UNITED ARAB EMIRATES /\
MINISTRY OF EDUCATION S ST RN )
L [TPNT

Student Edition

Inspire
Science

UAE Edition
Grade 8
2021-2022




Grade 8 - Unit1

Inspire
cience

Change Over Time

Phenomenon: Why does this caterpillar look like a
snake?

Caterpillars, like the one on the cover, have soft bodies
with bnght colors that can, in some cases, indicate that they
are poisonous. Caterpillars have many types of defense,
including mumeckang a predator to protect itself from being
eaten.

TN Fact

Some caterpillars have 12 eyes!
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ENCOUNTER
THE PHENOMENON

How can rocks tell the
story of Earth's long
history?

3 GO ONLINE

Watch the video Hutton's
Unconformity to see this
phenomenon In action.

Collaborate With your class, develop a list of
guestions that you could investigate to find out how
sclentists use clues from rocks to organize Earth’s
history. Record your questions below.

Module: Geologic Tame 3

History of Rock

Maria is in Ms. Morroe’s scence dass She and her
partner, Sam, are studying 2 map of the last ice age. Mana
looks thoughtful She raises her hand.

“Yes, Mana?™ Ms. Monroe
asks

“How did soentists come
up with this map?™ Maria
asks. “There arent any
written records. What's
their evidence?”

“Funny, | was going to
ask you the same
qQueston,” Ms_ Monroe
says with a smile. “Your homework assignment is to
explain how rocks and fossis provide evidence about
major events in Earth’s history, ike the last ice age, and
how this evidence is used to organize the geoclogic ime
scale. And be creative! Think of a fun way to present your
explanation”

Maria and Sam look at one another. That sounds ke a lot of
work! They Tl need your help 10 construct a video blog that
explians how evidence from rock strata 1s used to organize
Earth's vast geologic past

Start Thinking About It

What kind of evidence can you use to construct a soentific
explanation? Discuss your ideas with the class.

STEM Module Project

Planning and Compieting the Scence Challenge
How will you meet this goal? The concepts you
will learn throughout this module will help you
plan and complete the Scoence Challenge. Just

follow the prompts at the end of each lesson!

4 STEM MODULE PROJECT Module: Geologic Time

Whimdh



PAGE KEELEY

'. SCIENCE LESSON 1
4l PROBES

How old is Earth?

Haley wonders which time units she should use to describe the age of Earth.
Circle what you think are the best units to describe Earth's age.

- - !'
Hundreds of years . )
Thousands of years A ‘,'.I L.
Mdlions of years Y 3 b s o
Billions of years 4 ; . t/ ;’ s
Trilions of years 7 vk
f ; - £ .
' 67l
Explain your choice of time units. Include what you think is a reasonable 3./ p : % 3

estimate of the age of Earth.

WA e 19

4 " .
- 55
-
4 -

You will revisit your response to the Sclence Probe at the end of the lesson.

SCIENCE FROEE Leszon 1 Analyzing the Rock and Fossil Reconds &
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How can the rock layers and geologic
features in this photo be used to
sequence past geologic events?

ENCOUNTER
THE PHENOMENON

&3 GO ONLINE
Shoshen® Explore the Shoshone
Rosd C=t Road Cut to see this

phenomenon in action.

What did you notice as you explored the photo online? Try to identify
distinct parts of the image and then focus on one part at a time. Record your
observations in the space provided. How might you determine which layers
and features are older than others? With your partner, discuss the clues you
might use to determine the sequence of the past geologic events that

created this landscape.

2 N
Students should notice in the photo online T e Rﬁ
that the light-colored rock layers are offset by G it  EpEE

two normal faults. The rock layers to the left of
the faults have moved down in relation to the
the rock layers to the right of the faults. Students will also notice
the dark conglomerate layer that tops the sequence, and the black
band (a vitrophyre) to the left of the faults. Ask students to discuss
which is older—the rocks or the faults. They should conclude that
the rocks had to be in place prior to faulting, therefore the rocks ar
older than the faults. Using clues such as cross-cutting relationshipj
allows geologists to determine the relative ages of rocks and
features, Students might list other clues such as the order of rock
layers (layers at the bottom of a sequence are typically oider than
layers at the top).

\_ J

ENGAGE Lez=on 1 Analyzing the Rock and Fossil Records 7

Are you starting to get some ideas about the dues geologists

EXPLAIN

THE PHENOMENON use that enable them to read rock layers like pages in a history
book? Use your observations about the phenomenon to make
a dasm about how the order of geologic events can
be determined.
& ‘N
CLAIM

The seguence of past geologic events can be determined by

|

COLLECT EVIDENCE as you work through the lesson.
Then return to thess pages 1o record your evidence.

|
@ 3
EVIDENCE
A_ What evidence have you discoverad to expiain how the rock record
provides relative ages?
- >,

8 Module Geologic Time
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MORE EVIDENCE

B. What evidence have you discovered
to explain how the fossil record

~

provides relative ages?
6 .
REVISED CLAIM
The sequence of past geologic events
can be determined by
REASONING

The evidence | collected supports my claim because._.

>,

Lesson 1 Analyzing the Rock and Fos=zil Records . 9
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What is the basis for understanding
Earth’s past?

Early ideas about Earth’s age and geologic history were usualy placed n the
context of ime spans that a person could understand relative to his or her
own life. This changed as people began 1o explore Earth and Earth processes
in soentific ways. Today, soentists know that Earth’s history stretches back

4 6 bilkon years. When did this change of thought occur, and how?

INVESTIGATION

The Present Is the Key to the Past
Compare the images of erosion below.

1. Do you thank the processes that form and shape the small stream bed
are similar to those that form and shape the Grand Canyon? Why or
why not?
Yes, The water erosion that is wear'rng away the banks of the stream

is the same as the erosion that is carving the Grand Canyon.

2. How long do you think it would take to create a canyon as deep as the
Grand Canyon? Expiain your reasoning.

Sample answer: Millions of years. Much longer than the lifetimes of

humans or the entire history of humanity.

\ Want more information? Foibames

= Go online to read more about how Go to the Foldables® library to make a

’ A s e s S Foldabie® that will help you take notes
records. while reading this lesson.

10 SrLoREEXPLAIN Moduls: Geologic Tame
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Principle of Uniformitartanism EBefore the late 177005, most people thought ‘h] 1 1 s tin D
that Earth was only a few thousand years old. James Hutton rejected this hat 1S relanve age da g 3

Idea. He was one of the first sclentists to think of Earth as very old. Hutton Gedlogists—the scentists who study Earth and rocks—use rock layers and

was a naturalist and a farmer In Scotland. He observed how the landscape the fossils within 1o build 2 record of Earth’s geologic history. How do rock

on his farm gradually changed over the years. Hutton thought that the layess form? Remember that weathering breaks rocks exposed at Earth's

processes responsible for changing the landscape on his farm could also surface into smaller pieces called sadiment. Over time, gravity, water, and g Lk
shape Earth’s surface. For example, he thought that erosion caused by wind carry sediment downhill and depostt it in low areas. Eventually, layers wihot to these
streams on his farm could also wear down mountains or carve deep of sediment form_ The ncreasing wesght of the sediment slowly causes the ‘WPT;B;{)
canyons. Because he reallzed that this would take a long time, Hutton layess 10 compress, forming layers of rock called strata. rock

proposed that Earth Is much older than a few thousand years. Can you model rock layers?

Hutton's Ideas are the foundation of a principle called uniformitarianism. The
principle of uniformitarianism states that geclogic processes that occur

today are similar to those that have occurred In the past. In other words, the
same processes that we see today have been occurring since Earth formed.

-

2
LAB Layers Rock

satery [ B8
Materials
disposable polystyrene meat trays (3)

i} THREE-DIMENSIONAL THINKING .
N 7 Scentists use the principle of uniformitarianism to interpret Earth's history.

Suppose you discover a rock from an anclent beach. Now Imagine you are

standing on that ancient beach. What do you think you would you see?

Explain how your answer relates to the principle of uniformitarianism.

If you stand on a shore of an
Procedure

1 Read and complete a lab safety form

ocean and watch the waves

come in, you are observing
2. Work in groups of 3—4.
a process that has not
3. Break a meat ray in half. Place the two pieces on a flat surface so that the

changed since the oceans broken edges touch one another.

formed, Usmg the principle 4. Break another meat tray in half in the same way so that the break is

consistent between the two meat trays. Place the two pieces directly on

of uniformitarianism, you can 10p of the first broken mesat tray.

infer that you would see waves 5. Place a thard, unbroken meat tray on top of the two broken meat trays.

eroding the shore of the beach Sketch your moded below.

:
-
5
:
5
.
i
2
§

just as they do today.

Because of uniformitarianism, sclentists can learn about Earth's past by
studying the present. One way to do this Is by studying the order In which
geologic events occurred using a method called relative-age dating. This
does not allow sclentists to determine the absolute age, or the actual age of
the events. But it gives scientists a clearer understanding about geologic
events In Earth’s history.

6. Follow your teacher’s instructions for proper deanup.

EXPLORE/EXFLAIN Leszon 1 Analyzing the Rock and Foz=d Record= 11 12 =xFLOREEXFLAIN Module Geologic Time




Analyze and Conclude . INVESTIGATION

7. How do you think your model resembles a rock formation?
Sample answer: The model resembles a rock formation of

sedimentary rock because it is in layers. Sometimes rock layers are
broken, or faulted, like the model.

® Y42
o

Relatively Speaking
Analyre the image below.

©. 1T yOu ODSEerved rock Iayers Nal 1I00Ked IIKE yOur MoGcel, WNat Would you
think might have caused the break only in the two bottom layers? Why
might the top layer not be broken?

Sample answer: The bottom layers were likely disturbed by a
. fault—a break or fracture in rocks. The top layer is not broken
because it was deposited after the disturbance occurred.

-
o
)/o 9. Which layer in your model do you think is the youngest? Which do you
think is the oldest? Explain your reasoning.

Sample answer: The tc;p layer is —the youngest. The bottom layer is
the oldest. The bottom layer was there first, making it older. Layers
that were deposited later are on top of the initial layer, making
them younger.

0D AP 0o 7" A\

Relative Age In the Layers Rock lab you
interpreted the ages of the layers in
comparison to each other. This is called
relative age. Relative age is the age of rocks
and geologic features compared with other
rocks and features nearby.

Geologists have developed a set of
principles to organize rock layers according
to their relative ages. Using the principles
of relative-age dating. geologists can
determine if rocks or features are younger
or older than the rocks or features around
them. Let’s investigate.

a ()

&)

1. Do you think all of the rock layers in the picture formed at the same
tume? Why or why not?
Sample answer: No. sedimentary rock forms slowly over time.

The sediments must be compressed and lithified before they turn
into rock layers. The colors of the layers also indicate differences
between the rocks.

Al

i
-
> |
|
$
=
o
-
<
[ 3
3

2. If you think the rocks formed at different imes, which layers are the
oldest and which are the youngest? Explain.

Sample answer: The rock layers at the bottom of the formation are
the oldest. The rock layers get younger as you go up. Each layer had
to form on top of the last one deposited, making each layer younger
than the one before.

EXPLORE/EXPLAIN Lesson t Analyzing the Rock and Fossil Records 13 14 =xFPLOREEXFLAIN Module Geologic Time
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Now, study this image.

3. Do you think the small pieces of rock in the picture formed at the same time

as the rock containing the pieces? Why or why not?

Sample answer: No. The small pieces of rock must have formed
before they were incorporated into the rock shown here.

4. |f you think the rock formed at different times, which is oldest—the rock

containing the pieces, or the pieces of rock? Explain.

Sample answer: The small pieces of rock are older than the rock
containing the pieces. The pieces of older rock became part of the
new, younger rock sometime in the past.

EXPLORE/EXPFLAIN Lezzon 1 Analyzing the Rock and Foz=il Records
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Now, try to interpret this Image.

‘VJ \)"-;l:_ —"

5. Notice the large fault cutting across the rock layers. Do you think the
fault and the rock layers are the same age? Why or why not?

Sample answer: No, The rock layers formed slowly over time, The
fault cuts across all of the layers, This could not have occurred while
the rock layers were forming.

6. If you think the fault and the rock formed at different tmes, which s
oldest—the fault or the rocks? Explain.
Sample answer: The rocks' are older than the fault. The rock layers
had to form first. Sometime after that, a fault broke through the rock
layers.

16 ExFLOREEXPLAN Module: Geologic Time
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0 GO ONLINE Finally, watch the animation Relative-Age Dating.
Then answer the questions that follow.

7. What are the principles of relative-age dating?
< superposition

lateral continuity

original horizontality

cross-cutting
relationships
8. Which principle did you apply in Step 2 of the
investigation?
superposition
Using this principle, assign the rock layers in the

diagram to the right their relative ages from oldest (1)
to youngest (4).

OOO®

9. Which principle did you apply in Step 4 of the
investigation?

inclusions

Using this principle, label the older feature 1, and the
younger feature 2 on the diagram to the right.

10. Which principle did you use in Step 6 of the
investigation?

cross-cutting relationships

of MU A1 T M | T DR | T B AT | i,

Using this principle, label the rock layers and features
from oldest {f) to youngest {6).

COBSEEES ST T TSRS REEE ST PP SERTSea 1) el lr o F I TLEESLEESS FT LT TEELSRE L T T 77 raeda

EXPLORE/EXFLAMN Lezzon 1 Analyzing the Rock and Fossil Records 17

The Principles of Relative-Age Dating As you just discoverad in the
Relativaly Speaking investigation, there are five prmaples that geologists use
1o assign relative ages 1o rocks and features.

Superposition is the panciple that in undisturbed rock layers, the oldest
rocks are on the bottom.

According to the principle of original horizontality, most rock-forming
materials are deposited n horizontal layers.

Lateral continuity is the prinople that sediments are deposted n large,
continuous sheets in all Iateral directions.

According to the panciple of inclusions, if one rock contans pieces of
another rock, the rock containing the pieces is younger than the pieces.
According to the prnciple of cross-cutting relationships, if one geologic
feature cuts agoss another feature, the feature that it cuts across 1s older.

THREE-DIMENSIONAL THINKING

Modeils are often used to study and represent large-scale time and
space phenomena. Using what you have learned about the
principles of relative-age dating, create a sketch modeling each
princple below.

Students' sketches will vary but should demonstrate an
understanding of superposition, original horizontality, lateral
continuity, inclusions, and cross-cutting relationships. Check
students’ sketches for accuracy.

COLLECT EVIDENCE

How do the pninciples of relative-age dating help scentists “read™ rocks?
Record your evadence (A) in the chart at the beginning of the lesson.

18 ©ExFLOREEXPLAIN Moduls: Geologic Time
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What can the fossil record tell |
us about Earth’s history? \\(

v/?fﬂ(,////ﬁ

i

You just discovered how the principles of relative-age dating NG
allow geologists to determine if rocks or features are younger E
or older than the rocks or features around them. But did you §;
know that the rocks themselves can hold clues about = ==
their ages? 5"7 & D
== ][= 3 Connect e - D
[EEEETETE3 Connection] Some of the most Ry :
obvious clues found in rocks are fossils—the remains or Y §
traces of ancient living things. How can geologists use fossils N
to infer the ages of rocks and events in Earth’s history? Let’s e

dig in. §

INVESTIGATION

4
7/
J

v/
Y

Clues to Earth’s Past

£/

Analyze the image below. Then answer the questions that follow.

VI,
)

Youngest =

)

/

J

)

W

/4

Node: Fo==ils aro not 1o scaka

1. Using the principle of superposition, determine which rock layers are the
oldest, and which rock layers are the youngest. Label the space above and
below the arrow heads Oldest and Youngest accordingly.

V4

NI

¢
’/

' r
Sy

EXPLORE/EXFLAIN Leszon 1 Analyzing the Rock and Fossil Record=s 19

'

2. imagine you discovered the fossils in the rock layers on the previous
page. What do you notice about the complexity of the fosslls In the
rocks? Where are the more simple fossiis located? Where Is the more
compiex fossil located?

Complex fossils are found in younger rock layers. The more simple
fossils are found in both old and young rock layers.

3. Make a daam about how the compiexity of fossés in the fossil record can
provide dues to the relative ages of rock units.

The fossil record can provide clues based on the complexity of the
organisms, Older rock layers only contain simple lifeforms; younger
layers contain both simple and complex,

Now, study the image below. Notice the fossil trilobites In the rock layers at
the bottom of the sequence. As you move upward In the seguence you'll
see fossils of mammals and dinosaurs.

Appearance of
mammals and
dinosaurs

Disappearance
of trilobites

20 sSxFLoRSEXFLAIN Module: Geologic Time
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4. When do trilobites disappear from the rock sequence? Label ]
this point Disoppeorance of rifolbifes in the white space to the 1- Sl Vi
right of the image.

5. When do mammals and dinosaurs appesar in the rock sequence? o c o i r - *,
Labed this point Appearance of mommaols and dinosours. LN

The Fossil Record Whille studying the fossils In rock layers,
s you just did in the Clves fo Eorth s Post investigation. eary
geologists recognizred three things. First. fossils found in the
oldest layers of rock are of relathvely simple organilsms.
Fossils of more complex organisms appear In younger layers
of rodk. Second, there were a few ttimes when many types of
fosslls that appear In one rock layer did not appear In the
younger rock layers nght abowe it These susdden
disappearances In the fossil record of manmy types of organisms mark mass
extinctions—times when many speces on Earth died or became extinct

within a relathwvely short pericd of time.

And finally, fossils and the rocks they are within can be used to determine
what the emdronment of an area was like long ago. Let’s look at an example.

6. What can you conclude abouwt the layers that contain the
trilobites? Are they older or younger than the layers that contain
the mammals and dinosaurs?

i

] AL, A,

The rock layers that contain the trilobites are older than
the rock layers that contain the mammals and dinosaurs.

7. When do the dinocsaurs disappear from the rock sequence? Label this
point Disappearance of dinosouwrs in the white space to the right of
the image.

¥ INVESTIGATION

Reconstructing Past Environments

D) G0 ONLINE Watch the video Secrets of the Origin
of Life.

B. What can you conclude abouwt the layers that contain only the mammals?
Are they older or younger than the layers that contain the dinosaurs?

The rock layers that contain only mammals are younger than the E ""'*'ﬂ'lf does the sarliest evidence of life lock like In the

layers that contain dinosaurs. The earliest evidence of life is primitive,

9. Make a claim about how the appearance and disappearance of organisms in microbial bacteria.

the fossil record provides relative dates.

Rock layers that contain extinct organisms are older than rock layers 2. What do these rocks from the video tell sclentists about i
hat contain fossils of organisms that are still living tod o bt i
SUSE SONNNL TOSERS OF OTEIIOmS IV IVE. SID SV SOy The rocks suggest that during this time, the location was similar to :-i

Iceland today, with volcanic activity creating hot springs. : z

3 GO OMLINE for additicnal

opportnities to explore! Ancient Environments Soentists use the principle of untformitarantsm
to leam about anclent organtsms and the emvironments where ancent
Want to learm more about fossalls? Then organitsms Ived. For examiple, a fossil of an anclent coral 1s evidence that the
perform one of the following activities. surmounding kecation was a marine erviromnment when the coral was alive.
Investigate clucs abowt how oR Explore ancient arganisms by
I:I organi=ms Ired in the Lab What I:l studying fos=il remains in the Lab COLLECT EVIDENCE
o troce fossils chow? How i< o fossil o clue? How does the fossil record help scentists plece together Earth’s history?
Record your evidence [B) in the chart at the beginning of the lesson.

EXPLOREEXFLAIN Lesson 1 Amalyzing the Rock and Fossd Records 21 27 ENFLOREEXNFLAN Module Geologic Time
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A Closer Look: Drilling Into the Past

Did you know fosslls from the seafloor can provide evidence of past
climates? Sclentists use core samples of the seafloor to gather data about
Earth’s history. Each layer holds grains of dust, minerals, and often times
pollen, that can provide information about the environment In which they
were deposited. Many layers also contain fossils of the organisms that lived
In the ocean during that time.

The most common types of fossils analyzed in deep-sea sediment cores

are foramintfera. Foraminifera are tiny, unicellular organtsms less than the
size of a grain of sand. When they grow. foraminifera incorporate oxygen

from the surrounding water into their shells.

