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1. Use a metri

measurement.

2. Now use a hand lens to carefully examine
each seed. Record each seed’s shape, color,

and number of stripes.
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How did Darwin explain the
differences between species
on the Galapagos Islands and
on mainland South America?

How does natural selection
lead to evolution?

How do new species form?
As you read,

make a list of main ideas and
supporting details about

evolution.

Darwin’s Voyage

."'....'-'.""".'"..'.""""".'..‘.'_;l‘,(;rf_rwrp:_"'

¢ ruler to measure the length and hinl 1
width of 10 sunflower seeds. Record each

! T

In what ways are the seeds in your A
sample different from one another? In what ways
are they similar? How could you group the seeds
based on their similarities and differences?

“ 1 December 1831, the British naval ship HMS Beagle s

% sail from England on a five-year-long trip around

| world. On board was a 22-year-old named Charles Darwin
Darwin eventually became the ship’s naturalist—a person whio
studies the natural world. His job was to learn as much as |
could about the living things he saw on the voyage.

During the voyage, Darwin observed plants and animals |
had never seen before. He wondered why they were SO differc
from those in England. Darwin’s observations led him
develop one of the most important scientific theories ol !
time: the theory of evolution by natural selection.
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e of the Beagle’s first stops was the coast of South America. In
lravil, Darwin saw insects that looked like flowers, and ants that Figure 1 Charles Darwin sailed on i
nirched across the forest floor like huge armies. In Argentina, he  Hms Beagle from England to South
v armadillos—burrowing animals covered with small, bony  America and then to the Galapagos
plites. He also saw sloths, animals that moved very slowly and ~ 'slands. He saw many unusual !
pia G : : , organisms on the Galapagos Islands. |
wnt much of their time hanging upside down in trees.
Darwin was amazed by the tremendous diversity, or variety, ~Galapagos hawk
! living things he saw. Today scientists know that living things
vven more diverse than Darwin could ever have imagined.
«wontists have identified more than 1.7 million species of organ-
- 1iv-on Earth. A species is a group of similar organisms that can
@ile with each other and produce fertile offspring.
arwin saw something else in Argentina that puzzled him:
' hones of animals that had died long ago. From the bones, ,. §
Miwin inferred that the animals had looked like the sloths he ). %
“lseen. However, the bones were much larger than those of the
iy sloths. He wondered why only smaller sloths were aljve
vl1y. What had happened to the giant creatures from the past?
1111835, the Beagle reached the Galapagos Islands, a group of
iuillislands in the Pacific Ocean off the west coast of South
‘nirica. It was on the Galapagos Islands that Darwin observed
v of the greatest diversity of life forms. He saw large numbers
! wsant tortoises, or land turtles, which he described as
wwnse” in size. There were fur-covered seals, and lizards that
ictus plants for food and water.
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Figure 2 Darwin observed many
differences between organisms in

\ South America and similar organisms
on the Galapagos Islands. For
example, green iguanas (left) live

in South America. Marine iguanas
(right) live on the Galapagos Islands.
Comparing and Contrasting How
are the two species similar? How are
they different?

.

similarities and Differences

Darwin was surprised that many of the plants and animals on
the Galapagos Islands were similar to organisms on mainland
South America. For example, many of the birds on the islands,
including hawks, mockingbirds, and finches, resembled those on
the mainland. Many of the plants were also similar to plants
Darwin had collected on the mainland.

However, there were also important differences between the
organisms on the islands and those on the mainland. Large sea
birds called cormorants, for example, lived in both places. The
cormorants on the mainland were able to fly, while those on the
Galapagos Islands were unable to fly. The iguanas on the
Galapagos Islands had large claws that allowed them to keep their
grip on slippery rocks, where they fed on seaweed. The iguanas
on the mainland had smaller claws. Smaller claws allowed the
mainland iguanas to climb trees, where they ate leaves.

From his observations, Darwin inferred thata small number
of different plant and animal species had come to the Galapago-
[slands from the mainland. They might have been blown out v
sea during a storm or set adrift on a fallen log. Once the plant:
and animals reached the islands, they reproduced. Eventually,
their offspring became different from their mainland relatives.

Darwin also noticed many differences among similar organ
isms as he traveled from one Galapagos island to the next. I
example, the tortoises on one island had dome-shaped shells
Those on another island had saddle-shaped shells. The governo:

of one of the islands told Darwin that he could tell which island =5

a tortoise came from just by looking at its shell.

Ef{;’-.’.?a:.é;;n_u’;w How did Darwin think plants and animals had

originally come to the Galapagos Islands?
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Adaptations

Like the tortoises, the finches on the Galapagos Islands were
noticeably different from one island to another. The most obvi-
ous differences were the varied sizes and shapes of the birds’
heaks. As Darwin studied the different finches, he noticed that
vach species was well suited to the life it led. Finches that ate
insects had sharp, needlelike beaks. Finches that ate seeds had
strong, wide beaks. Beak shape is an example of an adaptation,
4 trait that helps an organism survive and reproduce.

fvolution

Alter he returned home to England, Darwin continued to think
ubout what he had seen during his voyage on the Beagle. Darwin
spent the next 20 years consulting with many other scientists,
gathering more information, and thinking through his ideas. He
wipecially wanted to understand how the variety of organisms
with different adaptations arose on the Galapagos Islands.

Darwin reasoned that plants or animals that arrived on one
al the Galapagos Islands faced conditions that were different
from those on the mainland. Perhaps, Darwin thought, the
species gradually changed over many generations and became
better adapted to the new conditions. The gradual change in a
Jpecies over time is called evolution.

