (sometimes called "daughter")
populations then diverge genetically - by chance or by natural selection - because they cannot
interbreed. Eventudly, they diverge so much tha they would or could notinterbreed successfully
even if they lived together, and we say that a new species has formed.

In the Museum: The Museum exhibits explore speciation mainly from the point of view of
apdeontologig, tha is someonewho tries to figure out how species formed in the past based on
thefossiisthey leave behind. Thisis difficult to do, and the exhibit discusses and encourages
visitors to think abouthow it can be accomplished. The exhibit focuses onthework of Corndl




Professor Amy McCuneand her work onfossil fish fromthe Triassic and Jurassic rocks of the
Conrecticut and Newark Valleysin the northeastern U.S. These are the same rocks that contain
the abundant fossi| dinasaur footprints that are displayed near the Evolution exhibit hi the
Triassic-Jurassic World.

D. Extinction.

Extinction - the disappearance of a species - is an important part of the evolutionary
process and the history of life on Earth. Indeed, the vast mgjority of speciestha have ever
existed on Earth are extinct.

In the Museum: Throughoutthe exhibits in the Museum of the Earth are pands marking
the occurrence of episodes of "mass extinction”, when large numbers of species became extinct
relatively suddenly.

6. Frequently Asked Questions.

What is evolution?
Organic evolutionisthe ideatha all organisms are connected by genealogy and have
changed through time.

How does evolution happen?
Evolutionis probably driven by severa processes, the mog important of which is natural
selection.

Isevolution "just atheory" ?

A "theory" in scienceis a structure of related ideas tha explains one or more natural
phenomenaand tha is suppotted by observations from the natural world; it is not something less
than a"fact". Theories actudly occupy the highest, not the lowest, rank among scientific idess;
they are systems of explanation tha unite many different kinds of data and observations. They
can be modified when new information becomes available, and they can be overturned or
discarded when evidence to the contrary becomes so overwhdming tha it can nolonger be
explained away. Evolution is a"theory" in the same way that theideatha matter is made of
atomsis atheory, tha bacteria cause disease is atheory, tha the sun being the center of the solar
system is atheory. Any of these theories might be incorrect (and good scientists must always
consde tha possibility), but scientists accept all of them as provisondly "tru€' because thereis
so much evidence to support them.

I sevolution "random™ ?

No. Evolutionis clearly highly directiond, and not randomat all. Darwin's hypothesis of
naural selection states that this directionality is provided by the environment, which "selects’
variants that do better at surviving and reproducing. The underlying genetic variation, according
to thistheory is "randonm!' only in thesense tha it isnotin any preferred direction relative to the



direction of eventud evolutionary change. Variation, in Darwin'sview, isin all directions, and
then the environment steers it down only one or a few routes. Furthermore, natural selection
"builds’ on previousgenerations it does not start from scratch every generation. Thusstatements
such as "the chances of assembling a human beng by chance are astronomica” are irrelevant;
change by naura selection hgppensincrementaly, generation by generation. In the Museum, you
can demongrate this with the natural selection computer game. In the game, a population of
moths changes color over time because one color is more visible to predaors. This change is not
random; it isimposed by the environment of the moths.

Isit truethat thereislots of evidence against evolution?

No. Essentially all available data and observations from the natural world support the
hypothesis of evolution. No serious biologist or geologist today doubts whether evolution
occurred; debate continues, however, among scientists aboutthe mechanisms by which evolution
occurred.

How do you know evolution happened along time ago?

By examining fossils and comparing them to organisms alive today. In the Museum
exhibits, for example, a short film about Cornell professor Amy McCune shows how she uses
fossil fish to study how evolution hgppened in what is now the Connecticut River Valley around
200millionyears ago. Shecollects fossils from different layers and compares them to fish alive
today and triesto condude how evolution may have produced the patterns of similarity and
difference she observes.

How do we know how old all this stuff is?

Strictly speaking, the age of the Earth (or itsrocks or fossils) in yearsisn't really relevant
to whether or how evolution occurred. The most important principle for studying evolution in the
geological record using fossilsis superposition - theideathat older layers of rock are below
younger layers. Application of this principle tells usthat considerable time has passed and that
conditions on Earth have changed enormously.

In the Museum, superposition is explained in the stratigraphy exhibit in the Devonian
World. Radiometric dating tells us that the Earth and itsrocks are in fact very old, thereby
providing long stretches of time for evolution to occur. In the Museum, thisis explained in the
Geological Time exhibit in the Devonian World.

Doesn't the complexity/design of nature imply an intelligent designer?

Science dedls only with material causes of material phenomena Nothing we can observe in
nature requires a supanatural designer; we therefore defer to material processes to explain wha
we seein naure.

I sevolution against religion?

No. The most often-cited evidence for thisis the fact that there are many evolutionary
biologists and pdeontologists who profess to be somewhat or very religious More geneaaly, itis
possible to hold the view (as many practicing scientists do) that science and religion need not be



in conflict with each other, because they address fundamentally different aspects of human
experience. Science deals only with material reality; religion deals with the spiritud, the moral,
and the ethical. Many scientists profess that science cannot ever answer ultimate questions such
as"why are we here", "wha was the beginning of everything”, or "how should we live our lives".
According to this view, these questions very properly beong in the realm of religion.

7. Helpful hints.

When talking to visitor s about evolution:

Don't avoid using the word.

Practice. Y our credibility is highea, and you'll be more comfortable, when you soundlike
you know what you're talking about. Rehearse answers to the most frequently asked questions:
definitionsfor evolution and natural selection, the difference between evidence and mechanisms,
and does evolution challenge religion.

Be honest and helpful, but not defensive. If you dont know the answer to avisitor's
guestion, say so. Andtell them you'll beglad to try to find out and to tell them the next time
they're in the Museum.

If avigtor challengesyou:
Listen. Be respectful. It enhances the credibility of your answers. Be
polite butfirm. Use the suggested answers above

If avisitor isextremely argumentative or confrontational:

Try oneof thefollowing:

"These exhibits reflect the state-of-the-art in scientific knowledge. Like all scientific
conclusions, they might change someday, butright now these statements are very well
suppoted.”

"I'm not familiar with that information. I'll have to learn more abou that."

"I respect your perspective. Mineisdifferent. And we'll have to leaveit at tha."

"Thisis aplace to tak about science, not philosophy, religion, or politics. Thisisn't the
place to discuss the issues you're bringing up.”

"Please excuse me. | have to goto therestroom.”

You cannot " win" against a convinced creationist.

Themogd you can hopefor is arespectful exchange of views, in which you both learn
something. Sometimes tha hgppensand it can beavery enlightening experience for both parties.
Sometimes, however, they are looking for confrontation rather than an honest discussion and will
try to lure you into adebate, in which their rhetorical devices will be an advantage. Dont be
frudrated.
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