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In 1992, a doctor at Tufts Medical School
published a book entitled The Antibiotic Paradox,
explaining how bacteria are becoming resistant to

Chapters

nearly all known antibiotics. The author of the book,

16 Darwin’s Theory
of Evolution

Stuart Levy, has argued that medicine and public
health would be much better off if medical students

17 Evolution of
Populations

were taught as much about Darwin as they are

18 Classiﬁcation

about Pasteur.

19 History of Life

Huh? Why should doctors learn so much about
Darwin? Because bacteria evolve under pressure
from natural selection—just as Darwin proposed.

INTRODUCE the

Once humans made antibiotics part of the environment, bacteria evolved resistance to those drugs.
Evolution
• Unity and Diversity of Life
•

Darwin’s theory of evolution has been described
as “the most important scientific idea that anyone
has ever had.” Ever since Darwin, new branches
of science have appeared and matured, gathering
information about the living world beyond Darwin’s
wildest dreams. Any of that evidence—from bio-

“

Darwin’s theory of
evolution by natural selection is
often called ‘the most important scientiﬁc idea that anyone has ever had.’
Evolutionary theory provides the best scientiﬁc explanation for the unity and diversity
of life. It unites all living things in a
single tree of life and reminds us
that humans are part of nature.
As researchers explore evolutionary mysteries, they continue to marvel at Darwin’s
genius and his grand
vision of the natural
world.

chemistry, molecular genetics, geology, and physics—could have confirmed or negated Darwin’s
work. Astonishingly, all those new data supported,
strengthened, and expanded Darwin’s insights.
Evolutionary theory now informs every aspect of
biological thought, from global ecology to medicine.
But, evolutionary theory does more than just

describe these phenomena; it enables us to predict
how organisms will respond to events around them.

”

Evolutionary theory informs new treatments for
AIDS, new approaches to the production and use
of antibiotics, and new strategies for using insec447

ticides. These and other applications explain why
understanding evolution is vital to making informed
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judgments about many issues in the modern world.
The goal of this unit is to help students understand the evolutionary worldview. As scientists and
teachers, we believe very strongly that the purpose
of education is to promote understanding, not to
compel belief. That applies to evolution, too, which,
if properly taught, should never threaten the beliefs
of students. As biologists, we genuinely feel, as
Darwin wrote, “There is grandeur in this view of
life . . .” We hope you agree.

Evolution
E
Ev
vollut
uti
tion
ion

447
44

UNIT 5

Evolution

Dear Colleague,

CHAPTER 16

Darwin’s Theory
of Evolution

Connect to the Big Idea
Have students look at the photograph, and
point out some of the ways the shells of
the Cuban tree snails vary. Connect the
image with the Big Idea of Evolution by explaining
that the occurrence of natural variations such as
these is a critical part of Charles Darwin’s theory of
evolution by natural selection. Encourage students to
anticipate the answer to the question, What is natural selection?

Evolution
Q:

What is natural selection?

Ask students to read over the
Chapter Mystery. Have a few students ﬁnd online images of different species of Hawaiian honeycreepers and share
them with the class. Explain that a bird’s beak suits
the type of food it normally eats. Ask students to
infer what type of food each pictured species eats.
Connect the Chapter Mystery to the Big Idea of Evolution by stating that all these varied honeycreepers
came about through evolution by natural selection.

Have students preview the chapter
vocabulary terms using the Flash Cards.
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CONTENT

C.1.f, C.2.a, C.2.c, C.3.a, C.3.b, C.3.c, C.3.d, C.3.e,
C.4.d, C.6.c, D.3, E.2, F.2, F.3, G.1, G.2, G.3
INQUIRY

A.1.a, A.1.b, A.1.c, A.1.e, A.2.a, A.2.b, A.2.c, A.2.d,
A.2.e, A.2.f

Understanding by Design
Chapter 16 introduces students to the Unit 5 Enduring Understanding: The diversity
of life is the result of ongoing evolutionary change. Species alive today have evolved
from ancient common ancestors. As the graphic organizer at the right shows, the
chapter explains how Darwin developed his theory of evolution by natural selection. It
describes his own observations while traveling aboard the Beagle, other inﬂuences on
his thinking, and the main lines of evidence that support his theory.
PERFORMANCE GOALS

In Chapter 16, students will interpret visuals, analyze data, and apply concepts to
demonstrate comprehension of the unit Enduring Understanding. At the end of the
chapter, students will predict how a particular species might adapt to changes on
Earth. They will also write an argument in support of evolution.
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INSIDE:

SUCH VARIED
HONEYCREEPERS

• 16.1 Darwin’s Voyage of Discovery
• 16.2 Ideas That Shaped Darwin’s Thinking
• 16.3 Darwin Presents His Case
• 16.4 Evidence of Evolution

These Cuban tree snails show the variation that
can exist within a species. That variation provides
the raw material for evolution.

The misty rain forests on
the Hawaiian island of
Kauai are home to birds found
nowhere else on Earth. Hiking at
dawn, you hear them before you
see them. Their songs ﬁll the air with
beautiful music. Then you spot a
brilliant red bird with black wings
called an ’i’iwi. As you watch, it uses
its long, curved beak to probe for nectar
deep in the ﬂowers of ‘ohi’a trees.
The ’i’iwi is just one of a number of
species of Hawaiian honeycreepers,
all of which are related to ﬁnches.
Various honeycreeper species feed on
nectar, insects, seeds, or fruits. Many
Hawaiian honeycreepers, however,
feed only on the seeds or nectar of
unique Hawaiian plants.
How did all these birds get to
Hawaii? How did some of them come
to have such specialized diets? As you
read the chapter, look for clues that
help explain the number and diversity
of Hawaiian honeycreepers. Then,
solve the mystery.

Extend your reach by using
these and other digital assets offered at
Biology.com.
CHAPTER MYSTERY

Students can study the case of Hawaiian honeycreepers and hypothesize how natural selection led
to their diversity.
UNTAMED SCIENCE VIDEO

Take a trip to Hawaii with the Untamed Science crew
to ﬁnd out why these tiny islands hold big potential
for evolution.

ART IN MOTION
Never Stop Exploring Your World.
Finding the solution to the honeycreepers
mystery is only the beginning. Take
a video ﬁeld trip to Hawaii with the
ecogeeks of Untamed Science to see
where the mystery leads.

An animation of canyon formation shows how fossil
layers accumulate and are later exposed.
DATA ANALYSIS

Students collect population data to see how variation
in a population of grasshoppers changes over time
due to natural selection.
ART REVIEW

• Untamed Science Video

Students identify homologous and analogous structures in this drag-and-drop activity.

• Chapter Mystery
Darwin’s Theory of Evolution 449

0001_Bio10_se_Ch16_CO.indd 449

Chapter 16
Big Idea: Evolution
Chapter 16 EQ:
What is natural
selection?
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VISUAL ANALOGY

Simple animations show how the functions of specialized pliers and ﬁnch beak shapes are similar.

16.1 GQ: What patterns of biodiversity did
Darwin observe while traveling aboard the
Beagle?
16.2 GQ: How did other scientists’ work help
Darwin develop his theory of natural selection?
16.3 GQ: What is Darwin’s theory of evolution
by natural selection?
16.4 GQ: What are the main lines of scientific
evidence that support Darwin’s theory of
evolution by natural selection?

Darwin’s Theory of Evolution
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CHAPTER 16

What’s Online

LESSON 16.1

a2863

Darwin’s Voyage
of Discovery

Getting Started
Objectives
16.1.1 State Charles Darwin’s contribution to
science.
16.1.2 Describe the three patterns of biodiversity
noted by Darwin.

Student Resources
Study Workbooks A and B, 16.1 Worksheets
Spanish Study Workbook, 16.1 Worksheets
Lesson Overview • Lesson Notes
• Assessment: Self-Test, Lesson Assessment
For corresponding lesson in the
Foundation Edition, see pages 380–383.

Key Questions
What was Charles Darwin’s
contribution to science?
What three patterns of
biodiversity did Darwin note?

Vocabulary
evolution
fossil

Taking Notes
Preview Visuals Before you
read, look at Figure 16–1.
Brieﬂy summarize the route the
Beagle took.

BUILD Vocabulary

Activate Prior Knowledge
Most students will have some familiarity with Charles
Darwin from previous science courses. Play a freeassociation word game to activate their prior knowledge. Call on students at random to say the ﬁrst
word that comes to mind when you say each of the
following terms: Charles Darwin, Beagle, Galápagos
Islands. Relate student responses to Darwin’s voyage
as an introduction to the lesson.

RELATED WORD FORMS In
biology, the noun evolution
means “the process by which
organisms have changed over
time.” The verb evolve means “to
change over time.”

Answers
IN YOUR NOTEBOOK Sample answer: When
Earth changes, life forms need to adapt to new
environmental conditions to survive.

THINK ABOUT IT If you’d met young Charles
Darwin, you probably wouldn’t have guessed
that his ideas would change the way we look at
the world. As a boy, Darwin wasn’t a star student. He preferred bird-watching and reading
for pleasure to studying. His father once complained, “You will be a disgrace to yourself
and all your family.” Yet Charles would one
day come up with one of the most important
scientiﬁc theories of all time—becoming far
from the disgrace his father feared he would be.

Darwin’s Epic Journey
What was Charles Darwin’s contribution to science?
Charles Darwin was born in England on February 12, 1809—the same
day as Abraham Lincoln. He grew up at a time when the scientiﬁc view
of the natural world was shifting dramatically. Geologists were suggesting that Earth was ancient and had changed over time. Biologists
were suggesting that life on Earth had also changed. The process
Darwin developed a
of change over time is called evolution.
scientiﬁc theory of biological evolution that explains how modern
organisms evolved over long periods of time through descent from
common ancestors.
Darwin’s journey began in 1831, when he was invited to sail on the
HMS Beagle’s ﬁve-year voyage along the route shown in Figure 16–1.
The captain and his crew would be mapping the coastline of South
America. Darwin planned to collect specimens of plants and animals.
No one knew it, but this would be one of the most important scientiﬁc
voyages in history. Why? Because the Beagle trip led Darwin to develop
what has been called the single best idea anyone has ever had.
If you think evolution is just about explaining life’s ancient history,
you might wonder why it’s so important. But Darwin’s work offers vital
insights into today’s world by showing how the living world is constantly
changing. That perspective helps us understand modern phenomena like
drug-resistant bacteria and newly emerging diseases like avian ﬂu.
In Your Notebook Using what you know about ecology, explain how
the ideas of a changing Earth and evolving life forms might be related.

NATIONAL SCIENCE EDUCATION STANDARDS
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• Lesson Overview

• Lesson Notes

UNIFYING CONCEPTS AND PROCESSES
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CONTENT

Teach for Understanding

C.3.a, G.1, G.2, G.3

ENDURING UNDERSTANDING The diversity of life is the result of ongoing

INQUIRY

evolutionary change. Species alive today have evolved from ancient
common ancestors.

A.1.b, A.2.a, A.2.b

GUIDING QUESTION What patterns of biodiversity did Darwin observe while traveling

aboard the Beagle?
EVIDENCE OF UNDERSTANDING After completing the lesson, give students the

following assessment to show their understanding of the patterns of biodiversity
Darwin observed. Have small groups of students find pictures of organisms online or
in magazines and use printouts and/or clippings to create a poster that illustrates the
patterns of biodiversity Darwin observed while aboard the Beagle.
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What three patterns of biodiversity did Darwin note?
A collector of bugs and shells in his youth, Darwin had always been
fascinated by biological diversity. On his voyage, the variety and number of different organisms he encountered dazzled him. In a single
day’s trip into the Brazilian forest, he collected 68 species of beetles,
and he wasn’t particularly looking for beetles!
Darwin ﬁlled his notebooks with observations about the characteristics and habitats of the different species he saw. But Darwin wasn’t
content just to describe biological diversity. He wanted to explain it in
a scientiﬁc way. He kept his eyes and mind open to larger patterns into
which his observations might ﬁt. As he traveled, Darwin noticed three
distinctive patterns of biological diversity: (1) Species vary globally,
(2) species vary locally, and (3) species vary over time.

Species Vary Globally Darwin visited a wide range of habitats on
the continents of South America, Australia, and Africa and recorded
his observations. For example, Darwin found ﬂightless, grounddwelling birds called rheas living in the grasslands of South America.
Rheas look and act a lot like ostriches. Yet rheas live only in South
America, and ostriches live only in Africa. When Darwin visited
Australia’s grasslands, he found another large ﬂightless bird, the emu.
Darwin noticed that different, yet ecologically similar, animal
species inhabited separated, but ecologically similar, habitats
around the globe.
Darwin also noticed that rabbits and other species living in European grasslands were missing from the grasslands of South America
and Australia. What’s more, Australia’s grasslands were home to
kangaroos and other animals that were found nowhere else. What did
these patterns of geographic distribution mean? Why did different
ﬂightless birds live in similar grasslands across South America, Australia,
and Africa, but not in the Northern Hemisphere? Why weren’t there
rabbits in Australian habitats that seemed ideal for them? And why
didn’t kangaroos live in England?
British
Isles
North
America

Teach
Darwin’s Voyage
1 Using a world map and
Figure 16–1, count the
number of lines of 10° latitude
the Beagle crossed.
2 Using the biome map
from Chapter 4 as a reference,
identify three different biomes
Darwin visited on his voyage.

Analyze and Conclude
1. Infer How did the
geography of Darwin’s voyage
give him far greater exposure
to species variability than his
fellow scientists back
home had?

On a ﬁve-year voyage aboard the
Beagle, Charles Darwin visited
several continents and many remote
islands. Draw Conclusions Why is
it significant that many of the stops
the Beagle made were in tropical
regions?

Europe
Pacific
Ocean

Africa

HMS
Beagle

Equator
South
America

Indian
Ocean

Galápagos
Islands

Australia
Cape of
Good Hope
Cape
Horn

Discuss in greater detail the example of rheas,
ostriches, and emus described in the text. Show the
class visuals of the three types of birds and their habitats, and call on students to point out how the birds
are adapted to their environments. Ask students to
infer why large, ﬂightless birds are found in grassland
habitats around the globe.

DIFFERENTIATED INSTRUCTION
L1 Special Needs Pair special needs students
with other students in the class, and have special
needs students trace Darwin’s voyage on the map in
Figure 16–1 while their partners read aloud about
the voyage. Then, ask partners to ﬁnd visuals of
some of the places and organisms that Darwin saw
and use them to make a scrapbook of his voyage.

FIGURE 16–1 Darwin’s Voyage

Asia
Atlantic
Ocean

Build Science Skills

New
Zealand

2000 km
1000 ml

ELL

Focus on ELL:
Build Background

BEGINNING AND INTERMEDIATE SPEAKERS

Guide students in using the visuals in the lesson
to fill in a BKWL Chart about Darwin. Using the
maps and photographs, summarize for students
Darwin’s voyage and observations. Have them
take notes in column B as you do. Then, tell
them to make inferences about Darwin, based
on their notes, and list them in column K. In
column W, have them record any questions they
have about Darwin. They can look for answers to
their questions as they read the lesson, and then
write the answers in column L.
Study Wkbks A/B, Appendix S27, BKWL Chart.
Transparencies, GO12.
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the same locations on the world biome
map in Figure 4–18, page 111.
PURPOSE Students will identify

the biomes Darwin visited and
explain how this exposed him to
greater species variability than other
scientists experienced.
MATERIALS world map
PLANNING Remind students which lines

on the map represent latitude. When
they come to step 2, suggest they try to
match places where the Beagle landed,
which are shown in Figure 16–1, with

ANALYZE AND CONCLUDE
1. Darwin crossed 11 lines of 10º latitude

in his voyage (from London, 51º 25’ N
to Cape Horn, 55º 90’ S). This gave
him a chance to observe how species
had adapted to different biomes and
also how species had adapted to the
same biomes in different parts of the
world. As such, Darwin was exposed
to much more variability than were his
fellow scientists.

Answers
FIGURE 16–1 The relatively warm and wet climate of
the tropics tends to correlate with high biodiversity.
Being in tropical regions exposed Darwin to countless
interesting and unfamiliar species.

Darwin’s Theory of Evolution
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LESSON 16.1

Observations Aboard the Beagle

LESSON 16.1

Teach

continued

The Galapagos Islands

Use Visuals

Isabela

Call on students to describe differences between the
two tortoises shown in Figure 16–2. Discuss how
the differences between the tortoises are related to
the differences in their environments. Challenge students to infer, based on the discussion, why groups
of islands like the Galápagos are good places to
study evolution.
Ask What other groups of islands might be good
places to study evolution? (Sample answers: the
Hawaiian Islands, the islands of the Caribbean)

DIFFERENTIATED INSTRUCTION
LPR Less Proﬁcient Readers Suggest students use
Cornell Notes to organize the information pertaining to Darwin’s observations. Tell them to include as
key words any terms that pertain to the main ideas,
not just the lesson vocabulary terms.

