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Chapter 1. The Theory of Evolution
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The Theory of Evolution

Chapter Outline
1.1

DARWIN AND THE T HEORY OF E VOLUTION

1.2

E VIDENCE FOR E VOLUTION

1.3

R EFERENCES

The Grand Canyon, shown here, is an American icon and one of the wonders of the natural world. It’s also a record
of the past. Look at the rock layers in the picture. If you were to walk down a trail to the bottom of the canyon,
with each step down you would be taking a step back in time. That’s because lower layers of rock represent the
more distant past. The rock layers and the fossils they contain show the history of Earth and its organisms over a
2-billion-year time span. Although Charles Darwin never visited the Grand Canyon, he saw rock layers and fossils in
other parts of the world. They were one inspiration for his theory of evolution. Darwin’s theory rocked the scientific
world. In this chapter, you will read why.
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1.1 Darwin and the Theory of Evolution
Lesson Objectives

• State Darwin’s theory of evolution by natural selection.
• Explain how a species can evolve through natural selection.
Vocabulary

TABLE 1.1:
Word

Definition

artificial selection

process in which organisms evolve traits useful
to humans because people
select which individuals
are allowed to reproduce
and pass on their genes to
future generations.
The measure of ability
of an organism to survive and produce fertile
offspring.
(Higher fitness=more kids)

fitness

Used in a sentence (context)
Humans created different
breeds of dogs through
the artificial selection of
wolves.

Example(s)

Male elk who win battles
for mates have higher fitness than the losers.

Salmon lay hundreds of
eggs and have large numbers of offspring.
Humans usually only have
a few children, but they
take care of them so than
nearly all reach adulthood.

Dog breeds
Cat domestication

Helpful Media

For a quick and clear summary of natural selection, watch the video below:
https://www.youtube.com/watch?v=0SCjhI86grU
For a quick and clear summary of evolution watch this video:
https://www.youtube.com/watch?v=GhHOjC4oxh8
Introduction

The Englishman Charles Darwin is one of the most famous scientists who ever lived. His place in the history of
science is well deserved. Darwin’s theory of evolution represents a giant leap in human understanding. It explains
and unifies all of biology.
An overview of evolution can be seen at http://www.youtube.com/user/khanacademy#p/c/7A9646BC5110CF64/0/G
cjgWov7mTM (17:39).
2
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Darwin’s Theory at a Glance

Darwin’s theory of evolution actually contains two major ideas:
a. Populations change over time. Life on Earth has changed as living things diverged from common ancestors.
b. Evolution occurs by natural selection. Natural selection is the process in which living things with beneficial
traits produce more offspring than others do. This results in changes in the traits of living things over time.

Artificial Selection

Darwin was aware that humans could breed plants and animals to have useful traits. By selecting which animals
were allowed to reproduce, they could change an organism’s traits. The pigeons in Figure below are good examples.
Darwin called this type of change in organisms artificial selection. He used the word artificial to distinguish it from
natural selection.
For a discussion of the underlying causes of natural selection and evolution see http://www.youtube.com/user/khan
academy#p/c/7A9646BC5110CF64/5/DuArVnT1i-E (19:51).

Evolution of Darwin’s Theory

It took Darwin years to form his theory of evolution by natural selection. His reasoning went like this:
a. Darwin assumed that species can change over time. The fossils he found helped convince him of that.
b. Darwin saw that Earth and its life were very old. Thus, there had been enough time for evolution to produce
the great diversity of life Darwin had observed.
c. Darwin knew that populations could grow faster than their resources. This “overproduction of offspring” led
to a “struggle for existence,” in Darwin’s words.
d. From artificial selection, Darwin knew that some offspring have chance variations that can be inherited. In
nature, offspring with certain variations might be more likely to survive the “struggle for existence” and
reproduce. If so, they would pass their favorable variations to their offspring.
e. Darwin coined the term fitness to refer to an organism’s relative ability to survive and produce fertile offspring.
Nature selects the variations that are most useful. Therefore, he called this type of selection natural selection.
f. Darwin knew artificial selection could change domestic species over time. He inferred that natural selection
could also change species over time. In fact, he thought that if a species changed enough, it might evolve into
a new species.

