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90 Working With Numbers ... 404
91 Tallies, Percentages, and Rates...................cccccoce. 405
92 Fractions and Ratios .............ccoccoooiiiiiicccee 406
93 Dealing With Large Numbers ..............ccccoceiininiiinnnne 407
94 Apparatus and Measurement....................cccceceeene 408
95 Describing Data..............cccooeiiiiiiiiice 409
96 Variables and Controls...............ccccoooviiiiieieicniiiiee 410
97 Drawing Graphs..........c.cccccoviiinnieniieei e 411
98 Interpreting Line Graphs...............ccccooiiininiiniice 413
99 Mean, Median,and Mode ..................cccoveiiiiiinienn. 414
100 Can You Trust Your Data?..............cccocevvvienennieccne 416
101 Detecting Bias in Samples ...............ccocconiiiinincnnnnn 418
Appendix: Equipment List ... 419
Image Credits and Index ............ccccccviniiniiniicce, 421

Suggested strategies for pacing

» Following the framework's progression, move
sequentially through the book (IS1 to 1S6). This
might seem obvious, but teachers all have their
own reasons for beginning with specific topics first.

» Don't forget to build in time to complete activities in
the SEP/skills chapter as required.

» Use the first 6 activities as a guide to time taken
vs total time allocated for the program. Next block
out time using this extended contents based on
the performance of your own students.

@ Green dots indicate investigations. These can

usually be completed within one hour or less.

<« Red flags show where teacher guidance may be

needed or where gifted students can work ahead.



List of Practical Investigations In The Living Earth

IS 1: Ecosystem
Interactions and Energy

INVESTIGATION 1.1
Creating a model of logistic
growth

INVESTIGATIONS 1.2-1.4
Population growth models

INVESTIGATION 1.5
Exploring biomass pyramids

INVESTIGATION 1.6
Pathways for toxins in food webs

IS 2: History of the
Earth's Atmosphere:
Photosynthesis and
Respiration

INVESTIGATION 2.1
Carbon dioxide use by Cabomba

INVESTIGATION 2.2
Measuring bubble production in
Cabomba

INVESTIGATION 2.3
The iodine test for starch

INVESTIGATION 2.4
Testing leaves for starch

INVESTIGATION 2.5
Measuring respiration in
germinating seeds

INVESTIGATION 2.6
Modeling photosynthesis and
respiration

INVESTIGATION 2.7
Designing a wastewater freatment
plant

INVESTIGATION 2.8
Use of glucose by Saccharomyces
yeast

INVESTIGATION 2.9
Using M&Ms® to model half lives

INVESTIGATION 2.10
Model of the carbon cycle

INVESTIGATION 2.11
Measuring the pH of substances

INVESTIGATION 2.12
How does dry ice affect pH?

IS 3: Evidence of Common
Ancestry and Diversity

INVESTIGATION 3.1
Using stream trays to model
erosion

INVESTIGATION 3.2
Surface area and limestone
dissolution

INVESTIGATION 3.3
Investigation coastal erosion

INVESTIGATION 3.4
Investigation coastal defenses

INVESTIGATION 3.5
Phenotypic variation in your class

INVESTIGATION 3.6
Modeling selection with M&Ms®

INVESTIGATION 3.7
Modeling antibiotic resistance

INVESTIGATION 3.8
Making square world

INVESTIGATION 3.9
Modeling continental drift

IS 4: Inheritance of traits

INVESTIGATION 4.1
Making a DNA model

INVESTIGATION 4.2
Modeling meiosis using popsicle
sticks

INVESTIGATION 4.3
Achoo syndrome

IS 5: Structure, Function,
and Growth

INVESTIGATION 5.1
Forearm movements

INVESTIGATION 5.2a-5.2b
Gas exchange system model

INVESTIGATION 5.3
Protein denaturation

INVESTIGATION 5.4
Modeling protein structure

INVESTIGATION 5.5
Effect of temperature on enzyme
activity

INVESTIGATION 5.6
Modeling meiosis

INVESTIGATION 5.7a
Changes in heart and breathing
rates

INVESTIGATION 5.7b
Evaluating the effect of exercise
on heart rate

INVESTIGATION 5.8
Modeling the effect of insulation

INVESTIGATION 5.9
Body shape and temperature gain/
loss

IS 6: Ecosystem Stability
and the Response to
Climate Change

INVESTIGATION 6.1
Factors influencing atmospheric
temperature

INVESTIGATION 6.2
Albedo and ice sheet melting

INVESTIGATION 6.3
Effect of temperature on Vibrio
doubling time



Summary of BIOZONE's 3D Approach By Chapter

Science and Engineering Practices (SEPs), Crosscutting Concepts (CCCs), Disciplinary Core ideas (DCls), and Performance
Expectations (PEs) for Instructional Segments 1-6 of the CA NGSS (Three Course Model) are summarized below. A concluding
basic skills chapter, which covers some of the background for Science and Engineering Practices, is also included. Performance
Expectations (PEs) are met within activities and/or the summing up activities concluding each Instructional Segment.
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93
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Activity

Hub

IS1: Ecosystem Interactions and Energy

An Endless Swarm

The Earth’s Systems

Abiotic Factors Influence Distribution
The Ecological Niche

Populations Have Varied Distributions

Population Growth

Modeling Population Growth

The Carrying Capacity of an Ecosystem
Species Interactions Can Regulate Populations
Predation Can Control Some Populations
Organisms Compete for Limited Resources
Human Activity Alters Populations

Producers, Consumers, and Food Webs

Energy in Ecosystems

Nutrient Cycles

Humans Intervene in Nutrient Cycles
Group Behavior Improves Survival
Individuals in Groups Often Cooperate
An Endless Swarm Revisited

Summing Up

Activity

I1S2: History of the Earth’s Atmosphere: Photosynthesis and Respiration

One of These Worlds is Not Like the Others
Energy in the Cell
Photosynthesis

Cellular Respiration

Modeling Photosynthesis and Cellular
Respiration

Putting Biological Processes To Work

How Old is the Earth?
The Coevolution of Earth’s Systems

Carbon Cycling

Modeling the Carbon Cycle

How Carbon Dioxide Affects the Oceans

Fossil Fuels and the Environment
Revisiting Model Worlds
Summing Up
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SEP

SEP

2,3,6
3,6

2,3,6

3,6

2,6

2,6,7

DCI

LS2.A
LS2.A
LS2.A
LS2.A
LS2.A

LS2.A
LS2.A
LS2.A
LS2.A
LS2.A
LS2.C
LS2.B
LS2.B

LS2.B
LS2.C
LS2.D
LS2.D

LS2.A,
LS2.B,
LS2.D

DCI

LS1.C
LS1.C

LS1.C
LS2.B

LS1.C,
LS2.B

LS2.B
ETS1.B

ESS1.C
ESS2.E

LS2.B,
ESS2.D

LS2.B
ESS2.D

LS2.A,
LS2.B

LS1.C
LS2.B

LS1.C,
LS2.B

ESS1.C,
ESS2.D.