Darwin’s ideas are often referred to as the theory of evolu-

- ton. A scientific theory is a well-tested concept that explains a

wide range of observations.

[t was clear to Darwin that evolution had occurred on the
talapagos Islands. He did not know, however, how this process
tud occurred. Darwin had to draw on other examples of changes
1 living things to help him understand how evolution occurs.

Figure 3 Darwin made these
drawings of four species of
Calapagos finches. The beak of
each finch is adapted to the type
of food it eats.

Bird Beak Adaptations

Use this T
activity to m@q?@
explore adaptations in birds.
1. Scatter a small amount of
bird seed on a paper plate.
Scatter 20 raisins on the
plate to represent insects.

2. Obtain a variety of objects
such as tweezers, hair clips,
clothes pins, and hairpins.
Pick one object to use as a
Hbeak.ﬂ

3. See how many seeds you
can pick up and drop into
a cup in 10 seconds.

4. Now see how many
“insects” you can pick up
and drop into a cup in
10 seconds.

5. Use a different “beak” and
repeat Steps 3 and 4.

Inferring What type of beak
worked well for seeds? For
insects? How are different-
shaped beaks useful for eating
different foods?

Chapter 5 149
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(. Darwin knew that people used selective breeding to produce
: organisms with desired traits. For example, English farmers used
selective breeding to produce sheep with fine wool. Darwin him-
self had bred pigeons with large, fan-shaped tails. By repeatedly
allowing only those pigeons with many tail feathers to mate,
Darwin produced pigeons with two or three times the usual
number of tail feathers. Darwin thought that a process similar to
selective breeding must happen in nature. But he wondered why
certain traits were selected for, and how.

@/ (Plieckpocut What observations led Darwin to propose his
theory of evolution?

Natural Selection

In 1858, Darwin and another British biologist, Alfred Russel

Wallace, proposed an explanation for how evolution occurs. The

next year, Darwin described this mechanism in a book entitled
| The Origin of Species. In his book, Darwin explained that evolu-
’ tion occuts by means of natural selection. Natural selection is

l the process by which individuals that are better adapted to their
\ environment are more likely to survive and reproduce than other
members of the same species. Darwin identified a number o

( factors that affect the process of natural selection: overproduc
tion, competition, and variations.

1

\ Overproduction Most species produce far more offspring than

| can possibly survive. [n many species, so many offspring are pro-

duced that there are not enough resources—food, water, and

| living space—for all of them. For example, each year a female

kel sea turtle may lay more than 100 eggs. If all the young turtles sus L
| vived, the sea would soon be full of turtles. Darwin knew that:

\ | I this doesi’t happen. Why not?

Figure 4 Most newborn
loggerhead sea turtles will
not survive to adulthood.
Making Generalizations
What factors limit the numbe
of young that survive? :

S
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Competition Since food and other resources are limited, the
offspring must compete with each other to survive. Competition
does not usually involve direct physical fights between members
of a species. Instead, competition is usually indirect. For exam-
ple, some turtles may fail to find enough to eat. Others may not
he able to escape from predators. Only a few turtles will survive
long enough to reproduce.

Variations As you learned in your study of genetics, members
of a species differ from one another in many of their traits. Any
difference between individuals of the same species is called a
variation. For example, some newly hatched turtles are able to
swim faster than other turtles.

f{election Some variations make certain individuals better
ulapted to their environment. Those individuals are more likely
10 survive and reproduce. When those individuals reproduce,
* their offspring may inherit the allele for the helpful trait. The off-
spring, in turn, will be more likely to survive and reproduce, and
(hus pass on the allele to their offspring. After many generations,
more members of the species will have the helpful trait. In effect,
the environment has “selected” organisms with helpful traits to be
ihe parents of the next generation—hence the term “natural
wlection.” Over along period of time, natural selection can lead
t evolution. Helpful variations gradually accumulate in a
species, while unfavorable ones disappear.

F'or example, suppose a new fast-swimming predator moves
lo the turtles’ habitat. Turtles that are able to swim faster
would be more likely to escape from the new predator. The
‘uler turtles would thus be more likely to survive and repro-
luce. Over time, more and more turtles in the species would
have the “fast-swimmer” trait.

Figure 5 The walruses lying
on this rocky beach in Alaska
must compete for resources. All
organisms compete for limited
resources such as food.

Sharpen your

Skills

Inferrin L
Scatter 15 : &@Eq%@ﬁ?
black buttons and 15 white
buttons on a sheet of white
paper. Have a partner time
you to see how many buttons
you can pick up in 10
seconds. Pick up the buttons
one at a time.

Did you collect more
buttons of one color than
the other? Why? How can a
variation such as color affect
the process of natural
selection?
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n this lab, you will investigate how natural

4 selection can lead to changes in a species
4 A over time. You'll explore how both genetic
4 and environmental factors play a part in natural

AN | selection.

Problem

=#"_ | How do species change over time?

w4 wlaterials
T ﬂ scissors

152

1 marking pen
1 construction paper, 2 colors

1 Procedure A%
1 1. Work on this lab with two other students.
One student should choose construction
paper of one color and make the team’s

50 “mouse” cards, as described in Table 1.
The second student should choose a
different color construction paper and make
the team’s 25 “event” cards, as described in
Table 2. The third student should copy the
data table and record all the data.

i part 1 A White Sand Environment

2. Mix up the mouse cards.

3. Begin by using the cards to model what
might happen to a group of mice inan
environment of white sand dunes. Choose
two mouse cards. Allele pairs WWw and Ww

. produce a white mouse. Allele pair ww

] produces a brown mouse. Record the

i color of the mouse with a tally mark in the

data table.

