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Chapter 6

Change

i apt to Changing
HE.  ow do species adap

r time?
90'59 environments ove

A type of orchid plant, called a bee orchid,

produces this flower.
You might have noticed that the flower loo

ks like a bee,
* What is the advantage to the plant to have flowers that look
like bees?

* How did the appearance of the flower

develop over time?
* How do species adapt to changing en

Vironments over time?




What do you think?

Before you read, decide if you agree or disagree with each of
these statements. As you read this chapter, see if you change
your mind about any of the statements.

o Original tissues can be preserved as fossils.

0 Organisms become extinct only in mass extinction events.

e Environmental change causes variations in populations.

o Variations can lead to adaptations.

Q Living species contain no evidence that they are related to
each other.

O Plants and animals share similar genes.
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Key Concepts &
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w do fossils form?

« How are fossils evidence
of biological ev olution?
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biological evolution p. 195
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¢ Launch Lab
How do fossils form? a E '@] o

gvidence from fossils helps scientists understand how
organisms have changed over time. Some fossils form

when impressions left by organisms in sand or mud are
filed in by sediments that harden.
(4] Read and complete a lab safety form.

Place a container of moist sand on top of newspaper.
Press a shell into the moist sand. Carefully remove the
shell. Brush any sand on the shell onto the newspaper.

0 Observe the impression, and record your observations
in your Science Journal.

20 minutes

o Pour plaster of paris into the impression. Wait for it to harden.
A The mix gets hot as it sets—do not touch it until it has hardened.
0 Remove the shell fossil from the sand, and brush it off.

0 Observe the structure of the fossil, and record your observations.

Think About This
1. What effect did the shell have on the sand?

2. @:;7 Key Concept What information do you think someone could learn about the shell
and the organism that lived inside it by examining the fossil?

The Fossil Record | Figure 1 Based on fossil

] evidence, scientists can
On your way to school, you might have seen an oak tree or recreate the physical

heard a robin. Although these organisms shed leaves or feathers, : appearance of species
their characteristics remain the same from day to day. It might : thatare no longer alive
seem as if they have been on Earth forever. However, if you were : ©n Earth.

to travel a few million years back in time, you would not see oak
trees or robins. You would see different species of trees and birds.
That is because species change over time.

You might already know that fossils are the remains or evidence
of once-living organisms. The fossil record is made up of all the fos-
sils ever discovered on Earth. It contains millions of fossils that rep-
resent many thousands of species. Most of these species are no
longer alive on Earth. The fossil record provides evidence that spe-
cies have changed over time. Fossils help scientists picture what
these species looked like. Figure 1 shows how scientists think the
giant bird Titanus might have looked when it was alive. The image
is based on fossils that have been discovered and are represented in
the photo on the previous page.

The fossil record is enormous, but it is still incomplete.
Scientists think it represents only a small fraction of all the organ-
'Sms that have ever lived on Earth.
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SCIENCE USE V. COMMON USE - - -

tissue
Sarence Use similar cells that
work together and perform a

function

Common Use a piece of soft
absorbent paper

Table 1 Fossils form in
several ways

@ Visual Check What
types of organisms or
tissues are often pre-
served as carbon films?

Fossil Formation —

ever seen vultures or other animals Eati;{‘;“‘\
know they leave little behingd. An Jeg
tissues animals do not eat, bacteria break down. Only the o
animal’s hard parts, such as bones, shells, and teeth, rema::ad
most instances, these hard parts also break down Over
However, under rare conditions, some become fossij|s
tissues of animals and plants, such as skin, muscles, or le&ves Sofy
also become fossils, but these are even more rare. Som
ossils can form are shown in Table 1.

If vou have

animal, vou

of thﬁ

ways that f
Reading Check Why is it rare for soft tissue to beCOme 3
fossil?

Mineralization
After an organism dies, its body could be buried undey mug,

sand, or other sediments in a stream Or river. If minera]sg in the
water replace the organism’s original material and hardep, into
rock, a fossil forms. This process is called mineralization. Miner;
in water also can filter into the small spaces of a dead Organisny,
tissues and become rock. Most mineralized fossils are of she]j o,
bone, but wood can also become a mineralized fossil, as shoyy

in Table 1.

Carbonization
In carbonization, a fossil forms when a dead organism is com-

pressed over time and pressure drives off the organism’s liquids
and gases. As shown in Table 1, only the carbon outline, or film,
of the organism remains.