ESS2.E

CCC

3,5
4,5
4,5

2,3,5

CCC

3,4
5
5
5

57
4,7

2,4,5

2,4,5

&, 7
3,4

PE

HS-LS2-1, HS-LS2-2

HS-LS2-2
HS-LS2-1
HS-LS2-2
HS-LS2-2, HS-LS2-4
HS-LS2-2

HS-LS2-4

HS-LS2-4
HS-LS2-2
HS-LS2-8
HS-LS2-8

HS-LS2-2, HS-LS2-4,
HS-LS2-8

PE

HS-LS1-5, HS-LS1-6
HS-LS1-7, HS-L.S2-3

HS-LS1-5, HS-LS1-6,
HS-LS1-7

HS-LS2-3

HS-ESS1-6
HS-ESS2-7

HS-ESS2-6

HS-ESS2-6

Assessed in I1IS6

HS-LS1-6

HS-LS1-5, HS-LS1-6,
HS-LS1-7, HS-LS2-3,
HS-ESS1-6,
HS-ESS2-6, HS-ESS2-7
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139

141
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144

158
166
168

178
185
188
192

202
209
203
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217
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245
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265
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272
268
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42
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Activity

The Rise of the Tyrants

What are Fossils and How Do They
Form?

Erosion Shapes the Landscape

Evidence for Evolution
All Life is Related
Natural Selection

Speciation

The Extinction of Species
SNAPSHOT: Antibiotic Resistance
SNAPSHOT: Human Evolution
EXPLORE: Climate change

EXPLORE: Physical changes in
human evolution

EXPLORE: Molecular evidence of
human evolution

EXPLORE: Human cultural evolution

EXPLAIN: Where did we come from?
Continental Drift

The Rise of the Tyrants Revisited
Summing Up

Activity
IS4: Inheritance of Traits

Pale and Interesting

Experiments Showed DNA Carries the

Code
Modeling the Structure of DNA

Genome Studies
Modern Genetics

Variation

Sexual Reproduction Produces
Genetic Variation

Mutation Produces Variation

Mendelian Genetics

Pedigree Analysis
Environment Influences Phenotype

Natural Selection Acts on Phenotype

Pale and Interesting Revisited

Summing Up

Hub

v
v
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Hub

N

SEP

4
1,2,3,
4,6
7,8
7,8
2938}

6,7,8

SEP

1,8

2,3

1,7

4,7

DCI

IS3: Evidence of Common Ancestry and Diversity

LS4.A

ESS2.C
ETS1.B

LS4.A
LS4.A

LS4.B,
LS4.C

LS4.C
LS4.C
LS4.C
LS4.C

ESS2.E,

ESS3.D

LS1.A,
LS4.A,
ESS1.C

LS4.A

LS2.D

ESS2.B

LS4.A,
LS4.C,
ESS1.C,

ESS3.A,

ESS3.B

DCI

LS1.A,
LS3.A

LS1.A,
LS3.A

LS3.A,
LS3.B

LS3.A.
ETS1.B

LS3.B
LS3.B

LS3.B
LS3.B

LS3.B
LS3.B

LS4.B,
LS4.C

LS3.B,
LS4.B,
LS4.C

ccC

2,6,7

2,3,7

ccC

1,2

1,2

PE

HS-ESS2-5, HS-ETS1-3

HS-LS4-1

HS-LS4-2, HS-LS4-3, HS-LS4-4

HS-LS4-5
HS-LS4-5
HS-LS4-5

HS-LS4-5

HS-LS4-1, HS-LS4-4, HS-LS4-5,
HS-ESS3-1,

PE

HS-LS3-1

HS-LS3-1

HS-LS3-3

HS-LS3-1

HS-LS4-2, HS-LS4-3

HS-LS3-2, HS-LS4-3,



Page Activity Hub SEP PE

278 IS5: Structure, Function, and Growth

280 62 A Cancerous Creep v

281 63 Cells and Life v 2,6

287 64 Cells, Tissues, and Organs v 2,6 HS-LS1-2, HS-LS1-4
294 65 Interacting Systems v 2,3

299 66 How Cells Make Proteins v 2,3,6

305 67 The Functions of Proteins v 2,6

310 68 Proteins Do Work in Cells 4 2,3,6

315 69 How Do We Know What Proteins Do? v 4,6

321 70 DNA Replication v 2,4

326 71 Growth and Repair of Cells v 2,4 HS-LS1-4

328 72 The Cell Cycle v 2,4

334 73 Keeping in Balance v 1,2, HS-LS1-3

3,6

347 74 Disease Affects Interactions 4 2,8

350 75 A Cancerous Creep Revisited v

351 76 Summing Up v 2,6 HS-LS1-1, HS-LS1-2, HS-LS1-4
Page Activity Hub SEP PE

355 IS6: Ecosystem Stability and Response to Climate Change

356 77 Weather Whiplash v

357 78 Ecosystem Dynamics v 2,7 HS-ESS4-5

363 79 Climate Change v 2,3,

4,5

370 80 Feedback Systems v 2,3

374 81 Models of Climate Change v 4,7

382 82 Solutions for Climate Change v 6 HS-LS2-7, HS-ESS3-4
385 83 Human Impact on Ecosystems v 3,5,6 HS-ESS3-6, HS-ETS1-3
381 84 Weather Whiplash Revisited

382 85 Summing Up v 4,7 HS-LS2-6, HS-ESS3-5
Page Activity Hub SEP PE
399 SEPs: Basic Skills for Students in Life Science

400 86 How Do We Do Science? v 1,6,7,8 NA

401 87 Systems and System Models v 2 NA

402 88 Observations, Hypotheses, and Assumptions v 1 NA

403 89 Accuracy and Precision 3 NA

404 90 Working With Numbers 5 NA

405 91 Tallies, Percentages, and Rates 5 NA

406 92 Fractions and Ratios 5 NA

407 93 Dealing with Large Numbers v 5 NA

408 94 Apparatus and Measurement & NA

409 95 Describing Data v NA

411 96 Variables and Controls 3 NA

412 97 Drawing Graphs v 4,5 NA

414 98 Interpreting Line Graphs 4,5 NA

415 99 Mean, Median, and Mode v 4,5 NA

416 100 Can You Trust Your Data? v 4,5 NA

418 101 Detecting Bias in Samples v 4,5 NA



Identifying CA CCSS Connections

The activities in The Living Earth provide many
opportunities to address the California Common
Core State Standards (CA CCSS) for numeracy,
literacy, and English language development
(ELD). The incorporation of these standards
allows students to practice and develop these key
skills while exploring science.