Oxygen comes In two Important vareties for paleocimate research: heavy
(*"O) and hight (“0O). Water vapor molecules contalning the heavy isotope
condense more readilly than water vapor molecules containing the light
Isotope. When dimates are cooler, the water vapor containing O rains out
of the atmosphere. The wind carrles water vapor containing the lighter *0O
toward Earth’s poles, where it eventually condenses and falls onto the ice
sheets where It remains trapped. As a result, the oceans develop
Increasingly higher concentrations of heavy oxygen during cooler ime
periods. In general, foraminifera shells contain more heavy oxygen during
glacial periods.

Its Your Turm

79 Connection| Research the latest
expeditions of the JOIDES Resolution, a
sclentific drilling ship sponsored by the Joint
Oceanographic Institutions for Deep Earth
Sampling. Develop a poster showing where
the ship has traveled as well as the purpose
of its expeditions.

Summarize !

1. Organize In the space below, create a graphic organizer summartzing
how the relative ages of rocks, geologic features, and events are
determined using the rock and fossil records.

Students’ graphic organizers will vary but should include the
principles of relative-age dating and the appearance and

disappearance of organisms in the fossil record,

24 svaLLaTE Module: Geologic Time
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|@I Three-Dimensional Thinking

Imagine you are a geologist. You have been asked to analyze and interpret
the rock sequence below. Your task Is to determine the relative ages of

2. Order the features In the Ilustration from oldest to youngest.

A KM
B MJIKL

D MLKJ

3. Which geologic principle must be assumed to determine the relative

age of M?

AI Cross-cutting relauonﬂﬁ
B superposition

C original horizontality

D inclusions

EVALUATE Lesszon 1 Analyzing the Rock and Fossil Records 25

Real-World Connection

4. Contrast What Is your absolute age? What Is your relative age
compared to two of your dassmates? How do these ages contrast?

Sample answer: My absolute age is 13. | am younger than Salvador
and older than Cora. Absolute age is a numerical age, whereas
relative age is not an exact age, but rather the age of an object,
feature, or person in comparison to another.

5. Predict Suppose you are a geoclogist tasked with analyzing the fossil
record In your region and determining when a major marine extinction
event took place. What changes In the fossll record would you look for?

Sample answer: There would likely be a sudden disappearance of
marine fossil organisms in the fossil record. New, different life-forms
might appear in the rock layers above the mass extinction event.

1 Still have questions?

Go online to check your understanding about the
rock and fossil records.

Comp bt WV ilaw 1M linsr o oA Nmarwnh)




PAGE KEELEY
'. SCIENCE
4l PROBES

Scientific Explanations

An explanation helps provide answers to a guestion a scientist might be
wondering about. Which of the following do you think involves providing a
scientific explanation?
A hypothesis

scientific theory

scientific law

hypothesis and scientific theory

scientific theory and scientific law

hypothesis, scientific theory, and scientific law

None of the above. An explanation is something else.

Expiain your thinking. Describe how explanations are usaed in scence.

Cope 4 © MCrim M Lhabien oo e st D Ao iba oo

You will revisit your response to the Science Probe at the end of the lesson.

SCIENCE PROBE Lesson 2 Buldng o Tne Line 27
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B!PI.BIN Are you starting to get some ideas about the dues scientists
ENCOUNTER | How do geologists know that gl help Butd 'e::d of Emtly's Pa:'-’ Use e
THE PHENOMENON J separate sequences of rock layers SRS nsida E "e"°| : o‘"e’g"’"l = "'*f Freciasnes
might have formed at the same time? '

—
) GO ONLINE CLAIM
The Grand Watch the animation The Grand Geologists buiid a record of Earth’s geologic history by...
Staircas® Staircase to see this
phenomenon In action.
Did you know that the layer that nms the top of the Grand Canyon In Arizona
1s also found more than 100 km away at the bottom of Zion National Park in
Utah? With your partner, decide how geologists might know that these
layers, which are far apart from each other, formed at the same time. How
would this information help in bullding a time line of Earth’s history? Record
your ideas below.
3 l
& R
COLLECT EVIDENCE as you work through the lesson.
. g g Then return to these pages to record your evidence.

Students might hypothesize that geologists use clues such as l

rock type, fossil evidence, and the principles of relative-age dating e

to determine which rock layers correlate, or connect. Some rock EVIDENCE

layers might be buried underground, or might have been eroded B T e N i 10 S oW IOgEts M P

n the rock record?
completely away, so connecting rock layers in different regions
helps build a more complete record of Earth’s history.
B. What evidence have you discoverad to explain how major events help
geologists organize Earth’s history?

"

Copy o O Mo M LA
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» What happens when the rock and
MORE EVIDENCE :
i s e e _' fossil records are not complete?
to explain the geclogic time scale? ~ You leamed in Lesson 1that geologists use rock

{ o

-

\
00

o ‘Want more information?®
layers and the fossils within to build a record of e e y -I the
¢ Earth’s geologic history. A complete rock record o TR togic 1
in one place, however, does not exist.
/_c_‘ Weathenng, erosion, volcanism, and other :
‘\c processes are constantly changing Earth’s =
y N C surface. This makes it difficult to find a2 sequence m
" . of rock layers that haven't been disturbed.
REVISED CLA% 5 ‘) S 3 the T o T is Gommems’ﬂrabeB
Geclogists build a record of Eartiis complesely eroded away! Let’s dig in. ki M Sty Sl saci
geologic history by_. ~3 while reading this lesson.

O\

Z
<
m
3
Q
<
@)
z

o \
§ Gaps in the Rock Record
1. Analyze the three photos below. Notice how the armmows point to a line
between different rocks. How would you descnbe the rock below the
N
B =
E horizontal sedimentary layer E
§ overlies horizontal sedimentary €
L 4 & layer :::
5 —
/' i<
REASONING . S —_— _ S
The evidence | collected supports my claim because... horizontal sedimentary layer £ ¢
=t
S overlies tilted sedimentary layer 3
L ==
S N >,
S - ~ )
horizontal sedimentary layer
overlies nonsedimentary layer
=
3 D - § ——"

Leszon 2 Building'a Time Line 31
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2. The arrows In the Images on the previous page point to the surfaces
where rock has eroded away. producing breaks, or gaps, in the rock
record, called unconformities (un kun FOR muh tees) There are three
types of unconformities, described below. Can you Identify which photo
from the previous page each type of unconformity describes? Label the
figures A, B, or C to comrespond with the matching photos.

Younger sbcimeniary rock < When horizontal layers of sedimentary rock are deformed
during mountain bullding or other geclogic events, they
are usually uplifted and tlted. During this process, the
layers are exposed to weathering and erosion. If
horizontal layers of sedimentary rock are later lald down
on top of the tilted, eroded layers, the resulting
unconformity Is called an angular unconformity.

-

Oldder sechmentary rock
B

When a horizontal layer of sedimentary rock overlies
another horizontal layer of sedimentary rock that has
been eroded, the eroded surface i1s called a
disconformity. Disconformities can be easy to Identify
when the eroded surface Is uneven. When the eroded
surface Is smooth, disconformities are often hard to see.

Younger sedimentary cock «

Okler sechimentary rock

A

Younges sedimerdary rock
s :

< When a layer of sedimentary rock overlies a layer of
Igneous or metamorphic rock, such as granite or marble,
the eroded surface is easler to identify. This kind of
eroded surface 1s called a nonconformity. A
nonconformity Indicates a gap In the rock record during
which Igneous or metamorphic rock layers were uplifted,
eroded at Earth’s surface, and new layers of sedimentary
rock formed on top.

P

Cloer igneous 1ock

C

Unconformities As you Just discovered,
when new sediment Is deposited on top of
old, eroded rock layers, the eroded surface
represents a gap In the rock record.
Unconformities could represent a few
hundred years, a milllon years, or even
billions of years.

So how can geologists organize Earth's
history using the rock and fosslil records
when parts are burled or missing? Let’s

Investigate.

EXPLORE/EXPLAIN Lesson 2 Budding a Time Line 33
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How can we fill gaps in the

rock record?

Geologrsts fill in gaps in the rock record by matching rock layers or
fossils from separate locations. This is particularly helpful when e
unconformities occur, or when rocks are buned underground. Canyou I
match layers of rock?

It's a Match

Imagine you are a geologist and you have been asked to match the rock
sequences below that have been separated by a canyon.

1. Which rock layers have matching rock types in the two rock sequences
shown here? Draw lines connecting the layers that match. The first has
been done for you.

2. Which principle of relative-age dating did you use when correlating the

rock layers? Explain.
Sample answer: | used the principle of lateral continuity, which states
that sediments are deposited in large, continuous sheets in all lateral

directions. A river might erode the layers, but their placements do not
change.

34 =xPLOREEXFLAIN Module Geologic Time
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3. The oldest rock layer has been labeled 1. Assign relative ages to the
remaining rock layers. Which geologic principle did you use to determine
this? Explain.

Sample answer: | used the principle of superposition, which states
that unless some force disturbs the layers after they were deposited,
each layer of rocks is younger than the layer below it.

Now analyze these two rock formations from different continents. Answer
the questions that follow.

4. Do any of the rock layers match based on their rock type? Why or why not?

Mo. Mone of the rock types are the same.

5. Which fossils match in the two rock formations shown here? Draw lines
connecting the layers that have matching fossils.

6. Notice that rock layers are missing from some of the rock sequences on this
pageandtheprev:ous page. What must have occurred in these locations?

The rocks were eroded away in those areas. The missing rock layers
represent gaps in the rock record, These erosional surfaces are called
unconformities.

ol
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Comrelation As you just explored in the It's o Maich
investigation, geologists fill gaps in the rock record through
comelation (kor uh LAY shun)—the matching of rock layers or
fossils exposed in one geographic region to similar layers or
fossils exposed in other geographic regions. If the rock
formations are very far apart or even on different continents,
geologists often rely on fossils. if two or more rock formations
contain fossils of about the same age, soentists can infer that
the formations are also about the same age.

Not all fossils are useful in determining the relative ages of rock layers. The
most useful fossils represent speces that existed on Earth for a short length
of time, were abundant, and inhabited many locations. These fossils are
called index fossils.

THREE-DIMENSIONAL THINKING

Analyze the ime scales for the following fossils

i

=

Muchiosslsca.ldbemdexfossis’&xplanyoud}aces

The trilobite, brachiopod, Crlﬂﬂld ﬂnd ammonites could be index
fossils because they existed for the shortest time periods.

The correlation of fossils and rock layers aids in the relative dating of rock
sequences and helps geologists understand the history of larger
geographic regions. It is largely through correlation that geologists have
constructed Earth’s time line.

COLLECT EVIDENCE
How do geologests fill gaps in the rock record? Record your evidence (A) n
the chart at the beginning of the lesson.

36 ExPLOREEXFLAIN Module: Geologic Time
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A Day in the Life of a Geologist

GQO'OgiStS produce descriptions, maps, and other data
needed to reconstruct Earth’s history and to determine how this
history is important to us today. The traditional view of a geologist

is of a field geclogist, a person outdoors with a backpack, hiking
boots, and a rock hammer, traversing a scenic mountain range. They
also investigate questions using laboratories, cutdoor expenmental
facilities, numerical modeling, and other strategies.

During field studies, geclogists observe various aspects of the natural
environment, record these observations, and propose explanations for
these observations. A common goal is to understand the area's geologic
processes and history, commonly by producing a geologic map and
geologic cross sections.

It's Your Turn

L5303 @ Connection! Walter Alvarez was a young
paleontologist, a geologist specializing in using fossils to
decipher the history of Earth. Research the Alvarez hypothesis
about the extinction of the dinosaurs 66 million years ago.
What clues did he find in the rock record? Write a short

blog on what you find.

ELABORATE Leszon 2 Building a Time Line 37

How do major geologic events
help build Earth’s time line?

Sometimes major events in Earth’s history can leave a distinctive layer
in the rock record. Let’s take a look.

INVESTIGATION

Ashes, Ashes, We All Fall Down

Examine the photograph of the 1980 eruption of
Mount St Helens.

1]

1. What do you think happens to the ash from hug
volcanic eruptions like Mount St. Helens?

Sample answer: The ash goes into the atmosphere and
eventually falls back down to Earth's surface
2. The figure below shows a hypothetical area. Assuming the ash layers have

been dated as shown, what conclusions can you draw about the ages of
each of the layers above and bealow the ash layers?

The rock layer above the top ash layer is younger than 540 mya. The
rock layer between the ash layers is between 730 and 540 mya. The
rock layer at the bottom is older than 730 mya

38 =xPLOREEXFLAIN Module Geologic Time
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THREE-DIMENSIONAL THINKING — \ INVESTIGATION
Sclentists hypothesize that a meteorite Impact might have caused the |
mass extinction that occurred when dinosaurs became extinct. Evidence The Riddle of the Rocks

for this iImpact Is In a clay layer containing the element iridium In rocks
around the world. Iridium iIs rare In Earth rocks but common in meteorites.
&3 GO ONLINE Watch the video Layers of Rock.

1. 51=-1# Connection | How did Roderick
Murchison’s and Charles Lapworth's views of the
formation of Scotland’s mountains differ?

Analyze the image below.

Roderick Murchison thought that the angled layers of Scotland’s
mountains were piled up in a simple pattern with the oldest rocks on
the west of the country and the youngest rocks cn the east. In 1882,

from thoze above, indicating that
2 mass extinction occurred.

Charles Lapworth discovered old rocks on top of younger rock layers,

A thin layer at the contact showed that the old rocks were brought up

1. Would you expect to find dinosaur fossils in undisturbed rocks that
are above the indium layer? Explain your answer.

Mo. The rock layers above the iridium layer are younger. The

T i il il

L

and thrust over the younger rocks. The old rocks grinded horizontally
over the younger rocks.

/

b i L . - =~ H L} story of mountain 2
iridium layer marks the mass extinction of the dinosaurs. = - S s O g S e o T
S;_ Sample answer: By ciosely examining the types and ages of rock
2. How does the structure of a distinctive layer that Is used as a marker E ~ z =
determine Its function? —~ layers and the boundaries between the layers, geologists can i
-~ - p &
If a layer is distinctive enough, it can be used for correlation, and S find evidence of how mountains formed. In the case of Scotland’s :
for dating events above and below it. § mountains, the rock layers were deposited, uplifted, and some of the :
& rock layers were overturned and thrust on top. '
| = 3
a :
Key Beds As you just examined, a large meteorite strike, volcanic eruption, _ 4
or other major event can leave a unigque layer In the rock record. Because i ?_
these types of layers are easy to recognize, they help geologtsts correlate o - i E ) ey “\ £5
rock formations in different geographic areas where layers are exposed. e SO ’ T o!grel i eUds;:g Yy ihe éo:i:}?:cg:ﬁd / ‘_«\ 7. .
A rock or sediment layer used as a marker In this way Is called P, LD 2 3 ' = il v =3 in Eng.l < hi % fate ; N '{/ A / \
a key bed. Using the principle of superposition, geologists N - o _ R BT : o .l se RS Story. Ing edclor 9 s P e =
know that the layers above a key bed are younger than the A s & X I'El ""d Earth® E:a:" 2 beE ms- &:rd!g . 4 ‘\/ 4 \ = e, SIS o
fayers below i o . a tume line s long past can constructed. & > = s

Not all of Earth’s major events leave distinctive key beds, but they

do leave evidence In the rock record. In the following investigation,
you will explore how the type and order of rock layers can be used as
evidence for the formation of mountains.

COLLECT EVIDENCE
How can relative ages be determaned using major events? Record your
evidence {B) in the chart at the beginning of the lesson.

EXPLORE/EXFLAIN Leszon 2 Building a Time Line 39 40 ©BFLOREEXPLAIN Module: Geologic Time
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Read a Scientific Text

Earth has & long history. Rocks around the world contain evidence that wast
mountains were uplifted and ercded awsy and that seas advanced and

retrested across the land many times.

Inspect
Read the passage Relotive Time
Scaie.

Find Evidence

Rersad the second paragraphe
Circle the evidence for the
formation of meowmtain chains
and ocean basins.

Make Connections

Communicate With your
partner, discuss the
similaritics botween how
humans organize history and
how geologic time is
organired. Can you provide
an cxample of a division of
timee in your life?

FRIMARY SOURCE —

Ralative Tima Scale

William “Strata™ Smith, a civil engineer and surveypor, was well
acquainicd with areas n sousthem England whene Simestonc
and shales are layered like slices of bread and butter” His
hobby of collecting and catalkeging fossil shells from these
racks led to the discovery that certain layers contamed fossils
unlike: those in other layers. Using these key or index fossils as
markers, Smith could idemify a particulsr layer of rock
wherever it was cuposed Because fossis actually record the
=low but progressive dewelopment of life, scientists use them
o identify rocks of the same age throughout the world.

From the results of studies on the origns of the various kinds
of racks (petralogyl, coupled with studies of rock lepering
istrabigraphy) and the evolution of e {palcontaology],
geologists reconstrsct the sequence of cvents that has chaped
the Earth’™s surface. Their studics show, for cxample, that
during & particular episode the land surinos was mised inone
part of the world o form high plsicaus and mowntain mnges.
After the uplft of the land, the forces of erosion attacked the
highlands and the eroded rock debris was trmnsported and
redepaosited in the lowlands. During the same intemal of time
n onother part of the world, the land surfce subsided and was

covered by the seas. With the sinkina of the land surface.
mediment Ooverad by the seas With the sinking of the mrclzt.ﬂgf_g,_

o
SALIMENES waans depos ted on the ocsan oo Ihe evdence
for thee pry 350 MENEE WETE TEF 2 a Lt
E i AUT
navtne: of | =oTo
Lin Tiae of U

fourmer P QoI Dresonce s, p:m <he Tos <l Toems of marine 316 ’.Vi‘l'!"._ =

e —e
accumulal q.__u'u,::cc wih iFe octiom 5 .cBrx 201573

Such recurring events s mountain building and sea
encroachment, of which the rocks themeebaes are records,
comprisc units of grologic tme ewen though the actsal dates
of the cwems are unknoen By comparison, the history of
mankind is similarty organized into relative units of time. We
zpeak of human events s coourring cither B.C. or A.D.—broad
divisions of time. Shoner spans are measured by the
dynasties of ancemt Egypt or by the reigns of kings and
queens in Burope. Geologists bave done the same thing o
geolegic time by dividing the Earth's history into Erns—broad
spans based on the general charscter of life that existed
during these tmes—and Periods— shoner spans based partly
on evidence of mapor disturbances of the Earth's cruest.

Scarcer Unnied States Goclogical Sureey

EXPLOREEXFLAIN Lesson 2 Building a Time Line
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What is the geologic
time scale?

To organitze events In your life, you use dfferent units of time, such as
days, wesks, months, and years. Geologlsts organitze Earth's pastin a
similar way. They developed a model of Earth’s history from its ongin

4 & billon years ago to the present called the geologic time scalbe,
showem on the opposite page. Time units on the geologic ime scale are
thousands and millons of years keng—much longer than the units you
use to onganize ewents In your e

INVESTIGATION

It's About Time

1 Stusdy the geologic time scale on the opposite page. Look carefully at
thie mumbers on the nght-side of all three columns. Where 1s the oldest
drvision of time located on the time scale? Where 15 the youngest
division of time?

The oldest division of geologic time is lecated at the bottom of the
left-hand column. The youngest division of geologic time is located at
the top of the right-hand column.

2. Why do you think the scale Is laid out In this mannmes?

The geologists who originally created the time scale based their
organization on superposition. So, when they made charts showing

the rock layers, they put the oldest rock layers at the bottom.

3. Dwothe boundaries betwesn the units appear at regular Intervals? Why
do you think the units are unegual In length?

Sample answer: No, the divisions are not all the same length, but
mark places in the rock record where there are significant changes in
the types of fossils present in the rocks, like mass extinctions. Mass
extinctions do not occur at regular intervals.

42 eEEPLOREENFLAMN Module: Geologic Time
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The Geologic Time Scale Seologists developed the geologic time scale to
heldp them comelate rock unlts across countries and continents and to hawve
a standard model and vocabulary for describing geologic time.

Eon

el
SEDD "Maol ko scalka aﬂﬂ_ﬁ' Eﬂﬂ Ml d
End":s‘r:';“ o e il
e (e
COLLECT EVIDENCE

How does the geclogic time scale organize Earth™s history? Record
your evidence [Z] in the chart at the beginning of the lesson.