Students may say that the varied habitats on the Hawaiian Islands required
honeycreepers to exploit different food
sources, depending on which island they inhabited.
This, in turn, may have led to the evolution of different traits on different islands. Students can go online
to Biology.com to gather their evidence.

Equator

Hood

FIGURE 16–2 Tortoise Diversity

Among tortoises in the Galápagos
Islands, shell shape corresponds
to different habitats. Isabela Island
has high peaks, is rainy, and has
abundant vegetation. Hood Island,
in contrast, is ﬂat, dry, and has
sparse vegetation.

Study Wkbks A/B, Appendix S22, Cornell Notes.
Transparencies, GO5.
L3 Advanced Students Have students obtain a
copy of Darwin’s book, On the Origin of Species, and
ﬁnd passages in which Darwin describes his observations of plants and animals on the Galápagos Islands.
Ask them to put some of the observations in their
own words and share them with the class in an oral
report. Have them illustrate their report with copies
of Darwin’s original drawings.

Isabela Island
Tortoise
Tortoises from
Isabela Island have
dome-shaped shells
and short necks.
Vegetation on this
island is abundant
and close to the
ground.

Like the small
brown birds on the
Galápagos, Hawaiian
honeycreepers live on
islands with slightly different
habitats. How might these
varied habitats have
affected the evolution of
honeycreeper species?

Hood Island
Tortoise
The shells of Hood
Island tortoises are
curved and open
around their long
necks and legs. This
enables them to
reach the island’s
sparse, high
vegetation.

Species Vary Locally There were other puzzles, too. For example,
Darwin found two species of rheas living in South America. One lived
in Argentina’s grasslands and the other in the colder, harsher grass
Darwin noticed that different, yet
and scrubland to the south.
related, animal species often occupied different habitats within a
local area.
Other examples of local variation came from the Galápagos
Islands, about 1000 km off the Paciﬁc coast of South America. These
islands are close to one another, yet they have different ecological
conditions. Several islands were home to distinct forms of giant land
tortoises. Darwin saw differences among the tortoises but didn’t think
much about them. In fact, like other travelers, Darwin ate several
tortoises and tossed their remains overboard without studying them
closely! Then Darwin learned from the islands’ governor that the
tortoises’ shells varied in predictable ways from one island to another,
as shown in Figure 16–2. Someone who knew the animals well could
identify which island an individual tortoise came from, just by looking
at its shell.
Darwin also observed that different islands had different varieties of
mockingbirds, all which resembled mockingbirds that Darwin had seen
in South America. Darwin also noticed several types of small brown
birds on the islands with beaks of different shapes. He thought that some
were wrens, some were warblers, and some were blackbirds. He didn’t
consider these smaller birds to be unusual or important—at ﬁrst.
Species Vary Over Time In addition to collecting specimens of living
fossilss , which scientists already knew to
species, Darwin also collected fossil
be the preserved remains or traces of ancient organisms. Some fossils
didn’t look anything like living organisms, but others did.

452 Chapter 16 • Lesson 1
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Check for Understanding
ONE-MINUTE RESPONSE

Ask students to write a one-minute response to the following:
Contrast the pattern Darwin observed among the large, ﬂightless birds and the pattern he observed among the tortoises. (The large, flightless birds lived far apart, yet
their environments were similar, and the birds looked similar. The tortoises lived close
to one another, yet they had differences that seemed to correspond to differences in
their environments.)
ADJUST INSTRUCTION

Call on volunteers to read their response aloud. If students have trouble distinguishing
these patterns, tell them that similar environments seem to result in similarities among
organisms. Different environments seem to result in differences among organisms.
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Chapter 16 • Lesson 1

6/2/09 7:35:29 PM

Putting the Pieces of the Puzzle Together On the voyage
home, Darwin thought about the patterns he’d seen. The plant
and animal specimens he sent to experts for identiﬁcation set
the scientiﬁc community buzzing. The Galápagos mockingbirds turned out to belong to three separate species found
nowhere else! And the little brown birds that Darwin thought
were wrens, warblers, and blackbirds were actually all species
of ﬁnches! They, too, were found nowhere else, though they
resembled a South American ﬁnch species. The same was true
of Galápagos tortoises, marine iguanas, and many plants that
Darwin collected on the islands.
Darwin was stunned by these discoveries. He began to wonder whether different Galápagos species might have evolved from
South American ancestors. He spent years actively researching
and ﬁlling notebooks with ideas about species and evolution. The
evidence suggested that species are not ﬁxed and that they could
change by some natural process.

Armadillo

Assess and Remediate
EVALUATE UNDERSTANDING

.5m

Ask students to write four ﬁll-in, true-false, or
multiple-choice questions based on the Key Concepts
in the lesson. Have them exchange questions with
a partner and try to answer the partner’s questions.
Then, have students complete the 16.1 Assessment.
3m

REMEDIATION SUGGESTION

Glyptodont

L1 Struggling Students If students have difﬁculty
with Question 3, suggest they review biotic and abiotic factors in Chapter 3.

FIGURE 16–3 Related Organisms? Despite

their obvious differences, Darwin wondered if
the armadillo might be related to the ancient
glyptodont. Compare and Contrast What
similarities and differences do you see between
these two animals?

LESSON 16.1

Darwin noticed that some fossils of extinct animals
were similar to living species. One set of fossils unearthed by
Darwin belonged to the long-extinct glyptodont, a giant armored
animal. Currently living in the same area was a similar animal,
the armadillo. You can see in Figure 16–3 that the armadillo
appears to be a smaller version of the glyptodont. Darwin said
of the organisms: “This wonderful relationship in the same
continent between the dead and the living, will, I do not doubt,
hereafter throw more light on the appearance of organic beings
on our earth, and their disappearance from it, than any other
class of facts.” So, why had glyptodonts disappeared? And why did
they resemble armadillos?

Students can check their understanding of lesson concepts with the SelfTest assessment. They can then take an online
version of the Lesson Assessment.

Review Key Concepts
1. a. Review What is evolution?
b. Apply Concepts What ideas were changing in the scientiﬁc
community at the time of Darwin’s travels? How might those new
ideas have inﬂuenced Darwin?
2. a. Review What three kinds of variations among organisms did
Darwin observe during the voyage of the Beagle?
b. Infer Darwin found fossils of many organisms that did
not resemble any living species. How might this ﬁnding have
affected his understanding of life’s diversity?
Lesson 16.1

• Self-Test

Interdependence in Nature
3. You have learned that both
biotic and abiotic factors
affect ecosystems. Give
some examples of each,
and explain how biotic and
abiotic factors could have
affected the tortoises that
Darwin observed on the
Galápagos Islands.

Answers
FIGURE 16–3 Sample answer: The armadillo is much
smaller than the glyptodont, but the two organisms
have similar shells, tails, and body shapes.

• Lesson Assessment
Darwin’s Theory of Evolution 453
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Assessment Answers
go extinct, while others evolve into different species. Darwin might have inferred
that Earth’s current diversity is less than
the total diversity of living things that have
ever existed.

1a. the process of change over time
1b. Geologists were suggesting that Earth
was ancient and had changed over time.
Biologists were suggesting that life on Earth
had changed over time, as well. These ideas
might have influenced Darwin to develop a
theory about how organisms had changed
over long periods of time.
2a. Darwin observed that organisms vary globally, locally, and over time.
2b. Sample answer: This finding might have
helped him understand that many species

3.

Sample answer: Biotic factors are
any living component of the environment with which individuals
interact, such as the plants they eat for food
or the predators they try to avoid. Abiotic
factors are nonliving parts of an organism’s
environment, such as precipitation and soil

type. Variation in abiotic and biotic factors
on different Galápagos Islands might explain
the different traits of tortoises on the
islands. For example, Hood Island is dry and
has sparse vegetation, whereas Isabela
Island is rainy and has dense vegetation. The
necks and shells of tortoises suit them for
the abiotic and biotic factors on the particular island they inhabit.

Darwin’s Theory of Evolution
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LESSON 16.2

Ideas That Shaped
Darwin’s Thinking

Getting Started
Objectives
16.2.1 Identify the conclusions drawn by Hutton
and Lyell about Earth’s history.
16.2.2 Describe Lamarck’s hypothesis of evolution.

Key Questions

16.2.3 Describe Malthus’s view of population
growth.

What did Hutton and Lyell
conclude about Earth’s history?

16.2.4 Explain the role of inherited variation in
artificial selection.

How did Lamarck propose
that species evolve?
What was Malthus’s view
of population growth?

Student Resources

How is inherited variation
used in artiﬁcial selection?

Study Workbooks A and B, 16.2 Worksheets

Vocabulary

Spanish Study Workbook, 16.2 Worksheets

artiﬁcial selection

Lesson Overview • Lesson Notes
• Activities: Art in Motion • Assessment: SelfTest, Lesson Assessment
For corresponding lesson in the
Foundation Edition, see pages 384–387.

Build Background
Describe a husband and wife who exercise regularly
at the gym, build up their muscles, and then later
have a baby. Ask students if the big muscles of the
parents will be passed on to their child. (Students
are likely to say no.) Tell them an early nineteenthcentury scientist named Lamarck thought traits
organisms developed during their life could be
passed on to their offspring. Explain that they will
read about Lamarck in this lesson, because his ideas
inﬂuenced Darwin.

Taking Notes
Outline Make an outline of this
lesson using the green headings
as main topics and the blue
headings as subtopics. As you
read, ﬁll in details under each
heading.

THINK ABOUT IT All scientists are inﬂuenced by the work of other
scientists, and Darwin was no exception. The Beagle’s voyage came
during one of the most exciting periods in the history of science. Geologists, studying the structure and history of Earth, were making new
observations about the forces that shape our planet. Naturalists were
investigating connections between organisms and their environments.
These and other new ways of thinking about the natural world provided the foundation on which Darwin built his ideas.

An Ancient, Changing Earth
What did Hutton and Lyell conclude about Earth’s history?
Many Europeans in Darwin’s day believed Earth was only a few thousand years old, and that it hadn’t changed much. By Darwin’s time,
however, the relatively new science of geology was providing evidence
to support different ideas about Earth’s history. Most famously, geologists James Hutton and Charles Lyell formed important hypotheses
based on the work of other researchers and on evidence they uncovHutton and Lyell concluded that Earth is
ered themselves.
extremely old and that the processes that changed Earth in the past
are the same processes that operate in the present. In 1785, Hutton
presented his hypotheses about how geological processes have shaped
the Earth. Lyell, who built on the work of Hutton and others, published the ﬁrst volume of his great work, Principles of Geology, in 1830.

FIGURE 16–4 Ancient Rocks

These rock layers in the Grand
Canyon were laid down over
millions of years and were then
slowly washed away by the
river, forming a channel.
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CONTENT

C.3.a, C.4.d, D.3, F.2, F.3, G.1, G.2, G.3

Teach for Understanding
ENDURING UNDERSTANDING The diversity of life is the result of ongoing evolutionary

change. Species alive today have evolved from ancient common ancestors.
INQUIRY

A.1.a, A.1.b, A.1.c, A.1.e, A.2.a, A.2.e, A.2.f

GUIDING QUESTION How did other scientists’ work help Darwin develop his theory

of natural selection?
EVIDENCE OF UNDERSTANDING After completing the lesson, give students

the following assessment to show their understanding of how other scientists
contributed to Darwin’s theory of evolution by natural selection. In groups of five,
have students assume the roles of Hutton, Lyell, Lamarck, Malthus, and Darwin.
Ask group members to collaborate on creating and presenting a brief skit in
which Hutton, Lyell, Lamarck, and Malthus present their ideas to Darwin, and
Darwin responds by stating how the ideas influenced his theory of evolution by
natural selection.
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Lyell’s Principles of Geology Lyell argued that laws of
nature are constant over time and that scientists must explain past
events in terms of processes they can observe in the present. This
way of thinking, called uniformitarianism, holds that the geological
processes we see in action today must be the same ones that shaped
Earth millions of years ago. Ancient volcanoes released lava and
gases, just as volcanoes do now. Ancient rivers slowly dug channels,
like the one in Figure 16 –5, and carved canyons in the past, just as
they do today. Lyell’s theories, like those of Hutton before him,
relied on there being enough time in Earth’s history for these
changes to take place. Like Hutton, Lyell argued that
Earth was much, much older than a few thousand years.
Otherwise, how would a river have enough time to carve
out a valley?
Darwin had begun to read Lyell’s books during
the voyage of the Beagle, which was lucky. Lyell’s work
helped Darwin appreciate the signiﬁcance of an earthquake he witnessed in South America. The quake was so
strong that it threw Darwin onto the ground. It also lifted
a stretch of rocky shoreline more than 3 meters out of the
sea—with mussels and other sea animals clinging to it.
Sometime later, Darwin observed fossils of marine animals in mountains thousands of feet above sea level.
Those experiences amazed Darwin and his companions. But only Darwin turned them into a startling scientiﬁc insight. He realized that he had seen evidence that Lyell
was correct! Geological events like the earthquake, repeated many
times over many years, could build South America’s Andes Mountains—a few feet at a time. Rocks that had once been beneath the sea
could be pushed up into mountains. Darwin asked himself, If Earth
can change over time, could life change too?

BUILD Vocabulary
ACADEMIC WORDS The noun
process means “a series of
actions or changes that take
place in a deﬁnite manner.” The
processes that shape Earth are
the series of geological actions
that do things such as build
mountains and carve valleys.

Connect to Geology
Have students examine the photographs shown in
Figures 16–4 and 16–5. Point out that there is running water in both photographs. Call on volunteers
to infer how geological processes produced the
Grand Canyon and the deep channel of the Simeto
River in Italy. (Moving water gradually eroded rock
layers.) Discuss how long it took the Grand Canyon to form. (Geologists estimate that the Grand
Canyon formed over 6 million years.) Ask students
to infer how knowledge of such processes inﬂuenced Darwin.

DIFFERENTIATED INSTRUCTION
LPR Less Proﬁcient Readers Give students one
minute to write down everything they know about
geology. Then, ask students to review An Ancient,
Changing Earth. As they read, students should add
details from the text to their brainstorm sheet.

ELL

Focus on ELL:
Extend Language

ADVANCED AND ADVANCED HIGH SPEAKERS

FIGURE 16–5 A woodcut
d
ffrom
Lyell’s Principles of Geology shows
geological features near Italy’s
Mount Etna. Among them is a deep
channel, labeled “B,” carved into
a bed of lava. The channel, shown
in the photo, was formed gradually
by the movement of water in the
Simeto River.
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Teach

As students read the lesson, have them write
their own definition of each of the following
concepts, based on the information in the text:
geological change, uniformitarianism, inheritance
of acquired characteristics, population growth,
and artificial selection. When you review the
lesson, ask students to read their definitions to
the class.

Have students view the Art in
Motion: The Ladder of Life to see an animation of canyon formation, showing how
fossil layers accumulate and are later exposed.
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How Science Works
PATRICK MATTHEW AND HIS THEORY OF EVOLUTION

Most people have heard of Charles Darwin’s theory of evolution by natural selection,
but how many people have heard of Patrick Matthew’s theory of evolution? Very few,
although Matthew thought his name should be associated with the theory of evolution, not Charles Darwin’s. Matthew was born in 1790 in Scotland, where he lived
most of his life. He owned and managed a large fruit orchard. Although he wasn’t
a scientist, he wrote about evolution and described a mechanism similar to what we
today call natural selection. Matthew’s work appeared almost 30 years before Darwin
published On the Origin of Species. Did Darwin steal Matthew’s ideas? It seems
unlikely, because Matthew’s theories were “hidden” in obscure publications that
Darwin claimed never to have read. Matthew’s theory also differed from Darwin’s in
several important ways. It should also be noted that Matthew, unlike Darwin, did not
spend decades gathering evidence for his theory.

Darwin’s Theory of Evolution
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Hutton and Geological Change Hutton recognized the connections between a number of geological processes and geological features, like mountains, valleys, and layers of rock that seemed to be
bent or folded. Hutton realized, for example, that certain kinds of
rocks are formed from molten lava. He also realized that some other
kinds of rocks, like those shown in Figure 16–4, form very slowly, as
sediments build up and are squeezed into layers.
Hutton also proposed that forces beneath Earth’s surface can push
rock layers upward, tilting or twisting them in the process. Over long
periods, those forces can build mountain ranges. Mountains, in turn,
can be worn down by rain, wind, heat, and cold. Most of these processes operate very slowly. For these processes to have produced Earth
as we know it, Hutton concluded that our planet must be much older
than a few thousand years. He introduced a concept called deep
time—the idea that our planet’s history stretches back over a
period of time so long that it is difﬁcult for the human mind to
imagine—to explain his reasoning.