. Choose an event card. An “S” card means

8. Repeat Steps 3 through 7 for the second

the mouse survives. A “D" or a “p* card
means the mouse dies. A “C” card means
the mouse dies if its color contrasts with the
white sand dunes. (Only brown mice will die
when a “C" card is drawn.) Record each
death with a tally mark in the data table.

_If the mouse lives, put the two mouse cards
in a “live mice” pile. If the mouse dies,put |
the cards in a “dead mice” pile. Put the event §
card at the bottom of its pack. 4

. Repeat Steps 3 through 5 with the remaining |
mouse cards to study the first generation of
mice. Record your results.

_ Leave the dead mice cards untouched. Mix
up the cards from the live mice pile. Mix up
the events cards.

generation. Then repeat Steps 3 through 6
for the third generation.

Table 1: “Mouse” Cards

Number |Label |Meaning
25 w Dominant allele for
white fur
25 w Recessive allele for
brown fur

Table 2: “Event” Cards

Number | Label | Meaning

S S Mouse survives.

1 D Disease kills mouse.

1 P Predator kills mice of
all colors.

18 C Predator kills mice that

contrast with the
environment.

e e ek e e R JLANIN SN




DATA TABLE | k

Type of Environment:

Deaths
White Mice | Brown Mige

Generation | White Mice | Brown Mice

 Part 2 A Forest Floor Environment Analyze and Conclude
| 0. How would the data differ if the mice inthis 1, in Part 1, how many white mice were there in -

model lived on a dark brown forest floor? each generation? How many brown mice? In
Record your prediction in your notebook. each generation, which color mouse had the

 10. Make a new copy of the data table. Then use higher death rate? (Hint: To calculate the
the cards to test your prediction. Remember death rate for white mice, divide the number
that a "C” card now means that any mouse of white mice that died by the total number of %
with white fur will die. white mice, then multiply by 100%.) i

2. If the events in Part 1 occurred in nature, how
would the group of mice change over time?

3. How did the results in Part 2 differ from those
in Part 1?

4. What are some ways in which this investiga-
tion models natural selection? What are some
ways in which natural selection differs from
this model? 5

5. Think About it How would it affect your %
model if you increased the number of “C"
cards? If you decreased the number?

Choose a different species with a trait that B
interests you. Make a set of cards similar to :
these cards to investigate how natural selection
might bring about the evolution of that species.
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How Do New Species Form?

Diarwin’s theory of evolution by natural selection explains how
variations can lead to changes in a species. But how does an
“ntirely new species evolve? Since Darwin’s time, scientists have
tome to understand that geographic isolation is one of the main
wiys that new species form. Isolation, or complete separation,
™ curs when some members of a species become cut off from
¢ rest of the species.
~ Sometimes a group is separated from the rest of its species
~ by ariver, volcano, or mountain range. Even an ocean wave can
wparate a few individuals from the rest of their species by sweep-

g them out to sea and later washing them ashore on an island.

thiis may have happened on the Galapagos Islands. Once a group
- lecomes isolated, members of the isolated group can no longer
- Wale with members of the rest of the species.

A new species might form when a group of individuals
~ Wmains separated from the rest of its species long enough to
~ mlve different traits. The longer the group remains isolated
- S the rest of the species, the more likely it is to evolve into a
- MW species. For example, Abert’s squirrel and the Kaibab squir-
- wllive in forests in the Southwest. About 10,000 years ago both

s of squirrels were members of the same species. About that

e, however, a small group of squirrels became isolated in a

“unit on the north side of the Grand Canyon in Arizona. Over

e, this group evolved into the Kaibab squirrel, which has a
- Hlinctive black belly. Scientists are not sure whether the Kaibab

itrel has become different enough from Abert’s squirrel to be
P‘.\idcrcd a separate species.

"("-'f"..' ‘faint How did geographic isolation affect the Kaibab
*i!n'!?

( KEY q

Range of Range of

Kaibab squirrel Abert's squirrel

Figure 7 About 10,000 years ago,
a group of squirrels became isolated
from the rest of the species. As a
result, the Kaibab squirrel (left) has
become different from Abert’s
squirrel (right).

Interpreting Maps What geographic
feature separates the range of the
Kaibab squirrel from that of Abert’s
squirrel?

R S piwgip==t

=%

?
t

a.,—_.w.q_’__' ,—,‘4_‘;‘);‘-".';_ .




Social °

The case of the English
peppered moth is an example
of how human actions can
affect natural selection. In the
late 1700s, most English
peppered moths were light
gray in color. The light-
colored moths had an
advantage over black
peppered moths because
birds could not see them
against the light-gray trees.
Natural- selection favored the
light-colored moths over the
black moths.

The Industrial Revolution
began in England in the late
1700s. People built factories to
make cloth and other goods.
Over time, smoke from the
factories blackened the trunks
of the trees. Now the light-
colored moths were easier to
see than the black ones. As
a result, birds caught more
light-colored moths. Natural
selection favored the black
moths. By about 1850, almost
all the peppered moths were
black.

The Role of Genes in Evolution

Without variations, all the members of a species would have the
same traits. Evolution by natural selection would not occur
because all individuals would have an equal chance of surviving
and reproducing. But where do variations come from? How are
they passed on from parents to offspring? Darwin could not
answer these questions.