EXPLORE/ENFLAIN Lesson 2 Building a Time Line 43

Relating Time Scales Earth formed approcamately 4.6 billion years ago. But
how long is 4.500,000.000 years? i s difficult to comprehend time that
extends so far into the past unless you can relate it Lo Your Own expenence.
In this activity, you will dewelop a metaphor for geologic time using a scale
that is familiar to you.

1 Read and complete a lab safety form.

2. Think of something you are familiar with that can model a long
pericd of time. For example, you might choose the length of a
football field or the distance betwesn two ULS. dties on a map—
one on the east coast and one on the west ooast.

3. Malke a modsl of your metaphor using a metnic scale. On your
maodel, dispiay the events isted in the table on the next page. Use
the eguation below to generate true-to-scale dates m your model.

Known age of past event
before _ Xtme scale unit kecation
Known age of Earth T Maximum distance or
(years before presant) extent of metaphor

Example: To find where “first fish™ would be placed on your model
if you used a meterstick (100 om). set up your equation as follows:

_500.000.000 years _ X flocation on meterstick)
A,600,000,000 years 400 cm

4. Inyour Scence Notebook, keep a record of all the math eguations you
used. You can use a calculator, but show all eguations.
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Analyze and Conclude Some Important Approximate Dates in
5. [I511P) Connection| Calculate the the History of Earth |
mya Event

percentage of geclogic time modern 1
humans have occupied ?? | Your birth date

0.00052 | Columbus Iands in New Worsd

01+ 4600 ¥ 100 = 0.0022% S

6 Human anceslors appear
66 Cretaccous extncbhon event
145 | Atlantic Ocean forms

6. What other milestone events in Earth’s | |
history, other than those listed on the table, | 220 | Mammais and dinOsaurs appear
could you include on your model? | 252 | Permian extinction event

answers include formation of 0 |

500 | First fish

continents, formation of various ' 2700 | Oldest evidence of life

mountain chains, and first plants, 4.500 ] Ovigin of Easits

7. The Earth events on your model are based mostly
on fossil evidence. How are fossis useful in
understanding Earth’s history? How are they usaful
in the development of the geologic time scale?

Possible answer: Fossils help scientists learn about ancient
environments and organisms. Scientists use fossils to interpret
how Earth's environments have changed over time. Fossils are
evidence of how ancient organisms
looked and behaved, Fossils were used
to develop the time units in the geologic
time scale; scientists use sudden
changes in the fossil record 1o mark the

major divisions of the scale,

EXPLORE/EXFLAMN Los=zon 2 Buildinga Time Line 45

Summarize It!

1. Outline your understanding of the development of the gedlogic time scale
using the chart below. The topic Is Bullding o Time Line. Choose three
central Ideas you learned about In this lesson and provide specific detalls
about each main Idea.

Topic: Building a Time Line

Main Ideas

Responses will vary. Main ideas |
might include unconformities,
correlation, index fossils, key
beds, and the geologic time
scale. Check specific details

\_for accuracy.

46 =vaLUATE Module: Geologc Teme
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@ Three-Dimensional Thinking

Through correlation of many different layers of rocks, geclogists have
determined that Zion National Park, Bryce Canyon, and the Grand Canyon
are all part of one layered sequence called the Grand Stalrcase, shown
below. Some of these layers are buned underground.

2. Infer the makeup of the buried layer below Zion's Kalbab layer.

A The layer below the Kalbab layer at Zion National Park would likely
be the same layer that Is immediately above the Kalbab layer at
Bryce Canyon National Park.

B The layer the Kaibab layer at Zion National Park would likely
be the samd layer that Is Immediately below the Kalbab layer at
Grand C National Park.

C The layer below the Kalbab layer at Zion National Park would likely
be the same layer that Is immediately above the Navajo layer at
Bryce Canyon National Park.

D The layer below the Kalbab layer at Zion National Park would likely
be the same layer that is immediately below the Navajo layer at
Grand Canyon National Park.

EVALUATE Le=z=on 2 Building a Time Line 47

Real-World Connection

3. Ewvaluate the difference batween human time and geologic time.
Answers will vary. Compared to geologic time, human life spans
are incredibly short. Mountains and shorelines appear fixed, rivers

stay basically in the same areas, and lifeforms remain constant.
Perspective Is critical,

4. Argue whether you think humans might be useful as index fossiis n
the future.

Accept all reasonable responses. Good index fossils must be

widespread, abundant, and exist for relatively short periods of time.

Presently, humans satisfy the conditions to be good index fossils,
though only time will tell.

“ Still have questions?

o online 1o check your understanding about how
events in Earth’s history are organized.
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STEM Module Project
Science Challenge

History of Rock

Mariz is in Ms. Monroe's soence class. She and
hier partner, Sam, are studying a map of the last
ice age. Maria looks thoughtful. She raises her
hand.

“Yes, Maria?" Ms. Monroe asks.

“How did scientists come up with this map?”

Maria asks. “There aren't any written records. What's their evidence?™
“Funmy, | was going to ask you the same guestion,” Ms. Monroe says with a
smile. “Your homework assignment is to explain how rocks and fossils
provide evidence about major events in Earth's history, like the last ice age,
and how this evidence is used to organize the geologic ime scale. And be
creativel Think of a fun way to present your explanation.”

Mariz and Sam look at one another. That sounds like a lot of work! Theyll
need your help to create a video blog that explains how evidence from rock
strata is used to organize Earth's vast geologic past.

Planning After Lesson 1

A= a group, research several major events from Earth’s geclogic past. Use
multiple walid and relizble sources for your research. Decide which event
you would ke to explore further. Describe your event below. What
happened? When did it happen? Where did it happen?

STEM Module Project
Science Challenge

Planning After Lesson 2

Research the evidence used by scentists to establish the relative age of
your chosen event. Use your resaarch to complete the table below.

Analyre the data that you've gathered. Use your analysis to make an
outline for your video blog. Your blog should explain how evidence from
rock strata is used to determine the relative ages of major events in Earth's
history, and to organize that history in the geclogic time scale. Be sure to
identify and describe your evidence. Write your cutline for the wideo blog
i your Soience Noteboolk.




STEM Module Project
Science Challenge

Bvaluate Your Video Blog

Present Your Video B

Create your wideo blog, then use the criterla below to evaluate your work log

and to describe any revisions you will make. Present your video blog before the cass. Then answer the guestions
belowe.

Dioes your video
blog ... Yes Mo Use an example to explain how relative-age dating can be usad to order
ewents in Earth's past, even though the events happened long before
wAnclude a detalled N i N
description of a
maler event In the

geologhc time
scale?

‘Which type of evidence is most helpful for determining the relative ages of
migjor exents in Earth's 4.6-bilkon-year-old history? Explain your answer.

The geologic time scale is a type of model used to study Earth. How could
you use the presentations from the groups m your class to create a
geolngic time scale?




Module Wrap-Up
REVISIT Using the concepts you leamed in

THEPHENOMENON §-he madule, explain How focks,
and the fossils within, can tell the
story of Earth’s long history.

Earth's vast geologic history is recorded in
its landscapes and rocks. To understand this
history, geologists use several strategies.
The first strategy is to apply simple, common sense
approaches collectively called the principles of relative-age
dating to determine the age of one rock unit or geologic feature
relative to another. Geologists also study the fossils within the
rock layers to compare the ages of different rock layers, to
correlate rock units that are far apart, and ultimately to construct
the geologic time scale. Fossils also provide evidence that
various organisms arose, left their remains preserved in the rock

record, and became extinct.

OPEN INQUIRY

If you had to ask one question about what you studied, what would it be?

Pian and conduct an investigation to answer this question.

EVALUATE Module: Geologic Tme 53



ENCOUNTER
THE PHENOMENON

Why does this butterfly,
when it stretches its wings,
look like the face of an owl?

& GO ONLINE

Watch the video Whooo are
you—owl or butterfly? to see
this phenomenon In actton.

Communicate Think about why this butterfly
resembles an owl. Record your ideas for why and how
this occurs below. Discuss your ideas with three
different partners. Revise or update your ideas, Iif
necessary, after the discussions with your classmates.

Population Probabilities

The education director of
an environmental studies
i2b has asked you to help
her design and test an
expermment. The
expenment will combine
math and scence 1o
explan how natural
selection changes the
frequencyof atraitin a
population over time.

Your task is to desagn and
perform the expenment
and then 10 construct an
explanation of the
resulting data. The education director has explained that
the expenment will involve deer mice, which can be either
Drown of gray.

Start Thinking About It

Notice that the color of the mouse in the photo above
enables it to blend in with its environment, much ke the
owl butterfly you just discussed. How might this help the
mouse survive? Discuss your thoughts with your group.

| N -1
Lie rrojecCi

STEM Module P

oL AVEI 2

Planning and Completing the ScGence Challenge
How will you meet this goal? The concepts you
will learn throughout this module willl help you
plan and complete the Scence Challenge. Just
follow the prompts at the end of each lesson!

TEM MODULE PROJECT Modulc: Natural Scicction and Adaptations
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'. SCIENCE LESSON 1

How Traits Changs

4 PROBES

Logan and two of his friends were playing with his pet cat when he pointed
out that the cat had two different colored eyes. Each of the three friends had
different ideas about how this could happen. Here are thedr thoughts:

Logam: | think my cat has different colored eyes because he inherited
the color of one eye from his mom and one from his dad.

Camila: I think the cat has different colored eyes because thereis a
mistake in his DNA.

Min: | think the cat has difierent-colored eyes because he has two
different colors of fur.

Circle the person you most agree with. Explain why you agree with that person.

Coprr gt O MOran 18 Shesin 1% s e b

You will revisit your response to the Science Probe at the end of the lesson.

SOENCE PROBE Le=son 1 How Tmits Change 57
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ENCOUNTER [ Why is this alligator white and
THE PHENOMENON #§ not green?

Think about an alligator. You're probably picturing an animal that Is green.
What can happen when an alligator Is a different color?

1. Start with 2 pleces of plain white and plain green paper each.

2. Take one sheet of white paper and use a paper punch to punch out
20 holes. Do the same with one sheet of green paper. Mix all the dots
together In one container.

3. Place the remaining sheet of green paper on the ground. This will be
your habitat. Spread the dots across the habitat.

4. Now acting as a predator, see how many dots you can collect from the
habitat In 15 seconds. Record the number of green and white dots
collected.

Green = \White

5. Return all of the dots to the container. Repeat steps 3 and 4, this time using
the white paper as your habitat. Record your results.

Green White
6. Which dots were easler to collect on each habitat? Why?

=
J

Answers may vary. Sample answer: It was easier to collect white
dots on the green habitat and green dots on the white habitat. This
was because they were easier to see.

. J
7. How does this relate to the alligator In the photo?
. o

Answers may vary. Sample answer: This alligator is white and
would be easier to spot in a green habitat.

) GO ONLINE
Watch the video A white alfigator?
to see this phenomenon In action.

ENGAGE Leszon 1 How Traits Change 59

EXPLAIN The alfligator in the photo is white instead of green. Some of its
THE PHENOMENON [ Physical traits are a change from the traits of most aligators.
Now that you have seen a change in traits, make a daim about
what causes traits to change.
i ™
CLAIM

A change in traits may be caused by

COLLECT EVIDENCE as you work through the lesson. Then
retumn to these pages to record your evidence.

|

EVIDENCE
A_ What evidence have you discoverad 10 explain how DNA controls traits
such as the color of the alligator?

B. What evidence have you discovered to explain how mutations, such as
the white coloring of the alligator, ocax?

60 =nGaGE Module: Notusal Sclection and Adaptations
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.\\ .
~ - e N How does DNA affect traits?
MORE EVIDENCE ‘ = : R
C. What evidence have you discovered \f \ zwlls?:imllwwmm
to explain the results of mutaticns, N
such as the one that caused the : i '
white coloring of the alligator? kﬂ INVESTIGATION Kl // i/ 4 1/ a4 1/ G/ 4 £/ iy / /1 4 4 i 4/ iy
‘:',‘\ Crack the Code
\ 1. Analyze the pattem of the simple code shown below.
-~ o
REVISED CLAIM E £ |l e Re | se | Te
A change In traits may be caused by...
H 1 J Ue Ve We
=~ K L M Xe Ye Ze
S
2. Record the correct letters for the symbols in the code on the fines below.
>DVWVV O ALJAO> Y L3dd AJJICOAVT AavM
L 1l EQEA PROVIDES THE CHEMICAL =
S AL U v <ALvvOurL
N o CLODE FOR AN ORGANISMS
(< ™\
REASONING

The evidence | collected supports my calm because...

\/
S
Coprt 4 O Loon 1 bl

— — — — — — — e T e e e

\-‘

u\_ \ \ > ‘

3. What do all codes, such as Morse code, Braille, and this one, have in
common?

)
it
L. A
<
It
P
[
>
|
<
I
L
E
]
<
ol

~

Answers may vary, Sample answer: All codes have symbols that
represent something, such as letiers of the alphabet or numbers,

Le==zon 1 How Traits Change 61 62 EXPLOREEXPLAIN Modulc: Natural Scliection and Adaptations
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4. What do you think might happen if there is a mistake in the code?
Students might infer that a mistake in the code would result in a
mistake in the message.

5. How do you think the cells that make up an organism might use code to
determine traits?
Students might infer that an organism's cells have a code that
determines traits, and that a mistake in the code will lead to a mistake

in the cell.

£ 17 &7 EEERERRY 11 ¥ 7 EEETREET L1 & & SERTEwd £ 20 &8 EEREBERY £ 8 T LBERERE I8 21 ¥ 7 iR rwee

The Structure of DNA Celis put molecules together by following codes, or
a set of directions. Where do those directions come from? Genes provide
directions for a cell to assemble molecules that express traits. You might
recall that a gene is a section of a chromosome. Chromosomes are made of
proteins and DNA—an organism’s genetic material. A gene is a segment of
DNA on a chromosome.

Countless numbers of directions are needed to make all the molecules in
cells and organisms. How do all these directions fit on a few chromosomes?
Strands of DNA in a chromosome, shown below, are tightly coiled, like a
telephone cord or a coiled spring. This coiling allows more genes to fitin a
small space.

Forr SR g

{
i3 Want more information?
m GO online to read more about how
traits change.

| - reading this lesson.

Fowbaps$

Go to the Foldables library to make a

Foldable that will help you take notes while

EXFLORE/EXPLAIN Lesson 1 How Traits Change 63
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A Complex Molecule DNA is like 3 twasted zipper. This twisted zipper
shape is called a double halix. A model of DNA's double helix structure is

ES3=53® Connection | How did scentists discover the shape of DNA?
Rosalind Frankiin and Maurnce Wilkins were two scientists in London who
used X-rays to study DNA_ Some of the X-ray data indicated that DNA has a
helix shape.

of the X-rays of DNA. Watson realized that the X-ray gave valuable dues
about the structure of DNA. Watson workad with an English scentist,
Franas Crick, 1o build 3 model of DNA_

Watson and Cnick based their work on information from Frankdin's and
Willans's X-rays. They also used chemical mformation about DNA discovered
built 3 model that showed how the smaller molecules of DNA bond together
and form a double healix

Four Nucleotides Shape DNA DNA's twisted-zipper shape s because of
molecules called nudeotides. A nucleotide is 2 molecule made of 2 nitrogen
base, a sugar jcalled deoxynbose m DNA), and a phosphate group. There
are four nitrogen bases: adenine (A). cytosine (C), thymne (T), and guanine
{G). A and T always bond together, and C and G always bond together.
Examine the figure balow to see how DNA 1s composed.

64 EXFLOREEXFLAIN Module Natural Sclection and Adaptations
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Modeling DMNA The information, or directions, needed for an organism to
grow, maintain itself, and reproduce is stored in DMA. Its unigue structures
allow this imformation to be kept in an extremaly small area. The double
el is now a well-known molecular structure that you have probably seen
before. Making a model of DNA can help you understand its strocture.

Materials

small paper clips (10§

chenille stems, four colors (3 of each)
Procedure

1.

Read and complete a lab safety form.

2. Link a small paper clip to a large paper clip.

Continue until you hawe made a chain of 10
paper clips.

Choose four colors of chenidle stems. Each

color represents one of the four nitrogen
bases. Record the color of each nitrogen base
in the space to the right-

Attach a chenille stem to each large paper clip.

Repeat step 2 and step 4, but this time attach
the comesponding chenille stem nitrogen
bases.

Connect the nitrogen bases.

Securely insert one end of your double chain
into a block of styrene foam.

Repeat step 7 with the other end of your chain.
Genthy turn the blocks to form a double helix.

10. Draw a model of your structure to the right.

M. Follow your teacher's instructions for proper

cleamup.

EXPLOREEXPLAIN Lesson | How Traits Change 65

Students should use this
space to record the color
of the nitrogen bases and
to draw a model of their
structure.

Yo, Iy

Analyzre and Conclude

12. Explain which part of a DMA molecule Is represented by each material
wour wsed im your moded.

A large paper clip represents a sugar. Each color of chenille stem
represents a different nitrogen base.

13. Predict what might happen If a mistake were made In creating 2
nucleotide.

Answers may vary. Sample answer: It a mistake were made in

constructing a nucleotide, a different form of the trait might be
expressed.

. How did making a modal of DMA help you understand s structure and
function?

- Answers may vary. Students might explain how their models

- helped them better understand a complex concept. Sample
_ answer: | could better understand how base pairs matched by

_ seeing them in the double helix.

15. Why do you think a tightly colled DMA shape 1s more effickent for storing
Information than i the shape were more ke a straight ine?

~ Answers may vary. Sample answer: If the shape were

~ straight, it would probably not be possible to store the

- same quantity of directions in a nucleus, so an organism
~ might not form correctly or it might malfunction.
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How DNA Replicates Celis contain DNA in chromosomes. So, every ime a Transcription RNA_ like DNA, is made of nucleotides. Howeves, there are

cell divides, all chromosomes must be copied for the new cell. The new DNA key differences between DNA and RNA. DNA is double-stranded, but RNA
is identical to existing DNA. The process of copying a DNA molecule to make is single-stranded. RNA has the nitrogen base uradl (U) instead of thymine
another DNA molecule is called replication. {T) and the sugar rnbose instead of deoxyribose. The first step in making a
i . 2P . prot=in is to make messenger RNA (mRNA) from DNA. Messenger RNA

DGOM Watch the animation DNA Replication to see this transfers the genetic code from DNA in the cell’s nucieus to ribosomes in
process in action. After you watch the animation, follow the steps of DNA the cytopiasm for protein synthesis. The process of making mRNA from
replication below. DNA = called transcription. How does tius happen? Let’s find out

*

y INVESTIGATION (B /1 YL/

Transcription

& GO ONLINE Watch the animation Transcription. Then examine the

form new nitrogen base poirs.

.aiﬁ’.

3 Two dentical
strands of DNA

‘ are produced.

Making Proteins Proteins are important for every cellular process. The DNA
of each cell carries a complete set of genes that provides instructions for
making all the proteins a cell requires. Most genes contain instructions for
making proteins. Some genes contain instructions for when and how quickly
proteins are made.

The Role of RNA in Making Proteins How does a cell use the instructions
in a gene to make proteins? Proteins are made with the help of nbonucleic
acid (RNA)—a type of nucieic acid that carries the code for making proteins
from the nucdleus to the cytoplasm. RNA also carries amino acids around
inside a cell and forms a part of nbosomes.

IIMW/I//WIIW/M@

1)

Based on the animation and the figure, complete the DNA to mRNA
transcription below. Use the blue ines to write your answer.

YUl

7/

AfcatTcrdoxal

\llv/)_...‘.;”...... ((TNA

/

N

Explain how the double helix structure of DNA aids in the function
of replication. _

The structure of DNA aids in the function of replication because

HERKUEUCGUAA

T A rfrAOGAaDb AR \‘/ \l
—-H——————H—*—-—‘P DNA

THREE-DIMENSIONAL THINKING 1

the strands separate and act as a template for base pairs. 74 etz 5

EXPLORE/EXFLAIN Lesson 1 How Traits Change 67 68 ExFLOREEXPLAIN Moduic: Natural Scicction and Adaptations

Copyt 0 B Lows I Lk



Copy 14 © Mebres M8 Shtie

Types of RNA You just read about messenger RNA (mRNA). There are two
other types of RNA_ transfer RNA tRNA) and nbosomal RNA (rRNA). The three
types of RNA work together to make proteins. The process of making a protein
from RNA is called translation. Transiation occurs in ribosomes, cell organelles
that are attached to the rough endoplasmic reticulum {rough ER), as shown

below. Ribosomes are also in a cell’'s cytoplasm.