LESSON 16.2

Lamarck’s Evolutionary Hypotheses

Teach

How did Lamarck propose that species evolve?
Darwin wasn’t the ﬁrst scientist to suggest that characteristics of species
could change over time. Throughout the eighteenth century, a growing
fossil record supported the idea that life somehow evolved. Ideas differed, however, about just how life evolved. The French naturalist JeanLamarck
Baptiste Lamarck proposed two of the ﬁrst hypotheses.
suggested that organisms could change during their lifetimes by
selectively using or not using various parts of their bodies. He also
suggested that individuals could pass these acquired traits on to
their offspring, enabling species to change over time. Lamarck published his ideas in 1809, the year Darwin was born.

continued

Build Science Skills
Challenge small groups of students to design
an experiment to test Lamarck’s hypothesis that
acquired characteristics can be passed from parents to offspring. Their experimental design should
include a hypothesis, a procedure, possible outcomes, and an explanation of how the outcomes
would or would not support their hypothesis. Give
groups a chance to share their experimental designs.

DIFFERENTIATED INSTRUCTION
L3 Advanced Students Suggest students research
the ideas of Georges Cuvier and Georges-Louis
Leclerc, Comte de Buffon—two naturalists whose
ideas preceded Darwin’s. Have students prepare a 5to 10-minute class presentation in which they summarize the work of these two men and suggest how
their work may have inﬂuenced Darwin.

Address Misconceptions
Selection for Perfection A common student misconception is that evolution produces perfect organisms.
In the next lesson, this is addressed in detail, but take
the opportunity here to introduce this misconception. Explain that the tendency toward perfection is
one of the great ﬂaws of Lamarck’s ideas. No organism is perfectly adapted. In fact, the variations that
make us less than perfect may also save us if our
environment changes.

FIGURE 16–6 Acquired
Characteristics? According to
Lamarck, this black-necked stilt’s
long legs were the result of the
bird’s innate tendency toward
perfection. He claimed that if a
water bird needs long legs to wade
in deep water, it can acquire them
by making an effort to stretch and
use its legs in new ways. He also
claimed that the bird can then pass
the trait on to its offspring.

Lamarck’s Ideas Lamarck proposed that all organisms
have an inborn urge to become more complex and perfect. As a result, organisms change and acquire features
that help them live more successfully in their environments. He thought that organisms could change the size
or shape of their organs by using their bodies in new
ways. According to Lamarck, for example, a water bird
could have acquired long legs because it began to wade
in deeper water looking for food. As the bird tried to stay
above the water’s surface, its legs would grow a little longer. Structures of individual organisms could also change
if they were not used. If a bird stopped using its wings to
ﬂy, for example, its wings would become smaller. Traits
altered by an individual organism during its life are called
acquired characteristics.
Lamarck also suggested that a bird that acquired a
trait, like longer legs, during its lifetime could pass that
trait on to its offspring, a principle referred to as inheritance of acquired characteristics. Thus, over a few generations, birds like
the one in Figure 16–6 could evolve longer and longer legs.
Evaluating Lamarck’s Hypotheses Today, we know that Lamarck’s
hypotheses were incorrect in several ways. For one thing, organisms
don’t have an inborn drive to become more perfect. Evolution does
not mean that over time a species becomes “better” somehow, and
evolution does not progress in a predetermined direction. We now
also know that traits acquired by individuals during their lifetime cannot be passed on to offspring. However, Lamarck was one of the ﬁrst
naturalists to suggest that species are not ﬁxed. He was among the ﬁrst
to try to explain evolution scientiﬁcally using natural processes. He
also recognized that there is a link between an organism’s environment
and its body structures. So, although Lamarck’s explanation of evolutionary change was wrong, his work paved the way for later biologists,
including Darwin.
In Your Notebook Why are Lamarck’s ideas called scientiﬁc
hypotheses and not scientiﬁc theories?

456 Chapter 16 • Lesson 2
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Check for Understanding
DEPTH OF UNDERSTANDING

Answers
IN YOUR NOTEBOOK Hypotheses, unlike theories,
are statements that are not necessarily supported by
evidence, and Lamarck’s ideas were not supported
by evidence.
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Ask students to respond in writing to the following question: How did Lamarck inﬂuence Darwin’s thinking? (Students with a superficial understanding might respond
incorrectly that Lamarck gave Darwin the idea that individuals could develop new traits
during their life and pass them to their offspring. Students with a sophisticated understanding should respond that Lamarck influenced Darwin with his ideas that natural
processes can explain evolution and that species are influenced by their environments.)
ADJUST INSTRUCTION

Collect and read students’ responses. Select several of the more sophisticated
responses, and share them with the class. To ensure understanding, ask a few students to rephrase various answers.

6/2/09 7:36:29 PM

What was Malthus’s view of population growth?
In 1798, English economist Thomas Malthus noted that humans
were being born faster than people were dying, causing overcrowding, as
Malthus reasoned that if the human
shown in Figure 16–7.
population grew unchecked, there wouldn’t be enough living space
and food for everyone. The forces that work against population growth,
Malthus suggested, include war, famine, and disease.
Darwin realized that Malthus’s reasoning applied even more to other
organisms than it did to humans. A maple tree can produce thousands of
seeds each summer. One oyster can produce millions of eggs each year. If
all the descendants of almost any species survived for several generations,
they would overrun the world. Obviously, this doesn’t happen. Most offspring die before reaching maturity, and only a few of those that survive
manage to reproduce.
Why was this realization so important? Darwin had become convinced
that species evolved. But he needed a mechanism—a scientiﬁc explanation based on a natural process—to explain how and why evolution
occurred. When Darwin realized that most organisms don’t survive and
reproduce, he wondered which individuals survive … and why.

Artiﬁcial Selection
How is inherited variation used in artiﬁcial selection?
To ﬁnd an explanation for change in nature, Darwin studied change
produced by plant and animal breeders. Those breeders knew that
individual organisms vary—that some plants bear larger or smaller
fruit than average for their species, that some cows give more or less
milk than others in their herd. They told Darwin that some of this
variation could be passed from parents to offspring and used to
improve crops and livestock.

Variation in Peppers
1 Obtain a green, yellow, red, or purple
bell pepper.
2 Slice open the pepper and count the number
of seeds it contains.
3

Compare your data with the data of other
students who have peppers of a different color.

Lesson 16.2

Connect to Math
Malthus believed populations of organisms increase
exponentially, while the resources they need increase
linearly. Tell students that his model of population
growth can be expressed by the equation:
Pn = (1 + r)nP0

FIGURE 16–7 Overcrowding

in London A nineteenth-century
engraving shows the crowded
conditions in London during Darwin’s
time. Relate Cause and Effect
According to Malthus, what would
happen if the population of London
continued to grow?

where n = number of years, r = rate of population
growth per year, P0 = size of the original population,
and Pn = size of the population after n years. Starting with n = 0 and P0 = 100, and assuming that r
is constant at 0.2, work with students to ﬁnd the
values of Pn for n = 1 to 10. Then, have them graph
the values. They should plot the values of n on the
x-axis and the corresponding values of Pn on the
y-axis. (Their graphs should resemble a parabola.)
On the same graph, ask them to draw a straight line
passing from the origin to the right at a 45° angle
(i.e., a graph of y = x). Tell them this line represents
a linear increase in resources. Discuss how and why
the line representing population differs from the line
representing resources. Also, discuss the implications
of the lines for real populations.

DIFFERENTIATED INSTRUCTION

Analyze and Conclude
1. Calculate Find the average (mean) number of
seeds in your class’s peppers. Then determine by
how much the number of seeds in each pepper
differs from the mean number.

ELL English Language Learners After students
have ﬁnished reading the lesson, have them get
together for a Core Concept Discussion. Each
student in the group should contribute one core
concept from the lesson (such as Lamarck’s ideas or
Hutton and Lyell’s conclusions), then other group
members take turns discussing it.

Study Wkbks A/B, Appendix S3, Core Concept
Discussion.

2. Pose Questions Think of the kinds of
variations among organisms that Darwin
observed. If Darwin had seen your data, what
questions might he have asked?

• Art in Motion
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if possible. Be sure to use bell peppers,
not hot peppers.
PURPOSE Students will analyze variation

ANALYZE AND CONCLUDE

in traits and infer questions Darwin
might have posed about the data.

1. Answers will vary depending on

MATERIALS bell peppers of different

colors, knife
SAFETY Remind students to wear

goggles and handle the knife carefully.
Make sure they wash their hands after
finishing the lab.
PLANNING Provide each student with
a pepper. Use several colors of peppers

class data.
2. Sample answer: Darwin might have

asked whether variation in seed number was associated with other variables, such as growth conditions or
pepper color. He may have wondered
if the variation correlated to a pepper
color’s success in its environment.

Answers
FIGURE 16–7 There wouldn’t be enough living
space and food for everyone, which might increase
the chances of war, famine, disease, and other
population-limiting phenomena.

Darwin’s Theory of Evolution
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Population Growth

LESSON 16.2

Teach

continued

FIGURE 16–8 Artiﬁcial Selection

Darwin used artiﬁcial selection in
breeding fancy pigeons at his home
outside London.

Assess and Remediate
EVALUATE UNDERSTANDING

Have students make an acrostic based on Darwin.
Each letter in the term should be the ﬁrst letter in a
sentence describing an inﬂuence on Darwin. Then,
have students complete the 16.2 Assessment.

Farmers would select for breeding only trees that produced the
largest fruit or cows that produced the most milk. Over time, this
selective breeding would produce more trees with even bigger fruit
and cows that gave even more milk. Darwin called this process
artiﬁcial selection.
In artiﬁcial selection, nature provides the
variations, and humans select those they ﬁnd useful. Darwin put
artiﬁcial selection to the test by raising and breeding plants and
fancy pigeon varieties, like those in Figure 16–8.
Darwin had no idea how heredity worked or what caused heritable
variation. But he did know that variation occurs in wild species as
well as in domesticated plants and animals. Before Darwin, scientists
thought variations among individuals in nature were simply minor
defects. Darwin’s breakthrough was in recognizing that natural variation was very important because it provided the raw material for
evolution. Darwin had all the information he needed. His scientiﬁc
explanation for evolution was now formed—and when it was published, it would change the way people understood the living world.

REMEDIATION SUGGESTION
L1 Struggling Students If students have trouble
with Question 4b, suggest they reread the Key Concept about artiﬁcial selection.

Students can check their understanding of lesson concepts with the SelfTest assessment. They can then take an online
version of the Lesson Assessment.

Review Key Concepts
1. a. Review What were Hutton’s and Lyell’s
ideas about the age of Earth and the processes
that shape the planet?
b. Apply Concepts How would Hutton
and Lyell explain the formation of the
Grand Canyon?
2. a. Review What is an acquired characteristic?
What role did Lamarck think acquired characteristics played in evolution?
b. Evaluate What parts of Lamarck’s hypotheses have been proved wrong? What did
Lamarck get right?

Lesson 16.2

Assessment Answers
1a. Hutton thought geological processes, such
as mountain building, take a very long
time, so Earth must be much older than
most people believed. Lyell expanded on
Hutton’s idea by suggesting that the same
geological processes that changed Earth in
the past are still at work today.
1b. Hutton and Lyell would explain that the
Grand Canyon formed over millions of
years as the running water of the Colorado
River gradually wore away rocks—just as it
does today.
2a. An acquired characteristic is a trait altered
during an organism’s life. Lamarck thought
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3. a. Review According to Malthus, what factors
limit human population growth?
b. Draw Conclusions How did Malthus
inﬂuence Darwin?
4. a. Review What is artiﬁcial selection?
b. Infer Could artiﬁcial selection occur without inherited variation? Explain your answer.

Creative Writing
5. Imagine you are Thomas Malthus and the year
is 1798. Write a newspaper article that explains
your ideas about the impact of a growing
population on society and the environment.

• Self-Test

• Lesson Assessment
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acquired characteristics could be passed on
to offspring.
2b. Lamarck’s idea about the inheritance of
acquired characteristics and an organism’s
tendency toward perfection have been
proven wrong. However, he was right
that species are not fixed but change in
response to their environment.
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mechanism that explains which organisms
survive to reproduce.
4a. the process of allowing only organisms
with desirable traits to reproduce in order
to increase the number of individuals with
those traits
4b. No, there would be nothing to select if
all the members of a species were identical.

3a. living space and food
3b. Malthus got Darwin thinking about
overproduction of offspring. The idea
that many more organisms are produced
than can survive led Darwin to suggest a

5. Answers will vary but should show that
students understand Malthus’s ideas about
population growth and its potential negative consequences, such as war and disease.

Lead a Discussion
Origins of Evolutionary Thought The groundwork for the modern
theory of evolution was laid during the 1700s and 1800s. Charles Darwin
developed the central idea of evolution by natural selection, but others
before and during his lifetime inﬂuenced his thinking.
1780

1790

1785

1800

James Hutton
Hutton proposes that
slow-acting geological
forces shape the planet.
He estimates Earth to be
millions—not
thousands—of
years old.


1810

1820

1830

1809

Jean-Baptiste Lamarck
Lamarck publishes his
hypotheses of the inheritance
of acquired traits. The ideas
are ﬂawed, but he is one of the
ﬁrst to propose a mechanism
explaining how organisms
change over time. 

1840

1850

1860

1830 –1833
Charles Lyell 
In his Principles of Geology,
Lyell explains that over long
periods, the same processes
affecting Earth today have
shaped Earth’s ancient
geological features.

DIFFERENTIATED INSTRUCTION
ELL English Language Learners Match beginning
or intermediate speakers with more advanced speakers, and ask pairs to discuss how each individual in
the time line inﬂuenced Darwin to develop his theory
of evolution by natural selection. Then, have partners
collaborate to write a sentence about each individual
that states the nature of his inﬂuence.

1858

Alfred Russel Wallace
Wallace writes to Darwin, speculating on evolution by natural selection, based on his studies of the
distribution of plants and animals.

1798

Thomas Malthus
In his Essay on the Principle of
Population, Malthus predicts
that left unchecked, the human
population will grow beyond
the space and food needed to
sustain it.

1831

Charles Darwin
Darwin sets sail on
the HMS Beagle,
a voyage that will
provide him with vast
amounts of evidence
to support his explanation of how evolution works. 

By the end of Lesson 16.2, students should be
familiar with all of the individuals in the time line
except for Alfred Russel Wallace. You may want to
provide additional background on him. (See Quick
Facts below.) Tell students Wallace’s letter inﬂuenced
Darwin to publish On the Origin of Species more
quickly than he otherwise would have. Discuss how
the social climate of Darwin’s time made him reluctant to publish his ideas about evolution and why he
needed the extra impetus from Wallace to publish
them when he did.

1859

Darwin publishes
On the Origin
of Species.

Use the library or the Internet to ﬁnd
out more about Darwin and Wallace. Then write
a dialogue between these two men, in which the
conversation shows the similarities in their careers
and theories.
Biology and History 459
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Quick Facts
ALFRED RUSSEL WALLACE

Alfred Russel Wallace is best remembered for developing a theory of evolution that is
very similar to that of Darwin. However, this is just one reason why, by 1900, Wallace
was among the world’s most widely known and well-respected scientists. Other reasons include Wallace’s concept of polymorphism and early contributions to the understanding of mimicry. Further, he authored the most famous book ever written on the
Malay Archipelago and established himself as the world’s authority on Indonesia. In
addition, he discovered the “Wallace Effect” (selection for reproductive isolation).
Throughout his life, Wallace defended natural selection while developing his own
ideas—many of which were cited in Darwin’s own works. In fact, historians believe
the two men greatly inﬂuenced and challenged each other.

Answers
WRITING Dialogues will vary but should include

similar statements by Darwin and Wallace about
how plants and animals vary and how they evolve
by natural selection. Dialogues should also reveal the
two men’s similar experiences as naturalists.
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C.3.a, D.3, F.2, F.3, G.1, G.3

INQUIRY A.2.a, A.2.e, A.2.f
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Teach

LESSON 16.3

Darwin Presents
His Case

Getting Started
Objectives
16.3.1 Describe the conditions under which natural
selection occurs.
16.3.2 Explain the principle of common descent.

Key Questions
Under what conditions
does natural selection occur?

Student Resources
Study Workbooks A and B, 16.3 Worksheets

What does Darwin’s
mechanism for evolution suggest
about living and extinct species?