Mineralization Carbonization

Rock-forming minerals, such as calcium Fossil films made by carbonization are

i carbonate (CaCO,), in water filled in the usually black or dark brown. Fish, insects,
small spaces in the tissue of these pieces  and plant leaves, such as this fern frond,

Description of petrified wood. Water also replaced are often preserved as carbon films.
some of the wood’s tissue. Mineralization
can preserve the internal structures of an
organism.

Example
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Molds and Casts

sometimes when an organism dies, its

¢ an impression in mud or sand. W
ons, s0 does the impression. The impression of an organism j
rock is called a mold. Sediments can later g i, the mold g ;
parden to form a cast. A cast is a fossi] €opy of an organism ?:a
rock. A single organism can form both ; mold and a cast asAshown
in Table 1. Molds and casts show only external fe,atures of
organisms.

hell or bone might

mak hen the sediment hard-

Trace Fossils

Evidence of an organism’s movement or behavior-not just its

physical structure-also can be preserved in rock. A trace fossil
is the preserved evidence of the activity of an organism. For example,
an organism might walk across mud. The tracks, such as the ones
shown in Table 1, can fossilize if they are fi
that hardens.

lled with sediment

Original Material

In rare cases, the original tissues of an organism can be pre-
served. Examples of original-material fossils include mammoths
frozen in ice and saber-toothed cats preserved in tar pits. Fossilized
remains of ancient humans have been found in bogs. Most of
these fossils are younger than 10,000 years old. However, the
insect encased in amber in Table 1 is millions of years old.
Scientists also have found original tissue preserved in the bone
of a dinosaur that lived 70 million years ago (mya).

Key Concept Check List the different ways fossils can form.

1

Molds and Casts Trace Fossils Original Material
When sediments hardened around this 1 These footprints were made when a If original tissues of organisms are
buried trilobite, a mold formed. Molds | dinosaur walked across mud that later | buried in the absence of oxygen
are usually of hard parts, such as shells | hardened. This trace fossil might for long periods of time, they can
or bone. If a mold is later filled with provide evidence of the speed and fossilize. The insect in this amber
more sediments that harden, the mold | weight of the dinosaur. became stuck in tree sap that later
can form a cast. | hardened

fossil
from Latin fossilis, means
“to obtain by digging”

............
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Older

Figure 2 If the age of the igneous layers is
known, as shown above, it is possible to
estimate the age of the sedimentary layers—
and the fossils they contain—between them.

the trilobite fossils (bottom layer of fossils)?

REVIEW VOCABULARY ..................... .

isotopes
atoms of the same element that have different
numbers of neutrons

[FOLDABLES|

Make a small shutterfold
book. Label it as shown.
Under the left tab describe
relative-age dating. Under
the right tab describe
absolute-age dating.
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 petermin

embedded insi

. over
© ages for most of E

: Relative-Ag

a1 brother but ol
© relative age. similarly,

younger tha

. which

g 520mya © bottom layers are oldest and the top layers are
. youngest, as sho
" dating helps scientists determine the relative

4—545mya§

: over time.

@> Key Concept Check How does

. Absolute-Age Dating
@ Visual Check What is the estimated age of :
: relative-age dating. Scientists take advantage
of radioactive decay, a natural clocklike pro-
: cess in rocks, to learn a rock’s absolute age, or
its age in years. In radioactive decay, unstable l
. isotopes in rocks change into stable isotopes

over time. Scientists measure the ratio of

age of a rock. This ratio is best measured in

i organisme i :
: OTganisms in it to remain and form fossils

L sedi ; .
§ nentary rock. To measure the age of sedi

inin a Fossi

annot date most fossils direeqy. ;
date the rocks the fossig ai’é
de. Rocks erode or are recycleg

cientists can de R
time. However, $ termip,
arth’s rocks.

gcientists €
instead, they

e Dating

How does your age co.mpare to the ages v
those around you? You might be younger thg
der than a sister. This is yo,,
a rock is either older o
n rocks nearby. In relative-age dap.
ing, scientists determine the ‘relative order iy
rock layers were deposited. In an ungjs.
turbed rock formation, they know that the

wn in Figure 2. Relative-age

order in which species have appeared on Earth

relative-age dating help scientists leam
about fossils? :

Absolute-age dating is more precise than

unstable isotopes to stable isotopes to find the

igneous rocks.