2 GO ONLINE Watch the animation DNA Transiation to see this process in
action. After you watch the animation, follow the steps of DNA translation
below.

1 MNA coamries amino acids to the ribosome.

Translating the RNA Code Making a protein from mRNA is like using a secret
code. Proteins are made of amino acds. The order of the nitrogen bases in
mRNA determines the order of the amino acids in a protein. Three nitrogen
bases on mRNA form the code for one amino acid. Each series of three nitrogen
bases on mRNA is called a codon.

L

) THREE-DIMENSIONAL THINKING -

What would be the effect on the structure and function of a cell if
it were unable to produce mRNA? Record your explanation in your

Science Notebook.

COLLECT EVIDENCE

How does DNA control traits such as the color of the alligator at the
beginning of the lesson? Record your evidence (A) in the chart at the

beginning of the lesson.

EXPLORE/EXPLAIN Leszon 1 How Traits Change 69

7

UL el Ll bbbl

YU

Nl )

! INVESTIGATION

How can a trait change?
comrectad before replication is compieted. A mistake that is not comrecied
can result in a mutation.

Mutation Telephone
1. Stand in 2 ine with all your dassmates.
2. Your teacher will whisper a phrase to the first student in line.

3. Each student will whisper the phrase to the student after them in line, untl
the student at the end has heard the phrase.

4. The final student will reveal the phrase to the entire dass.

5. Was the final phrase the same as the phrase started by your teacher? If not,
was the phwase samilar or not similar to the oniginal?

Answers may vary. Sample answer: The phrase was not the same, but
it was similar to the original.

6. Ifthe phrase changed, why do you think this cccured?

Answers may vary. Sample answer: | think this happened because
when one mistake happened, it continued to be passed along.

7. How do you think this could represent a model of a mutation in DNA?

Answers may vary. Sample answer: | think this is similar because if an
error is made in replication, it will continue to be passed along during
transcription and translation.

T0 EXFLOREEXFPLAIN Module: Natural Sclection and Adaptations=
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Mutations Recall that genes are located on chromosomes and that each
pair of chromosomes contains two variants of a gene. Each gene controls
the production of specific proteins, which in turn control traits.

A mutation is a permanent change in the sequence of DNA. Changes in
genetic material can result in the production of different proteins. This
change can alter an organism’s traits. Mutations can also be triggered by
environmental factors such as exposure to X-rays, ultraviolet light,
radioactive materials, and some chemicals.

When an organism’s phenotype, how a trait appears or is expressad,
changes in response to its environment, the organism’s genes are not
affected and the change cannot be passed on to the next generation. The
only way that a trait can change so that it can be passed to the next
generation is by mutation, or changing an organism's genotype.

Although all genes can mutate, only mutated genes in egg or sperm cels are
inherited. Some mutations in egg or sperm cells occur if an organism is exposed
to harsh chemicals or severe radiation. But most mutations occur randomiby.

Types of Mutations There are many types of DNA mutations. In a deletion
mutation, one or more nitrogen bases are left out of the DNA sequence. In
an insertion mutation, one or more nitrogen bases are added to the DNA.
In a substitution mutation, the nitrogen base is replaced by a different
nitrogen base.

Origimal DNA
sequence
The C-G base pair has been
replaced with a T-A par.
COLLECT EVIDENCE

How do mutations, such as the mutation that caused the white
coloring of the alligator at the beginning of the lesson, occur? Record
your evidence (B) in the chart at the beginning of the lesson.

EXPLORE/EXFLAIN Leszon 1 How Traits Change 71

A Closer Look: Why so blue?

/[ TR

Eye color is 2 trait determined by the pigmentation of the eye’s iris, which
can come in a vanety of colors, mdudng brown, green, and hazel. You may
have wondered what causes some of these colors to appear. For exampie,
you, or someone you know, may have eyes that are blue. You may be
surprised to hear that the appearance of blue eyes is actually a mutation!

The mutation that causes blue eyes has been around for about 6,000
10.000 years. Saentists have discovered a Stone Age man who fived about
7.000 years ago whose DNA revealed the code for blue eyes. He is the
earhiest known person to have the mutation. Scaentists hypothesize that all
blue-eyed individuals alive today come from a single blue-eyed ancestor!
Ornignally, all humans had brown eyes. However, a genatic mutation
affecting the OCAZ2 gene in human chromosomes resulted in the turmning
off of the production of brown eyes. The mutation does not tumn off the
OCAZ2 gene 3l together. it causes a reduction m the production of melanin,
or pigment, in the wis. This causes brown to dimenish to blue. if the OCA2
gene were to be completaly tumed off, it would cause albinism which is a
lack of melanin in the eyes, skin, and hair.

Bloe eyes represent a mutation that is nedther positive nor negative
because it does not impact a person’s chance of survival

Its Your Tum

Wirite a caption for a sodial media post featuring 2
pecture of someone with blue eyes. Explam the ongin of blue eyes in the post.

72 ELABORATE Module: Natural Scloction and Adaptations
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What happens when

a mutation occurs?

The effect of 2 mutation depends on where

in the DMA sequence the mutation

happens and the type of mutation. Proteins
express traits. Because mutations can
change proteins, they can cause changes
in traits. Some mutations might cawse a trait

to change in a way that benefits the
organism, while others cawse genetic

disorders. Examine the examples below.

<—_.Ek£taugaﬁtic mutation, about 1in

Genetic Disorders

5 million lobsters are blus!

Defective Gene or Chromosome

Disorder

Description

Chromosome T,
CFTR gana

Chromasome T, BRCAT
Clromasomea 12, BRCAZ

~ 4I - =

Chromasome T,

Chromosome T
PR gena ¥

Cystic fibrosis

Breast cancer and
oWarian cancer

Williams Syndrome

Fhenylketonuria (PEL)

In people with detective CFTR
genes, salt cannot mowve inoand
out of cells normally. Muous
builds up cutside cells. Tha
MuUCus Can bioCk ainways m
lungs and affact dgestion.

People with defective BRCAT
or BRCAZ Qenes havee an
increased nisk of doweloping
breast cancer and awvarian
cancer

People with Willlams syndrome
are missing part of
chromasome 7, mouding the
alastin gene. The protein mada
froam the elastin gene makes
iood wessels strong and

stretchy.

Paople with defective PaH
genes cannot break down the
aminD acid phemylatanine. IF
phenylalanine builds up in the
bioad, it poisons nene celdls.

EXFLOREEMPLAIN

Leszon 1 How Trmits Change T3

INVESTIGATION

Mutation Classification

A mutation can be negative, positive, or neutral. A positive mutation is
bensfical to an ocrganism. A negative mutation is harmful to an organésm. A
neutral mutation is neither beneficial nor harmful, and may not appear in the
phenotype. Classify each of the following mutations as positive, negative, or
neutral. Record your answers in the table.

| Mutation Effects Poittve Megatte Mettral

Eye oolor Fenes for brown eyes ore
muiated ond the inderidiual

e e }(

D to o resbotion, umon
are obie to process lacfos
other momemol: x

Do to o etoetion on the D
chromo=cme, a person con

Choose one of the abowe mutations to research further. Finally. oeate a short public s=rvice
anrouncemeant, n your Scence Motebook, explaining one of the three mutations.

T e e

THREE-DIMEMSIOMAL THIMNKING
% Predict the effect of a mutation which limits the production of psgment
in hair.
Students should predict that the animal would have white hair or
hair with no color.

COLLECT EVIDENCE

What are the results of a mutation, swch as the white coloring of the aligator
at the beginning of the lesson? Record your evidenoe [(C) in the chart at the
begimning of the lesson.

T4 ExPLOREENFLAIN Module: Matural Selection and Adaptations
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When Asthma  Sociery X

Summarize It!

1. Identify one environmental factor and one nonenvironmental factor that
can tngger 2 mutation. Describe how the environmental factor could be
prevented.

Answers may vary. Sample answer: A mutation is a permanent
change in the sequence of a DNA. Nenenvironmental mutations are
caused by random errors during DNA replication. Environmental
mutations are caused by environmental factors such as UV radiation,
Since UV radiation comes from the Sun, one way to prevent this

mutation is to wear sunscreen.

Copye gt © MCrmw HE Bdamthn (bl w4 Flewiog i’
VA Gy Wi, (W drow Spred ' tenis Sors

@ AMERICAN MUSEUM
& NATURAL HISTORY

it’s Your Tum

Write a paragraph cxplsining why rescarchers
chos=ec the Hutterites for their study.

ELABORATE Le==on 1 How Tmits Change .75 76 EvaiuaTE Module: Natural Scloction and Adaptations
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@l Three-Dimensional Thinking

Use the dizgram below to answer the following guestions.

»

Before Replication After Replicaticn
2. The diagram abowe shows a segment of DMNA before and after replication.
Which cowld have occowrred as a result of this change in strectere?
changes to the genotype of the crganism
changes to the traits of the organizm
changes in the production of proteins
all of IJ11E abowe |

o0 m B

3. The mutation shown abowve resulted in musdle degeneration. The effect of
this mutation is that muscles become progressively weaker. What type of
miutation is this?

positive

miertral

negatyse |

none of the abowe

o0 m B

EVALUATE Lesson 1 How Traits Change T

Real-World Connection
4. Write Your English teacher has asked you to write a short story about a
superhero with a matation that cawses powers, using a real factor that
causes mutations. ldentify your character below, and describe the cause
and effects of the mutation. Explaan how your superbero models a negative,
pasitive, OF meeutral mutstion.
Answers may vary. Students must identify a real cause of mutations.
Answers may include exposure to X-rays, ultraviolet light, radioactive
materials, and exposure to some chemicals. Students should also
include in their story the effects of the mutation/what super powers
their hero has due to the mutation. Finally, students should explain

how their superhero models a negative, positive, or neutral mutation.

o online to chedk your understanding of how
traits chamge.

‘ 5till hawe questions?

REVISIT Doy =i sgree win the START
p-ETson chose at the
tb?e:fling lI:FfE:'lE IEE;:.HI;EJq:lEI'n Soence Challemge

why you agree or disagres with
that person now.

Mo that you've leamed about
how trait= change, go to your

THE PHENOMENON

Comeigh € W lrew HEFdmiion P LA Seper Sl
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Vi PROBES

Tree Snails

A population of a tree snall species has different patterns in their shelis.
These shight differences Iin appearance among the Individual members of
the species are called variations. How do you think these variations get
passad on from one generation of tree snails to the next? Circle the answer
that best matches your thinking.

A from parents to offspring
B. through the environment
C. from both parents to offspring and through the environment

Explain your thinking. Describe how varations are passed on from one
generation to the next.

You will revisit your response to the Science Probe at the end of the lesson.

SCIENCE PROEE Lesson 2 The Theory of Evolustion by Noturnl Scection 79

The Theory
of Evolution
by Natural
Selection
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THE PHENOMENON your observations about the phenomenon to make a dam

ENCOUNTBR Why do you think this plant has about how populations of organisms can change over time.
THE PHENOMENON # flowers that look like bees?

A type of orchid plant, called a bee orchid, produces the flowers seen in the : -
photo. You may have noticed that the flowers look like bees. Research other Populations of organisms change over time...
instances of organisms that look bike a different organism. Use the space below
for notes and illustrations. Present the organisms you discoverad to your class.

& N
i l
COLLECT EVIDENCE as you work through the lesson. Then
retumn to these pages to record your evidence.
|
r
EVIDENCE
A_ What evidence have you discovered 10 explain how vanations affect
populations of organisms, such as orchad plants?
B. What evidence have you discovered to explain how natural selection
leads to changes in populations of organisms, such as orchid plants?
S s e
— v "’55& -
fﬁ‘iﬁ?_‘_é.--’;
k—“ ¢ r;“"&:‘?\
DRAPl SNl } ) 6O ONLINE
e R 3 Check out Nature's Copycats
o - to see this phenomenon in
k: 7 action "

Crpy 4 O CIon I LA o
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MORE EVIDENCE
C. What evidence have you discovered
to explain how adaptations affect

When you are finished with the
lesson, review your evidence.
i necessary, based on the
evidence, revise your claim.

REVISED CLAIM
Populations of change over time...

‘What are variations? Want more information?
Go online to read more sbout the
All popuistions contan differences, or vanations, theory of evolution by natural
in some charactenstics of therr members. For selection.
example. the tree snalis at the baginning of the
lesson were different sizes, different colors, and 1
had different pattems on their shelis Vanaton in
organisms ocours as a result of sexual Go to the Foldables library to make a
observe vanations among your dassmates? reading this lesson.

meterstick  graph paper
Procedure

Fnally, explasin your reasoning
for how and why your evidence
supports your claim.

Crpe 8 O MCrwn M8 (A

S

Read and compiete 3 Iab safety form.
Use a meterstick to measure the length from your elbow to the tip of
your maddie finger in centimeters. Record the measuremeant in your

Sdence Notebook.

Add your measurement to the class fist
Organize all the measurements from shortest to longest

Break the data into regular increments, such as 31-35 cm, 3640 am,
and 4145 an. Count the number of measurements within each

increment. Construct a bar graph in your Scence Notebook using the
data Label each axis and give your graph a title.

6. Follow your teacher’s mstructions for proper dleanup.

Analyze and Conclude
7. What are the shortest and longest measurements?

8. How much do the shortest and longest lengths vary from each other?
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9. Describe how your results provide evidence of variations within your
classroom population.

How do variations affect
organisms?

Giraffe spots were probably the result of 3 mutagsion that occurrad In an

individual giraffe many generations 2go. The mutation produced a variation
that helped the girafie survive. Explore more abowut varations In the lab.

S |

Sample answer: The graph of measurements provides evidence
that the length from the elbow to the tip of the middle finger within
the class varies.

!
10. How do you think these vanations affect you and your classmates? A p
. Il Population Variation
Answers may vary. Sample answer: | have longer arms and this
makes me and some of my classmates better able to reach things
on high shelves. — B E
Materials
sunflowers seeds (10) paper towsd
magnifying lens metric ruler
Procedure
Variation In all species that reproduce 1. Read and complete 3 Iab safaty form.
sexually, offsplfing are diﬁeref\t from their 2. i s TS s 4
parents. The giraffes on the right are 1-30 P h
members of the same species, yet each one seeds 1-10 by writing on the paper towel balow each seed.
has a slightly different pattern of spots on its 3. Use a magnifying lens to examine the seeds, focusing on how thesr
coat. Slight differences in inherited traits coloration 1s alike and/or different. Record your observations below.
among individual members of a species are
- ‘/_ ~
Varistions can ocon fisouph mutations. A Answers may vary. Students should use this space to record
mutation might harm an organism’s chances
of survival. However, many mutations, such their observations of the seeds. Sample answer: Some of the
as those that cause the unique pattern of , )
spots on a giraffe, cause no harm. Still other seeds are mostly black, but some have more white stripes on
mutations can benefit an organism. Mutations them
produce traits that help an organism survive. :
Think back to the bee orchids at the
beginning of the lesson. The physical traits '
that make the flowers look like bees are the ~ >
results of mutations. These traits help the e
orchids reproduce because bees think that Loock at 52 4. Compilete the table on the next page. Perform the following steps and
the flowers are other bees and land on them in an attemnpt to differ g::\r_ <l record your observations.
mate with them. As a result, the plants are pollinated. m e a. Use a metric ruler to measure the length of each seed.

b. Measure the thickness of each seed at its thickest point

EXPLORE/EXPLAIN Lesson 2 The Theory of Evolution by Natural Sclection 85 86 sxFLOREEXPLAIN Module: Notural Scicction and Adaptations
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Analyzre and Conclude
T. Dad all the sunflower seeds have the same length and thickness? If not,
e Length (mm) Thickness () wiy dio you think the seeds differed?

AnSwers may vary. #tu dants aisouii No. Sample answer: The location of the seeds in the flowers could

- have been different. There were differences in the genes of each
use this space to rd the length and D e R e R e
S plant that produced the seeds.

St 8. I you were a bird, do you think you would be more or less attracted tio

Seed Varistions

5
Answers may vary. Sample answer: | would be ) i
more attracted to the larger seeds or the ones \3(7 77 N
7 with whiter coloring. If | eat the seeds, the [\& = M::i
sunflowers cannot reproduce. e

o Effects of Varations Did you see how variations in the seeds could affect
5. Compare the length and thickness of your 10 seeds with other teams. hawe positive, negative, or neutral effects not only on individual organisms,
o Ty
Answers may vary. Students should use this space to record COLLECT EVIDENCE
. How do variations affect organisms, such as ordhid plamts? Record your
their observations, Sample answer: Not all of the seeds are the evidence (A] in the chart at the beginning of the lesson.

same length or thickness.

+ Connectson| The giraffes that you saw earlier in the lesson hiad
spots that helped them blend m wath their emvironment—the grasslands of
Afnca. Recall that the spots were probabdy the result of 3 mutatson that
ooourred in an ndividual girafie. Eventually, the mutated gene became part of
the girafffe population genotype. How did this happen? How can a vanation in a
naturalist who, in the med-1B00s, devwsloped a theory of how populations of
organisms change ower ime. A naturalist is a person who studies plants and

' A ammals in their natural habitats before developing his theony. Note that a
N scieniific theory is an explanation of the natural world that is well supported by
6. Fodlow your teacher’s instructions for proper cleanup. esdence, unlike a nonsoentific theory, which may be kess rooted nevidence.

Copy gt Dnkms ) i s

-
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5 1*_1® Connection| Darwin served as a naturalist on the HMS Beagle,
a survey ship of the British navy. During his voyage arcund the world,
Darwin observed and collected many plants and animals. Darwin was
especially interested in the organisms he saw on the Galapagos (guh LAH
puh gus) Islands. The islands, shown in the figure below, are located 1,000
km off the South American coast in the Pacific Ocean. Darwin saw that each
island had a slightly different environment. Some were dry. Some were more
humid. Others had mixed environments.

come and saddicback ;
« can soach tow and tigh
vegetation

Domad tortoise
= shall cloze 10 neck
« can only reach low

« large space betweon shall
and neck
« can reach high vegelation

Tortoises Giant tortoises lived on many of the islands. When a resident told ¥ 3 d;ﬁemﬂt

Darwin that the tortoises on each island looked different, as shown in the
figure above, he became curious.

Finches Darwin also became curious about the variety of birds on the thed
islands. Later, he was surprised to learn that many birds he collected were

all speaces of finches despite their different appearances. Like the tortoises,

these finches lived in different island environments.

Traits and Environment Darwin recognized the relationship between each
species and the food source on the island it lived on. Tortcises with long
necks and a large space between the shell and neck lived on islands with
tall cacti. Their unique necks and shells let them reach high to eat the cacti.
The tortoises with short necks and shells dose to the neck lived on islands
with plenty of short grass.

EXPLORE/EXPLAIN Lezson 2 The Theory of Evolution by Natural Sclection 89

Common Ancestors Darwin became convinced that sl the tortoise speces
were related. He thought they all shared a common ancestor. He suspected
that a storm had camed a small ancestral tortoise population 10 one of the
islands from South Amenca millions of years before. Eventually, the tortoises
spread to the other islands. Over many generations, each island's tortoise
population developed a nedk length and shell shape that made it easier to
access ther islands’ food sources.

Varniations and Competition Darwan did not know about genes. But he
realized that vanations were the kay to the puzzie of how populations of
tortoises and other organisms evoived. Darwin understood that food is a
himating resource, which means that the food in each island environment
could not support every tortoise that was bormn. Tortoises had to compete
with each other for food.

As the tortoises spread to the varnous islands, some were bormn with random
vanations in neck length and shell shape. If 3 vanation benefited a tortoise,
allowing it 10 compete for food better than other tortoises, the tortoise ived
longer. Because it ived longes, it reproduced more. it passed on its varnation
to its offspring.

an-um © varntion
duces mamy ofisprng that A torore = born with 2 vasation that malkes 2=
dmcm meck shghtly loages.

© Competinon © Selection
Dur %o imited resooroes, not all off=pring will =urvive. An M‘b&mz-ﬁsﬁhmnﬂm
offpring with 2 longer neck can et mors cacti San other . g. E iy, =il hawe longer neckes.

torioeses. it ves longes and produces moee ofispring.