Spanish Study Workbook, 16.3 Worksheets

Vocabulary

Lesson Overview • Lesson Notes
• Activity: Data Analysis • Assessment:
Self-Test, Lesson Assessment
For corresponding lesson in the
Foundation Edition, see pages 388–391.

adaptation
ﬁtness
natural selection

Taking Notes
Preview Visuals Before you read
this lesson, look at Figure 16–10.
Read the information in the
ﬁgure, and then write three questions you have about it. As you
read, answer your questions.

Build Background

THINK ABOUT IT Soon after reading Malthus and thinking about
artiﬁcial selection, Darwin worked out the main points of his theory
about natural selection. Most of his scientiﬁc friends considered
Darwin’s arguments to be brilliant, and they urged him to publish
them. But although he wrote up a complete draft of his ideas, he put
the work aside and didn’t publish it for another 20 years. Why? Darwin
knew that many scientists, including some of Darwin’s own teachers,
had ridiculed Lamarck’s ideas. Darwin also knew that his own theory
was just as radical, so he wanted to gather as much evidence as he
could to support his ideas before he made them public.
Then, in 1858, Darwin reviewed an essay by Alfred Russel Wallace, an
English naturalist working in Malaysia. Wallace’s thoughts about evolution were almost identical to Darwin’s! Not wanting to get “scooped,”
Darwin decided to move forward with his own work. Wallace’s essay
was presented together with some of Darwin’s observations at a scientiﬁc meeting in 1858. The next year, Darwin published his ﬁrst complete work on evolution: On the Origin of Species.

Evolution by Natural Selection
Under what conditions does natural selection occur?
Darwin’s great contribution was to describe a process in nature—a scientiﬁc mechanism—that could operate like artiﬁcial selection. In On
the Origin of Species, he combined his own thoughts with ideas from
Malthus and Lamarck.

Print a blank family tree (readily available online), and
share it with the class. Explain how the tree can be
used to show an individual’s descent from his or her
ancestors. Discuss how a family tree is similar to an
evolutionary tree. Tell students Charles Darwin created the ﬁrst known evolutionary tree, which they
will read about in this lesson.

The Struggle for Existence After reading Malthus, Darwin realized
that if more individuals are produced than can survive, members of
a population must compete to obtain food, living space, and other
limited necessities of life. Darwin described this as the struggle for existence. But which individuals come out on top in this struggle?
Variation and Adaptation Here’s where individual variation plays
a vital role. Darwin knew that individuals have natural variations
among their heritable traits. He hypothesized that some of those
variants are better suited to life in their environment than others.
Members of a predatory species that are faster or have longer claws or
sharper teeth can catch more prey. And members of a prey species that
are faster or better camouﬂaged can avoid being caught.

NATIONAL SCIENCE EDUCATION STANDARDS
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CONTENT

C.3.a, C.3.b, C.3.c, C.3.d, C.3.e, C.4.d, C.6.c, G.1,
G.2, G.3
INQUIRY

A.2.a, A.2.f

Teach for Understanding
ENDURING UNDERSTANDING The diversity of life is the result of ongoing

evolutionary change. Species alive today have evolved from ancient
common ancestors.
GUIDING QUESTION What is Darwin’s theory of evolution by natural selection?
EVIDENCE OF UNDERSTANDING After completing the lesson, give students the

following assessment to show their understanding of Darwin’s theory of evolution
by natural selection. Ask students to apply the concepts in the lesson by writing an
explanation of how bacteria could evolve the ability to resist a particular antibiotic
through the process of natural selection.
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RELATED WORD FORMS The
verb inherited and the adjective
heritable are related word forms.
Inherited traits are passed on
to offspring from their parents.
They are described as heritable
(or sometimes inheritable)
characteristics.

Survival of the Fittest Darwin, like Lamarck, recognized that there
must be a connection between the way an organism “makes a living”
and the environment in which it lives. According to Darwin, differences in adaptations affect an individual’s ﬁtness. Fitness describes
how well an organism can survive and reproduce in its environment.
Individuals with adaptations that are well suited to their environment can survive and reproduce and are said to have high ﬁtness.
Individuals with characteristics that are not well suited to their environment either die without reproducing or leave few offspring and are
said to have low ﬁtness. This difference in rates of survival and reproduction is called survival of the ﬁttest. Note that survival here means
more than just staying alive. In evolutionary terms, survival means
reproducing and passing adaptations on to the next generation.

Expand Vocabulary
Make sure students understand the terms adaptation
and fitness, because these terms are basic to their
comprehension of the process of natural selection.
After students read about the terms in context on
this page, have them apply the concepts to speciﬁc
cases. Ask them to describe examples of adaptations
and explain how they increase the ﬁtness of the
organisms in which they occur.

DIFFERENTIATED INSTRUCTION

In Your Notebook If an organism produces many offspring, but
none of them reach maturity, do you think the organism has high or
low ﬁtness? Explain your answer.

Teach

ADAPTATIONS
FIGURE 16–9 Adaptations take

LPR Less Proﬁcient Readers Suggest students
make an outline of the lesson, using the green headings for the main topics and the blue headings for
the subtopics. As they read the lesson, they can add
details to their outline.

many forms.
 A. The scarlet king snake (bottom) is
exhibiting mimicry — an adaptation in
which an organism copies, or mimics, a
more dangerous organism. Although the
scarlet king snake is harmless, it looks like
the poisonous eastern coral snake (top), so
predators avoid it, too.

B. A scorpionﬁsh’s coloring is
an example of camouﬂage —
an adaptation that allows
an organism to blend into
its background and avoid
predation. 

Call on students to identify each adaptation shown
in Figure 16–9. Discuss how adaptations increase an
individual’s ﬁtness. Describe additional examples of
the same types of adaptations, such as viceroy butterﬂies that mimic poisonous monarch butterﬂies,
stick insects that use camouﬂage to blend in with
twigs, and dogs that growl defensively to warn off
strangers. Then, challenge students to think of other
types of adaptations that help organisms survive.

 C. Adaptations often
involve many systems and
even behavior. Here, a
crane is displaying defensive
behavior in an effort to scare
off the nearby fox.
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How Science Works
STEPHEN JAY GOULD AND THE PANDA’S THUMB

Few scientists have reached as wide an audience on the subject of evolution as
paleontologist Stephen Jay Gould. His essays appeared in 300 consecutive issues of
Natural History between 1974 and 2001, and his award-winning books have sold
more than a million copies. He was fond of describing “jury-rigged” adaptations as
examples that defy intelligent design. For example, the giant panda has a modiﬁed
wrist bone that it uses as a thumb to grasp bamboo. “The . . . thumb wins no prize
in an engineer’s derby,” Gould said, “but it does its job and excites our imagination
all the more because it builds on such improbable foundations.” Along with his colleague Niles Eldredge, Gould also developed the theory of punctuated equilibrium,
which posits that evolution often occurs in bursts of rapid change interspersed with
long periods of little change.

Answers
IN YOUR NOTEBOOK If an organism produces many
offspring, but none of them reach maturity, then it
has low fitness, because its offspring will not pass on
their traits to the next generation.

Darwin’s Theory of Evolution
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LESSON 16.3

BUILD Vocabulary

Any heritable characteristic that increases an organism’s ability
to survive and reproduce in its environment is called an adaptation.
Adaptations can involve body parts or structures, like a tiger’s claws;
colors, like those that make camouﬂage or mimicry possible; or
physiological functions, like the way a plant carries out photosynthesis. Many adaptations also involve behaviors, such as the complex
avoidance strategies prey species use. Examples of adaptations are
shown in Figure 16–9.

LESSON 16.3

Teach

continued

Have students read each step in the natural selection
of the hypothetical grasshopper population shown
in Figure 16–10. Extend the example by having students apply the same concepts to somewhat different conditions. For each step in the ﬁgure, describe
an alternative situation, and ask students to explain
how natural selection would be affected. For example, ask them to explain how selection might be different if there were brown grasshoppers in addition
to yellow and green grasshoppers.

NATURAL SELECTION
FIGURE 16 –10 This hypothetical

population of grasshoppers changes
over time as a result of natural
selection. Interpret Visuals In the
situation shown here, what characteristic
is affecting the grasshoppers’ ﬁtness?

DIFFERENTIATED INSTRUCTION
Special Needs Guide students in creating a
hands-on model of the example in Figure 16–10.
Have them trace and cut out insect shapes from yellow and green construction paper so there are equal
numbers of each color. Then, have them place the
“insects” on a sheet of green construction paper
to represent a grassy environment. Ask students
why the yellow insects would have lower ﬁtness in
this situation. (Predators would be more likely to
spot and catch the yellow insects.) Then, ask them
how they could use their model to simulate yellow
insects having lower ﬁtness than green insects. (by
removing some of the yellow insect shapes from the
“population”)
L1

In Data Analysis: Natural Selection, students collect data to see how variation in a grasshopper poulation changes over
several generations due to natural selection.

1 The Struggle for Existence Organisms produce more

2 Variation and Adaptation There is variation in nature,

offspring than can survive. Grasshoppers can lay over
200 eggs at a time. Only a small fraction of these
offspring survive to reproduce.

and certain heritable variations—called adaptations—
increase an individual’s chance of surviving and
reproducing. In this population of grasshoppers, heritable
variation includes yellow and green body color. Green
coloration is an adaptation: Green grasshoppers blend
into their environment and so are less visible to predators.

3 Survival of the Fittest Because their green color

4 Natural Selection Green grasshoppers become more

serves to camouflage them from predators, green
grasshoppers have a higher fitness than yellow grasshoppers. This means that green grasshoppers survive and
reproduce more often than do yellow grasshoppers in
this environment.

common than yellow grasshoppers in this population over
time because: (1) more grasshoppers are born than can
survive, (2) individuals vary in color and color is a
heritable trait, and (3) green individuals have a higher
fitness in their current environment.

Address Misconceptions
Rate of Evolution Students commonly have the
misconception that challenges to Darwin’s view
of evolution as a slow, steady process mean that
natural selection is no longer accepted by scientists.
Make sure students understand that evolution by
natural selection is not in dispute. Rather, it has just
been extended to include the possibility of evolution occurring at a relatively rapid rate under certain
conditions. (See note about Stephen Jay Gould on
preceding page.) In other words, Darwin’s theory has
been modiﬁed and improved, but his basic principles
remain unchallenged within the scientiﬁc community.

Answers
FIGURE 16–10 body color
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Quick Facts
OBSERVING NATURAL SELECTION

A recent article published in the journal Science documents a case of selection at
work in a natural population. The study not only adds support to Darwin’s theory of
evolution by natural selection, it also demonstrates that natural selection can occur
very rapidly when selective pressures are especially strong. The study focused on a
species of Samoan butterﬂy. The butterﬂies were infected with bacteria that killed
males before they hatched. Although females were not affected by the bacteria, the
almost total decimation of males threatened the entire population. Then, a mutation
occurred (or was introduced) that gave males the ability to resist the bacteria and
survive. Within just one year, or ten generations, the percentage of males in the butterﬂy population increased from a mere 1 percent to almost 40 percent, and all of the
surviving males had the mutation. The researchers noted that this may be the fastest
evolutionary change ever observed.
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In Your Notebook Give at least two reasons why the following
statement is NOT true: “The goal of natural selection is to produce
perfect organisms.”

Build Science Skills
Point out the two different styles of pollination pictured in Figure 16–11. Have students look closely at
the ﬂowers and describe any structures that might
be adaptations for pollination. (Sample answer: The
brightly colored blossoms of the apple tree flowers
might be an adaptation that attracts insects.) Ask
students to explain how natural selection led to
these adaptations. Use their answers to start a general discussion of why reproductive traits such as
these are under strong selective pressure.

How might
natural selection
explain the history of the
Hawaiian honeycreepers?

DIFFERENTIATED INSTRUCTION

FIGURE 16–11 No Such Thing
as Perfect Many different styles of
pollination have evolved among
ﬂowering plants. Oak tree ﬂowers
(right) are pollinated by wind. Apple
tree ﬂowers (left) are pollinated
by insects. Neither method is
“better” than the other. Both kinds
of pollination work well enough
for these plants to survive
and reproduce in their
environments.

L1 Struggling Students Point out that Darwin
called his mechanism for evolution by the term natural selection because the process resembles artiﬁcial
selection. Make sure students understand the similarities and differences between artiﬁcial and natural
selection. Have them complete a Venn Diagram
that compares and contrasts the two processes.

Study Wkbks A/B, Appendix S33, Venn Diagram.
Transparencies, GO18.

ELL

Focus on ELL:
Extend Language

BEGINNING AND INTERMEDIATE SPEAKERS

Assign each of three groups of students one of
the terms adaptation, fitness, or selection. Give
group members a large sheet of paper, and have
them write the assigned term, its component
parts, and its definition. Also have them make
a drawing to illustrate the term. When groups
finish, ask them to present their work to the
class, and then post their work in a Word Wall.
Study Wkbks A/B, Appendix S17, Word Wall.
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Check for Understanding
QUESTION BOX

Evolution by natural selection is one of the central organizing concepts in biology—
it is also one of the most commonly misunderstood. Establish a secure box in your
classroom where students can leave anonymous questions. As an assignment, have
everyone in the class write at least one question.
ADJUST INSTRUCTION

Collect and review students’ questions regularly. Go over the questions with the class.
If an important question does not get asked, take the opportunity to raise it. Be sure
to cover the common misconception that organisms evolve traits for a purpose as in,
“birds evolved wings to ﬂy.” That is not correct. Rather, birds have wings that, today,
enable them to ﬂy.

Sample answer: Honeycreepers faced
different environmental pressures
depending on which island they inhabited, so different traits would have been selected for
on different islands. This would explain how different
species of honeycreepers evolved. Students can go
online to Biology.com to gather their evidence.

Answers
IN YOUR NOTEBOOK Sample answer: Because
natural selection is a natural process, it cannot have
goals. Further, natural selection could never produce
“perfect” organisms because environments change,
and no organism is “better” or “more perfect” than
any other in adjusting to future changes.

Darwin’s Theory of Evolution
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Natural Selection Darwin named his mechanism for evolution
natural selection because of its similarities to artiﬁcial selection.
Natural selection is the process by which organisms with variations
most suited to their local environment survive and leave more offspring. In both artiﬁcial and natural selection, only certain individuals
in a population produce new individuals. But in natural selection, the
environment—not a farmer or animal breeder—inﬂuences ﬁtness.
Natural selection occurs
When does natural selection occur?
in any situation in which more individuals are born than can survive
(the struggle for existence), there is natural heritable variation
(variation and adaptation), and there is variable ﬁtness among
individuals (survival of the ﬁttest). Well-adapted individuals survive
and reproduce. From generation to generation, populations continue
to change as they become better adapted, or as their environment
changes. Figure 16–10 uses a hypothetical example to show the process of natural selection. Notice that natural selection acts only on
inherited traits because those are the only characteristics that parents
can pass on to their offspring.
Natural selection does not make organisms “better.” Adaptations
don’t have to be perfect—just good enough to enable an organism to
pass its genes to the next generation. Natural selection also doesn’t
move in a ﬁxed direction. There is no one, perfect way of doing
something, as demonstrated by Figure 16–11. Natural selection is
simply a process that enables species to survive and reproduce in a
local environment. If local environmental conditions change, some
traits that were once adaptive may no longer be useful, and different
traits may become adaptive. And if environmental conditions change
faster than a species can adapt to those changes, the species may
become extinct. Of course, natural selection is not the only mechanism driving evolution. You will learn about other evolutionary
mechanisms in the next chapter.

LESSON 16.3

Teach

Common Descent
What does Darwin’s mechanism for evolution suggest about
living and extinct species?

continued

Address Misconceptions
Natural Selection and Evolution Natural selection
and evolution are often used interchangeably—but
they are not the same thing. Natural selection is
a mechanism of evolution. Make sure students
understand that organisms can evolve in other
ways, too—through random mutation, lateral
gene transfer, genetic drift, and gene shufﬂing in
sexual reproduction.

Assess and Remediate
EVALUATE UNDERSTANDING

Ask students to write deﬁnitions, in their own words,
for the lesson vocabulary terms. Tell them to read
their deﬁnitions to a partner, and have the partner
identify the terms from the deﬁnitions. Then, have
students complete the 16.3 Assessment.

FIGURE 16–12 Descent With
Modiﬁcation This page from one of
Darwin’s notebooks shows the ﬁrst
evolutionary tree ever drawn. This
sketch shows Darwin’s explanation
for how descent with modiﬁcation
could produce the diversity of life.
Note that, just above the tree,
Darwin wrote, “I think.”

REMEDIATION SUGGESTION
ELL English Language Learners If students have
trouble with Question 1b, make sure they understand that the term fitness has a different meaning
in the context of natural selection than it does in
common usage. In biology, ﬁtness is a measure of
an organism’s ability to produce offspring as well as
to survive.