Applying Darwin’s Theory

The following example applies Darwin’s theory. It explains how giraffes came to have such long necks (see Figure
1.1).
• In the past, giraffes had short necks. But there was chance variation in neck length. Some giraffes had necks
a little longer than the average.
• Then, as now, giraffes fed on tree leaves. Perhaps the environment changed, and leaves became scarcer. There
would be more giraffes than the trees could support. Thus, there would be a “struggle for existence.”
• Giraffes with longer necks had an advantage. They could reach leaves other giraffes could not. Therefore, the
long-necked giraffes were more likely to survive and reproduce. They had greater fitness.
• These giraffes passed the long-neck trait to their offspring. Each generation, the population contained more
long-necked giraffes. Eventually, all giraffes had long necks.
3
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FIGURE 1.1
African Giraffes. Giraffes feed on leaves
high in trees. Their long necks allow them
to reach leaves that other ground animals
cannot.

As this example shows, chance variations may help a species survive if the environment changes. Variation among
species helps ensure that at least one will be able to survive environmental change.
A summary of Darwin’s ideas are presented in the Natural Selection and the Owl Butterfly video: http://www.youtu
be.com/user/khanacademy#p/c/7A9646BC5110CF64/3/dR_BFmDMRaI (13:29).

Lesson Summary

• Darwin’s theory of evolution by natural selection states that living things with beneficial traits produce more
offspring than others do. This produces changes in the traits of living things over time.
Lesson Review Questions
Recall

1. State Darwin’s theory of evolution by natural selection.
2. What is artificial selection? How does it work?

Apply Concepts

6. Apply Darwin’s theory of evolution by natural selection to a specific case. For example, explain how Galápagos
tortoises could have evolved saddle-shaped shells.
4
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Points to Consider

Darwin’s book On the Origin of Species is a major milestone in science. It introduced biology’s most important
theory. It also provided an excellent example of how to think like a scientist. A scientist uses evidence and logic
to understand the natural world. In this lesson, you read about some of the evidence Darwin used. This evidence
included fossils and artificial selection.
• What other evidence might be used to show that evolution occurs? What about evidence based on molecules?
• Do you think it’s possible to see evolution occurring? How might that happen?

5
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1.2 Evidence for Evolution
Lesson Objectives

• Describe how fossils help us understand the past.
• Explain how evidence from living species gives clues about evolution.
• State how biogeography relates to evolutionary change.
Vocabulary

TABLE 1.2:
Word

Definition

comparative anatomy

study of the similarities
and differences in the
structures of different
species
study of the similarities
and differences in the embryos of different species

comparative embryology

homologous structure

structure that is similar in
related organisms because
it was inherited from a
common ancestor

vestigial structure

structure such as the human tailbone or appendix
that evolution has reduced
in size because it is no
longer used

Used in a Sentence (Context)
Comparative
analogy
shows us evidence of
evolution.

Example(s)

The comparative embryology of mammals shows
similarities into the first
third of pregnancy.
Stan
realized
that
the whale fin bones
in the museum were
homologous structures to
his arm.
Jan didn’t like the fact
that her vestigial tailbone
broke while ice skating.

Whale and human embryos look very similar in
early pregnancy

Embryology
homology

Bat wings and human
hands

tail bone
appendix

Introduction

In his book On the Origin of Species, Darwin included a lot of evidence to show that evolution had taken place. He
also made logical arguments to support his theory that evolution occurs by natural selection. Since Darwin’s time,
much more evidence has been gathered. The evidence includes a huge number of fossils. It also includes more
detailed knowledge of living things, right down to their DNA.
Fossil Evidence

Fossils are a window into the past. They provide clear evidence that evolution has occurred. Scientists who find and
study fossils are called paleontologists. How do they use fossils to understand the past? Consider the example of
the horse, shown in Figure 1.2. The fossil record shows how the horse evolved.
6
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FIGURE 1.2
Evolution of the Horse. The fossil record
reveals how horses evolved.

The oldest horse fossils show what the earliest horses were like. They were about the size of a fox, and they had four
long toes. Other evidence shows they lived in wooded marshlands, where they probably ate soft leaves. Through
time, the climate became drier, and grasslands slowly replaced the marshes. Later fossils show that horses changed
as well.
• They became taller, which would help them see predators while they fed in tall grasses.
• They evolved a single large toe that eventually became a hoof. This would help them run swiftly and escape
predators.
• Their molars (back teeth) became longer and covered with cement. This would allow them to grind tough
grasses and grass seeds without wearing out their teeth.
Similar fossil evidence demonstrates the evolution of the whale, moving from the land into the sea. An animation of
7
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this process can be viewed at http://collections.tepapa.govt.nz/exhibitions/whales/Segment.aspx?irn=161 .
Does The Fossil Record Support Evolution? This video can be seen at http://www.youtube.com/watch?v=QWVoX
ZPOCGk (9:20).