- shat Qi
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Theory of Evolution by Natural Selection After
years of research, Charles Darwin developed
the theory of evolution by natural selection.
Natural selection is the process by which
individuals with variations that help them
survive in their ervironments live longer,
compete better, and reproduce more than those
that do not have the variations. Natural
selection explains how populations change as
their eswwronments change. It explains the
process by which Galapagos tortoises became
matched to their food sources. It also explains
the diversity of the Galapagos finches. Birds
with beak variations that help them compete for
food live longer and reproduce more.

COLLECT EVIDENCE

How does natural selection lead to

changes in populations of organisms, such
as orchid plants? Record your evidence (B)
in the chart at the beginning of the lesson.

2 GO ONLINE for additional
opportunities to explore!

Investigate natural selection by performing one of the following activities.

C] Interact with the PhET Interactive OR [:] Watch the Animation Natwal

Simulation Natwal Sedection

@, THREE-DIMENSIONAL THINKING
h

Explain the conditions that led to the changes in
the Galabnanos Islands.

become more common over time.

Selection.

the tortoises on

Sample answer: There were more offspring than could survive,
variation in neck length and shell shape, and competition for

resources, which led the tortocises with variations in neck length
and shell shape to survive and reproduce, and the variations to

EXPLORE/EXPLAIN Lesson 2 The Theory of Evolution by Natural Sclection 91

Read a Scientific Text

EIS5 =19 Connection| Charles Darwin developed his theory of evolution
following his journey on the HMS Beagle from 1831-1836. Today Darwan's
work is the foundation of evolutionary biology. Read an excerpt about his
findings from his book On the Onigin of Species balow.

Inspect

Read the pas=age from On the
Charics Darwen.

Find Evidence

Reread the paszzage. Then with
a partnes rewrite the passage in

-

FRIMARY SOURCE

your own in your Sca

Natural Selection

Let it be bormne in mind how infinitely compliex and clozc-fitting
to thew phy=cal condttions of fc. Can it then, be thought
impeobable, zocing that variations u=cfid 1o man have
undoubtediy ocourred, that other vanations usciul in somc way
mmdlbeingn!hegmu\doonplexbdﬂ:dﬁt.w
sometimes ocowr in the course of th d=of g 4 ]
=zuch do occur, can we doubt frememberning that many more
having any advantage, howeves chight, over others, would have
the best chance of surviving and of procreating thewr kind? On
the other hand, we may foc! sure that any varstion in the cast
o(favon:dﬁcmstdd\crqecmdwm
1 call Natural Sciection. Vanat noithor 4 nor ingunows
would not be affected by noturall =clection, and would be lcfta
fluctusting clemont, as perhaps we soc in the spocies calied
polymorphic.

We zhall be=t und d the probable course of matural
mwmhmdawm.am
Mmumdmmw

smibers of it inhabi dd aim ly undergo a
dﬂl@uﬂm@mn@imm*m
concdude, from what we hove soon of the ints and ¢ ]

mmnwf-:hthe:ﬁab‘utzdead:cmmbard
together, that any change in the numencal proportions of zome
wouwld mo=t zenously affect many of the other=. [_] Every =gt
modification, which n the course of ages chanced to anse, and
which in any way favoured the ndvidunls of any of the speocs,
by beticr adapting them to ther altered condition=, woald tend
10 be prescrved and natural sslection wouald thus have fice
=cope for the work of improvemont.

Sowrce: Om the Ongm of Speces by Maans of Natural Selaction, of tha
Presorvation of Favoured Races & the Stuggie for Life By Chasies Darwmn
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Peter anti
Roseffic

rant

harles Darwin was a naturalist during

the mid-1800s. Based on his
observations of nature, he developed the
theory of evolution by natural selection. Do
scientists still work this way—drawing conclusions
from observations? Is there information still to be
learned about natural selection? The answer to both
guestions Is yes.
Peter and Rosemary Grant are naturalists who
observed finches in the Galapagos Islands for
more than 30 years. They have found that
vanations in the finches” food supply determine
which birds will survive and reproduce. They
have observed natural selection in action.

The Grants live on Daphne Major, an island in
Galapagos, for part of each year. They observe
and take measurements to compare the size

and shape of finches” beaks from year to year.
They also examine the kinds of seeds and nuts
available for the birds. They use this information
to relate changes in the food supply to changes in
the finch species’ beaks.

The island’s ecosystem is fragile, so the Grants take
great care not to change the environment of Daphne
Major as they obsarve the finches. They carefully
plan their diet to avoid introducing new plant species
to the island. They bring all the freshwater they need
and they wash in the ocean. For the Grants, it's part
of the job. As naturalists, they try to observe without
interfering with the habitat in which they are living.

Yatural Seleg

it's Your Tum
L o) Connection| Find out more

about corcers in evolution, ecology, or
populnation biclogy. What kind of work iz done
n the laboratory? What kind of work is donc in
the ficlkd? Write a report uzang cvidence from
mformational texts to cxplain your finding=.

ELABORATE Le==on 2 The Theory of Evolution by Netami Sciection 93

What are adaptations?

Adaptations The accumulation of many similar vanations can lead to an
adaptation. An adaptation is an mhented trait that helps a spedies survive in
its environment. Giraffes have different spot patterns, but each has spots.
The spots help the girafies blend in with their environment. As a result,
predators of girafies cannot see them as easily. The spotted coat of graffes

is an adaptaton

Types of Adaptations Every spedes has many adaptatons. Scoentists
classify adaptations into three categones: structural, behavioral, and
functional. Structural adaptations involve color, shape, and other physical
charactenstics. The length of a tortoise’s neck is a structural adaptation.
Behawioral adaptations mvolve the way an organism behaves or acts.
Hunting at night and moving in herds are examples of behavioral
adaptations. Functional adaptations involve internal body systems that
affect biochemistry. A drop in body temperature during hibemation is an
example of 2 functional adaptation.

A Functional Adaptation
The blood vessels in the
jackrabbat’s ears expand to
enabie the blood to cool

before reentering the body.

THREE-DIMENSIONAL THINKING
Primates such as humans and chimpanzees have oppasable thumbs,
which means that the thumb can move around to touch the other
fingers on that hand. What type of adaptation is this? Explain why
opposable thumbs are a benefical adaptation. Record your response
in your Scence Notebook.

S84 =XPLOREEXFLAIN Module Natural Scicction and Adaptations
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How do adaptations affect
organisms?

As you have discovered, there are many different types of adaptations that

help organisms survive. One type of adaptation helps organisms blend in
with their environments. Can you design an organism that blends in with its

environment?

1. Read and complete a lab safety form.

2. You will be designing a model of a moth. Choose an area of your
classroom where your moth will rest with open wings during the day.

3. What physical traits would be beneficial to the moth based on the area
selected?
Answers may vary. Students should describe traits such as color
and patterns on wings.

Use scissors, paper, markers, and a ruler to design a moth that measures
2-5 cm In width with open wings and will be camouflaged where it is
placed. Write the location where the moth Is to be placed. Give the

location and your completed moth 1o your teacher.

On the following day, you will have 1 minute to spot as many moths in the
roOm as you can.

EXPLORE/EXPLAIN Lesson 2 The Theory of Evolution by Natural Sclection 95

6. Record the location of moths spotted by your team.
r ™

N

7. Find the remaining moths that were not spotted. Observe their
appearance.

8. Follow your teacher’s mstrucbons for proper deanup.

Analyze and Conclude

9. Compare the appearances and resting places of the moths that were
spotied with those that were not spotted.

Answers may vary, but should include descriptions of how the
moths that were discovered did not blend into their background
environment as well as the moths that were not spotted.

10. Construct an expianation for how blending in enables an organism to
SuTVIVE In its environment.

Answers may vary. Sample answer: Blending in allows an organism
to be less visible in its environment. This can help it avoid
predators or surprise prey.

‘1. How do the results of this expersment compare with the

information you have gained from the text in this lesson?
Sample answer: This experiment supports
what | have read about natural selection. Some
moths had adaptations that let them blend in
better with their environment, improving their
chance of survival.




(S

b

L0wy i D s Phoy

Copys g O MTren M Ed e

Y Cene Mo s ely wagi

P, b1

) e Mo Crim by ok Pas

Environmental Interactions Have you ever wanted to be invisible? Many
specles have evolved adaptations that make them nearly Invisible. The
snake In the photo on the left Is the same color as the leaves It Is resting on.
This 1s a structural adaptation called camouflage (KAM uh flahy).
Camouflage Is an adaptation that enables a species to blend Iin with Its
environment.

Some species have adaptations that draw attention to them. The caterpillar
In the center photo resembles a snake. Predators see it and are scared
away. The resemblance of one specles to another spedes is mimicry (MIH
mih kree). Camouflage and mimicry are adaptations that help species avold
being eaten. Many other adaptations help specles eat. The pelican In the
photo on the right has a beak and mouth uniquely adapted to its food
source—fish.

Environments are complex. Species must adapt to an environment’s living
parts as well as to an environment’s nonliving parts. Nonliving things Include
temperature, habitat, nutrients In the soll, and climate. Decduous trees shed
their leaves due to changes In dlimate. Camouflage. mimicry. and mouth
shape are adaptations mostly to an environment’s living parts.

Living and nonliving factors are always changing. Even slight environmental
changes affect how specdies adapt If a species Is unable to adapt, It
becomes extinct. The fossll record contains many fossils of species unable
to adapt to change.

How do adaptations affect organisms, such as orchid plants? Record
your evidence (C) Iin the chart at the beginning of the lesson.

. COLLECT EVIDENCE

EXFPLORE/EXPLAIN Leszon 2 The Theory of Evolution by Natural Selection 97

Summarize It!

1 el o Connection Think back 1o your research from the Encounter
the Phenomenon activity at the beginning of the lesson. Using one of the
organisms that you researched, write a narrative that explains how the
adaptation may have come about. Present your story to the class.

Answers will vary. Students should use narrative techniques, such
as an accurate point of view and use of descriptive language, when
writing their explanations. They should present their story while
emphasizing salient points with relevant evidence, using clear
pronunciation and adequate eye contact. Sample answer: Millions of
years ago, insects with round, bright green bodies and wings lived
on trees. Several mutations occurred that created an insect with

a skinny body, an insect with a brown body, and an insect without
wings. These insects passed these traits on to their offspring. Birds
were less likely to eat these insects, because they were less likely to
be seen against the trees that they lived on. More insects with these

traits survived and reproduced, and this is how the stick bug evolved,

98 svaluaTE Module: Natural Sclection and Adaptations
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|©l Three-Dimensional Thinking

2. No two tigers have the same stripe pattern. Such slight differences in
inherited traits among individual members of a species occur through
mutations. Which term best identifies these differences?

A mamicry
B natural selection
C adaptation

D variation |

Copy gt O MGren M ke

3. A bat's heart rate can fall dramatically during hibernation. Its breathing rate
is also affected. and it may not breathe for an entire hour. Hibernation
supports the bat's survival in its environment. What type of adaptation is
hibernation?

| A functional |

B structural
C behavioral
D none of the above

4. Which structural genetic change in the finches can be identified as the one
most influenced by feeding habits, as proposed by Charles Darwin?

A ability to fly from island to island to find the food they prefer

I B beaksizemd%totakeadvamggeofmefoodﬁyhad

C cdlaw shapes for perching on limbs while catching insects in their
beaks

D cooperative behavior so they could share imited seeds and nectar

EVALUATE Le==on 2 The Theory of Evolution by Natural Sclection

Real-World Connection

5. Brainstorm Do you own clothes with a camoufiage pattern? These are
designed 1o help you blend in outdoors. What other organisms can you
think of that use camoufiage? Explain the benefit{s) that this provides the
organism.

Answers may vary. Sample answer: Yes, | have camouflage clothing.
An example of another organism with camouflage is a frog that is
green and blends in with grass or moss. This prevents it from being
seen by predators.

Go oniine to check your understanding of the

l Still have questions?
theory of evolution by natural selection.

statement chose at

to the Soence Probe at the STEM Modnie Project
baginning of the lesson. Explan
why you agree or disagree with
that statement now.
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Artificial Selection -

LESSON 3 LAUNCH

Corn Connection

‘-,

Three friends were working on their history homework together when they
noticed that the com in an image in their textbook looked a lot different than
what corn looks like today. Here are their thoughts:

Deidra: |think the corn from the history book is a different species than
the corn we eat today.

Jayden: |think that the comn is the same speces, but it has changed over
time.

Natalia: It think the comn looks different because we grow it differently
today. If we grew it the same way, it would look the same.

Circle the student you agree with most. Explain your choice.

Comright © MGaw M it Ooom Woges
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You wall revisit your response to the Science Probe at the end of the lesson.
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ENCOUNTER | Why do all of these dogs look

THE PHENOMENON 8 different? > »J_ "\'T, :H

L z\'g.‘_i‘ ol |
What tralts do you desire In a dog? Is there a way to get these traits? in the ‘ t;—_ ‘)
space below, brainstorm how you think humans can control the traits of [ ra¥ Y ;'\*
pa 4/ () <S4t
(

Answers may vary. Students may build off of knowledge from the
previous lessons explaining that dog breeders allow for dogs with
favorable traits to breed.

& GO ONLINE
Watch the video Dog
Days to see this
phenomenon in action.

ENGAGE Leszzon 2 Artificial Selection 103

EXPLAIN Did you notice the different traits In the different types of

THE PHENOMENON dogs? Now that you have brainstormed some ideas, use your
observations about the phenomenon to make a daim about
how humans can Influence traits in dogs or other organisms.

,
CLAIM h
Humans can Influence traits In organisms__

. ] &

COLLECT EVIDENCE as you work through the lesson.
Then return to these pages to record your evidence.
1

i p
EVIDENCE
A What evidence have you discovered to explain how humans influence

trraits of organisms, such as dogs, through selective breeding?
- Y,

408 Modue N 1 Sclecs 3 Adaptats
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f
MORE EVIDENCE
B. What evidence have you discovered
to explain how humans influence
tralts in organisms, such as dogs,
through genetic engineering?

.

When you are fintshed with the
lesson, review your evidence.
i necessary, based on the
evidence, revise your cialm.

Fnally, expilain your reasoning

for how and why your evidence
supports your clatm,

—
REASONING

The evidence | collected supports my claim because...

How can traits be directly

\ influenced?

Adaptations provide evidence of how dosely Earth’s spedes match their

g This is exactly what Darwin’s theory of evolution by natural
selaection predicted. Darwin also had a hobby of breeding domestic pigeons
where he found his rules of natural selection also applied in situations he
controlled. When humans influence traits in other orgamisms, it is called
artificial selection.

colored pencils

1 Read and complete a Iab safety form.

2. In your Scence Notebook, draw a dog with your desired traits. indlude
either long or short hair, pointed or floppy ears, light fur or dark fur,
solid coloration or spotted coloration, and piayful or tame. Cirde your
selections below:

long hatr/short hair
pointed ears/Tloppy ears

Ight fur/dark fur

solid coloration/spotted coloration
playful/tame
Find a partner. imagine your dog and your partner’s dog have three
puppies. Choose one dog to be the mother and one to be the father.
Fip 2 com to determine whether a puppy will inherit each of the traits
from the mother (heads) or the father (tails). Repeat for all three
puppies.

Biustrate the puppies in your Science Notebook.

EXFLORE/EXFLAIN Module: Natural Scicction and Adaptations




S 4 O Ncion 10 Mg

6. Choose the trait you find most important in the dog. Find a
partner who also chose that trait and repeat steps 3—-5 with

a new partner.
7. Follow your teacher’s instructions for proper cleanup.

Selective Breeding Watching natural selection in action s like watching
mountains grow taller. it cocurs over so many generations that it usually
cannot be seen. It Is easier to observe a type of selection practiced by
humans. When humans breed organisms for food or for companionship,
they are selaecting variations that ocouwr naturally in populations. The
salection and breeding of organisms with desired traits is selective
breeding. Selective breeding. sometimes referred 1o as artificial selection. Is
similar to natural selection except that humans, Instead of nature, do the
salecting. By breeding organisms with desired tralts, humans change traits
just as natural selection does. Cows with Increased levels of mitk
production, dogs of different sizes, and roses of unigue colors are products
of selective breaeding.

Analyze and Conclude
8. How do the puppies differ from their parents?
Answers may vary, Students should note that the puppies all
inherited a trait from each parent, but not all puppies got the exact
same combination of traits.

9. How were you able to produce a desired trait in your puppies? Were
you always able to produce the desired trait? Could the traits be
predicted in terms of probability?

Students should identify tﬁat by choosing the trait they found most
important and selecting a partner who chose the same trait, they
were able to ensure all puppies had this desired trait.

The fantaoll pigeon (top right) and the

pouter pigeon (bottom right) were

10. How are natural selection and selective breeding related? 4
derived from the wild rock pigeon (above).

Students should identify that the same mechanisms are behind
each (variation in traits), but that each have different forces acting
on them. In natural selection the environment forces changes while
in selective breeding, traits are selected by humans.

THREE-DIMENSIONAL THINKING
Can traits of organisms always be predicted with selective breeding? Explain
how muiltiple causes can iInfluence the traits of an organism.

Students should identify that traits are not always predictable due
to mutations. Students may list environmental and genetic factors
as multiple causes that influence an organism’s traits.

Want more information? 1 [Fobasees |
_ COLLECT EVIDENCE
(s;;on_inetoread more about artificial Go to the Foldables® library to make a How can humans toflsence s of ongantsms, sich as the dogs at the
ptocas Foldable® Fhat “fi" help you take notes beginning of the lesson. through selective breeding? Record your evidence
.wfieteadngthaslesson. {A) = the chart at the beginning of the lesson.
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What is genetic engineering?

Recall that chromosomes are made of DNA and are in the nudleus of a cell.
Sections of DNA in chromosomes that direct cell activities are called genes.
Scientists are experimenting with genetic engineering, which refers to the
biclegical and chemical methods that change the arrangement of DNA that
makes up a gene. Genatic engineering already is used to help produce
large volumes of medicine. Genes also can be inserted into cells to change
how those cells perform their normal functions, as shown in the figure
below.

Recombinant DNA Making recombinant DNA is one method of genetic
engineering. Recombinant DNA is made by inserting a useful segment of
DNA from one organism into a bacterium, as shown below. Large guantities
of human insulin are made by some genetically engineered organisms.
People with Type 1diabetes need this insulin because their pancreases
produce little to no insulin. Another use includes the production of
chemicals to treat cancer.

Bactertal ool

Mose genatically enginacrad . DNA locp

DNA chwomosome

QOL\O ,_C«}—:::m

Anolther bacieriyl coll akos
up recombinant DNA

EXPLORE/EXPLAIN Lesson 3 Artificind Selection 109

What is a genetically
modified organism?

Genatic engineening can produce improvements in
crop plants, such as com, wheat, and rice. Food
products that have been genetically engineered are
commonly referred to as geneatically modified
organisms, or GMOs. Soentists have made
genetically engineerad tomatoes with a gene that allows tomatoes to be
picked while green and transported great distances before they ripen
compietely. Ripe, frm tomatoes are then available in the local markst. Some
crops are even engineerad to be toxic to particular insects and pests.

Read a Scientific Text

Because some people might prefer foods that are not changed genetically,
some stores abel such fems. Many peopie worry about possible health
risks that may be present with the consumption of genatically modified
crops. Others worry about the effects that altered plants might have on the
environment. However, the sdentific consensus is that GMOs are safe.

Consumer Info About Food from Genetically
Engineered Plants

Inspect
Read the paszage Conzumer FDA segulstes the zafcty of food for humans and anmals,
Genectically Enganccred Piants. mmme&mwwumw‘*q
queements as foods derved from tradsionally bred plant=.
-]

Cropmhmpuzddlemutdm

{ Foc ennnple lwo new opp‘e

S - m!mbemmw-:mw
assocmted with custs and bnsses by reducing levels of
cnzymes that can cause browning.