Natural selection depends on the ability of organisms to reproduce,
which means to leave descendants. Every organism alive today is
descended from parents who survived and reproduced. Those parents
descended from their parents, and so forth back through time.
Just as well-adapted individuals in a species survive and reproduce,
well-adapted species survive over time. Darwin proposed that, over
many generations, adaptation could cause successful species to evolve
into new species. He also proposed that living species are descended,
with modiﬁcation, from common ancestors—an idea called descent with
modiﬁcation. Notice that this aspect of Darwin’s theory implies that life
has been on Earth for a very long time—enough time for all this descent
with modiﬁcation to occur! This is Hutton and Lyell’s contribution to
Darwin’s theory: Deep time gave enough time for natural selection to
act. For evidence of descent with modiﬁcation over long periods of time,
Darwin pointed to the fossil record.
Darwin based his explanation for the diversity of life on the idea
that species change over time. To illustrate this idea, he drew the very
ﬁrst evolutionary tree, shown in Figure 16–12. This “tree-thinking”
implies that all organisms are related. Look back in time, and you will
ﬁnd common ancestors shared by tigers, panthers, and cheetahs. Look
farther back, and you will ﬁnd ancestors that these felines share with dogs,
then horses, and then bats. Farther back still is the common ancestor
that all mammals share with birds, alligators, and ﬁsh. Far enough
According to
back are the common ancestors of all living things.
the principle of common descent, all species—living and extinct—are
descended from ancient common ancestors. A single “tree of life” links
all living things.

Review Key Concepts

Students can check their understanding of lesson concepts with the SelfTest assessment. They can then take an online
version of the Lesson Assessment.

1. a. Review What happens in the process of natural selection?
b. Explain Why do organisms with greater ﬁtness generally
leave more offspring than organisms that are less ﬁt?
c. Compare and Contrast How are natural selection and
artiﬁcial selection similar? How are they different?
2. a. Review Why were Hutton’s and Lyell’s ideas important
to Darwin?
b. Apply Concepts What do evolutionary trees show? What
does a tree of life imply about all species living and extinct?
Lesson 16.3

Assessment Answers
1a. Natural selection is the process by which
organisms with variations most suited to
their environment (adaptations) survive and
leave more offspring than individuals without the adaptations.
1b. Individuals with high fitness have adaptations that make them better suited for their
environment, so they survive and reproduce more often than individuals who are
less fit.
1c. In both artificial and natural selection,
certain individuals in a population disproportionately pass on their traits to the next
generation, resulting in changes to the
population. However, in natural selection
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• Self-Test

3. Look at the teeth
in the lion’s
mouth. How
is the structure of the
lion’s teeth an
adaptation?

• Lesson Assessment
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the environment—not a farmer or animal
breeder—determines which individuals
pass on their traits.
2a. Hutton and Lyell thought Earth was
very old. This was important to Darwin,
because it allowed enough time for natural
selection to work.
2b. Evolutionary trees show ancestordescendant relationships among groups
of related organisms. A tree of life
implies that all species living and extinct
are descended from ancient common
ancestors.
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3. Sample answer: The large pointed teeth of
the lion are an adaptation, because they
increase the lion’s ability to kill prey and
tear meat.

Getting Started

Evidence of Evolution

Objectives
16.4.1 Explain how geologic distribution of species
relates to their evolutionary history.

THINK ABOUT IT Darwin’s theory depended on assumptions that
involved many scientiﬁc ﬁelds. Scientists in some ﬁelds, including geology, physics, paleontology, chemistry, and embryology, did not have
the technology or understanding to test Darwin’s assumptions during
his lifetime. And other ﬁelds, like genetics and molecular biology, didn’t
exist yet! In the 150 years since Darwin published On the Origin of
Species, discoveries in all these ﬁelds have served as independent tests
that could have supported or refuted Darwin’s work. Astonishingly,
every scientiﬁc test has supported Darwin’s basic ideas about evolution.

Biogeography
How does the geographic distribution of species today relate to
their evolutionary history?

Darwin recognized the importance of patterns in the distribution of
life—the subject of the ﬁeld called biogeography. Biogeography is the
study of where organisms live now and where they and their ancestors
Patterns in the distribution of living and fossil
lived in the past.
species tell us how modern organisms evolved from their ancestors.
Two biogeographical patterns are signiﬁcant to Darwin’s theory. The
ﬁrst is a pattern in which closely related species differentiate in slightly
different climates. The second is a pattern in which very distantly
related species develop similarities in similar environments.

Closely Related but Different To Darwin, the biogeography of
Galápagos species suggested that populations on the island had evolved
from mainland species. Over time, natural selection on the islands
produced variations among populations that resulted in different, but
closely related, island species.
Distantly Related but Similar On the other hand, similar habitats
around the world are often home to animals and plants that are only
distantly related. Darwin noted that similar ground-dwelling birds
inhabit similar grasslands in Europe, Australia, and Africa. Differences
in body structures among those animals provide evidence that they
evolved from different ancestors. Similarities among those animals,
however, provide evidence that similar selection pressures had caused
distantly related species to develop similar adaptations.

Key Questions
How does the geographic
distribution of species today relate
to their evolutionary history?
How do fossils help to
document the descent of modern
species from ancient ancestors?
What do homologous structures and similarities in embryonic
development suggest about the
process of evolutionary change?
How can molecular biology
be used to trace the process of
evolution?
What does recent research
on the Galápagos ﬁnches show
about natural selection?

16.4.2 Explain how fossils and the fossil record
document the descent of modern species from
ancient ancestors.
16.4.3 Describe what homologous structures
and embryology suggest about the process of
evolutionary change.
16.4.4 Explain how molecular evidence can be used
to trace the process of evolution.
16.4.5 Explain the results of the Grants’ investigation of adaptation in Galápagos ﬁnches.

Student Resources
Study Workbooks A and B, 16.4 Worksheets

Vocabulary

Spanish Study Workbook, 16.4 Worksheets

biogeography
homologous structure
analogous structure
vestigial structure

Lab Manual B, 16.4 Data Analysis Worksheet,
Hands-On Activity Worksheet

Taking Notes
Concept Map Construct a
concept map that shows the
kinds of evidence that support
the theory of evolution.

Lesson Overview • Lesson Notes
• Activities: Art Review, Visual Analogy
• Assessment: Self-Test, Lesson Assessment
For corresponding lesson in the
Foundation Edition, see pages 392–397.

How can
biogeography
help explain why
some species of
honeycreepers are found only
on the Hawaiian Islands?

Students might infer the reason
to be Hawaii’s isolation from other
landmasses. Students can go online to
Biology.com to gather their evidence.

NATIONAL SCIENCE EDUCATION STANDARDS
Lesson 16.4

• Lesson Overview

• Lesson Notes
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Teach for Understanding
ENDURING UNDERSTANDING The diversity of life is the result of ongoing

evolutionary change. Species alive today have evolved from ancient
common ancestors.
GUIDING QUESTION What are the main lines of scientific evidence that support

Darwin’s theory of evolution by natural selection?

CONTENT

C.1.f, C.2.a, C.3.a, C.3.c, C.3.d, D.3, E.2, G.1, G.2,
G.3
INQUIRY

A.1.c, A.2.a, A.2.b, A.2.c, A.2.d, A.2.e, A.2.f

EVIDENCE OF UNDERSTANDING After completing the lesson, give students the

following assessment to show their understanding of the evidence that supports
Darwin’s theory of evolution. Ask pairs of students to create and present an oral
presentation with visuals outlining the main lines of evidence that support Darwin’s
theory of evolution by natural selection. Students should include examples of each
line of evidence.
Darwin’s Theory of Evolution
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LESSON 16.4

FPO-a2866

LESSON 16.4

The Age of Earth and Fossils

Teach

How do fossils help to document the descent of modern species
from ancient ancestors?

continued

After students have examined Figure 16–13, put
the evolution of whales in perspective. Explain that
scientists since Darwin puzzled over how this transition occurred until the recent discovery of intermediate forms like Ambulocetus. Then, guide students in
interpreting the evolutionary changes shown in the
ﬁgure. Call on volunteers to identify possible advantages of speciﬁc changes. For example, ask why it
might have been an advantage for Ambulocetus
to be able to swim as well as walk or for Dorudon
to have reduced hindlimbs and a streamlined body.
Make sure students understand that each of the animals shown represents a branch in the evolutionary
history of whales.

DIFFERENTIATED INSTRUCTION

Two potential difﬁculties for Darwin’s theory involved the age of Earth
and gaps in the fossil record. Data collected since Darwin’s time have
answered those concerns and have provided dramatic support for an
evolutionary view of life.

The Age of Earth Evolution takes a long time. If life has evolved,
then Earth must be very old. Hutton and Lyell argued that Earth was
indeed very old, but technology in their day couldn’t determine just
how old. Half a century after Darwin published his theory, however,
physicists discovered radioactivity. Geologists now use radioactivity to
establish the age of certain rocks and fossils. This kind of data could
have shown that Earth is young. If that had happened, Darwin’s ideas
would have been refuted and abandoned. Instead, radioactive dating
indicates that Earth is about 4.5 billion years old—plenty of time for
evolution by natural selection to take place.
EVIDENCE FROM FOSSILS
FIGURE 16–13 Recently, researchers have found more

than 20 related fossils that document the evolution of
modern whales from ancestors that walked on land.
Several reconstructions based on fossil evidence are
shown below in addition to the modern mysticete and
odontocete. Infer Which of the animals shown was probably
the most recent to live primarily on land?

L1 Special Needs Students may have a better
understanding of fossils after doing this simple
simulation. Have them place a small seashell at the
bottom of a beaker that is about half full of water
and then add a couple handfuls of soil to the beaker.
Tell them to observe as the soil gradually settles to
the bottom and covers the shell. Relate this to how
dead organisms sink to the bottom of the ocean
and become buried with sediments. Explain that the
pressure of the water and additional sediments very
slowly turns the dead organisms into fossils.

The limb structure of Ambulocetus
(“walking whale”) suggests that these
animals could both swim in shallow
water and walk on land.

The hind limbs of Rodhocetus
were short and probably not
able to bear much weight.
Paleontologists think that
these animals spent most of
their time in the water.

Pakicetus

Ambulocetus
Ancient
artiodactyl
Rodhocetus
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Answers
FIGURE 16–13 Ambulocetus
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Fossils that provide evidence for the transition from land to water show that the
transition took only 10 million years, which is a very short time in evolutionary terms.
Pakicetus was ﬁrst discovered in 1979 by paleontologist Philip Gingerich in Pakistan.
In 1994, Gingerich’s former student, J. Thewissen found Ambulocetus—a whale
that lived about 50 million years ago and was probably amphibious. Rodhocetus,
discovered by Gingerich in the 1990s, lived about 45 million years ago and was the
earliest known completely aquatic mammal in the whale lineage. It is the ankle bone
anatomy of Rodhocetus and another whale ancestor called Artiocetus, however, that
proved to be the most important. The particular shape of the ancient whales’ ankle
bones allowed Gingerich to pinpoint their ancestry to artiodactyls—not to a group of
extinct carnivores called mesonychids as previously thought.
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Lead a Discussion
Tell students fossils of whale ancestors have been
found in places that are no longer covered by water.
For example, fossils of Ambulocetus and Rodhocetus
were found in desert regions of Pakistan.

Fossil of the Eocene whale Ambulocetus
natans (about 49 million years old)

Ask How could fossils for amphibious or aquatic
organisms be found in a desert? (The environment
changed since the organisms represented by the fossils lived there.)
Use this example to start a general discussion of how
environmental change is related to natural selection.

DIFFERENTIATED INSTRUCTION
Modern whales retain reduced pelvic bones
and, in some cases, upper and lower limb
bones. However, these structures no
longer play a role in locomotion.

ELL English Language Learners Use a QuestionAnswer Relationships strategy to help students
glean the most important information from the
passage, Recent Fossil Finds. Write the following
questions on the board, and before students answer
them, have them decide whether each question is a
Right There, Think and Search, Author and You, or
On My Own question:

Odontocetes
Mysticetes
Basilosaurus had a streamlined
body and reduced hind limbs.
These skeletal features suggest
that Basilosaurus spent its entire
life swimming in the ocean.

• What was Darwin convinced of from his study of
fossils? (Right There)

Modern
whales

• Why did Darwin struggle with the “imperfection of
the geological record”? (Think and Search)
• What traits do you think a species would have that
was intermediate between dinosaurs and birds?
(On My Own)

Dorudon

Study Wkbks A/B, Appendix S10, Question-Answer
Relationships.
Basilosaurus

Address Misconceptions
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How Science Works

Gaps in the Fossil Record Students commonly presume that missing intermediate fossils disprove Darwin’s theory of evolution by natural selection. Stress
how rare it is for fossils to form in the ﬁrst place,
let alone to be found by paleontologists! Then,
describe some of the many intermediate fossils that
have been found since Darwin’s time, such as fossils
showing that land animals descended from aquatic
animals (Lesson 26.2), that whales descended from
land-living ancestors, or that birds descended from
nonﬂying dinosaurs.

MINI DINOSAUR PROVIDES MISSING LINK

For decades, one of the most signiﬁcant pieces of “missing” data for the evolution of
birds from nonﬂying dinosaurs was evidence for a reduction in body size. Dinosaurs
were generally large animals, and a relatively small body is a necessary prerequisite
for ﬂight. An 80-million-year-old fossil dinosaur found in China’s Gobi Desert in 2007,
named Mahakala omnogovae, provided the missing evidence. This diminutive dinosaur was only 70 centimeters long. It was the ﬁrst known dinosaur that would have
been small enough to ﬂy. It also had winglike limbs, and probably had feathers.

Darwin’s Theory of Evolution
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Recent Fossil Finds Darwin also struggled with what he called the
“imperfection of the geological record.” Darwin’s study of fossils had
convinced him and other scientists that life evolved. But paleontologists in 1859 hadn’t found enough fossils of intermediate forms of life
to document the evolution of modern species from their ancestors.
Many recently discovered fossils form series that trace the evolution of modern species from extinct ancestors.
Since Darwin, paleontologists have discovered hundreds of fossils
that document intermediate stages in the evolution of many different
groups of modern species. One recently discovered fossil series documents the evolution of whales from ancient land mammals, as shown
in Figure 16–13. Other recent fossil ﬁnds connect the dots between
dinosaurs and birds, and between ﬁsh and four-legged land animals. In
fact, so many intermediate forms have been found that it is often hard to
tell where one group begins and another ends. All historical records are
incomplete, and the history of life is no exception. The evidence we do
have, however, tells an unmistakable story of evolutionary change.

LESSON 16.4

Teach

Comparing Anatomy and Embryology
What do homologous structures and similarities in embryonic
development suggest about the process of evolutionary change?

continued

By Darwin’s time, scientists had noted that all vertebrate limbs had the
same basic bone structure, as shown in Figure 16–14. Yet, some were
used for crawling, some for climbing, some for running, and others
for ﬂying. Why should the same basic structures be used over and over
again for such different purposes?

Use Visuals
In Figure 16–14, have students ﬁnd the blue-colored
bones (the ﬁnger bones, or phalanges) of the ancient
ﬁsh ancestor of modern vertebrates. Then, have
them ﬁnd the same bones in each of the vertebrate
descendants shown in the ﬁgure. Call on students
to describe how the bones differ in relative size and
shape among the modern vertebrates. (Note: the
images are NOT to scale.) Ask them to infer how
each of the modern forms is adapted to its function.
(Sample answer: The long single finger of the horse
elongates the arm, enabling faster running without
much weight gain or air resistance.)

BUILD Vocabulary
WORD ORIGINS The word
homologous comes from the Greek
word homos, meaning “same.”
Homologous structures may not look
exactly the same, but they share
certain characteristics and a
common ancestor.

DIFFERENTIATED INSTRUCTION
Less Proﬁcient Readers Homologous and
analogous structures are readily confused, but it’s
important for students to be able to distinguish
between them because of their different evolutionary
implications. Guide students in ﬁlling in a Compare/
Contrast Table for the two types of structures. For
column headings, tell them to use Homologous
Structure and Analogous Structure. For row headings, have them use: What is it? What does it mean?
What is an example? Students can complete the
table as they read about the structures in the text.
LPR

FIGURE 16–14 Homologous

Limb Bones Homologous bones,
as indicated by color-coding,
support the differently shaped
front limbs of these modern
vertebrates. These limbs evolved,
with modiﬁcations, from the front
limbs of a common ancestor
whose bones resembled those of
an ancient ﬁsh. If these animals
had no recent common ancestor,
they would be unlikely to share
so many common structures.