Evidence from Living Species

Just as Darwin did, today’s scientists study living species to learn about evolution. They compare the anatomy,
embryos, and DNA of modern organisms to understand how they evolved.

Comparative Anatomy

Comparative anatomy is the study of the similarities and differences in the structures of different species. Similar
body parts may be homologies or analogies. Both provide evidence for evolution.
Homologous structures are structures that are similar in related organisms because they were inherited from a
common ancestor. These structures may or may not have the same function in the descendants. Figure 1.3 shows
the hands of several different mammals. They all have the same basic pattern of bones. They inherited this pattern
from a common ancestor. However, their forelimbs now have different functions.

FIGURE 1.3
Hands of Different Mammals. The forelimbs of all mammals have the same basic
bone structure.

Analogous structures are structures that are similar in unrelated organisms. The structures are similar because they
evolved to do the same job, not because they were inherited from a common ancestor. For example, the wings of
bats and birds, shown in Figure 1.4, look similar on the outside. They also have the same function. However, wings
evolved independently in the two groups of animals. This is apparent when you compare the pattern of bones inside
the wings.

Comparative Embryology

Comparative embryology is the study of the similarities and differences in the embryos of different species.
Similarities in embryos are evidence of common ancestry. All vertebrate embryos, for example, have gill slits
and tails, as shown in Figure 1.5. All of the animals in the figure, except for fish, lose their gill slits by adulthood.
Some of them also lose their tail. In humans, the tail is reduced to the tail bone. Thus, similarities organisms share
as embryos may be gone by adulthood. This is why it is valuable to compare organisms in the embryonic stage.
8
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FIGURE 1.4
Wings of Bats and Birds. Wings of bats
and birds serve the same function. Look
closely at the bones inside the wings. The
differences show they developed from different ancestors.

FIGURE 1.5
Vertebrate Embryos. Embryos of different
vertebrates look much more similar than
the adult organisms do.

Vestigial Structures

Structures like the human tail bone are called vestigial structures. Evolution has reduced their size because the
structures are no longer used. The human appendix is another example of a vestigial structure. It is a tiny remnant of
a once-larger organ. In a distant ancestor, it was needed to digest food. It serves no purpose in humans today. Why
9
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do you think structures that are no longer used shrink in size? Why might a full-sized, unused structure reduce an
organism’s fitness?
Comparing DNA

Darwin could compare only the anatomy and embryos of living things. Today, scientists can compare their DNA.
Similar DNA sequences are the strongest evidence for evolution from a common ancestor. Look at the cladogram in
Figure 1.6. It shows how humans and apes are related based on their DNA sequences.
Evolution and molecules are discussed at http://www.youtube.com/watch?v=nvJFI3ChOUU (3:52).

FIGURE 1.6
Cladogram of Humans and Apes. This
cladogram is based on DNA comparisons. It shows how humans are related
to apes by descent from common ancestors.

Using various types of information to understand evolutionary relationships is discussed in the following videos:
http://www.youtube.com/watch?v=aZc1t2Os6UU (3:38), http://www.youtube.com/watch?v=6IRz85QNjz0 (6:45),
http://www.youtube.com/watch?v=JgyTVT3dqGY&feature=related (10:51).
Lesson Summary

• Fossils provide a window into the past. They are evidence for evolution. Scientists who find and study fossils
are called paleontologists.
• Scientists compare the anatomy, embryos, and DNA of living things to understand how they evolved. Evidence
for evolution is provided by homologous structures. These are structures shared by related organisms that were
inherited from a common ancestor. Other evidence is provided by analogous structures. These are structures
that unrelated organisms share because they evolved to do the same job.
• Biogeography is the study of how and why plants and animals live where they do. It also provides evidence
for evolution. On island chains, such as the Galápagos, one species may evolve into many new species to fill
available niches. This is called adaptive radiation.
Lesson Review Questions
Recall

1. How do paleontologists learn about evolution?
10
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2. Describe what fossils reveal about the evolution of the horse.
3. What are vestigial structures? Give an example.
Apply Concepts

6. Humans and apes have five fingers they can use to grasp objects. Do you think these are analogous or homologous
structures? Explain.
Think Critically

7. Compare and contrast homologous and analogous structures. What do they reveal about evolution?
8. Why does comparative embryology show similarities between organisms that do not appear to be similar as
adults?
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