Activities incorporating the CA CCSS Math
Connections, ELA/ literacy, and ELD Connections
specified in the California Science Framework
are identified by codes (right) in the Teacher's
Edition and Teacher's Digital Edition.

Note that this coding is a tool for the teacher and
is not present in the Student Edition.

» A red calculator indicates a math connection.

» A blue pencil indicates an ELA/literacy or ELD
connection.

A list of the specific Math Connections, ELA/
Literacy Connections and ELD Standards
addressed in the CA NGSS framework can be
found in the tables at the bottom of this page and
on the following page.

BIOZONE recognizes that CA ELD Standards are
not to be used in isolation, and are intended to

be implemented in conjunction with ELA/Literacy
and other academic content standards. You will
see them appearing along with the relevant ELA/
literacy connection in the following tables.

IS1: Ecosystem Interactions and Energy

:3:::{)'2:_ Activity

3 Abiotic Factors Influence Distribution

6 Population Growth

8 The Carrying Capacity of an Ecosystem

9 Species Interactions Can Regulate
Populations

10 Predation Can Control Some Populations

11 Organisms Compete for Limited
Resources

16 Humans Intervene in Nutrient Cycles

17 Group Behavior Improves Survival

18 Individuals in Groups Often Cooperate

20 Summing Up

IS2: History of the Earth’s Atmosphere: Photosynthesis and Respiration

<y Activity
23 Photosynthesis
24 Cellular Respiration
27 How Old is the Earth?
28 The Coevolution of Earth's Systems
30 Modeling the Carbon Cycle
32 Fossil Fuels and the Environment

34 Summing Up

Ecologists often study
interaction between a §
affects the wider ecosy

A census of a deer poj
population of 2000 anil
of deer) were brought {
The numbers of deer 2
The results of these pc

[x[] 7.)(a) Plot aline graph
S| of deer and anotl

different symbols

248 \Weather Whiplash

ANCHORING PHENOMENON:

What causes extreme weather events?

The sudden swing in weather conditions from one extreme

to the another is called weather whiplash. California's climate

naturally

oricall
are

Hypothetical AR(S(;mfloodrArn; A

Activities incorporating a

specified CA CCSS Math

Connection are identified on
the activity page by a red

& calculator symbol.
event is of
“the other|

Some researchers predict weather extremes like the one
causing The Great Flood will become more common in
California as the influences of global warming are felt.

California has experienced many droughts, including one that
lasted from 2012-2017. This period was the driest on record
since monitoring was started. This drought was followed by the
wettest winter ever recorded in Northern California. The rainfall
was greater than the conditions that caused The Great Flood
of 1862. Water reservoirs were replenished, but the flooding
caused widespread damage. The Fresno River is normally dry
at the construction site of the Fresno River Viaduct, but was
filled with water during the 2017 flood. The images on the right
show this

1. Would you consider the events described for California (2012-
2017) as a weather whiplash? Explain why or why not:

‘Fresno River Viaduct 2016

IBX) () Suggestapossit

(d) In the space belc

i small 9

frequency? If 50, X

ocef
Blain the chas

Activities incorporating
a specified CA

CCSS ELA/Literacy
Connections and ELD
standards are identified
on the activity page by a
blue pencil symbol.
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g Prohibited

CA CCSS Math
connection

N-Q.1, S-IC.6, MP.4

N-Q.1, MP.4
N-Q.1, MP.4

N-Q.1, S-IC.6, MP.4
S-IC.6

S-IC.6
S-IC.6
N-Q.1, S-IC.6, MP.4
S-IC.6

CA CCSS Math
connection

N-Q.1, MP.4
N-Q.1, MP.4
N-Q.1, MP.4

N-Q.1, MP.4

N-Q.1, MP.4
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Photocopying Prohitited

CA CCSS ELA/Literacy & ELD
connection

RST.11-12.1, 8, WHST.9-12.2
ELD.P1.11-121, 5, 6, 9, 10, 11

RST.11-12.7, WHST.9-12.2
ELD.P1.11-121, 5,9, 10

CA CCSS ELA/Literacy & ELD
connection

WHST.11-12.2, 9,
ELD.P1.11-12.1, 5, 11

ELD.P1.11-12.1, 5



IS3: Evidence of Common Ancestry and Diversity

Activity - CA CCSS Math CA CCSS ELA/Literacy & ELD
Activity . .

number connection connection
36 What Are Fossils and How Do They Form? SL.11-12.4, ELD.P1.11-12.1, 5
37 Erosion Shapes the Landscape MP.4 RST.11-12.1, WHST.9-12.7, 9

ELD.P1.11-12.1, 6
38 Evidence for Evolution SL.11-12.4, RST.11-12.1,
WHST.9-12.7, 9, ELD.P1.11-12.1, 5, 11
40 Natural Selection MP.4 ELD.P1.11-121, 5
44 SNAPSHOT: Human Evolution SL.11-12.4, WHST.9-12.7, 9
ELD.P1.11-12.1, 5, 11

47 Summing Up MP.4

IS4: Inheritance of Traits

Activity - CA CCSS Math CA CCSS ELA/Literacy & ELD
Activity . .
number connection connection
49 Experiments Showed DNA Carries the RST.11-12.9, WHST.9-12.2, 7, 9
Code ELD.P1.11-12.1, 5, 6, 11
52 Modern Genetics RST.11-12.9, WHST.9-12.7
ELD.P1.11-121, 5,9
53 Variation MP.4
58 Environment Influences Phenotype MP.4 ELD.P1.11-121, 5
59 Natural Selection Acts on Phenotype MP.4

IS5: Structure, Function, and Growth

Activity Activity CA CCSS _Math CA CCSS ELA/Lit.eracy & ELD
number connection connection
62 A Cancerous Creep WHST.9-12.7, ELD.P1.11-12.1, 5
67 The Functions of Proteins WHST.9-12.7, 9
70 DNA Replication ELD.P1.11-12.1, 5
71 Growth and Repair of Cells MP.4
73 Keeping in Balance S-ID.2, MP.4 ELD.P1.11-12.10
74 Disease Affects Interactions WHST.9-12.7, ELD.P1.11-12.1, 5
75 A Cancerous Creep Revisited ELD.P1.11-12.10