Darwin did not know anything about genes or mutations. It
is not surprising that he could not explain what caused varia-
tions or how they were passed on. As scientists later learned, vari-
ations can result from mutations in genes or from the shuffling
of alleles during meiosis. Only genes are passed from parents L0
their offspring. Because of this, only traits that are inherited, or
controlled by genes, can be acted upon by natural selection.

Evolution in Action

Since Darwin published his book, scientists have observed man
examples of evolution in action. In a 1977 study of the finches ou
Daphne Major, one of the Galapagos Islands, scientists observed
that beak size could change very quickly by natural selection

That year, little rain fell on the island—only 25 millimeter
instead of the usual 130 millimeters or SO. Because of the lack ¢!
rain, many plants died. Fewer of the seeds that the finches usu

ally ate were available. Instead, the birds had to eat large sceds
that were enclosed in tough, thorny seed pods.

Finches with larger and stronger beaks were better able 1o
open the tough pods than were finches with smaller, wealoi
beaks. Many of the finches with smaller beaks did not survive
the drought. The next year, more finches on the island had lar:

_»» and stronger beaks. Evolution by natural selection had occuried

. //’
Since the 1950s, strict
pollution laws have reduced
the amount of smoke released
into the air in England. Predict
how this has affected the trees
and the moths.

Ry

Figure 6 The Industrial Revolution
affected natural selection in
peppered moths in England. As
pollution blackened the tree trunks,
black moths became more likely to
survive and reproduce.

154

in just one year.
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on the Galapagos Islands that he thought
was the result of evolution?
2. Explain why variations are needed for
natural selection to occur.
3. Describe how geographic isolation can
result in the formation of a new species.
4. Thinking Critically
some insects look just like
sticks. How could this be an advantage to
, the insects? How could this trait have
| evolved through natural selection?

1A

Figure 8 Asa result of continental drift, many
species of marsupials evolved in Australia. Australian
marsupials include the numbat (top) and the spotted
cuscus (bottom).

eiuty 3 oaeddaad

1. What is evolution? What did Darwin observe

Continental Drift

Geographic isolation has also occurred on a world-
wide scale. For example, hundreds of millions of
years ago all of Earth’s landmasses were connected
as one landmass. It formed a supercontinent called
Pangaea. Organisms could migrate from one part of
the supercontinent to another. Over millions of
years, Pangaea gradually split apart in a process
called continental drift. As the continents separated,
species became isolated from one another and
began to evolve independently.

Perhaps the most striking example of how con-
tinental drift affected the evolution of species is on
the continent of Australia. The organisms living in
Australia have been isolated from all other organ-
isms on Earth for millions of years. Because of this,
unique organisms have evolved in Australia. For
example, most mammals in Australia belong to the
group known as marsupials. Unlike other mammals,
a marsupial gives birth to very small young that
continue to develop in a pouch on the mother
body. Figure 8 shows two of the many marsuplal
species that exist in Australia. In contrast, few
species of marsupials exist on other continents.

L o

- Check Your Progress
. Yqu should now be ready to sub-
mit your plans for your time lines
to your teacher. Include a list of the major
Events you will include on your time Iin}es
femember, you want to emphasize the life
orms that were present at each period
When your plans are approved, begin t'o
construct your time lines. (Hint: You will
n_eed to divide your time lines into equal-
sized intervals. For example, if you use a
12-month calendar to represent 5 billion
years, calculate how many months will
represent 1 billion years.)
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INTEGRATING EARTH SCIENCE
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&) The Fossil Record

did it live?

Think It Over

crime has been committed. You and another detective
arrive at the crime scene after the burglar has fled. To
piece together what happened, you begin searching for
~ ues. First you notice a broken first-floor window. Leading up to
e window are footprints in the mud. From the prints, you can
~ lnfer the size and type of shoes the burglar wore. As you gather
tese and other clues, you slowly piece together a picture of what
- lappened and who the burglar might be.
~ 1o understand events that occurred long ago, scientists act
W8¢ detectives. Some of the most important clues to Earth’s past
Ai¢ fossils. A fossil is the preserved remains or traces of an organ-
~ i that lived in the past. A fossil can be formed from a bone,
- wuth, shell, or other part of an organism. Other fossils can be
~ Wies of the organism, such as footprints or worm burrows left

. mud that later turned to stone.

" Wow Do Fossils Form?

'__M)' few fossils are of complete organisms. Often when an
- il dies, the soft parts of its body either decay or are eaten
- wlie a fossil can form. Usually only the hard parts of the

~ umal, such as the bones or shells, remain. Plants also form fos-
W The parts of plants that are most often preserved as fossils
- W lude leaves, stems, roots, and seeds.

Ihe formation of any fossil is a rare event. The conditions

-t be just right for a fossil to form. Most fossils form when

nisms that die become buried in sediments. Sediments are

What Can Fossils Tell You?

1. Look at the fossil in the photograph. Describe the
fossil’s characteristics in as much detail as you can.

2. From your description in Step 1, try to figure out
how the organism lived. How dld it move? Where

Inferring What type of present-day organism do you
think is related to the fossil? Why?

¥ How do most fossils form?

# How can scientists determine
a fossil's age?

Reading Tip As you read,
write four multiple-choice
questions about the content in
this section. Exchange questions
with a partner and answer
each other’s questions.

A fossilized shark tooth ¥
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3. Running water cuts th
rock layers, exposing the fossils.