Igneous rocks form from volcanic magma-
Magma is so hot that it is rare for parts of

Most fossils form in sediments, which become

ment; :
ary rock layers, scientists calculate the

28es of igneous layers above and below them

I s
flo]gg]lls Way, they can estimate the ages of the
IS embedded within the sedimentary 13"

* €15, as shown ip Figure 2
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~ ow old do you think Earth’s oldest fossils

> You might be surprised to learn that evi- : Ml Thi Geologic Time Scale
dér:lce of microscopic, unicellular organisms yea:sn:;; 5 8

e , S : W w Periods

. peen found in rocks 3.7 billion years old 0 -
bbGreenland. Researchers think that these - <n 8 Seremory
;2 sils are stromatolites, which are moundlike : i § fegene:
ructures formed by bacteria. : 1: ’ e o o
rhe Geologic Time Scale w4 J Jurassic

¢ is hard © keep track of time that is mil- 252 s = _
jions and billions of years long. Scientists orga- 299 E =
nize Earth's history into a time line called the : i o '§ [Devonian_| f'f

Jogic time scale. The geologic time scale is : ki .§ — g
2 chart that divides Earth’s history into different : 444 j{'_ ﬁ\
ime units. The longest time units in the : - i _i
seological time scale are eons. As shown in : = ks
;igure 3, Earth’s history is divided into four
sons. Earth’s most recent eon-the Phanerozoic :

(2 nuh ruh ZOH 1hK) eon-is subdivided into
three eras, also shown in Figure 3. : o f X
z SN
0 Reading Check What is the geologic o .
time scale? ‘ ig |
— |
Dividing Time }

You might have noticed in Figure 3 that !
neither eons nor eras are equal in length. : '
When scientists began developing the geo- §: ‘Q& ;
logic time scale in the 1800s, they did mot : 2500 2 Qe
have absolute-age dating methods. To mark : S
time boundaries, they used fossils. Fossils pro- a
vided an easy way to mark time. Scientists iz
knew that different rock layers contained dif- : _ §
ferent types of fossils. Some of the fossils sci- ; s
entists use to mark the time boundaries are :
shown in Figure 3. :

Often, a type of fossil found in one rock ! b ;
layer did not appear in layers above it. Even : |
more surprising, entire collections of fossils in § 4
one layer were sometimes absent from layers E

ibove them. It seemed as if whole communities

of organisms had suddenly disappeared. i

Read i ?

mark it;\g Chefzk What do sc:erﬂis}s i . Figure 3 The Phanerozoic eon began about

el oundaries in the geologic time 540 million years ago and continues to the present
" day. It contains most of Earth's fossil record.
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Extinction Events
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Figure 4 Arrows mark the
five major extinction events
of the Phanerozoic eon.

Use Scientific
Notation

Numbers that refer to the
ages of Earth's fossils are very
large, so scientists use scien-
tific notation to work with
them. For example, mammals
appeared on Earth about 200
mya or 200,000,000 years
ago. Change this number to
scientific notation using the
following process.

Move the decimal point until
only one nonzero digit
remains on the left.

200,000,000 = 2.00000000

Count the number of places
you moved the decimal point
(8) and use that number as a
power of ten.

200,000,000 =20 x 108
years.

Practice

The first vertebrates
appeared on Earth about
490,000,000 years ago.
Express this time in scien-
tific notation.

Math Practice

@ Personal Tutor J

Chapter 6
EXPLAIN

Millions of Years Ago (mya)

Extinctions
--S;l;n[lsls now understand that sudden disa.ppearances of fos.
sils in rock layers are evidence of extinction (ihk STINGKk shun)
events. Extinction occurs when the last individual organisy, of ¢
species dies. A mass extinction occurs when many species become
extinct within a few million years or less. The fossil record cop.
tains evidence that five mass extinction events have occurreq
during the Phanerozoic eon, as shown in Figure 4. Extinctiop
also occur at other times, on smaller scales. Evidence from the

fossil record suggests extinctions have been common throughour
Earth’s history.