IS6: Ecosystem Stability and Response to Climate Change

Activity L CA CCSS Math CA CCSS ELA/Literacy & ELD
number L connection connection
77 Weather Whiplash WHST.9-12.7, ELD.P1.11-12.10
78 Ecosystem Dynamics WHST.9-12.7, ELD.P1.11-12.10
79 Climate Change S-IC.6
80 Feedback Systems N-Q1, S-IC.6, MP.4
81 Models of Climate Change S-IC.6
82 Solutions to Climate Change WHST.9-12.7,
ELD.P1.11-12.1, 5, 10, 11
83 Human Impact on Ecosystems N-Q.1, S-IC.6, MP.4 ELD.P1.11-12.1, 5, 10
85 Summing Up S-IC.6
SEPs: Basic Skills for Students in Life Science
Activity . CA CCSS Math CA CCSS ELA/Literacy & ELD
number LIS connection connection
86 How Do We Do Science? SL.911-12.1, ELD.P1.11-12.1, 5,
93 Dealing with Large Numbers N-Q.1, MP.4
95 Describing Data S-ID.2
97 Drawing Graphs N-Q.1, MP.4
98 Interpreting Line Graphs S-ID.7
99 Mean, Median, and Mode S-ID.2
100 Can You Trust Your Data? MP.4

101 Detecting Bias in Samples S-ID.3



Identifying Learning Intentions and Goals

In developing The Living Earth, we have embraced the three dimensions of the CA NGSS framework, emphasizing
the application of concepts and skills to the understanding of phenomena. The activities in The Living Earth have been
specifically designed to address the disciplinary core ideas, science and engineering practices, and crosscutting
concepts in a way that helps students to meet specific performance expectations.

All three dimensions of the standards are identified and color coded in the chapter introduction text in both the Teacher's
Edition and Teacher's Digital Edition (below). The performance expectations and California Environmental Principles and
Concepts are also identified. Note that this coding is a tool for the teacher and is not present in the Student Edition.

This identifies

the Instructional
Segment to which
this chapter applies.

The relevant
disciplinary core are
indicated in orange.

The relevant crosscutting
concepts are indicated
in green.

The relevant science and
engineering practices are
indicated in blue.

©2020 BIOZONE International

Richard Ling cc2.5,3.0

Instructional
Segment 1

Ecosystem Interactions

and Energy

N

Activity
number

119

Anchoring Phenomenon
An endless swarm: The high density and swarming of migratory locusts.

What factors affect the size of populations within an ecosystem?

Identify the various abiotic and biotic components of ecosysten
data [SEP-4] [SEP-5] to describe how these different compone

[CCC-2] [LS2.A]. Guiding questions

These are the guiding
questions outlined for The
Living Earth program.

In what way is the Earth a system of systems? Describe the ge
materials and processes (atmosphere, hydrosphere, biosphere
each of which is shaped by its own processes and interactions
[CCC-4]. Develop a model to show how the spheres interact [S}

Mo

@

-3

5

e-poptitatio® [ S2.A? Describe different patterns of p
explain the role of carrying capacity in limiting population growth. Use mathematical and
computational thinking [SEP-5] and modeling [SEP-2] to predict the effect of chosen
interdependent factors on the size of a population over time [HS-LS2-1].

Conduct investigations [SEP-3] to test how different parameters change population

size [CCC-7]. Analyze your findings [SEP-4] and describe the population changes
mathematically [SEP-5]. Use mathematical models [SEP-2] to support and revise
evidence-based explanations [SEP-6] about factors affecting populations and diversity in

@

ecosystems of different scales /L.52.A] [CCC-3]. How well does
one scale relate to a model at another scale? [HS-LS2-2]

The activity in the book
related to these questions
or statements. Some
activities contribute

to meeting the NGSS
performance expectations.

Categorize factors influencing population growth as density dej
independent (DI) and describe how they are different [LS2.A] [
interpret data to explain how DD and DI factors affect the flow

/CCC-5] and that this is how they affect population size [SEP-3

Describe the ways organisms obtain and store energy. Explain
is transferred in ecosystems through food chains and food web
conceptual model of an energy pyramid [SEP-2] and calculate

explain the energy available at each successive trophic level in‘arrecosystermrroooor:

Use a simulation to investigate [SEP-3] energy or biomass transfers [L.52.8] [CCC-5]in 14
an ecosystem and explain these using ecological pyramids [HS-LS2-4].

L it

10 14

©

The relevant performance
expectation is indicated
in red

P ells [SEP-2] of predator-prey population cycles to support claims about
the relative amounts of energy at different trophic levels [HS-LS2-4].

Explain how nutrients (matter) cycle within and between ecosystems including between
abiotic and biotic components [L.52.5]. Use mathematical representations to show

that matter and energy are conserved as matter cycles and energy flows through
ecosystems [SEP-5] [CCC-5] [HS-LS2-4].

1520 )

A red number indicates the
summative assessment

for this chapter, where

an NGSS performance
expectation is addressed.

How do populations behave as a system with many interacting
4]. Evaluate the evidence for the role of group behavior in the s
success of individuals and populations [SEP-7] [LS2.D] [CCC-

What are common threats to remaining natu
and biodiversity? How can these threats be

Explain how humans, by altering the availability of resources and changing the 12
landscape (including through climate change), might cause density dependent and

density independent changes to ecosystems [SEP-6] [LS2.C]. Describe how these

changes might affect the size and diversity of populations [CCC-2] [CCC-5].

Obtain information through research or investigation [SEP-3] to summarize the various 16
positive and negative ways in which humans influence ecosystem resources and disrupt

the usual nutrient cycles [SEP-8] [LS2.C] [CCC-5] [EP&Cs: I, 1V/]. Use mathematical

representations [SEP-5]to explain how humans affect populati®ks and diversity in
ecosystems of different scales [CCC-3] [HS-LS2-2].

/

California Environmental
Principles and Concepts
are indicated in orange.



Using the Contents: Planning and Pacing

The contents pages are not merely a list of the activities in the student edition. Encourage your students to use them as a
planning tool for their program of work. Students can identify the activities they are to complete and then tick them off when
completed. The teacher can also see at a glance how quickly the student is progressing through the assigned material.
Teacher's can use the extended version of the content to create a pacing guide.