¥ Insects and some other organisms can become stuck in the
1 Hicky sap that some evergreen trees produce, The sap then hard-

. The amber protects the organism’s body

¢in see the layers of sedimenta
iher. The layers near the top of the can

untly. These layers are the youngest rock layers. The lower
the canyon wall You go, the older the layers are. Therefore,
i found in layers near the top of the canyon are younger than
Is found near the bottom of the canyon.
- lelative dating can only be used when the rock layers have
tt preserved in their original Sequence. Relative dating can
scientists determine whether one fossil is older than

her. However, relative dating does not tell scientists the
Vsactual age.

Cgacet Which rock layers contain younger fossils?

rough the sedimentary

Preservation in Ice
1. Place fresh e

ACTIwE,,
fruit, such @j@
as apple slices, strawberries,
and blueberries, in an open
plastic container,

2. Completely cover the fruit
with water. Put the
container in a freezer.

3. Place the same type and
amount of fresh fruit in
another open container.
Leave it somewhere where
no one will disturb it.

4. After three days, observe
the fruit in both containers,

Inferring Use your observa-
tions to explain why fossils
preserved in ice are more
likely to include soft, fleshy

body parts.




Figure 10 The half-life of
potassium-40, a radioactive
element, is 1.3 billion years. This
means that half of the potassium-40
in a sample will break down into
argon-40 every 1.3 billion years.
interpreting Charts If a sample
contains one fourth of the original
amount of potassium-40, how old is
the sample?

Sharpen your

| Skidis

Decay of Potassium-40
(Half-life = 1.3 billion years)

il Calculating

| I\ A radioactive  AETIW:

“ : element has a R@‘E@?ﬁ@ 4
half-life of 713 million years.
After 2,139 million years,
how many half-lives will have
gone by?

\ Calculate how much of a
|1 16-gram sample of the

| \ element will remain after

i 2,139 million years.

160

Time Amount of Potassium-40 Amount of Argon-4 _'
2.6 billion 0
years ago 9
1.3 billion
0. 0.5
years ago ﬁ 39 9
Present \ ﬁ 0259 w0759 1
_ A

Absolute Dating Another technique, called absolute dating,
& nrecraring  allows scientists to determine the actual age
i) CuemistRy of fossils. The rocks that fossils are found
near contain radioactive elements, unstable elements that decay,
or break down, into different clements. The half-life of a radioac-
tive element is the time it takes for half of the atoms in a sample
to decay. Figure 10 shows how a sample of potassium-40, :
radioactive element, breaks down into argon-40 over time. :
Scientists can compare the amount of a radioactive element
in a sample to the amount of the element into which it breaks -
down. As you can see in Figure 10, this information can be used
to calculate the age of the rock, and thus the age of the fossil.

E{ Plieckpoint Whatisa half-life?

What Do Fossils Reveal?
Like pieces in a jigsaw puzzle, fossils help scientists piece togethe
information about Earth’s past. The millions of fossils that scielis
tists have collected are called the fossil record. The fossil recor
however, is incomplete. Many organisms die without leaving 10
sils behind. Despite gaps in the fossil record, it has given scientis
a lot of important information about past life on Earth.
Almost all of the species preserved as fossils are now extin
A species is extinct if no members of that species are still ali:
Most of what scientists know about extinct species is based
the fossil record. Scientists use fossils of bones and teeth to hu
models of extinct animals. Fossil footprints provide clues al
how fast an animal could move and how tall it was. :




The fossil record also provides clues about how and when
hew groups of organisms evolved. The first animals appeared
in the seas about 540 million years ago. These animals
| - Included worms, sponges, and other invertebrates—animals
| without backbones. About 500 million years ago, fishes
|- ¢volved. These early fishes were the first vertebrates—animals
| with backbones.

- The first land plants, which were similar to mosses, evolved
. around 410 million years ago. Land plants gradually evolved
. Strong stems that held them upright. These plants were similar
- to modern ferns and cone-bearing trees. Look at Exploring Life’s

History on pages 162 and 163 to see when other groups of
" organisms evolved.

The Geologic Time Scale

“Using absolute dating, scientists have calculated the ages of
. /Many different fossils and rocks. From this information, sci-
" éntists have created a “calendar” of Earth’s history that spans

'more than 4.6 billion years. Scientists have divided this large
‘tIme period into smaller units called eras and periods. This

- The largest span of time in the Geologic Time Scale is
Peecambrian Time. This span of time is sometimes referred to
Aimply as the Precambrian (pree KaM bree un). It covers the first
#hillion years of Earth’s history. Scientists know very little about
4 Precambrian because there are few fossils from these ancient
mes. After the Precambrian, the Geologic Time Scale is divided
ty three major blocks of time, or eras, Each era is further
ffivided into shorter periods. In Exploring Life’s History, you can
e the events that occurred during each time period.

Figure 11 Complete
skeletons of animals that
lived thousands of years
ago have been found in
the Rancho La Brea tar
pits in Los Angeles,
California. The photo
shows a model of an
elephant-like animal.
Scientists created the
model based on
information learned
from the fossils.
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Gradualism
slow and steady change

Punctuated Equilibria
Short periods of
rapid change

Vo4 Q?F ,..._-I' .I
o TS0

P
P 7

How Fast Does Evolution
Occur?

Because the fossil record is incomplete,
many questions about evolution remain
unanswered. For example, scientists cannot
always tell from the fossil record how
quickly a particular species evolved.