Make Connections

Human= have been modifying crops for thousands of years
wmmmmwm
‘then pair with a partner who has breeding methods to grow with

sciccted a dificrent fnunt. Dezign awdm&xm“whwuw
2 genctically engincored st o= that ¢ buybcbyrea.ndlmmaaoz
‘that could be developed fom b a iberry speces native to North A = and 2

swawberry spoces native to South Amenca.
Soercer ULS. Food & Deog Admnstation
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A Closer Look: Gene Therapy

Gene therapy is the replacement of missing or malfunctioning genes by
the addition of new genes to a patient’s cells. DNA with the desired
functioning gene can be inserted into a patient’s cells instead of using
medications or surgery. The modified DNA is placed in a vector to deliver it
to the nucleus of a cell. The introduction of functioning genes can replace
or inactivate faulty or mutated genes or provide a new gene to help fight
disease.

The treatment was first tested in humans in 1990 and has continually been
researched. Gene therapy has potential for treating cancer, inherited
disorders, and other diseases.

In 2017, the United States Food and Drug Administration made the first
gene therapy readily available in the U.S. The approved treatment is used

for pediatric and young adult patients with a form of acute lymphacblastic
leukemia, which is a cancer of the blood.

It's Your Turn

With a partner, conduct additional research on
gene therapy. Prepare a short segment for the school news station
explaining the impacts of genetic engineering on society.

ELABORATE Lesson 3 Artificial Sclection 11
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imagme you are an intern for a group of scientists

at a local university. The soentists are planning
future projects n the field of artificial selection.

methods, and how these technologies affect

sooety. You will synthesize the information into a

10 use the information as inspiration for future
TP

41 Research the different methods of artifical selection and how
technology has changed the way humans influence the mhentance of
dessed traits m organisms. Choose one method of artifical selecton
for your research. Record and descaribe your choice below.

Answers may vary. Sample answer: We will research selective
breeding of plants used as crops.

2. Dewelop a research plan in your Science Notebook for your chosen
method. Also, recall what is required for your presentation—a
descniption of the latest information about your chosen method, the
technologies used in your chosen method, and how the technologies
affect socety.

Carmry out your research. Be sure 1o use multiple sources. When you
gather information from a source, be sure to record information about
the credibility of the source. Identify your sources balow.

o

Students should record both print and digital sources here,

4. In your Scence Notebook, develop a plan to present your findings.

112 =xPLOREEXFLAIN Module: Natural Sciection and Adaptations
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5. Create your presentation. Be sure your presentation shows information
in a clear, logical, and engaging manner.

6. Give your presentation to your class, who will be acting as the university
scientists.
7. What are the strengths and weaknesses of your presentation? What
revisions would improve your presentation?
Answers may vary. Ask guiding questions to help students identify the

strengths and weaknesses of their presentations. Encourage students \’:E
to identify and implement revisions that would improve their work. % Summarize It!
Challenge students to incorporate feedback to improve their work. i 1. LTS Connection! Write a paragraph expiaining how natural selection
,s and artifical selection are related. Indude a main idea, supporting details,
2 : < = and a condluding sentence.
8. Will your presentation meet the needs of researchers? Explain your ;?;§

i Paragraphs will vary, but should include the idea that changes caused

Answers may vary. Encourage students to think from the point of
view of a researcher as they evaluate their presentation. Ask them

by selective breeding are similar to those caused by natural selection.

14
'

Sample answer: Natural and artificial selection both refer to a process
in which the traits that will be passed from generation to generation
are influenced. In artificial selection humans influence which traits

G,

to consider whether the presentation would give the researcher a
thorough understanding of current information available on the topic.

9. Will your findings the university scientists 1o completely understand § will appear in future generations and which will not, but humans do
current technologies and also help them plan future projects? Why or i not influence traits in natural selection, For example, when Darwin
why not? : y : x g R
?§ bred pigeons to produce certain outcomes in the offspring, that is an ¥
1 1 ¥ i 5
Answers may vary. Students should construct a response identifying % example of artificial selection. However, the changes in the tortoises F
where specifically their research was lacking or was strong. é observed by Darwin happened naturally, so that is an example of 3
'3 natural selection. Both natural selection and artificial selection cause i
10. While you can provide the scientists with information, what else may {‘5 changes in populations of organisms, but natural selection happens :
MOanC A e _ 3 naturally and artificial selection is the result of human intervention. 3
Answers may vary. Other influences may ,§ 3
include money, morals, and society. ;s 5
COLLECT EVIDENCE
What evidence have you discovered for how humans 2
influence traits of organisms, such as the dogs at the
beginning of the lesson, through genetic /
engineering? Record your evidence (B) in the chart

at the beginning of the lesson.

EXPLORE/EXPLAMN Les=on 2 Arificial Selection 113 114 =valuaTE Module: Natural Sciection and Adaptations
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l@ Three-Dimensional Thinking

A student prepared this chart comparing examples of natural selection with

artificial selection.

Natural Selection
Traits That Benefit

the Species

Artificlal Selection Traits That Directly Benefit Humans

*  Abilty to escape
predators

*  Ablity to resit
drought=

2. Which can the student add in the column under artificial selection to

complete the chart?

wnN ™

ability to grow large kernels of com
ability to grow fruit that can be stored for long periods
ability to catch larger prey

4. ability to produce milk for offspring

fand 3

2and 3
Sand4

OO0 o>

o —

3. Golden nice is a type of rice that has been altered to contain vitamin A.
This yellow rice is beneficial to populations that typically do not receive
enough vitamin A from other sources. How is golden rice classified?

OO0 o>

genetically engineered
genetically modified organism
altered through gene therapy

T —

EVALUATE Lesson 2 Artifical Sclection S

Real-World Connection
4. Evaluate Imagine you and your classmates are growing a class garden.
What traits would be beneficial for your plants based on the environment
around your school? How would you encourage these traits?
Answers may vary. Sample answer: It rains at school a lot so we
would want our plants to do well in water. Once some plants died as
a result of overwatering we would continue to breed the plants that
survived and had the beneficial traits. If we had the technology we
could give our plants DNA from a wetland plant, making them GMOs
that thrive in wet conditions.

Stil have questions?
Go online to check your understanding of arafical
selection.

Comen S VW ilnwn W Idmarm AN e Aoy e



STEM Module Project
Science Challenge

Population Probabilities ' TUS— R—

The education director of an environmental studies In the space below, make a model, 2 labeled diagram, or a flow chart, that
lab has asked you to help her design and test an ' \ describes the relationship between chromosomes, genes, proteins and their
experiment. The experiment will combine math and : structures, and the observable trait of fur color in deer mice.

saence to explain how natural selection changes

the frequency of a trait in a population over time.

Your task is to design and perform the experiment

and then to construct an explanation of the

resulting data. The education director has

explaned that the expenment will involve deer

mice, which can be either brown or gray.

Planning After Lesson 1

What can you infer about the genetics of the deer mice you will use in

your model, based on the observation that they have two different

physical traits for fur color?
Using your model, labeled diagram, or flow chart abowve as a basis for your
explanation, describe how a mutation could cause a change in the fur color
of a deer mouse. Then, explain how a mutation that impacts fur color maght
be induded in your expenment.




Planning After Lesson 2

The mathematical experiment you dewslop will inclede two variations in fur
color of deer mice, gray fur and brown fur. Explain how fur color cowld be an
adaptation in deer mice.

Identify sewveral emvironmental factors that could affect which mice in a
population survive to reproduce. These will be factors that can be included
in your esperiment.

Predict how the proportion of a population with an advantageous trait will
change over sesveral generations in your experiment. Explain your prediction.

Predict what would happen if your expenment included an envircnmental shift
that is 50 extrems or rapid that the population does not hawe time to adapt.

STEM Module Project
Science Challenge

Planning After Lesson 3

In your expermment, you will model natural selection. Describe one way in

Cousld your expeniment be modified to model artificial selection? Explaim.

Coould your exgpeniment mode] what might happen if genetically modified
desr mice with white fur were accidentally released into the wild population
of mice? Explain.




Complete a Sample Experiment

The educaticnal director has provided the following sample experiment as
one possible way to model the effect of natural selection of a population.
Carry out this experiment and gather data.

This experimeant will medeal changes in the distribution of fur colors within a
population of deer mice. Carry out a series of 50 coin flips (assign one color
&5 “heads™ and the other as “tails™) to describe the distribution of fur-color
trait in the original population of deer mice.

Browm: Sray:

Read the following scenarioc

A drowght kills much of the grass in the faeld where your onginagl popolotion
of mice Ive, leawving large palches of bare brown soll Brown mice ave an
advantagecws trait in this anwviromment, and hove o higher proboability of
suniving and reprodecing. For each Brown mowse in this popalotion, an
average of three brown offspring are produced per generation. Gray mice
hove o lower probaobility of sunaving and reproducing. For egoch groy mowse
in this popuwhation, wo gray offspring are produced per genaeration. Mice
hove o short life span so, for ecch generation, count only the newdy
produced offspring.

Us=ing the data about your original population and the information in the
scenaria, complete the following:

Examine the data. How did the characteristics of the populaticn change
el time in response to emvironmental change? Record your answer in your
Science Motebook.

STEM Module Project
Science Challenge

Develop Your Experiment
In your Science Motebook, develop your own mathematical
experimeant abowt browwn and gray deer mice. Be sure to identify the
following components:
wihich trait is advantageous and wihy, and how that affects
probabdity of survival and reproduction, and

heoner many offspring are produced by each type of mouse each
gereration.

Camy out the experiment as described in your scenarnic. Record your
data in the space balow.

Diid yousr data prowide evidence that populations adapt through natural
selection? Explain your answer in your Scence NMotebook.




Construct Your Explanation

Dewvelop a plan for the explanation you will provide to the education
director. Think about the following guestions to help you decide what kind
of imformation to include and how to present it Place a check mark next to
each question after your group has discussed it.

. How did you determine the number of mice of each color in youwr
onginal population?

- How many mice of esch color were in the starting and final
populations? What were the percentages? What were the ratios?

. If wou were able to carmy out the experiment more than once, were
your results consistent? If not, why?

. What trends did youw notice in the distribution of traits in this
population?

- What cause-and-effect relationships between environmental
conditions and natural selection did you identify?

- Zan you use the data from your mathematical experimeant to
support an explanation that natwral selection may lead to increases and
decreases of specific traits in populations over time?

. Could your mathematical experment model what would happen if
an environmental change ocowrred too gquickly for a population to adapt?

. What are the imitations of your experiment? For esample, is your
expariment designed to predict with 100 percent certainty what wouwld
happen in a natural environment with multiple cavse-and-effect
relationships affecting a population?

STEM Module Project
Science Challenge

Create Your Presentation

Compdete and finalize your presentation.
Be sure to include an explanation based on evidence from your
mathematical experiment that describes:
=  How genstic vaniations of traits m a population affect an individual
organism’'s. probability of surviving and reproducing in an
Srmarcnament.
How natural selection may lead to increases and decreases of
spedfic traits in populations ower time.
Present your report.

How diild your mathematical expenment compane to what you have read
about in this moduls?

Identify one strength and one weakness of your experiment or report.

How does your ressarch into natwral selection and traits help you
understand why some butterflies have coloration that looks ke the face of
a hungry owl?




Module Wrap-Up

REVI SIT Using the concepts that you have

THE PHENOMENON learned throughout this module,
explain why the butterfly looks like
the face of an owl

Answers may vary. Sample answer: The butterfly looks
like an owl because it evolved to look this way. This
probably originated from a mutation in the coloring of a
single butterfly. An owl is a predator so it was beneficial
to the butterfly’s survival to look like one, and it lived

to reproduce and pass on its traits. Over time this trait
became an adaptation in the population.

OPEN INQUIRY

If you had to ask one question about what you studied, what would it be?

Plan and conduct an investigation to answer this guestion.

EVALUATE Module: Naturnl Sclection and Adaptations 125 Copwregs © Mo i (owmir  Cnme Do S (e Smgpe, Sl Oy Gt y g



ENCOUNTER
THE PHENOMENON

How do whale pelvic
bones show ewdence of
evolution?

Watch the video Whale of an -
Evolutionary Tale to see this
phenomenon in-action.

Collaborate With a partner, discuss pelvic bones.
though ndoesnothauelegs’ﬂeco:dorllhs&aﬁeyow
thoughts in the space below.

STEM Module Project Launch
Science Challenge

It's All Relative

The drector of a2 natural history museum wants 1o develop
a sarnes of exhibits that show how present-day organisms
are reiated 1o ancestral fossi organtsms and to other
present-day organisms.

He asks you to prepare
an exhibit about one
specific modem
organtsm and its
relationships to
fossiized organisms
and modem
organisms. Along with
your exhibit, the
director has asked

YyOu to prepare a
written expianation

for museum visitors.
You will need to
explain how fossi

and biological
ewvdence can be

used 10 make nferences

about evoiutionary relationships.

Start Thinking About It

What scentific ideas might you Include In an explanation
about simiiarties and differences between extinct and

modem organisms?

STEM Module Project

Planning and Completing the Scaence
Challenge How will you meet this goal? The
concepts you will leam throughout this module
will help you plan and compiste the Science
Challenge. Just follow the prompts at the end of
each lesson!

128 sSTEM MODULE PROJECT Module: Evidence of Evolution
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@ SCIENCE

T S .
- Fossil Evidence

of Evelution

Endless Fossi-bilities

Four friends were comparing their ideas about fossils. This is what they said:

Emma: I think fosslis are pleces of dead animals and plants, and tell us
little about the animal or plant.

Aildan: I think fossiis only come from bones of extinct animals that
Iived millions of years ago.

Ethan: I think fossils are the evidence of the existence of organisms
seen In the remains of bones, shells, or even Impressions of
rock layers.

Coabe 1 hamy

Fossils are the remains of plants and animals that have recently
died. Thelr remains cannot be preserved for very long

With whom do you agree most? Explain why you agree with that person.

Copys o OM Crow 19 A e

You will revisit your response to the Sclence Probe at the end of the lesson

t (Y ¢
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ENCOUNTER | How do fossils, such as Tiktaalik,
THE PHENOMENON 0 provide evidence of evolution?

Observe the fossil in the photo. Draw what you think the organism looked
like while it was living.

ENGAGE Lesszon 1 Fossil Evidence of Evolution 131

é Py
Students should be encouraged to speculate. They should use
this space to infer what the living organism would look like based
on the fossil.
3 GO ONLINE
Paxxiio Check out Terrific Tiktaalik
T 15 see this phenomenon in
. > action.

Did you notice that the Tiktoalik fossil looked familiar, but sl
TgﬂfgﬂﬁNuggENUN very different from animals that you see every day? Use your
observations about the phenomenon to make a cdaim about
what the Tiktoalk fossil can tell you about present-day
organisms and how they evolved.
(
CLATM

The Tiktoalik fossil offers evidence of evolution_

<
|
COLLECT EVIDENCE as you work through the lesson. Then
retum to these pages to record your evidence.
1
(
EVIDENCE

A_ What evidence have you discovered that explains what fossils, ike the
Tiktoalik, can tell us about tme?

132 Module: Evidence of Evolution
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MORE EVIDENCE
B. What evidence have you discovered
that explains how patterns in the
m?dl = e o When you are finished with the
lesson, review your evidence. If
necessary, based on the
evidence, revise your claim.
. N
REVISED CLAIM
The Tiktaalik fossil offers evidence of
evolution...
¥ <,
L.
7 =
REASONING
The evidence | collected supports my claim because...
o <o

How do fossils form?

You might aready know that fossils are the remains or evidence of once-
Iving organisms. Evidence from fossils helps soentists understand how

organisms have changed over tme. When scentists find fossils they are

often underground or within rock Iayers. How did they get there and how
did they form?

When you think about fossiis, you might picture the large skeletons of
dinosaurs In museums. In fact, there are different types of fossils that form
under different crcumstances. Let’s mvestigste one of those ways.

seyERCOEOENE
Matertais

plastic container newspaper
shel plaster of parts
modeling day wooden craft stick

Procedure
Read and complete 3 Iab safety form.

Place a comtainer of modeling day on top of newspaper. Press a shell
into the modeling day. Carefully remowve the shell.

Have your teacher fill your impression with plaster of pans. Use a wooden craft stick to
spread out the plaster. Wait for it to harden.

Remove the shell fossil from the modeling clay.
Observe the structure of the fossil

Foliow your teacher’s Instructions for proper cleanup.

Analyze and Conclude
7. What effect did the shell have on the modeling day?

Sample answer: The shell left an impression on the modeling clay.
The impression was almost an exact replication of the shape and

Lesson 1 Foss=il Evidence of Evolution 133

detail that is seen on the shell.




Fossll Formation When plants and animails die, any soft tissues f 3
animals do not eat are broken down by bacteria. Only a dead animal's Want more What can fOSS]lS ten us m

hard parts, such as bones, shells, and teeth, remain. In most Instances, Sp——— about ime? Go to the Foldables®
these hard parts also break down over ime. However, under rare Go online 1o library to make a
conditions, some become fosslls. The soft tissues of animals and FREY W On your way to school, you might have seen an oak tree or heard a Foldable® that wall
piants, such as skin. muscles, or leaves, can also become fossils, but aml f°55;" robin. Although these organisms shed leaves or feathers, ther help you 1ake notes
these are even rarer. Some fossils form when impresstons left by - = characteristics remain the same from day to day. It might seem as if while reading this
organisms In sand or mud are filled In by sediments that harden. You evolution. they have been on Earth forever. However, if you were to travel back lesson.
observed this In the Lab Return to Form. Examine the table below to in time, you might not see oak trees or robins. You may see different
see some ways that fossils can form. species of rees and brds. That is because spedes change over tme.

FossiiType | Denipwon 0 INVESTIGATION

Mineralization Rodk-formng mncrals, zuch as cakcium carbonate
(CaCOy), m water filled in the zmall spaces in the

Analyze the Age

tizsuc of these picces of petrified wood. Water al=o
placed of the d's tizmue. Mincrakzation
can presernve the imtemal =tructures of an organism.

in the image you can see fossils bured in rock
layers. Examine the image and answer the

questions below.

4. [l the topmost rock layer of the image s
present day, then what s the relative age
of the areas that are indicated by the
arrows to each other? Infer the age of the
areas by writing older or younger in the

Carbonization In carbonization, pressure drives off a dead

organism’s hiquids and g Only the carbon cutline,
or film, of the organzm remains. Fossil fims made by
carbonization are usually black or dark brown. Feh,
insects, and plant leaves, such az these forn fronds,

UL bl il

are often preserved as carbon film= § boxes provided.
tx Molds and When sediments hardened around this buricd 2. Why did you place the words older or
:- Casts trilobite, a mold formed. Molds usually zhow hard younger in those locations?
- parns, such as zhells o bone. If a mold is loter Slled
: with more sedi that harden, the mold can form \ Sample answer: | inferred that the top-most fossils existed more
> acast \

recently than those towards the bottom.

Trace Fosslls A trace foszil & the preserved evidence of the activity
of an organism. These footprints were made when a
dinozaur walked across mud that Iater hardened. The

Phote Sohpwe Sewok Mecs B ewe e ioeshae
P Py Sk Phote, St yn et M o =8 e
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trace fossil might provide evid of the speed and
weight of the dinosaur
3. What do you think the placement of fossils in the rock layers abowve can tell
us about tme?
Original i onginal tizsues of organisme are bured in the
Materfal absence of oxygen for long periods of ime, they can Sample answer: | think that the placement of fessils in the rock

fozzdize. The insect in this amber became stuck .
troe zap that kater hordened. layers can tell us when they lived. They may also help tell us when

other fossils lived, relative to their position.

N U bl il

.
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The Fossll Record You may have guessed that
the fosslls at the bottom of the image were much
older than the fossils at the top. The fossils at the
bottom were left by animals that existed long
before the fossils at the top.

These fosslis help make up the fossll record.

The fossil record 1s made up of all the fossils
ever discovered on Earth. it contains miflions

of fosslls that represent thousands of species.
Most of these spedes are no longer alive on
Earth. The fossil record documents the
existence, diversity, extinction, and change of life
forms throughout the history of life on Earth.

Sclentists cannot date most fosstls directly. Instead, they date the ‘:‘.;"g;«'fwb“"
rocks the fosslls are embedded Inside. Rocks erode or are recycled sourd only =
over time. However, sclentists can determine ages for most of Earth’s  cgliformd-
rocks. Examine the table below to learn how sclentists determine the
age of fosslls.

Relative-Age Dating l Absolute-Age Dating

+ In relative-age dating, scentists determine the
relative order 1 which rock layers were
deposited. In an undisturbed rock formation,
they know that the bottom kayers are oldest and
the top layers are youngest.