Contents

Using This Book
Using BIOZONE'S Resource Hub

IS4 Inheritance of Traits

1S3 Evider!ce qf Comm .
andbiversity Student QUESHIONS  .......couveeveeeeeiiieieieeeeeeaenn, 217

The Living Earth: A Flow of Ideas e | K
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What about a pacing guide?

The 9-12 Ca-NGSS framework is fluid in terms of the grade in which each program is offered, so in many respects
defies a rigid pacing guide. Many schools/districts adopt an integrated life science-chemistry-physics but a physics-
chemistry-life science approach is gaining popularity. These different grade levels accord with vastly different student
competencies and prior experience. Within grade, other variables contribute to changes in pacing:

* There are opportunities for students to spend longer on some activities (e.g. in improving or refining their design
solutions or in exploring simulations beyond the minimum). These elaborations will demand more time.

 For computer modeling activities, completed models are available on BIOZONE's Resource Hub and the
Teacher's Digital Edition, so students can save time by exploring the model, but not building it themselves.

* The time allocated for investigations will depend on (1) how you choose to organize the class (which may be
determined by available resources) and (2) how far students take the investigation. Adjust your lesson plan to
incorporate more or less material as needed. You may have investigations you already like to use, so you could
choose to leave out equivalent investigations in the book.

* The pace may quicken as students complete more of the book. Later chapters draw on knowledge and
understanding of previous chapters, as well as exploring new concepts. Students gain increasing levels of
competence and learn valuable skills that enable them to arrive at solutions more quickly. This isn't the rule, but an
observation based on the structure of the framework. For help, see "Suggested strategies for pacing" (page CG6).

©2020 BIOZONE International



Scaffolded Learning with the 5Es

In developing The Living Earth we have utilized the 5Es
instructional model as a basis for developing materials to
address all three dimensions of the CA NGSS framework:
disciplinary core ideas, science and engineering
practices, and crosscutting concepts. By successfully
completing the activities, students can demonstrate
competence in all three dimensions. This is central to
meeting the performance expectations for The Living

Earth with confidence.

BIOZONE's series for CA-NGSS is
phenomenon-based. Students engage with
phenomena through their own investigations
and observations, through modeling and
data analysis, and through collaborative
work and discussion.

Using phenomena to drive inquiry promotes
discussion and the sharing of ideas. The
iterative approach presents opportunities to
look at phenomena from several different
perspectives. This allows students of

all abilities to widen their thinking and
understanding, increasing understanding
each time the phenomenon is revisited.

Each IS begins with an anchoring
phenomenon (right). In each instance,

we have chosen a phenomenon that the
student is probably familiar with, but which
they cannot explain (or cannot explain fully).
Teachers can use this activity to find out
what the students already know (or think
they know) before delving into the content
more fully.

The subsequent activities in a chapter

take the students, step by step, through
phenomena that explore the ideas inherent
in the anchoring phenomenon. By the time
students revisit the anchoring phenomenon,
they should be able to fully explain it.

©2020 BIOZONE International

An Endless Swarm

ANCHORING PHENOMENON: The high density and swarming of migratory locusts

A swarm of locusts is one of nature's most incredible animal events. So astonishing and destructive are these swarms
they are recorded in many historical accounts, including those of Greek and Roman historians. Plagues of desert
locusts have been particularly phic in North Africa, where they are associated with famine.

Under certain environmental conditions, particular species of normally solitary shorthorned grasshoppers may form
vast swarms (dense aggregations) that migrate across the country eating everything in their path. Swarms have been
known to contain billions of locusts (the swarming form of grasshoppers) and last multiple generations and many
years. As at February 2020, Africa's largest locust outbreak in decades has created food emergencies in Ethiopia,
‘Somalia, Kenya, with neighboring countries also threatened.

Locusts are the swarming form of
certain grasshopper species.

E An Endless Swarm Revisited

1. Ide The anchori Sazthis chan ths hah: Elociiate Moihat ok

CG15

The Five Es
Engage: make connections between past and
present learning experiences.
Explore: become actively involved in the activity.
Explain: communicate the learning experience.
Elaborate: expand on the concepts learned.
Evaluate: assess understanding of the concepts. BIOZONE encoura_ges "_"e development of the
NGSS learner profile using the 5 Es model

this

chapter you shol

® +@oeseverf  Each IS begins with an anchoring

grassland

282 O | phenomenon (e.g. An Endless
@ ——1 Swarm). By the time the students
have worked through the activities
in the chapter they should be able to
® ~ | fully explain it when it is revisited at

—| the end of the chapter.

(b) What effect

within the

~

(a) How does the movement of a locust swarm benefit the locust population?

(b) Use the concept of carrying capacity to explain why the incredibly large numbers of locusts contained within a swarm

cannot be sustained indefinitely by the environment:

©

insects are competing for:

. (a) Swarming increases the level of intraspecific competition in the locust population. Describe the resources that the

(b) Do you think a locust swarm increases the level of interspecific competition in an ecosystem? Explain your answer:

©2020 BIOZONE International
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The content of the The Living Earth is organized into 7 chapters, corresponding to the six Instructional Segments (IS)

and one chapter addressing basic skills for students studying life sciences. Each Instructional Segment begins with an
introduction outlining key questions and is immediately followed by the Anchoring Phenomenon. Engaging activities make
up the bulk of each chapter, with each activity focusing on the student investigating and developing understanding of
phenomena, applying that understanding to new scenarios, and/or developing a skill or essential science practice, such as
graphing, data analysis, modeling, or evidence-based explanation.

Annotated diagrams and photographs are a major part of most activities and the student's understanding of the information
is evaluated through questions and/or tasks involving investigation, and data handling and analysis. Tabs at the bottom of the
page identify crosscutting concepts, science and engineering practices, and disciplinary core ideas as appropriate. Hub tabs
at the bottom of the page indicate if the activity is supported via BIOZONE's Resource Hub, which provides online teacher
and student support for specific aspects of the activity. A hub icon in the margin indicates the specific part(s) of the activity
supported with a hub resource.

Each activity is a sequence of related ideas, ENGAGE with phenomena
which build on each other to develop a student's Each activity begins with a task to engage
understanding of the phenomenon being studied. student thinking, asking them to review their

l current understanding of a phenomenon,
! Abiotic Factors Influence

or providing an interesting (if not yet fully
explained) piece of information and setting
ENGAGE: Distribution of the common sea star
\529 common sea star is a marine invertebrate (an animal without

the scene for the content to follow. Prior
ENGAGE material.
backbone). It is found throughout the Atlantic at a wide range of

knowledge can also be assessed using the
pths between 0-400 m where it experiences large variations in

Related content is identified
through the tab system. This
activity also has supporting
resources on BIOZONE's
Resource Hub assigned to it.