One theory, called gradualism, pro-
poses that evolution occurs slowly but
steadily. According to this theory, tiny
changes in a species gradually add up to
major changes over very long periods of
time. This is how Darwin thought evolu-

Time

Figure 12 According to the
theory of gradualism, new species
of horses evolved slowly and
continuously. Intermediate forms
were common. According to
punctuated equilibria, new species
evolved rapidly during short
periods of time. Intermediate
forms were rare.

oped a theor

theory of punctuated e

periods of rapid ch
arated by long periods of little or no change.

theory, speci

adapt to new environments.

Today m

ally at some times and

lution seem

1. Describe how fossils form in sedimentary rock.

2. Explain the process of absolute dating.

3. What is the fossil record? What does the fossil
record reveal about extinct species?

4. Thinking Critically Comparing and
Contrasting How are the theories of

gradualism and punctuated equilibria similar?
How are they different?

144

If the theory of gradualism is correct,
all species should have existed. However,
shows no intermediate
quite suddenly, fossils appear t

possible expla
the fossil record is incomplete. Scientists may ev

more fossils to fill the gaps.
Rather than assuming t
two scientists, Stephen Jay Go

tion occurred.
intermediate forms of

the fossil record often
forms for long periods of time. Then,
hat are distinctly different. One

nation for the lack of intermediate forms is that
entually find

hat the fossil record is incomplete,
uld and Niles Eldridge, have devel
y that agrees with the fossil data. According to the
quilibria, species evolve during shor!
ange. These periods of rapid change are scp-
According to this

es evolve quickly when groups become isolated and

ost scientists think that evolution can occur gradu-
fairly rapidly at others. Both forms of evo:

t0 have occurred during Earth’s long history.

e ST

: Mak
: Spreag S\’Donl:r Mar!t With a family member
: ity ?1 mud in a shallow ﬂat—bottome{] '
: Eoe2 ot' the surface of the mud u i
bl n_Imgertlps to make “footprints” i
: = I:hud. Let the mud dry and hard
o e footprints become permane
P n%am to your family how this is
: Similar to the way some fossils form, E'E

across
en, so
nt.
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two smaller groups.

Think 1t Over

o you know anyone who has had their appendix out?
The appendix is a tiny organ attached to the large

intestine. You might think that having a part of
; ﬁl body removed would cause a problem. After all, you need

EI‘: heart, lungs, stomach and other body parts to live.
awever, this is not the case with the appendix. In humans,
' appendix does not seem to have much function. In some
- et species of mammals, though, the appendix is much
- wger and plays an important role in digestion. To scientists,
4 information about modern-day organisms provides clues
- Wt their ancestors and their relationships.
- Ihe appendix is just one example of how modern-day
~ unisms can provide clues about evolution. By comparing
~Wpanisms, scientists can infer how closely related the organ-
L are in an evolutionary sense, Scientists compare body
Witures, development before birth, and DNA sequences to
Wsimine the evolutionary relationships among organisms.

Mlarities in Body Structure

"t long ago began to compare the body structures of living
4 1o look for clues about evolution. In fact, this is how
1 came to understand that evolution had occurred on the
yopos [slands. An organism’s body structure is its basic body
sich as how its bones are arranged. Fishes, amphibians, rep-
W Birds, and mammals, for example, all have a similar body

How Can You Classify fpeties?

Other Evidence for Evolution

VNN

1. Collect six to eight different pens. Each pen will
represent a different species of similar organisms.

2. Choose a trait that varies among your pen species,
such as size or ink color. Using this trait, try to divide
the pen species into two groups.

3. Now choose another trait. Divide each group into

Classifying Which of the pen species share the most
characteristics? What might the similarities suggest
about how the pen species evolved?

# What evidence from modern-
day organisms can help
scientists determine
evolutionary relationships
among groups?

Reading Tip As you read,

use the headings to make an
outline about the different
types of evidence for evolution.
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Drawing Condusions
Look at the A GEINCF
N 1705
drawing raig :/.H-?»?
below of the bones in a
crocodile’s leg. Compare this
drawing to Figure 13. Do you
think that crocodiles share a
common ancestor with birds,

dolphins, and dogs? Support
your answer with evidence.

Figure 13 Abird’s wing,
dolphin’s flipper, and dog’s
leg are all adapted to
performing different tasks.
However, the structure of
the bones in each forelimb
is very similar. These
homologous structures
provide evidence that
these animals evolved from
a common ancestor.

What similarities
in structure do the three
forelimbs share?

TLL

structure—an internal skeleton with a backbone. This is why sci-
entists classify all five groups of animals together as vertebrates.
Presumably, these groups all inherited these similarities in struc-
ture from an early vertebrate ancestor that they shared.

Look closely at the structure of the bones in the bird’s wing,
dolphin’s flipper, and dog’s leg shown in Figure 13. Notice that
the bones in the forelimbs of these three animals are arranged
in a similar way. These similarities provide evidence that these
three organisms all evolved from a common ancestor. Similar
structures that related species have inherited from a common
ancestor are called homologous structures (hoh MAHL uh gus).

Sometimes scientists find fossil evidence that supports the
evidence provided by homologous structures. For example, sci-
entists have recently found fossils of ancient whale-like creatures.
The fossils show that the ancestors of today’s whales had legs and
walked on land. This evidence supports other evidence that
whales and humans share a common ancestor.