Study Wkbks A/B, Appendix S20, Compare/
Contrast Table. Transparencies, GO3.

Frog
(amphibian)

Homologous Structures Darwin proposed that animals with similar structures evolved from a common ancestor with a basic version
of that structure. Structures that are shared by related species and
that have been inherited from a common ancestor are called
homologous structures.
Evolutionary theory explains the existence
of homologous structures adapted to different purposes as the result
of descent with modiﬁcation from a common ancestor. Biologists test
whether structures are homologous by studying anatomical details, the
way structures develop in embryos, and the pattern in which they
appeared over evolutionary history.
Similarities and differences among homologous structures help
determine how recently species shared a common ancestor. For example, the front limbs of reptiles and birds are more similar to each other
than either is to the front limb of an amphibian or mammal. This
similarity—among many others—indicates that the common ancestor
of reptiles and birds lived more recently than the common ancestor
of reptiles, birds, and mammals. So birds are more closely related to
crocodiles than they are to bats! The common ancestor of all these
four-limbed animals was an ancient lobe-ﬁnned ﬁsh that lived over
380 million years ago.
Homologous structures aren’t just restricted to animals. Biologists
have identiﬁed homologies in many other organisms. Certain groups of
plants, for example, share homologous stems, roots, and ﬂowers.

Alligator
(reptile)

Horse
(mammal)

Chicken
(bird)

Students can review homologous
and analogous structures in the drag-anddrop activity, Art Review: Homologous
and Analogous.

a0144
Ancient, lobe-finned fish
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Quick Facts
VESTIGIAL STRUCTURES AND PROCESSES IN HUMANS

Classical examples of vestigial structures in humans include the appendix, which is
an extension of the cecum of the large intestine. It plays an important role in digestion in some mammals but appears—although this is debated—to have little function
in humans. Other vestigial structures in humans are the tailbones at the base of the
spine. They are miniature remnants of bones that form the tail in many other animals.
Try to use the muscles in your head to move your ears like a dog or cat, and the most
you’re likely to manage is a slight twitch. That’s because the muscles that control ear
movement are also vestigial structures in humans. Physiological processes, as well as
structures, may be vestigial. Getting goosebumps when we are cold is an example.
When this occurs, body hairs stand on end. This helps retain body heat in animals
with thick body hair but has no effect in relatively hairless humans.
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After students read about vestigial structures, lead
a discussion about why vestigial structures persist
in organisms.
Ask In terms of natural selection, what must be true
about vestigial structures if they remain in a population? ( They must not be strongly selected against in
the current environment.)

A.

䊳

Analogous Structures Note that the clue to common descent
is common structure, not common function. A bird’s wing and a
horse’s front limb have different functions but similar structures.
Body parts that share common function, but not structure, are called
analogous structures. The wing of a bee and the wing of a bird
are analogous structures.
In Your Notebook Do you think the shell of a clam and the shell of
a lobster are homologous or analogous structures? Explain.
䊳 Vestigial Structures Not all homologous structures have important functions. Vestigial structures are inherited from ancestors but
have lost much or all of their original function due to different selection pressures acting on the descendant. For example, the hipbones
of the bottlenose dolphin, shown on page 467, are vestigial structures.
In their ancestors, hipbones played a role in terrestrial locomotion.
However, as the dolphin lineage adapted to life at sea, this function
was lost. Why do dolphins and the organisms in Figure 16–15 retain
structures with little or no function? One possibility is that the presence of the structure does not affect an organism’s ﬁtness, and, therefore, natural selection does not act to eliminate it.

B.
FIGURE 16–15 Vestigial Organs

and Embryology
A. The wings of the ﬂightless
cormorant and the legs of the
Italian three-toed skink are vestigial
structures. B. Because the early
stages of development among
vertebrates are so similar, it would
take an expert to identify this as an
opposum embryo. Infer Looking
at the legs of the skink, do you think
its ancestors had functioning legs?
Explain your answer.

Clarify that the term vestigial is not synonymous with
“useless.” Explain that sometimes, a vestigial structure can have a non-obvious function. For example,
the vestigial hipbones of large whales seem to play a
role in male reproduction.
Ask How does a secondary function, as in the hipbones of some large whales, help to explain why
vestigial structures remain? (If the structure has a
function, then it’s more likely that it is selected for in
terms of natural selection. For example, if the whale
needs the vestigial hipbones to reproduce, individuals without the vestigial bones will have a very
low fitness.)

DIFFERENTIATED INSTRUCTION
L3 Advanced Students Have interested students
explore recent scientiﬁc ﬁndings involving the human
appendix. Though still often referred to as a vestigial
organ, the appendix is now thought by some scientiests to serve as a “safe house” for good bacteria
in the human digestive tract. Have students write a
paragraph explaining what they found and how it
ties in with the discussion of how some structures
take on secondary functions.

Embryology Researchers noticed a long time ago that the early
developmental stages of many animals with backbones (called vertebrates) look very similar. Recent observations make clear that the same
groups of embryonic cells develop in the same order and in similar
patterns to produce many homologous tissues and organs in vertebrates.
For example, despite the very different adult shapes and functions
of the limb bones in Figure 16–14, all those bones develop from the
same clumps of embryonic cells. Evolutionary theory offers the most
logical explanation for these similarities in patterns of development.
Similar patterns of embryological development provide further
evidence that organisms have descended from a common ancestor.
Darwin realized that similar patterns of development offer important clues to the ancestory of living organisms. He could not have
anticipated, however, the incredible amount of evidence for his theory
that would come from studying the genes that control development—
evidence from the ﬁelds of genetics and molecular biology.
Darwin’s Theory of Evolution 469
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Biology In-Depth
EMBRYOLOGICAL SIMILARITIES

For more than a hundred years, biologists have been fascinated by the fact that
organisms as dissimilar as chickens, snakes, and dogs show striking similarities in
their early development. For example, in reptiles and birds, a sac grows around
the large amount of yolk that is stored to support the embryo’s growth. Placental mammals, on the other hand, depend upon the bodies of their mothers for
nourishment—therefore, their eggs contain very little yolk. Nonetheless, mammalian embryos still form a large and recognizable yolk sac, although it is completely
empty. Why? Evolutionary biology answers that question—because mammals are
descended from animals (reptiles) that once required the yolk sac, they still produce the sac even though today it has no yolk to surround.

Answers
FIGURE 16–15 Sample answer: I think the skink’s

ancestors had functioning legs, because the skink’s
legs look like vestigial structures. They probably
declined in size due to different selection pressures
in the descendants.
IN YOUR NOTEBOOK The shell of a clam and the
shell of a lobster are probably analogous, because
they have a common function (protection, support),
but not a common structure.

Darwin’s Theory of Evolution
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Lead a Discussion

LESSON 16.4

Genetics and Molecular Biology

Teach continued

How can molecular biology be used to trace the process
of evolution?

The most troublesome “missing information” for Darwin had to
do with heredity. Darwin had no idea how heredity worked, and he
was deeply worried that this lack of knowledge might prove fatal to
his theory. As it happens, some of the strongest evidence supporting
evolutionary theory comes from genetics. A long series of discoveries, from Mendel to Watson and Crick to genomics, helps explain how
At the molecular level, the universal genetic
evolution works.
code and homologous molecules provide evidence of common
descent. Also, we now understand how mutation and the reshufﬂing
of genes during sexual reproduction produce the heritable variation
on which natural selection operates.

Lead a Discussion
Ask students which type of evidence for evolution they think is more informative, fossil evidence
or genetic evidence. After several students have
weighed in on the issue, discuss what can and cannot be learned from each type of evidence. For
example, molecular data can indicate how long living
organisms have been evolving separately. However,
unlike fossils, molecular evidence does not give any
indication of what extinct organisms looked like,
how they moved, or what they ate.

Life’s Common Genetic Code One dramatic example of molecular
evidence for evolution is so basic that by this point in your study of
biology you might take it for granted. All living cells use information
coded in DNA and RNA to carry information from one generation
to the next and to direct protein synthesis. This genetic code is nearly
identical in almost all organisms, including bacteria, yeasts, plants,
fungi, and animals. This is powerful evidence that all organisms
evolved from common ancestors that shared this code.

DIFFERENTIATED INSTRUCTION
L1 Struggling Students Use a Directed ReadingThinking Activity to help students comprehend
the passage, Genetics and Molecular Biology.
Have them skim the passage by examining the headings, Key Concept, and Figure 16–16. Ask them to
predict what the passage will be about and explain
why they think so. Then, when they read, have them
pause after each paragraph to evaluate what they
just learned.

Study Wkbks A/B, Appendix S5, Directed ReadingThinking Activity.

Molecular Homology in Hoxc8
2. Calculate What percentage of the
nucleotides in the chicken are different
from those of the mouse?

Molecular homologies can be used to infer relationships
among organisms. The diagram below shows a small portion
of the DNA for the same gene, Hoxc8, in three animals—a
mouse, a baleen whale, and a chicken.
1. Calculate What percentage of the nucleotides in the
baleen whale’s DNA are different from those of the mouse?
(Hint: First count the number of DNA nucleotides in one
entire sequence. Then count the nucleotides in the whale
DNA that differ from those in the mouse DNA. Finally,
divide the number of nucleotides that are different by
the total number of nucleotides, and multiply the result
by 100.)
Animal
Mouse

3. Draw Conclusions Do you think a

mouse is more closely related to a
baleen whale or to a chicken? Explain
your answer.
4. Evaluate Do you think that scientists
can use small sections of DNA, like the
ones shown here, to infer evolutionary
relationships? Why or why not?

Sequence of Bases in Section of Hoxc8
C A G A A A T G C C A C T T T T A T G G C C C T G T T T G T C T C C C T G C T C

Baleen whale C C G A A A T G C C T C T T T T A T G G C G C T G T T T G T C T C C C T G C G C
Chicken

A

A

A

A A A T G C C

G

C T T T T A

CA

G C

T

C T G T T T G T C T C

T

C T G C T

A
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3. Sample answer: I think a mouse

PURPOSE Students will calculate the
percentage of shared nucleotides in
related organisms and based on their
calculations, conclude how closely
related the organisms are.
PLANNING Review how to calculate
percentages.
ANSWERS
1. 10 percent
2. 20 percent
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is more closely related to a baleen
whale than to a chicken, because it
shares a greater percentage of nucleotides with the whale.
4. Sample answer: Scientists probably

prefer not to use small sections of
DNA to infer evolutionary relationships, because chance could play too
big a role in the results. They probably
try to use larger sections of DNA in
their analyses.

Connect to the Real-World

FIGURE 16–16 Similar Genes
Bacteria in this hot spring live in
near-boiling water—an inhospitable
environment to animals. Their cells
even look different from animal
cells. Yet many of their genes, and
therefore the proteins coded by
those genes, are similar to those
of animals. This is more evidence
that all organisms share an ancient
common ancestor.

Testing Natural Selection
What does recent research on the Galápagos ﬁnches show
about natural selection?

Explain to students that one of the most striking
examples of a small change in Hox gene expression resulting in a major change to an organism
is the snake. Pythons have hundreds of vertebrae.
Unlike many reptiles, which show regionalization
of their backbone into neck, chest, back, and tail
regions, each vertebra (except the atlas) anterior
to the hindlimbs in pythons (which appear as tiny
vestigial buds in development) resembles a chest vertebra. Research ﬁrst published in 1999 suggests that
broadened expression of two Hox genes accounts for
both the loss of front limbs and the incredibly elongated thoracic (chest) region of the python.

DIFFERENTIATED INSTRUCTION
L3 Advanced Students Challenge students to predict how assumptions about neutral mutation rates
and data on homologous molecules in two different
species could be used to estimate the time since the
two species shared a common ancestor. Tell students
to check their prediction by reading about molecular
clocks in Lesson 17.4.

ELL

One way to gather evidence for evolutionary change is to observe
natural selection in action. But most kinds of evolutionary change
we’ve discussed so far took place over millions of years—which makes
it tough to see change actually happening. Some kinds of evolutionary change, however, have been observed and studied repeatedly in
labs and in controlled outdoor environments. Scientists have designed
experiments involving organisms from bacteria to guppies to test
Darwin’s theories. Each time, the results have supported Darwin’s
basic ideas. But one of the best examples of natural selection in action
comes from observations on animals living in their natural environment. Fittingly, those observations focused on Galápagos ﬁnches.

A Testable Hypothesis Remember that when Darwin ﬁrst saw the
Galápagos ﬁnches, he thought they were wrens, warblers, and blackbirds because they looked so different from one another. Once Darwin
learned that the birds were all ﬁnches, he hypothesized that they had
descended from a common ancestor.
Darwin’s Theory of Evolution 471

Focus on ELL:
Access Content

ALL SPEAKERS Divide students into four study
groups for a Jigsaw Review of the material
in this lesson. Assign each group one of the
following sources of evolution evidence: the age
of the Earth and fossils, comparative anatomy
and embryology, genetics and molecular biology,
and testing natural selection in nature. Have each
study group review their material together. Then,
form four new groups, mixing up members from
each group who will serve as the “expert” in the
learning circles on their topic in the new group.
Have these new groups discuss the contents of
the lesson and record any remaining questions
they have. These questions can be addressed
when the class reforms.

Study Wkbks A/B, Appendix S7, Jigsaw Review.
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Check for Understanding
INDEX CARD SUMMARIES/QUESTIONS

Distribute index cards to your students, and ask them to write an idea from the lesson
that they fully understand on one side and something from the lesson that is unclear
on the other side. Collect and review the cards.
ADJUST INSTRUCTION

Have volunteers explain to the class the ideas they best understand. Hopefully, many
of the topics that were identiﬁed as unclear on the cards will be covered in this way.
Then, review with the class any additional topics that students were unclear about.

Darwin’s Theory of Evolution
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Homologous Molecules In Darwin’s day, biologists
could only study similarities and differences in structures they could see. But physical body structures
can’t be used to compare mice with yeasts or bacteria.
Today, we know that homology is not limited to physical structures. As shown in Figure 16–16, homologous
proteins have been found in some surprising places.
Homologous proteins share extensive structural and
chemical similarities. One homologous protein is
cytochrome c, which functions in cellular respiration.
Remarkably similar versions of cytochrome c are found
in almost all living cells, from cells in baker’s yeast to
cells in humans.
There are many other kinds of homologies at the
molecular level. Genes can be homologous, too, which
makes sense given the genetic code that all plants and
animals share. One spectacular example is a set of
ancient genes that determine the identities of body
parts. Known as the Hox genes, they help to determine the head-to-tail
axis in embryonic development. In vertebrates, sets of homologous
Hox genes direct the growth of front and hind limbs. Small changes
in these genes can produce dramatic changes in the structures they
control. So, relatively minor changes in an organism’s genome can
produce major changes in an organism’s structure and the structure
of its descendants. At least some homologous Hox genes are found
in almost all multicellular animals, from fruit ﬂies to humans. Such
profound biochemical similarities are best explained by Darwin’s conclusion: Living organisms evolved through descent with modiﬁcation
from a common ancestor.

LESSON 16.4

Teach

continued

Explain why beak size and shape are crucial to the
ﬁtness of Darwin’s ﬁnches and why the Grants
focused on these traits in their research. Then,
extend the analogy by sharing the maxim, “the
right tool for the job.” Help students appreciate the
importance of using the right tool for the job by having them imagine painting an entire house with a
very small brush or driving a small nail into a delicate
piece of furniture with a sledge hammer. Point out
that each of the ﬁnches in the ﬁgure has the right
beak for the job. Have students consider how difﬁcult it would be for the ﬁnches to eat if they did
not have a beak that was well suited for their food
source. For example, if the Geospiza ﬁnch had a thin,
narrow beak like the Certhidea ﬁnch, it would be like
using delicate forceps to crack hard nutshells.

DIFFERENTIATED INSTRUCTION
ELL English Language Learners Use the Stop and
Answer strategy to help students understand the
Grants’ research. For each passage with a blue heading, write a question on the board. For example, for
the ﬁrst passage on this page, you might write, What
two speciﬁc hypotheses did the Grants test? After
students have read each passage, have them stop
and answer the question orally. Make sure students
can answer all of the questions before they continue reading.

FINCH BEAK TOOLS
FIGURE 16–17 Finches use their beaks as tools
to pick up and handle food. Different types of
foods are most easily handled with beaks of
different sizes and shapes.

Tree Finches

Platyspiza
This vegetarian finch strips bark from woody
plants with a beak designed to grip and hold
tightly, like a pair of pliers.

Certhidea

This finch feeds on small, exposed insects that it
picks off plant surfaces. Its thin, straight, narrow
beak works like needle-nose pliers or forceps
to firmly grasp small objects at the tip.