Environmental Change

What causes extinctions? Populations of organisms depend on
resources in their environment for food and shelter. Sometimes
environments change. After a change happens, individual organ-
isms of a species might not be able to find the resources they

need to survive. When this happens, the organisms die, and the
species becomes extinct,

Sudden Changes Extinctions can occur when environments

change quickly. A volcanic eruption or a meteorite impact can
throw ash and dust ingo the atmos

phere, blocking sunlight for
many years. This can affect

global climate and food webs. Scientists

ago contributed to the extinction of dinosaurs.

all environmental change is sudden
N, Earth’s tectonic plates move between
other over time mounu.AS Plates move and collide ‘f’“h ea(h_

: , aIns form and oceans develop. If a mou®
tam‘ range.or an ocean isolates 3 Species, the species might becom®
exunct if it cannor find

the resources i ies also migh'
DS S 1t needs. Species also
become extincy if sea leve] changes .

0 Reading Check What is the
and environmentg| change?

1 and 15 cm each year.

(i




inctions and Evolution

Ex?he fossil record contains clear evidence of .5'5 gy
he extinction of species over time. But it alsg : % Front leg
contains €V idence of the appearance of many T‘ L andfoot
Jew species. How do new species arise? g
\tany early scientists thought that each : % Pliohippus
cpecies appeared on Earth independently of E, :I:
every other species. However, as more fossils . ;
were discovered, patterns in the fossil record 5
began 10 emerge. Many fossil species in nearby :‘5, o Merychippus
rock layers had similar body plans and similar -§ g’
structures. It appeared as if they were related. §
For example, the series of horse fossils in = Mesoh/bpus
Figure 5 suggests that the modern horse is E “
related 10 other extinct species. These species =
changed over time in what appeared to be a 2 " Hyracotherium
sequence. Change over time is evolution. : 51; g\

Biological evolution is the change over time in

populations of related organisms. Charles Darwin Figure 5 @=> The fossil record is evidence
developed a theory about how species evolve that horses descended from organisms for
fom other species. You will read about : Which only fossils exist today.

Darwin’s theory in the next lesson.

Key Concept Check How are fossils
evidence of biological evolution?

< MiniLab 20 minutes

How do species change over time? E
Over long time periods on Earth, certain individuals
within populations of organisms were able to
survive better than others.

o Choose a species from the Species I.D.
Cards.

9 On chart paper, draw six squares ina
row and number them 1-6, respectively.
Use colored pencils and markers to
make a comic strip showing the
ancestral and present-day forms of your 1
species in frames 1 and 6.

9 Use information from the I.D. Card to show
what you think would be the progression
of changes in the species in frames 2-5. 2.

On speech bubbles, explain how each

change helped the species to survive.

Analyze and Conclude

Infer why a scientist would identify a
fossil from the species in the first frame
of your cartoon as the ancestral form of
the present-day species.

D Key Concept How would the fossils
of the species at each stage provide
evidence of biological change over time?

Lesson 1
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Lesson 1 Review

Use Vocabulary et
Use Vocabular
Visual Summary @ Alohe fossils ever found on Earth mgj, up

i ' the
Fossils can consist of j “ . .
the hard parts or soft O When the last individual of a species dies,
parts of organisms. i occurs.
Fossils can be an ‘ . e e
impression of an organ- | o Use the term biological ¢ volution in a sentenge
ism or consist of origi- j
nal tissues. : Understand Key Concepts

. s @
f o Which is the preserved evidence of the activity
of an organism?

A. cast C. fossil film
Scientists determine the B‘ m;ﬂd e s
age of a fossil through | b :
relative-age datingor | @ Explain why the hard parts of organisms

absolute-age dating.

, fossilize more often than soft parts.

[ e Draw and label a diagram that shows hoyw
scientists date sedimentary rock layers.

; Interpret Graphics
| Scientists use fossils as y =
evidence that species o Identlfy COpy and fill in the table below to
§ ' have changed over ; provide examples of changes that might lead to
' time. ' an extinction event.
. - o . TSGR Sudden changes

F OLDABI:E:S ] Gradual changes

Use your lesson Foldable to review the lesson. Save
your Foldable for the project
at the end of the chapter.

Critical Thinking

) Q Infer If the rock layers shown below h
been disturbed, what type of d
would help you determine
oldest? Explain.

ave not
ating method
which laver is

4
\‘,‘.___‘-_.“_-N....—M_.___F~ e —

You first read the statements below at
of the chapter.

the beginning

1. Original tissues can be preserved as fossjls.
2. Organisms become extinct only in mass
extinction events.

Did you change your mind about wh

disagree with the statements? Rewri Q Dim‘saurs disa
statements to make them true.

()5.,000,900 Vears ago. Express this number in
) Sclentifie Notation,

ether you agree or
te any false

PPeared from Earth about
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