Annotated diagrams, photographs, and
graphs explain the content of the page,
providing the information necessary to
complete the activity.

Sea star choice chamber. Each compartment
contains water of a different salinity.

Salinity | Frequency Reeo HeLP? ‘ Students can refer to the help activity
TS ves N identified if they need assistance with a
Sea | Sea task (in this case, plotting the data).

15.0 0 0

17.5 3 0

20.0 12 12

225 36 75

25.0 42 34

275 31 6.2

30.0 18 30.2

zzi i j:f Students are given enough information to
75 0 | 296 complete the activity's tasks. To progress
400 o | ™ through the activity they will often need to
s | 0] % apply knowledge and skills gained earlier.
1. (a) Plot the t ts of data fi the table ab th id ided. . .

oo e s € R T e EE s en e e Answers to questions are not always directly

(b) What do the plots show?

available on the page so students should
not expect to search the text for direct
answers. In most cases, they must formulate
their responses from the information/data
provided or their own investigations.

(c) What was the preferred salinity for each of the sea star populations?

(d) What do these results suggest about the salinity of the two areas of collection?

(e) Describe the abiotic conditions the common sea star as a species can tolerate:

©2020 BIOZONE International CE LS2.A
ISBN: 978-1-98-856628-3 @
Photocopying Prohibited
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EXPLORE

After engaging with the opening information, students
explore some aspect of the phenomenon more widely.
In this case, students explore the abiotic factors of an
estuary and are asked to suggest how these factors
affect the inhabitants. Exploration often involves
making a model or performing a simple experiment.

EXPLAIN

Once they have explored some basic concepts, students are given
new information or data to analyze. They must explain any patterns

they see in the data. Here students must analyze physical data
over the course of a year and use it to predict how well estuarine

inhabitants might tolerate the changes in the environment based on

biological information.

Water temperature and dissolved oxygen, South Marsh, Elkhorn Slough, 2016 - 2017

©

rk the tolerance range (the range for an abiotic factor outside of which no indiiduals can survive):

Bfsed on the White Sea sea star population, draw a general diagram (model) to show how the numbers of individuals in
alpopulation change over an abiotic gradient, Label it to show the optimal (preferred), marginal, and unavailable habitat,

EXPLAIN: How do abiotic factors affect organisms?

EXPLORE: Estuarine habitats

An estuary is a semi-enclosed coastal body of water, which has a free connection with the ocean and where marine

and freshwater environments meet and mix. Estuarine water is brackish (it has more salt than fresh water but not
as much as seawater) but salinity varies with tidal flows. Estuaries provide habitat for young fish and migratory bird
populations. They are dynamic environments, meaning the abiotic conditions vary widely as the tide rises o falls to
cover or expose tidal flats. Important abiotic factors include pH, salinity, temperature, and dissolved oxygen.

The estuarine habitat of the striped shore crab

The striped shore crab, right, is a widespread species along the west

coast of North America. lts range extends high into the intertidal zone

where it is exposed to i for about half of each day. It ives in hard
and rocky substrates where it can easily burrow or hide. It cannot

live in soft sand as its gills would clog up and it could suffocate. It

wil forage in and out of the water, feeding mosty at night on algae,

limpets, and smaller crabs.

3. (a) Thinking about estuarine environments (above), what are some of
the challenges faced by the striped shore crab living there?

(b) Suggest what physiological, structural, or behavioral features might be important to the striped shore crab's survival?

2oNE e

22020 i
Fraccapyig onies.

ELABORATE

Students apply their understanding to a new situation.

Given the physical environment of Elkhorn Slough,

could (and should) a new fishery be developed there by
introducing a new species? Students will need to come

up with

H

reasoned arguments.

ELABORATE Alien invaders and a system out of balance

1 > The alewife is a migratory species of heriing found along the Atlantic
L' Coast of North America. Like salmon, the adults move from the sea
into freshwater streams to breed. Alewife have gained access to
the four upper Great Lakes using the Weland Canal to bypass the.
natural bartier of the Niagara Falls (top photo).
In the Great Lakes they are a nuisance species and have displaced
many of the native Great Lakes fish speces. Alewite in Lakes Huron
and Michigan became so abundant in the 19605 that they made
up most of the lakes’ biomass. During these periods of very high
abundance, unexplained massive alewife die-offs occurred, polluting
shorelines and causing a public nuisance. The obvious native
predator, the lake trout, had already deciined as a result of another
alien, the sea lamprey (seen left, feeding on  lake trout). Salmon
were then introduced to control alewife instead.
> in  an important salmon fishery
around alewife as a forage fish. Now, the alewife population s in
decline, but the native forage fish species that the alewife displaced
may not be able to recover.
> Adult alewife (image left) and their juvenies need a dissolved oxygen
(D) level 3.6 mg/L. The eggs and larvae need a DO >5 mg/L.
bait and forage fish,
o ol e ke ke the s ke 1007,
fully introduced
{o'he Secramanto Fver 1871 and o forme an important
recreational fishery.

7. Based on information provided, the physical data for South Marsh on the opposite page, ard the resources available
through BIOZONE's Resource Hub, decide whether an alewife fishery is possible or desirable in Elkhorn Slough. As
Jue a case either for or against it introduction to this region. What features of Calfornia's waterways could
influence the success and risk of an introduction? What similariies are ihetetothe Grest Lakes soanaro? What species
woul isplace? Summarize.

» Elkhor Slough National Estuarine Research Reserve (above) is a
large (688 ha) tidal salt marsh and estuary located half way between
‘Santa Gruz and Monterey. The estuary extends 11 km inland from
the coast and provides habitat for over 700 species including plants,
invertebrates, birds, marine mammals, and fish.

The reserve is made up of several different areas, including South
Marsh. Habitats range from cak woodlands and coastal chaparral to
marshes and wetlands.

fo (1)
Wetlands like the Elkhorn Slough

provide essential services to humans
and the environment.

» The prysical and biatic
envircnment of the weland acls
reserve is owned and managed by the Calfornia Department of ) o Metfor e el

Fish and Wildifle. Along with researchers from the National Oceanic
and Atmospheric Administration (NOAA), they mornitor the health of the » T8 hgh productivity of wetiands
reserve and carry out research in on-site field laboratories. oo [ G oo s
‘Some of the research involves monitoring abiotic factors and the effect bl et
of their changes on the plants and animals within the reserve. Ay
» Environmental tolerance factors for two organisms found at South warming.