Ground Finches

Pinaroloxias
This ﬁnch feeds on insects, fruit, and nectar.
Its beak works like curved, needle-nose pliers
that are good at probing and grasping at the tip.

Study Wkbks A/B, Appendix S13, Stop and Answer.

Geospiza

Address Misconceptions
Observing Evolution Students commonly think
that evolution cannot be observed, so it cannot be
proved. Explain that, although most major evolutionary changes happen too slowly to be observed
directly, there are many examples—including
the Grants’ research—that show evolution in
“real time.”

Darwin noted that several ﬁnch species have beaks
of very different sizes and shapes. Each species uses
its beak like a specialized tool to pick up and handle
its food, as shown in Figure 16–17. Darwin proposed
that natural selection had shaped the beaks of different bird populations as they became adapted to eat
different foods. That was a reasonable hypothesis. But
was there any way to test it? No one thought there was
a way until Peter and Rosemary Grant of Princeton
University came along.
The Grants have spent more than 35 years studying
Galápagos ﬁnches. They realized that Darwin’s hypothesis rested on two testable assumptions. First, for beak
size and shape to evolve, there must be enough heritable variation in those traits to provide raw material for
natural selection. Second, differences in beak size and
shape must produce differences in ﬁtness.
The Grants have tested these hypotheses on the
medium ground ﬁnch (Geospiza) on the island of
Daphne Major. This island is large enough to support
good-sized ﬁnch populations, yet small enough to
allow the Grants to catch, tag, and identify nearly every
bird of the species.
During their study, the Grants periodically recapture the birds. They record which individuals are alive
and which have died, which have reproduced and
which have not. For each individual, the Grants record
anatomical characteristics like wing length, leg length,
beak length, beak depth, beak color, feather colors,
and total mass. The data the Grants have recorded
show that there is indeed great variation of heritable
traits among Galápagos ﬁnches.

Natural Selection The Grants’ data have shown that
individual ﬁnches with different-size beaks have better
or worse chances of surviving both seasonal droughts
and longer dry spells. When food becomes scarce during dry periods, birds with the largest beaks are more
likely to survive, as shown in Figure 16–18. As a result,
average beak size in this ﬁnch population has increased
The Grants have documented that
dramatically.
natural selection takes place in wild ﬁnch populations frequently, and sometimes rapidly. Changes
in food supply created selection pressure that caused
ﬁnch populations to evolve within decades. This
evolutionary change occurred much faster than many
researchers thought possible.

This ﬁnch feeds on large, thick seeds with a
beak that is thick, strong, and sharp. This beak
works like heavy-duty wire cutters to apply
strong pressure and cutting force near its base.
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How Science Works
Have students explore the analogy of
ﬁnch beaks to tools by completing the Visual
Analogy: Finch Beak Tools activity.
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SIGNIFICANCE OF THE GRANTS’ RESEARCH

The Galápagos research of Peter and Rosemary Grant is widely acknowledged to be
the most important ﬁeld study of evolutionary processes that has been undertaken in
the last three decades. The work has had a major inﬂuence on several ﬁelds of biology, including ecology, evolution, and population biology. The Grants began their
research with ﬁnches on the Galápagos Islands in 1973. Since then, they have studied
almost 20,000 individual birds over 25 generations. The evidence they have gathered
has documented mechanisms of evolutionary change that, until their research, had
only been postulated. The Grants truly took over where Darwin left off.
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Evaluating Evolutionary Theory Advances in many ﬁelds of
biology, along with other sciences, have conﬁrmed and expanded
most of Darwin’s hypotheses. Today, evolutionary theory—which
includes natural selection—offers insights that are vital to all
branches of biology, from research on infectious disease to ecology.
That’s why evolution is often called the grand unifying theory of
the life sciences.
Like any scientiﬁc theory, evolutionary theory is constantly
reviewed as new data are gathered. Researchers still debate important questions such as precisely how new species arise and why
species become extinct. And there is also signiﬁcant uncertainty
about exactly how life began. However, any questions that remain
are about how evolution works—not whether evolution occurs. To
scientists, evolution is the key to understanding the natural world.

Review Key Concepts
1. a. Review What is biogeography?
b. Relate Cause and Effect Why do distantly
related species in very different places sometimes share similar traits?
2. a. Review Why are fossils important evidence
for evolution?
b. Interpret Visuals Use Figure 16–13 to
describe how a modern mysticete whale is
different from Ambulocetus.
3. a. Review How do vestigial structures provide
evidence for evolution?
b. Compare and Contrast Explain the difference between homologous and analogous
structures. Which are more important to
evolutionary biologists? Why?

Lesson 16.4
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FIGURE 16–18 Survival and Beak
Size This graph shows the survival rate
of one species of ground ﬁnch, the
medium ground ﬁnch, Geospiza
fortis, during a drought period.
Interpret Graphs What trend does
the graph show?

Divide the class into teams, and play a quiz game in
which teams compete by answering the most questions correctly. For questions, read the Key Concepts
from the lesson, leaving blank important terms for
students to ﬁll in. Then, have students complete the
16.4 Assessment.
REMEDIATION SUGGESTION
L1 Struggling Students If students have trouble
with Question 4a, review Hox genes and how they
control development. You may also want to have
students reread the information about Hox genes in
Chapter 13.

Students can check their understanding of lesson concepts with the SelfTest assessment. They can then take an online
version of the Lesson Assessment.

4. a. Explain What is the relationship between
Hox genes and embryological development?
b. Draw Conclusions Organisms A and B have
very similar Hox genes, and their embryos, in
the earliest stages of development, are also very
similar. What do these similarities indicate
about the ancestry of organisms A and B?
5. a. Explain What hypothesis have the Grants
been testing?
b. Draw Conclusions How do the Grants’ data
show that genetic variation is important in the
survival of a species?

Explanation
6. In your own words, write a paragraph that
explains how evidence since Darwin’s time has
strengthened his theories.

Answers
FIGURE 16–18 The graph shows that during the

drought period, a higher percentage of birds with
larger beaks survived than those with smaller beaks.

• Self-Test • Lesson Assessment
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Assessment Answers
1a. the study of where organisms live now
and where they and their ancestors lived in
the past
1b. because they evolved similar adaptations
to the same environmental conditions in
different places
2a. Fossils provide direct evidence of extinct
organisms and allow scientists to trace the
evolution of modern species from extinct
ancestors.
2b. Sample answer: A modern mysticete whale
has a large, streamlined body with fins

6/2/09 7:38:37 PM

and a tail but lacks legs. Ambulocetus had
a smaller, four-legged body with a tail but
no fins.
3a. Vestigial structures offer clues about the
ancestors of organisms, because they are the
remnants of structures with once important
functions.
3b. Homologous structures share a common
ancestry, but not necessarily a common
function. Analogous structures share a
common function, but do not share a common ancestry. Generally, homologous structures are more important to evolutionary
biologists, because they provide evidence of
evolutionary relationships.

4a. Hox genes control the timing of development and growth in embryos.
4b. The similarities indicate that organisms A and B likely share a recent common ancestor.
5a. Natural selection shaped the beaks of different bird populations .
5b. Their data show that variation within a
species increases the likelihood of the species adapting to and surviving environmental change.

6. Students’ answers should include mention
of biogeography, the age of Earth and fossil
finds, homologous structures and embryology, and observations of natural selection.
Darwin’s Theory of Evolution
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Not only have the Grants documented natural selection in
nature, their data also conﬁrm that competition and environmental change drive natural selection. Traits that don’t matter much
under one set of environmental conditions became adaptive as
The Grants’
the environment changes during a drought.
work shows that variation within a species increases the likelihood of the species’ adapting to and surviving environmental
change. Without heritable variation in beak sizes, the medium
ground ﬁnch would not be able to adapt to feeding on larger,
tougher seeds during a drought.

CHAPTER LAB

GUIDED INQUIRY

Pre-Lab
Introduce students to the concepts they will explore
in the chapter lab by assigning the Pre-Lab questions.

Lab
Tell students they will perform the chapter lab Amino
Acid Sequences: Indicators of Evolution described in
Lab Manual A.

Pre Lab: Amino Acid Sequences: Indicators of Evolution
Problem How can you use proteins to determine

2. Use Analogies You tell a story to a second person

how closely organisms are related?

who tells it to a third person, and so on. As the story
is retold, changes are introduced. Overtime, the
number of changes increases. How is this process
an analogy for what happens to DNA over time?
3. Infer Hemoglobin from two species is compared.
On the long protein chains, there are three locations
where the amino acids are different. Where would
you place the common ancestor of the two species
on the “tree of life,” and why?

Materials light colored highlighting pen
Lab Manual Chapter 16 Lab
Skills Analyze Data, Graph, Draw Conclusions
Connect to the
For years, scientists
who studied evolution had to rely on only visible
differences among organisms. Then a new source of
evidence emerged. Biochemists were able to unravel
the sequences of bases in DMA and amino acids in
proteins. Scientists are able to use this data to conﬁrm
relationships based on anatomy. They also use the data
to show that some species that appear very different
are in fact more closely related than had been thought.
Biologists can compare the sequences of amino
acids in a protein for two species. In general, when the
total number of differences is small, the species are
closely related. When the total number of differences is
large, the species are more distantly related.
In this lab, you will compare amino acid sequences
for one protein and analyze the results of a similar
comparison for another protein. You will use both sets
of data to predict relatedness among organisms.

Struggling Students A simpler version of the
chapter lab is provided in Lab Manual B.
L1

Look online for Editable Lab
Worksheets.
For corresponding pre-lab in the
Foundation Edition, see page 398.

Visit Chapter 16 online to test yourself on chapter
content and to ﬁnd activities to help you learn.

Untamed Science Video Islands are rich environments for evolution, as you will ﬁnd out with the
Untamed Science crew.

Art in Motion This animation shows how fossil layers
accumulate and are later exposed.

Art Review Review homologus and analogous
structures in vertebrates.
Visual Analogy See how different types of ﬁnch
beaks function like tools.

Background Questions

Data Analysis Collect population data for several

a. Review What are homologous molecules?
b. Explain Why might scientists use molecules instead

NATIONAL SCIENCE EDUCATION STANDARDS

Chapter 16

generations of grasshoppers and then analyze how
the population changed due to natural selection.

of anatomy to ﬁgure out how closely rabbits and
fruit ﬂies are related?
c. Relate Cause and Effect Amino acid sequences in
the proteins of two species are similar. What can you
conclude about the DNA in those species, and why?

UCP IV
CONTENT C.2.a, C.2.c, C.3.d, C.3.e
INQUIRY A.1.e

Pre-Lab Questions
Preview the procedure in the lab manual.
1. Predict Based only on their anatomy, rank gorillas,

bears, chimpanzees, and mice from most recent
common ancestor with humans to least recent.

Pre-Lab Answers

474 Chapter 16 • Pre-Lab

BACKGROUND QUESTIONS
a. Homologous molecules have extensive simi-

larities in structure and in chemistry.
b. Sample answer: Because rabbits and fruit

flies are distantly related, they don’t have
many visible structures that can be used to
establish their relatedness.
c. The order of bases in the related segment

of DNA must be similar in both organisms
because the sequence of bases in a gene
controls the sequence of amino acids in the
protein.
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PRE-LAB QUESTIONS
1. Students are likely to say that chimpanzees

and gorillas have a more recent common
ancestor with humans than do bears
and mice.
2. Students can compare retelling the story to

the replication of DNA and the changes in
the story to mutations. Despite the differences in time frame, with both the story and
the DNA the number of changes will increase
with time.

6/2/09 7:34:50 PM

3. The common ancestor should be placed rela-

tively recently along the tree based on the
limited differences between the proteins and
the time required for mutations to occur.

Study Online
16.3 Darwin Presents His Case

Evolution
Natural selection is a natural process through which life
evolves. It acts on populations whose individuals must
struggle for existence and that have both heritable variation in traits and variable ﬁtness among individuals.

16.1 Darwin’s Voyage of Discovery

According to the principle of common descent,
all species—living and extinct—are descended from
ancient common ancestors.

Darwin developed a scientiﬁc theory of biological evolution that explains how modern organisms
evolved over long periods of time through descent
from common ancestors.

adaptation (461)
ﬁtness (461)

Many recently discovered fossils form series that
trace the evolution of modern species from extinct
ancestors.

16.2 Ideas That Shaped
Darwin’s Thinking

Hutton and Lyell concluded that Earth is
extremely old and that the processes that changed
Earth in the past are the same processes that operate in
the present.
Lamarck suggested that organisms could change
during their lifetimes by selectively using or not using
various parts of their bodies. He also suggested that
individuals could pass these acquired traits on to their
offspring, enabling species to change over time.

In artiﬁcial selection, nature provides the variations, and humans select those they ﬁnd useful.
artiﬁcial selection (458)

Chapter 16

Evolutionary theory explains the existence of
homologous structures adapted to different purposes
as the result of descent with modiﬁcation from a
common ancestor.
The universal genetic code and homologous
molecules provide evidence of common descent.
The Grants have documented that natural selection takes place in wild Galápagos ﬁnch populations
frequently, and sometimes rapidly, and that variation
within a species increases the likelihood of the species
adapting to and surviving environmental change.
biogeography (465)
homologous
structure (468)

REVIEW AND ASSESSMENT
RESOURCES

Editable Worksheets Pages of Study Workbooks
A and B, Lab Manuals A and B, and the Assessment Resources Book are available online. These
documents can be easily edited using a wordprocessing program.
Lesson Overview Have students reread the Lesson
Overviews to help them study chapter concepts.

Patterns in the distribution of living and fossil
species tell us how modern organisms evolved from
their ancestors.

fossil (452)

Malthus reasoned that if the human population
grew unchecked, there wouldn’t be enough living
space and food for everyone.

natural selection (463)

16.4 Evidence of Evolution

Darwin noticed that (1) different, yet ecologically
similar, animal species inhabited separated, but ecologically similar, habitats around the globe; (2) different, yet
related, animal species often occupied different habitats
within a local area; and (3) some fossils of extinct
animals were similar to living species.
evolution (450)

Natural selection occurs in any situation in
which more individuals are born than can survive,
there is natural heritable variation, and there is variable ﬁtness among individuals.

Vocabulary Review The Flash Cards and Crossword provide an interactive way to review chapter
vocabulary.
Chapter Assessment Have students take an online
version of the Chapter 16 Assessment.
Standardized Test Prep Students can take an
online version of the Standardized Test Prep. You will
receive their scores along with ideas for remediation.
Diagnostic and Benchmark Tests Use these tests
to monitor your students’ progress and supply
remediation.

analogous structure (469)
vestigial structure (469)

Think Visually
Using the information in this chapter, create a concept map that links the following terms: adaptation,
artiﬁcial selection, biogeography, camouﬂage, Charles
Darwin, Charles Lyell, evolution, ﬁtness, fossil,
homology, James Hutton, Jean-Baptiste Lamarck,
mimicry, natural selection, and Thomas Malthus.

• Crossword

• Chapter Assessment
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Performance Tasks
SUMMATIVE TASK Divide the class into small groups, and instruct each group to
brainstorm ways Earth might change over the next one million years. Then, have
each group select a species living today and predict how populations descended
from that species might evolve to adapt to the changes. Groups should describe and
sketch specific adaptations in the species they select.
TRANSFER TASK Tell students to assume that a newspaper has published an article

questioning whether evolution occurs. Ask them to write a letter to the editor of the
newspaper in which they argue that evolution does occur, using evidence from the
chapter to support their argument.

Answers
THINK VISUALLY

Students’ concept maps may vary but should show
the following relationships: Hutton, Lamarck, and
Malthus inﬂuenced the development of Darwin’s
theory of evolution by natural selection; natural
selection occurs when organisms in a population
differ in ﬁtness, and it leads to adaptations such
as camouﬂage and mimicry; evidence for evolution includes fossils, artiﬁcial selection, homologies,
and biogeography.
Darwin’s Theory of Evolution
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STUDY GUIDE

16 Study Guide

ASSESSMENT

16 Assessment

Lesson 16.1

16.1 Darwin’s Voyage of Discovery

UNDERSTAND KEY CONCEPTS

1. c

2. a

10. What accounts for the presence of marine fossils

on mountaintops?
11. How did Lyell’s Principles of Geology inﬂuence

Understand Key Concepts
1. Who observed variations in the characteristics
of plants and animals on different islands of
the Galápagos?
a. James Hutton
c. Charles Darwin
b. Charles Lyell
d. Thomas Malthus

3. Darwin observed that each of these distantly
related large, flightless birds found in a different
but ecologically similar habitat around the globe
shared many similarities in form and function.
4. Closely related Galápagos tortoises exhibited different traits depending on the environment of
the island where they lived.