+  Relative-nge dating helps scientsts determine
the relative order in which species have
appecared on Earth over trme.

Abzolute-age dating = more procise than
relative-age dating. Scientists take advamage of
madioactive decay, a natural clock-iikee process in
rocks, to learn a rock’s abzolute age, or itz age
n yoors,

in radioactive decay, unstable zotopes in rocks
change into stable i pes over ime. Scientists
measure the ratio of unstable isotopes to stable
=otopes to find the age of a rock.

Geologic Time It is hard to keep track of time that Is billlons of
years long. Evidence of microscopic, unicellular organisms has
been found in rocks 3.7 billion years old. Sclentists organize
Earth's history into a time line called the geologic time scale. The
geologic time scale Is a chart that divides Earth's history into
different time units. The longest time units in the geological ime
scale are eons. Earth’s history Is divided into four eons. Earth's
most recent eon—the Phanerozoic (fa nuh ruh ZOH 1hk) eon—Is
subdivided into three eras. Examine the geologic time scale on

the next page.
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The Geologic Time Scale Look at the figure
of the geologic time scale. You might have
noticed that nelther eons nor eras are egual In
length. When sdentists began developing the
geologic nme scale In the 1800s, they did not
have absolute-age dating methods. To mark
ume boundanes, they used fossils. Fossiis
provided an easy way 10 mark tme. Scentists
knew that different rock layers contained
different types of fossiis. Some of the fossils
sclentists used to mark the ume boundaries
are shown in the figure

Often, a type of fossil found In one rock layer
did not appear In layers above . Even more
surprising, entire coections of fossés in one
layer were sometimes absent from layers above
them. It seemad as if whole communities of
organisms had suddenly disappeared.

Extinctions Scientists now understand that
sudden disappearances of fossiis In rock layers
are evidence of extinction events. Extinction
{ihk STINGK shunj) occurs when the last
individual organism of a spedies dies. A mass
extinction occurs when many speces bacome
extinct within a few milllon years or less.

The foss# record contains evidence that five
mass extinction events have occurred during
the Phanerozoic eon. Extinctions also occur at
other umes, on smaller scales. Evidence from
the fossil record suggests extinctions have
been common throughout Earth’s history.
Examine the time ine of extinction events on
the next page.

3 GO ONLINE for an adamonal
opportunity to explore!

The Geologic Time Scale
Milionsof 2 =
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EXSE= =3 Connection| Investigate scales of ume by performing the

following activity.

DMaumhmdymxmﬁownndelthegedogcmmscahnmeLﬂCmm

make a ume kine of your We?
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How do fossils show change
over time?
The fossil record contains dear evidence of the extinciion of speces ower

tame. Bant it also contains evidence of the appearance of many new species.

B
]y

Miillicres of Years Ago (mya)

Environmental Change What causes extinctions? Populations of organisms
depend on rescurces in their environment for food and shelter. Sometimes i ?@w
environments change. After a change happens, individusl organisms of & aja”

S ; the Ve ™ 70 e the
speacies might not be able to find the resources they need to survive. 'When mtﬁ:lﬁ

this happens, the organisms die, and the species becomes extinct. In the _— Mﬁgmmw&hmﬁmﬂh
figure sbowve, you can emmine major extinction events that have ocourred populations of organisms were better able to survive than others.
ower ime. Learn about the two types of environmental change below.
safety B
Sudden Changes Extinctions can ocour when envronments change quickly. & volcanic Materials
emuption or & meteorite impact can throw ash and dust ino the atmosphere, .
blocking sunlight for many years. This can affect global climate and foad speces|D. cards  colored pendils
wrbs. Scentists hypothesice that the mpact of o huge meteorite &6 million chart paper miarkers
years ago contribiuted to the extinction of dinossuers.
Procedure
Gradual Changes Mot all ervironmental change is sudden. Depending on the location, Earth's 1. Choose a spedes from the Spedes LD. Cards.
tectonic plates move between 1 and 15 cm each wear. As plates move and . .
coliide with each other ower time, mountains form and oceans develop. B a 2. B Connection| On chart paper, draw six sguares in a row and number them
mounisn mnge or an ocean isolales a species, the species might become -6 respectively. Use colored pendils and markers to make a comic
extinct if it cannot find the rescurces it needs. Species also might become strip showing the ancestral and present-day forms of your spedes in
exdtinct if soa bevel changes. frames 1 and 6.
3. Use information from the LD, Card to show what you think would be
THREE-DIMEMSIOMAL THINKING . the progression of changes in the spedes in frames 2-5.
With a partner, think of the effects of ervironmental change that 4. In speech bubbles, explain how each change helped the spedes sunive.
may have caused extinction in your local ecosystem. Write a script
for a podcast in which you discuss and explain the extinction. Use Analyze and Conclude
your Science Motebook if extra writing space is required. 5. Infer why a scientist id identify 2 fossil § the ies in the fi

frame of your cartoon as the ancestral form of the present-day species.
Sample answer: A scientist would consider the flatfish with eyes
on both sides of its head as the oldest, because it lacked more
advanced adaptation—both eyes on the side of its head.

Answers may vary. Students should make a connection between
an environmental change, such as climate, and an extinction event._

\ J

COLLECT EVIDENCE
What can fossils, like the Tiktoohik, tell us abouwt time? Record your
evidence (&) in the chart at the beginning of the lesson.
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6. How would the fossils of the species at each stage provide evidence of
biological change over time?
Answers may vary. Sample answer: The existence of flatfish fossils
from different times with eyes (1) on the sides of the head, (2) at
the intermediate locations, and (3) on one side of the head provide
evidence of biological change over time.

Extinctions and Evolution Many early sclentists Eques
thought that each species appeared on Earth 3 {
Independently. However, as more fosslls were ’g Front iog

discovered, patterns in the fossil record began to
emerge. Many fossd spedes In nearby rock
layers had simiar body plans and similar I Plokppus

'l and foot

structures. It appeared as If they were related.
For example, the seres of horses In the figure
suggests that the modern horse s related to
other extinct species. When placed in sequence,
you can observe the general changes that
occurred along the lineage. Recall that change
over time Is evolution. Biological evolution is the
change over time In populations of related
organisms. Structural similarities and differences
between organisms living today and organisms yrocotomm
in the fossll record allow scentists to reconstruct
the evolutionary history of organisms.

51

Millons of Yoars Ago (rmyw)

325

i8-8
o | Gilmmy

55-30
T

THREE-DIMENSIONAL THINKING - ~
Examine the chart of the evolution of horses above. What pattemns of

change have occurred over 55 million years?
Sample answer: Horses seem to have grown larger and taller. They
now seem better equipped to evade predators with their longer,
stronger legs.

COLLECT EVIDENCE
What can patterns in the fossil record tell us about evolution? Record
your evidence (B) In the chart at the beginning of the lesson.
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Transitional Fosslis In the chart on the

previous page, you saw a significant change In
horses over 55 milllon years. The smaller

Hyrocotherium with short legs became the
large Eguus with long legs we know today. This
change occurred as Individuals with longer legs

In the chart, you also may have noticed a

pattern as the horse seemead to

change as time passed. A fossil that has

charactenstics of both ancestral

and organisms that evolved laterisa

transitional fossil.
Read a Scientific Text

To leam more about ransitional
about Tiktoolk roseoe below.

Inspect

Read the paszage Detods of
Evolutionory Tronsition from
Fe=h to Lond Animals Reveoled.

gradually

organisms

fossis, read

Detalls of Evolutionary Transition from Fish to

Land Animals Revealed

New research has proviced the first detaied look ot the
nternal head skafaton of Tiktoavk roseae, the 375-milion-
year-old fossd andmal that represents an important

ntermediate step in the evolutionary transition fram fish to
ammals that walked on land,

The body plan and nature of the depasits where the lossis
were found suggest an amimal that lived on the bottomn in

shallow water, and perhaps out of the water for short pernods.

Tiktaolk roseoe has features of the skull neck, ribs and
appendages that are shared with the eariest imbed anmals
Qetrapods), as well as fishbice features such as sceles and fin

»k ot the
75-millson-

wmt
froen fich o

+ the foz=ils
bottom in
short periods.
ribz and
bed animals
cales and fin

tays. This mosaic of features makes it & texibook example of 4 © Sxample of 2

transitional fossil, say paleomologists,
-1

“The brancasce, palste and gill asches of Tiktoolik help reveal
the pattern of cvolutionary change = this part of the skelcton,

=oad Downs. “We scc that c il once

-
= 4

with kand-fiving animals were @ fact the fer=st adaptations for

fife in shallow water™
Source: Natonai Soance Foondation
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|STEM Careers

\
XG0 == 3 Connection| A paleontologist is a scientist who N\
studies fossils. They do this in order to leam what fossils can teach us about | hese
life on Earth in a different time. You may think of all paleontologists as just ' '_Ontdcqi"\"
studying dinosaur bones, but actuaily, there are many different kinds of e digging
paleontologists. Some study fish or mammals. Some aven study plants! wp Rffjfz“d
Paleontologists may work with research organizations like universities. They o von from
may also work in government or with private businesses. Paleontologists l:!% ;ce Aaet

could work in an office or lab. Often times, they are busy uncovering fossils
in the field. They travel to different locations to discover and study fossils.
Their work may be physically demanding at times. Living conditions can be
harsh and the weather may range from intense heat to extreme cold.
Paleontologists may also be found working in a laboratory, studying their
discovernies.

It's Your Turn

ECTn T5) Connection]| Suppose you are a paleontologist working with
the developer of a planned community. Make a slide show presentation for
the developer explaining the impact that human development can have on
potential fossil discoveries, as well as the importance of such discoveries.

ELABORATE Lez=zon 1 Fossil Evidence of Evolution 143

Summarize It!

1. Based on what you have read, aeate a graphic organizer detaiing what
the fossil record may tell us about present-day organisms.

Answers will vary. Students’ graphic organizers should make a
clear connection between fossils and present-day organisms,
They should infer that discoveries made in the fossil record can

help detail the evolutionary history of animals that are alive today

144
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@ Three-Dimensional Thinking Real-World Connection

4. Infer Suppose you found a fossil that not only had fins and gills, but also

Use the figure below to answer question 2. lungs and wrists. What might this fossil suggest about evolution?

vw

Answers may vary. Sample answer: The fossil suggests that itis a
transitional fossil. It seems to have traits that belong to fish, as well
as tetrapods.

5. Explain Your fallow classmate says that fossils are just pleces of dead
animals. Explain why you agree or disagree with him or her.

2. What method can sclentists use to analyze and mterpret when the fossils In

esiirin e i o b s Answers may vary. Sample answer: Fossils are the preserved
tom o ure appear on .

remains of ancient living organisms, including plants, animals, and
| A relative-age dating ) X x

bacteria. Fossils can include molds, casts, carbon films, or even the

B trace fosslis ) p = p X 0 -

P preserved evidence of activity of an organism, called trace fossils.

D carbonization
; Still have questions?
| Go online 10 check your understanding about fossi

3. What pattern can sclentists use to interpret the information about the fosslis 1 evidence of evolution.

shown in the rock layers?
A Rock layers all contain different sets of fosslls.

Copyr it ©NeConn 1 b e

B Oider fossis are located closet to Earth’s surface. -
C _Fossils are younger the closer they are to the surface. | Do you st agree with the \
D Each fossil Is younger than the rock layer in which it is found. '. SCIENCE beginning of the lesson? Retum pMNNING “.,
4 PROBES 1 the Soence Probe at the STEM Modnle Prmject X
beginning of the lesson. Explain Science Challenge \

why you agree or disagree with Now that you've learnad about

that person now. fossi evsdence of evolution, go
- . back to your Module Project 1o
e gy — pian your exhibit. You' want 1o
g/ EXPLLIN Rewvisit your claim about what explain how fossills can provide
> THE PHENOMENON fossils can =l us about evidence of relationships
— between organisms.

EVALUATE Lesszon 1 Fossil Evidence of Evolution 145
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SCIENCE
PorRoees I :
Biclegical Ewic

of Evelution .

Fins and Flippers

.

.
N\

Three friends were comparing the fin of a fish with the flipper of a whale.
This is what they said:

Emily: | think that the fin of the fish and the flipper of the whale have the
same structure, but different functions.

Ariana: | think that the fin of the fish and the flipper of the whale have a
similar function, but differ in structure.

Jayden: | think that the fin of the fish and the flipper of the whale are too
different to even compare.

Circle the name of the person you agree with most. Explain why you agree
with that person.

Comrigh © Mo M iwatme v | Shmery Wb

Oemyrp oty wogtt

You will revisit your response to the Sclence Probe at the end of the lesson.
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How can the wings of this bat and the
wings of a bird provide evidence for
evolutionary relationships?

&3 GO ONLINE Check out Winging it
winging Bt to see the phenomenon in action.

Observe the two animals in the video and sketch them in the space below.
Compare structures using labels on your sketches.

ENCOUNTER
THE PHENOMENON

EXPLAIN You just observed two organisms in flight—a bat and a bird.
THE PHENOMENON || Beoth animals have wings but they are very difierent from one
another. Make a daim about their evolutionary relationship
based on these diffierences and similarities.
r
CLAIM

The evolutionary relationship of bats and birds_..

™~ h
Students should use this space to sketch the bat and the bird,
and label structures and features, such as the head and wings.
8 o
What might the similarities or differences between the two animals tell you
about their evolutionary history?
R
Students are not expected to determine the correct answer, They
should be encouraged to speculate. Sample answer: They are
related,
p o
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; I
COLLECT EVIDENCE as you work through the lesson. Then
retum to these pages to record your evidence.
|
(
EVIDENCE

A_ What evidence have you discoverad that expiains how comparative
anatomy helps with understanding the evolutionary history of bats and
birds?

150 Module: Evidence of Evohlstion
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[ MORE EVIDENCE

B. What evidence have you discovered
that explains how embryclogy helps

oyt i I8 McTrm Hll Bhodlien

Z. What evidence hawe you discovered
that explains how molecular blology
heldps with your understanding of the
evolutionany history of bats and birds?

‘e

When you are finished with the
lesson, review your evidence. I

necessary, based on the
evidence, revise your clailm.

" REVISED CLAIM

The evolutionary relationship of bats and
birds=...

Fnally, explain your reasoning
for how and why your evidence

supports your clalm.

-
REASONING

The evidence | collected supports my claim because...

Les=on 2 Biological Evidence of Bvolution 151

How are a human’s arm and
a bird’s wing related?

Often imes, the way something Is structured, like the wing of a bird or bat, can
help ghwe Insight Into its function. Explore some common objects to compare
structure and function in the following lab.

'‘Want more Information?
G0 online to read more about Go to the Foldables® library to make a
biclogical evidence of evolution. Foldable® that will help you tske notes

wihile reading this lesson.

set of spoons

Procedure
1 Readand complete a lab safety form.

In a small group, examine your st of spoons and discuss your
observations.

Sketch or desoibe the structure of each spoon I your Sdence
Motebook. Discuss the purpose that each spoon shape might serve.

Label the spoons In youwr Scence Motebook with thelr purposes.
Followr your teacher's Instructions for proper ceanup.

Analyze and Condude

6. If spoons were organisms, what do you think the ancestral spoon would
look Ike? Record your responses In your Scence Noteboodo,
7. Explain how three of the spoons hawve different struchres and funcions,

even thowgh they are related by ther ssmilanties. Record your responses
In your Sclence Motebook.
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Comparative Anatomy As you just observed, spoons that look different Analogous Structures Both wings shown to the nght are used

from one another still have some structural and functional similarities. Like for flight. But bird wings are covered with feathers. Fly wings are
spoons, andmals also have simllarnities, even when they appear very coverad with tiny hairs. Body parts that perform a samilar
different. Observations of structural and functional similarities and function but differ in structure are analogous (uh NAH luh gus)
differences In species that do not Jook alike are possible through structures. Analogous structures evoived separately from one
comparative anatomy. Comparative anatomy Is the study of similanties and another and organisms with the structures do not share a dosely
differences among structures of living and fossd species. related common ancestor. Differences in the structure of bird
and fly wings indicate that birds and flies are not dosely related.
Homologous Structures Humans and birds look different and move In
different ways. Humans use their arms for balance and their hands to grasp Vestigial Structures The flightiess cormorant i the photo has
objects. Birds use their forelimbs as wings for flying. However, the forellmb short, stubby wings. Yet, as its name suggests, it cannot fly. The
bones of these species exhibit similar patterns. Homologous (huh MAH luh bird’s wangs are an example of vestigial structures. Vestigial (veh
gus) structures are body parts or structures that were inherited by two or STIH jee ul) structures are body parts that have lost their onginal
more species from a common ancestor. function through evolution. The best explanation for vestigial

structures is that the speces with a vestigial structure is related 1o
an ancestral species that usad the structure for a speafic purpose.
The flightless cormorant, for example, evolved in an isolated
ecosystam—the Galapagos Islands—that did not have any predators
on land. In that ecosystam, wings and the ability to fly no longer
gave indnaduals an increased chance of survival and reproduction.
Eventually, the fightiess cormmorant jost its ability to fly due to a
wing size that is far 100 small to support 2 bird of its proportions.

Homan

)

A
Z
;
3
Q
3
e
Z

Bat
As shown In the figure, homologous structures, such as the forelimbs of

humans, cats, frogs, bats, and birds, are evidence that these specles are

related. The more similar two structures are to each other, the more likely it Answers will vary. Students should research a present-day organism
is that the species have evolved from a recent common ancestor.

Research a vestigial structure present in a lving organism. Explain how the
wvestigial structure arose while detailing how its function relates to its
structure.

UL
i
a
j

and describe the vestigial structure in question. Students will want to
trace where the structure first arose. Students will want to describe
how the structure was used then, as well as how it may be used by
the present-day organism.

l@ THREE-DIMENSIONAL THINKING
3 Think about pattems In structures, other than the arm, that can be

found across different groups of animals. In your Science Notebook,
l quickly sketch your structures as shown In the figure above.

COLLECT EVIDENCE

How does comparative anatomy help you understand the evolutionary
relationship between bats and birds? Record your evidence (A) In the chart
at the beginning of the lesson.

N U il il

~
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I EERTERIT 2

What other ways can you determine
evolutionary relationships?

You just read that studying the external structures of organisms can help
scientists learn more about how organisms are related. What other
structures might help scientists understand how organisms are related?

S o »

//

Developing Evolutionary Understanding

1. In the figure below, use different colored pencils to drcle structures that are
similar across all images.

2. Describe the structures you circled and explain why you chose them.
Answers may vary. Sample answer. | circled the sacs near the
head of all of the organisms as well as the tails.

3. Explain how these similariies may provide evidence of relatedness between
the individual images.
Answers may vary. Sample answer: Each of the images show
an organism that looks very similar to the next. | think they are
related because they have very similar structures.

WL T I ] T P L L
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Developmental Biology You have leamed that studying the structures of
Studying the development of embryos can also provide scientists with
ewvidence that certain spedes are related The science of the development of
embryos from fertiization to birth is called embryology (em bree AH luh jee).

Pharyngeal Pouches Embryos of different spedes often have simiarnities
that are not cbvious in the fully formed organisms. For exampie, all
vertebrate embryos have pharyngeal {fuh nhn JEE ul) pouches at one stage,
as shown in the figure. This feature develops into different body parts in
each vertebrate. Yet, in all vertebrates, each part is in the face or neck. For
example, in reptiles, birds, and humans, part of the pharyngeal pouch
develops into a gland in the neck that regulates calcum. in fish, the same
part becomes the gills. One function of gillls is to regulate calcium. The
similarities in function and location of gills and glands suggest a strong

Pharyngeal pouches Pharyngeal pouches Pharyngeal pouches Pharyngeal pouches

Analyze the pictures above to identify structures sharad by the
embryos but are not shared in the fully formed organisms.

Answers will vary. Students may notice that all organisms share
a tail as embryos but not as fully formed organisms.

COLLECT EVIDENCE

between bats and bards? Record your evidence (B) in the chart at the

beginning of the lesson.
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Modem Evolutionary Advances Studies of fossils, comparative anatomy,
and embryology provide support for Darwins theory of evolution by natural
selection. How do you think maore recent advances have allowed for greater
understanding of ewolution?