What information do homologous structures

reveal?

similarities in Early Development

Scientists can also make inferences about evolutionary relation
ships by comparing the early development of different organ
isms. Suppose you were asked to compare an adult turtle, .
chicken, and a rat. You would probably say they look quite dif
ferent from each other. However, during early development.
these three organisms go through similar stages, as you can 5

Dolphin

Bird Dog




i Figure 14. For example, during the early stages of develop-
ment all three organisms have a tail and tiny gill slits in their
throats. These similarities suggest that these three vertebrate
\pecies are related and share a common ancestor.

When scientists study early development more closely, they
flatice that the turtle appears more similar to the chicken than it
- ues to the rat. This evidence supports the conclusion that tur-
s are more closely related to chickens than they are to rats.

Mimilarities in DNA

- Why do related species have similar body structures and devel-
“pment patterns? Scientists infer that the species inherited many
i the same genes from a common ancestor. Recently, scientists
- ve begun to compare the genes of different species to deter-
- Wilnie how closely related the species are.
Recall that genes are made of DNA. By comparing the sequence
# hitrogen bases in the DNA of different species, scientists can
- it how closely related the species are. The more similar the
-~ Wjuences, the more closely related the species are.
Recall also that the DNA bases along a gene specify what type
A protein will be produced. Thus, scientists can also compare
% order of amino acids in a protein to see how closely related
S species are,
- Sometimes DNA evidence does not confirm earlier conclu-
- i about relationships between species. For example, aside
i its long nose, the tiny elephant shrew looks very similar to
~nts such as mice. Because of this, biologists used to think
Wt the elephant shrew was closely related to rodents. But when
“inlists compared DNA from elephant shrews to that of both

Figure 14 Turtles (left), chickens
(center), and rats (right) look similar
during the earliest stages of
development. These similarities
provide evidence that these three
animals evolved from a common
ancestor.
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Figure 15 Because of its
appearance, the tiny elephant
shrew was thought to be closely
related to mice and other rodents.
Surprisingly, DNA comparisons
showed that the elephant shrew is
actually more closely related to
elephants.

TL0

rodents and elephants, they gota surprise. The elephant shrew’s
DNA was more similar to the elephant’s DNA than it was to the
rodent’s DNA. Scientists now think that elephant shrews arc
more closely related to elephants than to rodents.

B INTEGRATING Recently, scientists have developed tech
(@  Tecanowosy miques that allow them to extract, o
remove, DNA from fossils. Using these techniques, scientisty
have now extracted DNA from fossils of bones, teeth, and
plants, and from insects trapped in amber. The DNA from fos
sils has provided scientists with new evidence about evolution

Combining the Evidence
Scientists have combined evidence from fossils, body structurcs
early development, and DNA and protein sequences to deter
mine the evolutionary relationships among species. In mol
cases, DNA and protein sequences have confirmed conclusions
based on earlier evidence. For example, recent DNA compit
isons show that dogs are more similar to wolves than they ar &
coyotes. Scientists had already reached this conclusion bascd ok
similarities in the structure and development of these thref
species.
Another example of how scientists combined evidence [10i8
different sources is shown in the branching tree in Figure 10 &
branching tree is a diagram that shows how scientists think &
ferent groups of organisms are related. Based on similar Do
structures, lesser pandas were thought to be closely related
giant pandas. The two panda species also resemble both 1
and raccoons. Until recently; scientists were not sure how t
four groups were related. DNA analysis and other method: s
shown that giant pandas and lesser pandas are not <l
related. Instead, giant pandas are more closely related to 1
while lesser pandas are more closely related to raccoons.



Figure 16 This branching
tree shows how scientists
now think that lesser pandas,
giant pandas, bears, and
0 million raccoons are related.
' , Interpreting Diagrams Are
giant pandas more closely
related to lesser pandas or to

Common ancestor
bears?

yName three types of evidence from modern-day i You should be completing
fganisms that scientists use to determine : construction of the time line
,ovolutionary relationships. i that covers 5 billion years. Now
: begin w?rk on the time line showing
600 million years, This version is a
magnified view of one part of the first

, What are homologous structures?
T&Vhat information did scientists learn by comparing
time line. It will give you additj

$pace to show what r);b itional

Chock Your Progrogs

-Hhe early developmental stages of turtles, chickens,
dnd rats? :
%ﬂ two species are closely related, what would
U expect a comparison of their DNA base :

s$quences to reveal?
thinking Critically Making judgments

life forms on Earth

anging.
Also, try to include three or m%:ag
eévents not mentioneq in the text.)

Mst scientists today consider similarities in DNA
i 8 be the best indicator of how closely two species
161,44 related. Why do you think this is the case?

!
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ff'b Darwin’s Voyage

Key deas
® Darwin thought that species gradually changed
over many generations as they became better
adapted to new conditions. This process is
called evolution.
® Darwin’s observations led him to propose that
evolution occurs through natural selection.
- Natural selection occurs due to overproduction,
competition, and variations,
¢ Only traits controlled by genes can change over
time as a result of natural selection.
€ 2 group of individuals remains separated from
- the rest of its species long enough to evolve
different traits, a new species can form,

I_ ﬂcjy Torms
Agrecies
afaptation

evolution natural selection
scientific theory variation

The Fossil Record

INTEGRATING EARTH SciENCE ($

Ieas

# Most fossils form when organisms die and
sediments bury them, The sediments harden,
pPreserving parts of the organisms.

4 Nelative dating determines which of two fossils is
alder and which is younger. Absolute dating
Jutermines the actual age of a fossil.

Woxsils help scientists understand how extinct
sitganisms looked and evolved.