Marsh are shown below. Chinook salmon is a migratory fish species,

which moves into coastal sireams to spawn. The Olympia oyster isé b

> Nonlorig proecied cosetal ares

ad

Water temperature

Ls
Sep'17 Jan"1e

2017

Sep'17. Jane

al conditions. Use evidence from
Sur answer.

resident fiter-feeding bivalve mollusk (shellfish). e s
Selected physical data for South Marsh over two years (2016-2617) is and wildife.
presented on the next page.

California Environmental
Principles and Concepts
related to the concept being
studied are identified in the
relevant pages.
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between the two?

horn Slough?

Pt and the species that ive there?
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Instruct] e
Ecosys =

1 y A red flag beside a section

- ma| OF question indicates that

. 25 students may need some extra
& guidance from the teacher.

.=l These are also identified in the [
i extended contents (CG3-CG6). |
e — e e

EXPLORE: Population distrbuto

6 Population Growth
ENGAGE: Populsiens eggaefeesa i unber EXPLAIN: Exponential growth Gannot usually be sustained
at dgjoefnos popuiaton grovth?
ExpL plt o bacaial rowth,h charge i popultn rumbers aver ime can o rpresniod .8
B s o e “\yfPoputon rowih v, On  inear scale, which s density-i haped
A, e cure (ko Wi some poplaione ey ks ik s WP o oW el st ¥ e
. EXPLAIN:Exponenial growih cannot usualy bs sus|
EXPLORE: . ol
CLACEl e st e et e e e e AL
il {romt. v Wart o seroar popaos o e zes,
ELABORATE dean, per capita porndvida) i
7 Modeling Population Growth
ELABORATE o priey hesons oan bo oot b Cocitons (o il Baronta 1 ol s clodrs 18 s onhe ki f .
oot hive using a simple equation (in words fo the right, below): £
8 The Carrying Capacity of an Ecosystem 300 = Birihs —Deaths - Poputation number [
ENGAGE: it baponed hon s were o H
Goronaton sland? 2
ecosystom can support? e k| Logphase—»-
EXPLORE: The densiy o a populaton can contibull Epitat o ot irke et ety
reguiaton of s size
=
popuaten size
o Spacios nterations Can Regulato Popuat o o
pociesinteracions may it or maitain WS 0 11 bocauSo osourca Ialon sows popLaion rowth
Loy Lagphase
el ——
Time ()
XL Gt s oy v 4503
Ly 13.(a) Explain why thre s alag inthe curve:
10
ENGAGE: How does the atoofprecators o prey va
prodatorfrey rlatonship?
Caso studs i pradalor-prey numbers o s poplisint
11 Organisms Compote for Limited Resources

EXPLORE: Competiion occurs both wiin and

between species.
EXPL

©
population size? in industrial microbiology to maintain the logarithmic
EXPLAIN: Why is intraspecifc compeliton more ntef ‘growth of mictoorgarisms. Usually the microorganisms
dansitios? are producing a valuable product, such as a protei.

EVALUATE

Having developed arguments for or against the
establishment of a fishery, students present their
arguments to other in the class. As a class, they
can evaluate the merit of these arguments.

“The system pictured rght is an aerobic, continuous,
stimed tank reacior, Sty the diagram and explain

mictoorganisms to mainiain exponenfial growh

EVALUATE: Communicate your findings

& Asa group, present your arguments (as outlined above to the class), e.g. as a poster or oral presentation.

2020 BIOZONE nternstons!
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CG18

Practical Investigations

Throughout The Living Earth, students are given opportunities to explore phenomena through simple experiments. These

investigative phenomena are opportunities for students to develop competency in laboratory procedures, to practice and
refine skills in observation and analysis, and to manipulate data. Some investigations act as stimulus material while others
require students to take what they have already learned and apply their knowledge to a more complex scenario.

The investigations provide an excellent opportunity for collaborative work and will stimulate discussion and the sharing of
ideas. You may wish to pair students of different abilities together. Confident students can guide and encourage less able
students and, in this relaxed environment, striving students will be encouraged to share their own observations and thoughts.
Collaboration through paired practical work provides an excellent opportunity for English language learners to interact in
meaningful ways to extend their English language and scientific vocabulary.

» Ensure your students read through the procedure
fully before beginning the investigation.

EXPLORE: Proteins fold up into a functional structure
» The amino acid sequence of a protein is only the first step in making a functional protein. A protein must fold into a

H H H functional structure in order to carry out its biological role. This is where the ‘R’ groups become important.
» Highlight any hazardous or important steps, and
g g y p . p ’ » The amino acid chain will fold up into a specific shape depending on the interactions between the different ‘R'
make sure the Students fo”ow your d|rect|ons groups (below). These interactions include hydrogen bonds, disulfide (S — S) bonds, and hydrophobic (water-hating)
: and hydrophilic (water-loving) interactions.
i H 1 H » First, the amino acid chain folds into coils (helices) and sheets to create a secondary structure. These shapes are
} A “St Of the eqUIpment and Chemlcals reqUIred created and maintained by hydrogen bonds between CO and NH groups.
for each investigation is provided in the appendix_ » More distant parts of the folded chain can then interact to create a highly organized tertiary structure. Disulfide
bridges are important in maintaining the folded tertiary structure.
} Only Standard eql_"pment |S used No SpeC|a| klts » Some functional proteins, such as haemoglobin (below) consist of two or more polypeptide chains. When multiple
: polypeptides come together, the protein has a quaternary structure. The functional structure of hemoglobin also
are reqUIred includes four iron atoms. These enable hemoglobin to bind oxygen.

¢ jb/g &é Iron atom
¥ i

Each investigation is clearly
numbered (sequentially

through the chapter).
“Cood |
Primary structure Secondary structure Tertiary structure Quaternary structure
Amino acid chain Coiled helix Folded helices Multi-unit protein
@ INVESTIGATION 5.4: Modeling protein structure See appendix for equipment list.

irs for this activity.
need pipe cleaners with four colors. We have used 2 white, 2 pink, 2 purple, and 4 blue but

EXPLORE: Breathe! swap out for the colors you have. Each color represents a different amino acid.

» You know from earlier chapters that cellular respiration requires oxygen and produces carbon dioxide. How do these loop in the center of each pipe cleaner (figure 1). The twist represents the amino acid's
gases enter and leave our bodies? al group.

» You will know that your chest rises and falls as air enters and leaves the lungs in your chest cavity. But what actions + amino acids together (figure 2) by twisting their arms together in the following sequence:
bring this about? In this simple investigation you will build and use a simple model to explore how you breathe. 2) pink 3) blue 4) purple 5) blue 6) pink 7) blue 8) white 9) blue 10) purple.