INVESTIGATION

Ewvolving Your Knowledge Differences in Cytochrome ¢

Betwesn Various Organisms and Humans

number of amino acids in cytochrome ¢ compared to humans. The
yeast cell has the most differences in the number of amino acids in
cytochrome ¢ compared to humans.

3. Maotice the number of differences of amino acids in cytochrome © betweaen
each organizm and humans. How might these differences explain the

relatedness of each oroanism to humans? )
Sample answer: Differences accumulate over time, so the more

Molecular Biology The study of fossils, comparathee anatomy, and

embryology provides support for Dansin’s theory of evolution by natural
selection. Molecular biology 1= the study of gene structure and function.
Discoveries In molecular biclogy have confimed and extended much of the
data already collected about evolution. Recall that mutations In genes are
the source of varations upon which natural selection acts. You can leam
more about how moleodar blology provides evidence for evolution by

exploring the table and figure below.

The Study of Evolution Today The theory of evolution by natural selection
Is the comerstone of modern Hology. Since Darwin published his theory,
sclentists hawe confirmed, refined, and extended Darain’s work. They hawe
observed natural selection In hundreds of Iving species. Their studles of
fossills, anatomy, embryclogy. and molecular biology have all provided
evidence of relatedness among Iving and extinct speckes.

%
Proteins, such as cytochrome c, are made - C " organsms have genes
from combinations of 20 amina acids. The 3 § sequences me&:;ﬂnwn;ﬁ.m:: %
graph to the right shows the number of amino ‘E w 3 =3 supparts the theory that all crganisms are Mmm‘ﬂﬁgﬂ'
ﬁuddlﬁerenceslncymcl_'lmmchem'een i 53& selated. Sclentists can shudy relaleaness of Mmgj-ﬁﬂ
umans and other organisms. Use the graph 2z organisms by comparing genes and proleins u'l}l!
to answer the questions. Eglﬂ- § among Iving speckes. For exampie, nearty all \
1. Which organisms do you think might be E . % DgANIsms CONEN 3 gens nat codes for
maore closely related to each other: a dog = CyiDCFOME C, 3 protein required for celksar 't" = E E %
and a trtle or a dog and a silkworm? . n FRCIration. Some Specias, SICh as umans = B
Ex‘P’EIEY?E‘r‘a‘-‘E:‘E‘[ E}b% :'&% :;% '% 2\:&:%_?%%;“ ::mmﬁhe rni:::e closely redated e E g E §
Sample answer: A dog and a turtle ", N species e, e more smaarhewgenesand | 8 =| 5| 2| 3| 8
are more closely related to each Type of Organism E proteins ae. g £ 3
other than a dog and a silkworm. The dog and the turtle have more E Diwergemce: i oo T e ST | e -
amino acids in common for cytochrome c than the dog and the X rales. SCentists use Hhis “molecar dock™ o § |
silkworm do. =) EITER S e e In e e T E
§ For example, as shown in the figure, E
2. Which ocrganism has the least differences in the number of amino adids in modecular data indicate that whales and
cytochrome ¢ compared o humans? Which organism has the greatest ! daolphins are more closely retated o =
difference? % hippopotamuses than they are to any other
Sample answer: The rhesus monkey has the least difference in the Z Ihing spedies.
§
=

closely related two organisms are, the less time there has been for
differences to arise.

COLLECT EVIDENCE
How weowld you use molecular biology to help you understand the

ey g 0 D ren 1 ke

ewolutionary relationship between bats and birds? Record your evidence
(C) in the chart at the beginning of the lesson.

Tl
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A Closer Look: From Dinosaur
to Bird

Scientists generally agree that dinosaurs were a type of reptile and that
birds descended from reptiles. To see how dosely related birds might be
to dinosaurs, sclentists compare and contrast living birds, such as
chickens, with fossils of primitive species that might be related to birds.
Using computer programs, they look for matches in at least 80 physical
traits of modem birds. These traits Include the skull, neck, pelvis, tall,
shoulder, bones, feet, ankles, and stance.

Sdentists have found several spedes of dinosaurs that had feathers. Others
have bones that are similar to modern birds but unlike any other living
animal. Some dinosaurs also had wrists that could bend In a flapping motion,
like a wing, and toes that were arranged so they could grasp branches.

Researchers have recently extracted DNA and proteins from Mesozoic
dinosaur fosslls. This has allowed scentists to discover molecular evidence
linking birds to dinosaurs.

It's Your Turn

Present With a partner, choose an organism and research its
evolutionary history. Analyze and Interpret data in the fossil record to
determine similarittes and differences between the organism and its fossil
ancestors. Present its history in a blog post by using narrative techniques,
emphasizing relevant evidence and focused points.

ELABORATE Lesszon 2 Biological Evidence of Evolution 159

Summarize It!
L B

.

Classify Examine the list of structures below. Sort them Into three groups: a
group of three vestigial structures, a group of three structures that are
homologous to one another, and a group of three structures that are
analogous to one another using this space. Then construct a three-page
brochure that llustrates each set of structures and that explains what they
are and why you have categorized them as you have You may draw the
structures or find pictures 1o cut out.

your nose penguin wing human talibone
bat wing a pig's snout butterfly wing
whale pelvic bone an elephant’s trunk

Brochures may vary, but should lllustrate and explain the listed
structures, Vestigial: penguin wing, whale pelvic bone, human
tailbone. Analogous: butterfly wing, bat wing. Homologous: pig
snout, human nose, elephant trunk.

160 EvaLuATE Module Evidence of Evolution
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@ Three-Dimensional Thinking Real-World Connection
4. Infer At the zoo you may see a boa or a python. If you lock closely, you will
""’ﬁy“ — — - see two small pelvic spurs, which are related to the pelvis and leg bones of
= £ ¥ other amimals. Why do these structures exist on snakes?
£ s
E E § Sample answer: These spurs are vestigial structures from a
E 13 £ 3 me when the snakes’ ancestors had a vis and legs used for $
3 3 ti hen th k tors had a pelvi d leg df ;
- g o i
o
s § movement. ;
¢ z i
f . ;
Z- 5. Explain While watching a nature show, you notice that a dolphan’s flipper 4
= and a shark’s fin perform the same function but look different. What is this (]
= an example of? Explain your answer. 3
75| 3
Sample answer: The fin and the flipper are examples of analogous 3
structures. They have a similar function, in this case for swimming, but };

2. Analyze the image above that shows even-toed hoofed mammals and they have different structures.

other mammals shared a common ancestor. When did this ancestor live?

A 25 million years ago SEll have questions?
B S0 million years ago Goonﬁnetod'necky.otrmderStHWQabml
C 60 million years | biological evidence of evolution.

D 75 million years :;;LI

REWVISTE 70y s e e PLAN AND

3. Which pattern of development among vertebrates is evidence that they person you chose at the
share a common ancestor? " SCIENCE beginning of the lesson? Retum PRE SENT
- : 4 PROBES 10 the Scence Probe at the STEM Modnle Project
A Al vertebrates have a ial structure called gills. bea of e S Explai e -
B All vertebrate embryos have pharyngeal pouches during why you agree or disagree with
development.

C All vertebrates have tails as both embryos and aduits.

D All vertebrates have identical embryos but differences among
structures as adults.

EXPLAIN Revsityour dam about how
THE PHENOMENON SvoOlutionary relatonships can
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Science Challenge

It’s All Relative Planning After Lesson 1, continued

The director of a natural history museum wants to In the space below, make a diagram of five undisturbed layers of
develop a sedes of exhibits that show how modem e o sedimentary rock. Label your diagram using the terms “oldest™ and
organisms are related to ancestral fossil organtsms and 3 " and use an arrow 1o show the pattem of relative age of the
to other moderm organisms. layers.

He asks you to prepare an exhibit about one specific
modem organism and its relationships to fossiized
organtsms and modem organisms. Along with your
exhibit, the director has asked you to prepare a written
explanation for museum visitors. You will need to explain
how fossil and biological evidence can be used to make
inferences about evolutionary relationships.

Planning After Lesson 1
How will you incorporate information about fosslis and the fossil

record in your museum exhibit? Explain how a diagram, similar to the one you prepared In the space above,
could be used In your museumn exhibit.




STEM Module Project
Science Challenge

Planning After Lesson 2

Research
Chioose a modern organism to research and record your cholce here:

Devedop a research plan. The following may help guide you as you
create this plan. Use your Sclence Notebook to take notes as you camy
Research to gather Information about anatomical simillaritles between your crganism and out your reseanch.

other living organisms. Specifically describe how this information could be used Inyour Research the following to explore evolutionary relztionships between
exhibit.

this organi=m and extinct fossilized organisms:

‘When does the fossil record Indicate that the ancestors of this
organism first appeared on Earth?

Are there species In the fossil record that have similar structures?

‘What does the evolutionary history of this type of onganism look ke
based on the fossll record?

'What anatomical structures changed ower time? Which structures
stayed the same?

Research the following o explore evolutionary relationships betwesn
How will you Incorporate information abowt embryology in your exhibit? Be this organlsm and other modern organisms:
iﬂrﬁrﬂz& anl:jE:T;upahr;:clures:fentmn #Cross multiple species, B from — - dves
relationships between this organism and other modem organisms?

Create a slide show on the developmental biclogy of your onganism.
Trade with a partner and examine thelr shide show, comparing it to
what you have read In the text.

Identify other lnes of evidence that can be used to determine
evolutionary relationships betweesn your organism and other modem
organitsms. What Information from these Bnes of evidence will you
Inciude? What evidence will you Inchede?

Use your Scence Notebook to record your research.

Is Information about the molecular blology of your arganism as compared to
other organisms avallable? If so, explain how this will be included In your
project.




Design Your Exhibit

On a poster board, design an exhibat that will effectively share your
informaticn with musewm visitors. Sketch your exhibit, and label each
wvisual element or type of information you will indude. Include elements
that will make your display visually appealing and interesting to musewmm

VISITors.

Construct Your Explanation

Apply the scientific ideas and information you have researched o
construct an explanation. Youwr explanation should use evidence and
reasoning to describe the information in your exhibit. As you work,
consider the following points about your explanation.

= How does the explanation add information to the exhibit?

Cvoes it describe inferences that can be made abouwt the evolutionany
relationships among organisms based on similarities and differences
in their anatomy and other lines of evidence? Explain.

Croes it identify patterns in the fossil record that are related to your
topic? Explain your answer.

Construct youwr explanation below:.

STEM Module Project
Science Challenge

Create Your Presentation

Compdete and finalize your presemtation.

Present your exhibit and explanation to an audience of mussum
directors and musseum wsitors.

o back to your ressarch plan. What one thing might you do differently if
you were asked to make an additional exhibit about 3 different
organism?

Identify one strength and one weaskmess of your exhibit and explanation.

how pedvic bones ina whale can be wsed as evidence for evolution?
Explain.
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7
What are one or two questions you still have about the phenomenon?
Choose the question that interests you the most. Plan and conduct an
investigation to answer this question.
EVALUATE Module: Evidence of Evolution 169
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correlation’key bed correlacion/capa de sedi

correlation: a method used by geologists 1o fill in
the mizsing gap= m an arca’s rock record by

correlacion: método utilizado por los gedlogos
para completar vacios en un drea de registro de

matching rocks and foszils from scparate rocas, comparando rocas y fosies de lugares

| 2 N

dstanciados.
cross-cutting relationships: the principle that if onc princdplo de kas refaciones de corte: principio que
geclogic fi cuts anocther fi e, the ﬁ:qucscmumpodcmmﬂaomdd:e

feature that it cuts across = oldes. zer mas jor que el cucrpo de roca ¢

DNA: the abbreviation for d yrib i fdec ADN: abrewi para acdo desoxirmbonuciexo,
Nl(:ilnbdllmldeeiﬁaadmw's materal gendético de un orgamsmo.

genetic material.

E

emmmemmm the science of embriologia ciencia que trata el desasrollo de

the development of embryos from fertilization 1o brioncs desde I fertilizacion b el
birth. nacimicnto.
extinction fihk STINGK shun): cvent that occurs extinclon: o que < do el Gkimo
hen the last individual organiz=m of a spec organt individual de una csp
dics.
fossil: the prescrved remains or evidence of past fosit c dos o cvidendio de
living organsms. organizmos vivos del pasado.

genetic engineering: the biolegical and chemical IWMMMywm
methods that change the arrangement of DNA quec P 6n del ADN que
mwmgn

escala de tlempo geolagico: tabla que divide In
Dsbmdchfmeﬂcﬁﬁset‘sunﬁdesde
changes in the rocks and fossils. po, b do en los bio= cn las Y

fozdes.

homologous thuh MAH luh gus) structures: body estructuras homalogas: partes del cucrpo de fos
parts of organizms that are =imilar in structure wq:sm’imesenmy
and po=ition but different o function. P 5n pero difer en funcidn.

inclusionc a picce of an clder rock that becomes a
part of a new rock.

Index fossit a fossil repr ative of a sp
Meﬂdm&ﬁhadﬂ!lﬁr@hdn
was abund and inhabited many locations.

Inclusion: pedazo de una roca antigua que sc
convierie on parte de una roca nueva.

fostl indice: §6=il representativo de una especic
que exstio on la Tierra por un periodo de
ticmpo corto, é=ta ora abundante y habitaba en
vanos ogares.,

K

capa de sedimentos: capa de rocas o sedimentos
con caracteristicas gque son identificables
fécimente en corelacion.

key bed: a rock or sediment lyer with distinctive
charncicnistics that make #t casily identifiable in
correlation.

T
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Iateral continuRy: principic that scdm arc comingidad iat=ral. principio que dice guce jo=
deposacd n large, contmuows sheots inall sedinenios zon despostados on capas grandes
Imtorad dircctions. y comtmuas on dirccciones

Earth within 2 zhort penod of ime. en Ia Ticra d de un penodo de temp
coro.
mimicy (MEH mih kreel an adaptation in which one mémetismo una adaptacicn on of cual una czpece
mhols&-uﬂh:qum == p a otra c=p
mustation myew TAY shunf 2 permancmt change n mutadon cambio p cnka = de
the seqguence of DNA, or the nudicotidez. n o m*bmgunguomm
gene or a chromosome. cromosoma.

seleccion natural proceso por o cual los
orgamesmos Con vanaconcs guc lxs ayodan a
sobrevivir on zus medicambiontes viven mas,
IPRCT MICHOr Y SC Tep mas guc
agouciizz gue PO BENCN Co3T VaRICIONCS.
nucslotido molécula constituida de una base de
nitrogeno, azscar y un grupo de focisto,

natural selections the pe by which organe
ﬂtmﬂ-hﬂ:ﬂ—mnh
envronment ve longer, compete betaer, and
reproduce moee than those that do not have the
225

nudectide (NEW idee uh tide] a molccule made of
a nitrogen baze, a zugar, and a phosphate
group.

O

original horizontality: principlc that mo=t rock- peinopio de ks horzontalidad ongina prancpio que
formang materals are deposted in horizontal manticns gue i mayora de matenales que
loyer=. § taz zon depositados on copas
horontale=.

m*ﬁeyd'ods-dm edad relatve edad de las rocas y de las
foatirces comparcd with other nearby rocks and m;&g‘mm.wuhmom

footure=. ToCas < y s

replication: the process of copying » DNA Fuasopadudsemu-
molccule 1o make another DNA molecule. molécula de ADN para hacer otra molécula de
ADN.

ARN: scdo ribonucicico, un ipo de acido nuckéico
que conticne ol codigo para hacer protoinas deld

RNA sibonudicic acd, a type of nudeic acd that
carmies the code for making protems ffom the

nudcus 1o the cytoplinzm. nucico para of Gtopla=ma.
selective breeding the scicction and breeding of ia selectiva proce=o de cria de organit=mos para

organizme for desed trans. camcionisticas descadas.
muwunw w princpio quo cstablece que on ias
rock loy the = arc on the bottom. ap makcradas, s rocas mas vicjas

zmmhmm

T

Tansaiplion: the proces==s of making mRINA from Tanscripciant. proceso por of cual sc hace mARN
DNA de ADNL
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forma

transitional fossils/vestigial

253 B3 saial

transitional fossit a fos=il that has characteristics of forma transicional: fo=i que ticne camcternisticas
it de organemos ancestrales y organismos que

evolved nter. cvolucionaron mas tarde.
mhmo«m.mm raslacion: proceso por el cual se hacen proteinas
a partir de ARN.

U

unconformity: a =urface where rock has eroded mmmdmldelamcaseh

away, producing o break, or gap, in the rock

uniformitarianisnt a principle stating that geologic
processes that occur today are simidar 1o those P geologk que
that occurred in the past.

WM&AYM a#tﬁﬁ:mnm

variacion: @emcﬂuenuaenmmsgohucm
heri "tra-t q bers of a i

entre los individuales de una especic.
wmsmpemmmmpmuu es!mmravesngat parledda:erpoqueanvez
ha= lost 2= onginal function through evolution. dela lucon perdic b

=

o RsOY)

G-5

Ams0p

=mp = Indicates = =0 n 3 STEM Moduie Frojoct
n:uqsu‘.amnm -
Absolute age = — Indicaies onlry & usod In 3 STEM Caroor Geologists
Gapagos ands and, 97 FAnches, 83, 97
A nahral ssoction and, 96 Food anc Drug Acministration
=oiociive rooding and, 105 (FDA), Mo, m
e - Dotation mutstions. 77 Foraminitora, 23
wmq Dinosaurs, B3 B _n-l-u!s—zlunmu
Disconformitios,
sotncc. 54
ms comrciation and, 36
S—— om0 125
Y m:-a.a [ﬂluu__:-;::.n
gene
m:s‘nn ganatic onginoornng and. 109 palcoraoiogists and, 143 =
Aontis 9. 66 metagons 3nd, 71 retalive 3ge daling and, 19, &1
= struchse ol 63, 66 65 561 rock Gyors and, 1521 ;v 136 owv
Avarcz, Wattor, 37 5= e il iy, ¥V
Anziogous structures, 154 Double holtx, 54, €5 66 oD, &7 ﬁg?nda-l
the Rock and Fossl =
‘-:-’;ms.x E Fomtmmm s
At e, 3 Earth history. soc Goologic Mstory Functional adaptations, 58
‘m'm’ 156 Functional similatics. 154
Ash tayors, 38 v Encounter the Phanomanon, 3, 7.
ok e 2s, 55, 53, 51, 103, 177, 51 343 G
mmm
Environmental taciors, 75, 57 Galapagos Isancs, 89 91 57
B Eons, 137 Gone thorapy. N7
Erosion Genes, 63
Bchaworal o8
of 0 owv Genotic disosdars, 73, 7S
T Sy — o the rock rocore, 3233 v Genatic angincaning. 309, 150
rock record and, 32 Gonotic traits
nua;’ng.mln-n- St el W s
SRS CARO, 7 comparative anatomy and, 153 gn-::;wtgum
Sy = T L 25 Anomaars and becs and. 59 mestamorss and, 72, 72
dvorgonce and, 58 =cieciive brooding anag, 1065 167 -
C DNA compartson and, IS8 o, 108 s
Camounage. 97 axtinction and, 1 varations and, 8485 b &
Carbonization, 155 malocutar biclogy. 52 Genctcally modified organisms =
P naary stioction and, 97, 1€ 1GMO=, NO £
Chasgaft, Erwen, o puicion, 58 o 3
solasionship= and, D2 smp Goologic avonts, 32 oy 25, 80
m“?.:nn thoory of, 8291 Goologic nistory :
m-gme;we Thdookk rosooe and, 142 changing idaas of, 10 &
_*-"-.g wosSgal stroctures and, 54 fo==< and, 19 -
: i Expiain the Phonomenon, 2 S, 26, Gapsin 32
Crick, Francks, 64 30 31, 48,53, 60 61 72,82 E3. ave 300 dating and, 12
Crop plants, 10 100, 104305, 195, 125, 122 133, oy of, 81
S 146, 150 151 162, 165 n
e — Extinctions Goologic time scale, 42, 43, 48 45
é,":‘.-_-'"“c.a- Gues of 139 o, =7, 158
g, 65 dofnod, 138
54 ovolubon and, 381 a5 3 caroes, 37 =C
Cytosina Q. Eye color, 72 cocrciation and, 3435 v 35
fosts and, 19
D F e e
Darwin, Charies
Faults, 1417 o o
SR . N Fioic shucios, 37 = ke Bocs anc, 39
roiaive age and, 13