¥he Geologic Time Scale shows when during
Earth's 4.6-billion-year history major groups of
Lamanisms evolved,

$volution has occurred gradually at some times
#itd fairly rapidly at other times,

Torr.oos

radioactive element
half-life

fossil record

extinct

gradualism
punctuated equilibria

wntary rock
ifivd fossil

e dating
shute dating

Key ldeas

¢ By comparing modern-day organisms,
scientists can infer how closely related they are
in an evolutionary sense.

¢ Homologous structures can provide evidence
of how species are related and of how they
evolved from a common ancestor.

¢ Similarities in early developmental stages are
evidence that species are related and shared a
common ancestor,

® Scientists can compare DNA and protein
sequences to determine more precisely how
species are related.

® A branching tree is a diagram that shows how
scientists think different groups of organisms
are related.

ey Terms
homologous structure
branching tree

Organizing, lnformation

Flowchart Copy the flowchart about natural
selection onto a separate sheet of paper. Complete
the flowchart by writing a sentence describing
each factor that leads to natural selection. Then
add a title. (For more on flowcharts, see the Skills
Handbook.)

Most species produce more offspring
than can possibly survive.

4

|

-
|

!

R s e P T
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Multiple Choice
Choose the letter of the best answer.

Changes in a species over long periods of
time are called

a. relative dating.

b. evolution.

¢. homologous structures.

d. developmental stages.

A trait that helps an organism survive and
reproduce is called a(n)

a. variation. b. adaptation.

c. species. d. selection.

The type of fossil formed when an
organism dissolves and leaves an empty
space in a rock is called a

a. cast. b. mold.

c. trace. d. petrified fossil.
The rate of decay of a radioactive element
is measured by its

a. year. b. era.

c. half-life. d. period.

Which of these is not used as evidence for
evolution?

a. DNA sequences

b. stages of development

c. body size

d. body structures

True or False

If the statement is true, write true. If it is false,
change the underlined word or words to muake the
statement trie.

179

Darwin’s idea about how evolution occurs
is called natural selection.

Most members of a species show differences,
or variations.

A footprint of an extinct dinosaur is an
example of a fossil.

‘The technique of relative dating can be
used to determine the actual age of a fossil.
Homologous structures are similar
structures in related organisms.

-3

-3

What role does the overproduction of
offspring play in the process of natural
selection?

Use an example to explain how natural
selection can lead to evolution.

How are rock layers used to determine the
relative ages of fossils?

According to the theory of punctuated
equilibria, why does the fossil record
include very few intermediate forms?
Explain why similarities in the early
development of different species suggest
that the species are related.

You are a young
reporter for a local newspaper near the
home of Charles Darwin. You have been
asked to interview Darwin about his theor
of evolution. Write three questions that
you would ask Darwin. Then choose one
question and answer it as Darwin would
have.

Why did Darwin
visit to the Galapagos Islands have such .
important influence on his development
the theory of evolution by natural
selection?

Predict how an extremv
change in climate might affect natural
selection in a species.

What i~
the role of geographic isolation in the
formation of new species?

Hlow
does relative dating differ from absolute
dating?

A seal’s flippat
and a human arm have very differemt
functions. What evidence might scicntde
look for to determine whether both
structures evolved from the forelimlv ot
common ancestor?



plying Skills

ladioactive carbon-14 decays to nitrogen with a
lf-life of 5,730 years. Use this information and

he table below to answer Questions 22—24,

“Fossil | Amount | Amount Position

; of of of Fossil
Carbon-14 | Nitrogen | in Rock
in Fossil in Fossil | Layers
1 gram 7 grams | bottom layer
4 grams 4 grams | top layer
2 grams 6 grams middle layer

i2, inferring Use the positions of the fossils
: inthe rock layers to put the fossils in order
from youngest to oldest.

Calculating Calculate the age of each
fossil using the data about carbon-14 and
nitrogen.

A 24. Drawing Conclusions Do your answers

Performance
- i .

to Questions 22 and 23 agree or disagree
with each other? Explain,

Assessme

e

..\

Present Your Project Display your
completed time lines for the class. Be prepared
to explain why you chose the scale that you
did. Also, describe how your time lines are
related to each other.

Reflect and Record In your notebook,
describe how the time lines helped you
understand the long periods involved in the
evolution of life. Were you surprised to see
how far apart some of the events were? What
surprised you the most? What did making two
time lines enable you to see that you might
have missed with only one?

o ! n f' .

»

seasscsnea

Test

Jse the illustration to answer Questions 25-28,
2%. What is the best title for this illustration?
¢ a. Plant Growth Over Time.

b. Branching Tree of Plant Evolution

¢. Mosses and Ferns, the Oldest Plants
d. Flowering Plants, the Youngest Plants
About how long ago did mosses evolve?
a. 100 million years ago

b. 150 million years ago

¢. 350 million years ago

d. 450 million years ago

Which group of plants would have DNA
that is most similar to the DNA of
flowering plants?

a. mosses

b. ferns

¢. conifers K

.- d. They would all be equally alike.

reparafion

Use these questions to prepare for standardized tests.

BT T U e —— ek s 4

—mver- .

Flowerin

present osses Ferns Conifers  plan

i
1

1
!

1 100 mililon years ago

1 200 miilion years ago @

i 300 milllon years ago 1 -

% 400 mililon years ago.-

isoomill!nnysamaqo». R
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28. Which group of plants would have DNA
that is least similar to the DNA of flowering
-plants?
a. mosses
b. ferns
¢. conifers
d. They would all be equally alike.

- TN
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