Darwin?
12. According to Malthus, what factors limit popula-

tion growth? Why did Malthus’s ideas apply to
other organisms better than they did to humans?
13. What is artiﬁcial selection? How did this concept

inﬂuence Darwin’s thinking?

2. In addition to observing living organisms,

Darwin studied the preserved remains of ancient
organisms called
a. fossils.
c. homologies.
b. adaptations.
d. vestigial structures.

THINK CRITICALLY

5. Sample answer: Evolution means change over
time. An example of evolution is the change
over time in some bacteria that allows them to
resist drugs.

Think Critically
14. Relate Cause and Effect A sunﬂower produces

many seeds. Will all the seeds grow into mature
plants? Explain your answer.

3. What pattern of variation did Darwin observe

among rheas, ostriches, and emus?
4. What connection did Darwin make between the

Galápagos tortoises and their environments?

6. Darwin’s trip allowed him to observe, in a variety
of habitats, patterns of biodiversity that result
from evolution by natural selection.

Think Critically
5. Apply Concepts Explain what the term evolution

means, and give an example.

7. because some Australian habitats seemed to be
ideal for rabbits, and similar grasslands in Europe
had rabbits

6. Relate Cause and Effect Why was Darwin’s trip

aboard the Beagle so important to his development of the theory of natural selection?
7. Infer Why was Darwin puzzled by the fact that

there were no rabbits in Australia?

Lesson 16.2
9. d

11. Lyell proposed that Earth is extremely old and
processes that changed Earth in the past are still
at work today. This allowed for the great time
span Darwin believed was necessary for evolution to occur. It also provided a geological analogy for biological evolution.

476

Chapter 16 • Assessment

Understand Key Concepts
16. An inherited characteristic that increases an
organism’s ability to survive and reproduce in its
speciﬁc environment is called a(n)
a. vestigial structure.
c. speciation.
b. adaptation.
d. analogous structure.

use to increase the number of cows that give the
most milk?
a. overproduction
c. acquired characteristics
b. genetic isolation
d. artiﬁcial selection

17. How well an organism survives and reproduces in

its environment can be described as its
a. ﬁtness.
c. common descent.
b. homologies.
d. analogies.

476 Chapter 16 • Assessment
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explain evolution scientifically using natural processes. He also recognized that
there is a link between an organism’s
environment and its body structures.

THINK CRITICALLY

15. Lamarck was one of the first naturalists to suggest that species are not fixed, and he tried to

16.3 Darwin Presents His Case

9. Which of the following would an animal breeder

12. According to Malthus, population growth is limited by overcrowding and lack of food, which in
turn lead to war, famine, and disease. His ideas
apply to other organisms better than to humans,
because other organisms can produce many
more offspring over their lifetimes than humans.

14. Like many other organisms, sunflowers produce
far more seeds than can survive and grow into
mature plants. Most of the seeds will not germinate or the plants they develop into will die
before they reach maturity.

niﬁcant contribution to science even though his
explanation of evolution was wrong.

Understand Key Concepts
8. Which of the following ideas proposed by
Lamarck was later found to be incorrect?
a. Acquired characteristics can be inherited.
b. All species are descended from other species.
c. Living things change over time.
d. There is a relationship between an organism
and its environment.

10. Geological processes uplifted a former sea bed
to form mountains.

13. Artiﬁcial selection is the process of selectively
breeding plants and animals to have the traits
desired by breeders or farmers. Artiﬁcial selection
showed Darwin how heritable traits of organisms could change over time.

15. Evaluate Explain why Lamarck made a sig-

Darwin’s Thinking

UNDERSTAND KEY CONCEPTS

8. a

FPO

16.2 Ideas That Shaped

Lesson 16.3
UNDERSTAND KEY CONCEPTS

16. b

17. a

18. Variation is necessary if some organisms
are to have greater fitness than others
and to have a greater chance of passing
on their traits to the next generation.

6/12/09 12:44:33 PM

19. The statement means that living species
are descended, with modification, from
common ancestors. This implies that all
organisms are related if you go back far
enough in time. In other words, a single
“tree of life” links all living things.
20. For natural selection to occur, there must
be overproduction of offspring and variation among the heritable traits in organisms, and these variations must correlate
to differences in fitness.

19. Explain the following statement: “Descent with

After students have read through
the Chapter Mystery, encourage
them to draw parallels between
the honeycreepers on the Hawaiian Islands and the
ﬁnches on the Galápagos Islands.

modiﬁcation explains the diversity of life we
see today.”
20. Describe the conditions necessary for natural

SUCH VARIED
HONEYCREEPERS

selection to occur.

Think Critically
21. Apply Concepts How would Darwin explain

the long legs of the water bird in Figure 16– 6?
How would Darwin’s explanation differ from
Lamarck’s explanation?
22. Compare and Contrast Distinguish between

ﬁtness and adaptation. How are the two
concepts related?
23. Infer How does the process of natural selec-

tion account for the diversity of organisms that
Darwin observed on the Galápagos Islands?
24. Infer Many species of birds build nests in which

they lay eggs and raise the newly hatched birds.
How might nest-building behavior be an adaptation that ensures reproductive ﬁtness?

16.4 Evidence of Evolution
Understand Key Concepts
25. Structures that have different mature forms
but develop from the same embryonic tissue
are called
a. analogous.
c. homologous.
b. adaptations.
d. fossils.

1. Infer Suppose a small group of birds, not

26. Intermediate fossil forms are important evidence

of evolution because they show
a. how organisms changed over time.
b. how animals behaved in their environments.
c. how the embryos of organisms develop.
d. molecular homologies.

unlike the modern honeycreepers, landed on
one of Hawaii’s islands millions of years ago
and then reproduced. Do you think all the
descendants would have stayed on that one
island? Explain your answer.
2. Infer Do you think that the climate and other

environmental conditions are exactly the same
everywhere on the Hawaiian Islands? How
might environmental conditions have affected
the evolution of honeycreeper species?

27. How does the geographic distribution of organ-

isms support the theory of evolution?
28. How do vestigial structures indicate that present-

day organisms are different from their ancient
ancestors?
29. How do DNA and RNA provide evidence for

3. Form a Hypothesis Explain how the

different species of honeycreepers in Hawaii
today might have evolved from one ancestral
species.
4. Connect to the

Why are
islands often home to species that exist
nowhere else on Earth?

common descent?

Chapter 16

The ’i’iwi and other Hawaiian
honeycreepers resemble Galápagos ﬁnches
in a number of ways. They are species of small
birds found nowhere else on Earth. They live on
islands that are separated from one another by
stretches of open sea and that are hundreds of
miles from the nearest continent. They are also
related to ﬁnches!
There are more than 20 known species of
Hawaiian honeycreeper. Like the species of
Galápagos ﬁnches, the honeycreeper species are
closely related to one another. This is an indication that they are all descended, with modiﬁcation, from a relatively recent common ancestor.
Experts think the ancestor colonized the islands
between 3 million and 4 million years ago. Many
honeycreepers have specialized diets, evolutionary adaptations to life on the particular islands
they call home. Today, habitat loss is endangering
most of the honeycreepers. In fact, many species of honeycreeper are thought to have become
extinct since humans settled on the islands.

• Untamed Science Video
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THINK CRITICALLY

21. Darwin would explain the long legs
of the water bird as an adaptation
that evolved through natural selection. Lamarck would explain the long
legs of the bird as an adaptation that
evolved through the inheritance of
acquired characteristics.
22. Fitness refers to how well an individual can survive and reproduce in its
environment relative to other individuals of the same species. Adaptation
refers to any heritable characteristic
that increases an organism’s fitness.

• Chapter Mystery

477

6/4/09 10:46:57 AM

23. The Galápagos Islands varied in their
environments, so organisms with different traits were better suited for
different islands. Over time, natural
selection for different traits on each
island led to variation in the species.

Ask Do you think Darwin would have drawn the
same conclusions about evolution and natural selection if he had visited the Hawaiian Islands instead of
the Galápagos Islands? (Sample answer: yes, because
he would have observed similar patterns of variation)
CHAPTER MYSTERY ANSWERS

1. Sample answer: I think some of the descendants
would have moved to other islands. If a small
group of birds managed to travel far across the
ocean to reach one of the islands, then it is likely
their descendants would be able to travel to
other, nearby islands.
2. Sample answer: I think there is variation in climate and other environmental conditions on
the Hawaiian Islands. When the environment
varies, different traits may be selected for. This
would explain why there are now so many different species of honeycreepers on the Hawaiian
Islands and why Hawaiian honeycreepers are
different from related birds found elsewhere in
the world.
3. Sample answer: An ancestral species might have
made its way to one of the Hawaiian Islands. A
few members of this species may have eventually
reached other islands in the group. If environments differed on these other islands, each
island’s honeycreeper population might have
evolved into a different species.
4.

Islands are often home to species that
exist nowhere else on Earth, because
they are isolated by water. If a species
manages to reach a group of islands, it may
evolve by adapting to conditions on the islands
and become a new species. Because of the isolation of the islands, the new species may never
travel to other places.

Students can take a ﬁeld trip
with Untamed Science: It Happened in Hawaii and learn
more about the Hawaiian honeycreeper mystery.

24. Sample answer: Nest-building behavior
might be an adaptation that ensures
reproductive fitness, because it would
help protect eggs and newly hatched
birds. As a result, the offspring of
nest-building birds would be more
likely to survive.

Darwin’s Theory of Evolution
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ASSESSMENT

18. How does natural variation affect evolution?

ASSESSMENT

Lesson 16.4
UNDERSTAND KEY CONCEPTS

25. c

26. a

27. Sample answer: Patterns in the distribution
of living and fossil species show how modern
organisms evolved from their ancestors.
28. because these features are remnants
of structures that functioned in the organism’s ancestors
29. The universal genetic code in DNA and RNA
shows that all living species descended from an
ancient common ancestor.

Think Critically
30. Infer Which animal—a cricket or a cat—would
you expect to have cytochrome c more similar to
that of a dog? Explain your answer.
31. Infer In all animals with backbones, oxygen is
carried in blood by a molecule called hemoglobin.
What could this physiological similarity indicate
about the evolutionary history of vertebrates
(animals with backbones)?
32. Apply Concepts Do you think some species of
snake might have vestigial hip and leg bones?
Explain your answer.

Connecting Concepts
Use Science Graphics
Use the illustration below to answer questions 33 and 34.

THINK CRITICALLY

30. A cat, because cats and dogs shared a common ancestor more recently than did crickets
and dogs.

33. Sample answer: Brown mice, because they blend
in better with their background.
34. Sample answer: The coloring of the brown mice
is an adaptation, because it increases the fitness
of the mice in their environment. Other adaptations might include the ability to run fast.
WRITE ABOUT SCIENCE

35. Sample answer: Most examples of evolution
must have occurred over a very long time period
to bring about the great diversity of living and
fossil species. Therefore, an ancient age for Earth
supports the theory of evolution.
36. Natural selection occurs when there are more
organisms born than can survive and variation
among the heritable traits of organisms that
results in some organisms having greater fitness
than others. Check that students identify three
lines of evidence that support evolution.
37.

38.

Answers will vary. Students should
correctly explain Darwin’s theory of
evolution by natural selection.
Sample answer: If there was a
drought, the grass might turn yellow.
As a result, the number of green grasshoppers would decline, while the number of yellow grasshoppers would increase.
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34. Apply Concepts In what way is the coloring

of the brown mice an adaptation? What other
adaptations besides coloring might affect the
mice’s ability to survive and reproduce?

Write About Science
35. Explanation Write a paragraph that explains
how the age of Earth supports the theory of
evolution.
36. Summary Summarize the conditions under
which natural selection occurs. Then, describe
three lines of evidence that support the theory of
evolution by natural selection.
37. Assess the

Write a newspaper
article about the meeting at which Darwin’s and
Wallace’s hypotheses of evolution were ﬁrst presented. Explain the theory of evolution by natural
selection for an audience that knows nothing
about the subject.

Look back at
Figure 16–10 on page 462. Explain how conditions could change so that yellow coloring
becomes adaptive. What would happen to the
relative numbers of green and yellow grasshoppers in the population?

32. Sample answer: I think that some species of
snake might have vestigial hip and leg bones,
because snakes are reptiles and other reptiles
have hips and legs inherited from an ancient
vertebrate ancestor.

USE SCIENCE GRAPHICS

white or brown—are better adapted to their
environment? Explain your answer.

38. Assess the

31. The fact that the same molecule carries oxygen
in the blood of all vertebrates indicates that all
vertebrates have a common ancestor.

Connecting Concepts

33. Infer Based on what you can see, which mice—

Cytochrome c is a small protein involved in cellular
39. Interpret Data Which of these organisms
probably shares the most recent common
respiration. The table compares the cytochrome c
ancestor with chimpanzees?
of various organisms to that of chimpanzees. The
a. dog
c. penguin
left column indicates the organism, and the right
b. moth
d. yeast
column indicates the number of amino acids that are
different from those in chimpanzee cytochrome c.
40. Calculate The primary structure of
cytochrome c contains 104 amino acids.
Organism
Number of Amino Acids
Approximately how many of these amino
That Are Different From
acids are the same in the chimpanzee and
Chimpanzee Cytochrome c
moth?
Dog
10
a. 10
c. 80
Moth
24
b. 24
d. 128
Penguin

11

Yeast

38
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PURPOSE Students will interpret data on homologous
proteins and conclude which of four organisms shares the
most recent common ancestor with chimpanzees.
PLANNING Remind students that cytochrome c is found in

virtually all multicellular organisms (and many unicellular
organisms, too) and differs very little from one species to
another.
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ANSWERS

39. a
40. c

Multiple Choice

Answers

8. DNA and RNA provide evidence of evolution

because
A all organisms have nearly identical DNA and RNA.
B no two organisms have exactly the same DNA.
C each RNA codon speciﬁes just one amino acid.
D in most organisms, the same codons specify the
same amino acids.

1. Which scientist formulated the theory of evolution

through natural selection?
A Charles Darwin
C James Hutton
B Thomas Malthus
D Jean-Baptiste Lamarck
2. Lamarck’s ideas about evolution were wrong

because he proposed that
A species change over time.
B species descended from other species.
C acquired characteristics can be inherited.
D species are adapted to their environments.

9. A bird’s wings are homologous to a(n)

A ﬁsh’s tailﬁn.
B alligator’s claws.

1. A
2. C
3. C
4. B
5. D
6. A
7. B
8. A

The birds shown below are 2 of the species of ﬁnches
Darwin found on the Galápagos Islands.

because it explained how
A organisms change over time.
B adaptations occur.
C the surface of Earth changes over time.
D the Galápagos Islands formed.

9. C
10. B
11. C

4. A farmer’s use of the best livestock for breeding is

an example of
A natural selection.
B artiﬁcial selection.

C dog’s front legs.
D mosquito’s wings.

Questions 10 and 11

3. Lyell’s Principles of Geology inﬂuenced Darwin

ASSESSMENT

Standardized Test Prep

C extinction.
D adaptation.

Woodpecker Finch

Large Ground Finch

10. What process produced the two different types of

beaks shown?
A artiﬁcial selection
B natural selection
C geographical distribution
D disuse of the beak

5. The ability of an individual organism to survive

and reproduce in its natural environment is called
A natural selection.
B evolution.
C descent with modiﬁcation.
D ﬁtness.

11. The large ground ﬁnch obtains food by cracking

seeds. Its short, strong beak is an example of
A the struggle for existence.
B the tendency toward perfection.
C an adaptation.
D a vestigial organ.

6. Which of the following is an important concept in

Darwin’s theory of evolution by natural selection?
A descent with modiﬁcation
B homologous molecules
C processes that change the surface of Earth
D the tendency toward perfection
7. Which of the following does NOT provide

12. Both artificial and natural selection change the
heritable traits of a population or species over
time. In both cases, organisms with certain traits
are more likely to survive and reproduce than
organisms with other traits. In artificial selection,
a breeder or farmer decides which organisms
reproduce. In natural selection, environmental conditions determine which organisms
reproduce.

Open-Ended Response
12. Compare and contrast the processes of artiﬁcial

evidence for evolution?
A fossil record
B natural variation within a species
C geographical distribution of living things
D homologous structures of living organisms

selection and natural selection.

If You Have Trouble With . . .
Question

1

2

3

4

5

6

7

8

9

10

11

12

See Lesson
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Test-Taking Tip
READ ALL THE ANSWER CHOICES

Tell students that it is a good idea to read all the answer choices for multiple choice
questions before choosing the correct answer. Explain that wrong choices are often
intentionally written to seem as though they could be correct. Therefore, without
reading all of the choices, it is easy to make a mistake by selecting the ﬁrst choice
that appears to be correct.
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