INVESTIGATION 5.2a: A model for the gas exchange system See appendix for equipment list. " Preteinloranization coes the structure ln;figire 2 rspresent?

"‘ You can work in pairs for this activity if you wish.

1. Take a 500 mL (approximately) plastic bottle and use a utility knjfe to cut the bottom off.

. Hang one of the balloons inside the neck end of the bottle and ptretch the open end of the balloon
over the neck of the bottle. It should fit tightly, but secure with a rubber band if needed.

Take care using a utility knife as they are very sharp.
Cut on a flat firm surface or cutting board. sticky tape to the loops of the purple pipe cleaners and to one arm of each of the blue pipe
i These represent places where hydrogen bonding can occur.

~

3. Cut the lower third off the second_hallnan and keen the twn-thirds with the anen end Tie a knot in
the neck of this balloon.
4. Stretch the wide opening of the H ot
hangs down. It should fit tightly Hazards (Where app“cable)
5. Pull and release the knot. What h are clearly identified on the
investigation.
What do you think happens to th t?
How does this explain what happens in the model? ©3020 BIOZONE International
ISN: 978.1-98-856628-3
PHbtocopying permitted for trial
4. (a) What does the balloon in the bottle represent?

(b) What does the cut balloon with the knot in it represent?

(c) Pulling down on the knot is like breathing in / breathing out (delete one)
(d) Releasing the knot is like breathing in / breathing out (delete one)

5. (a) How is your model like the human gas exchange system?

(b) How is it different?.

The investigations have been
s designed using everyday materials
INVESTIGATION 5.2b: Refining your model See appendix for equipment list. and equipment eas“y found in

most high school laboratories.
1. Use the equipment provided to refine your model of a human gas exchange system. Draw a pigure or . . .
take a photograph of your refined model and attach it to this page. No spe0|al kits are reqUIred.

How much better does your new model resemble the gas exchange system?

What is still missing from your model?

©2020 BIOZONE International
1SBN: 978-1-98-856628-3
Photocopying permitted for trial
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California Environmental Principles and Concepts

The California Environmental Principles and Concepts (EP&Cs) have been incorporated into The Living Earth to address

environmental literacy. This is in accordance with the requirements of the California Education and the Environment Initiative
(EEI). Within The Living Earth, the EP&Cs material provides examples and context for students to study the relationship

between humans and the natural world.

Activities containing EP&Cs are easily identified in The Living Earth.

» In the Teacher's Edition (and Teacher's Digital Edition) the EP&Cs are identified in the chapter front in orange. In the first
example below, students investigate how the by-products of human activity can affect the environment. The specific focus

is the effect of mercury on the environment /[EP&Cs: [V]. In the second example, students investigate the impact of an

invasive species (Kudzu) on an ecosystem [EF&Cs: V] and look at how the introduction of new species is managed now

to mitigate negative effects.

» Orange boxes within specific activities clearly identify where EP&Cs are covered (see below).

» The specific EP&C code (e.g. EP&C V) is identified on the page so you know exactly which principle is being covered.

EXPLORE: The changing face of California's grasslands

Human activity has reduced much of California's natural environment. For example, native grasslands (below) once

covered a quarter of the state of California, but since European settlement 8.9 million hectares of grassland has been
reduced to less than 90,000 hectares.

Many factors have contributed to the loss of native grasslands, including an increase in agriculture, the invasion of
introduced plant species, and urban development. Grasslands are among 21 of the most endangered ecosystems in

the United States. Habitat loss (e.g. through roading) reduces the resources available to native species.

Urban development has contributed to California having the highest number of federally listed threatened and
endangered species in the US. Humans will also be affected if ici of
services (benefits that humans get from the natural environment). Ecosystem services include nutrient cycling, carbon

reduces the

storage, provision of food and water, and purification of air and water.

CA EP&Cs II: The expansion
and operation of human
communities influence the

ity, and viability
of natural systems (Il c)

Natural grasslands provide

habitat to thousands of species.

» Destruction of natural
grassland puts the well-being
of native species at risk
and threatens the biological
diversity and long term

sustainability of the ecosystem.

» The health and wellbeing of
humans also depends on the
ecosystem services provided
by grasslands.

The road and grass strips
alongside it create a different
habitat to the forest they intercept.

v

v

v

v

99% dex
steppe.

Introduc
increase
99% of t
90% los:
commur

v

v

Natural grassiand a
Susana Pass State His!

v

EXPLORE: How do roads affect populations?

Increased mortality: Death rates (mortality) within anim:
when a road is built. Animals are killed or injured when tt
regular movements, use road surfaces for basking, or sc:
rates are higher when animals are highly mobile or migre

Pollution: Roads and their traffic introduce light, noise, a
to the i i 1t. Chemical can
an organism, they may disrupt metabolism, delay develo}
Changes to the noise and lighting environment associate
communication between animals (e.g. when locating a m
that depend on normal light-dark cues.

Habitat changes: Roads can create barriers, breaking u
preventing animals from carrying out their normal moven
the area they have in which to find food, water and mates
cause populations to decline. Roads change the nature ¢
often create easy routes for the invasion of weeds and pe
changes potentially affect the survival of resident populat

4. Discuss how human changes to habitat can affect the natural environment and populations th

A computer monitor indicates an activity where

a device will be needed t

o carry out part or all

of an activity. The activity may require access to
online simulations, the interactive spreadsheets
on BIOZONE's Resource Hub, or specific
external websites suggested by BIOZONE as

part of a student investig
can be used by students
and evaluate content.
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ation. Computer models
to explore, elaborate

Changes to California's
grasslands at a glance

99% decrease in native

grassland (89 mionhato |
90,000 ha).

26% of native grassland was

destroyed between 1945-1980.

90% decrease in North coastal

bunchgrass.

The specific EP&C is clearly
identified on the page. Points
relevant to the content are outlined
beneath the EP&C statement.

EXPLORE: Human activity releages mercury into the environment

Mercury (Hg) is an extremely toxic heavy metal.
It occurs naturally in the Earth's crust an|
is released into the environment by volcgnic

eruptions. Human activities add mercur\‘ l'O the

environment (right).

CA EP&Cs IV
activity are not
ural s
neutral

Anthropogenic (human-generated) activities
contribute significant levels of mercury into the

Global mercury emissions from human activity

. It has many

» Mercury compounds are toxic and
dangerous at low levels.

» Mercury passes along food chains,
becoming more concentrated at higher
trophic levels. This process is called
biomagnification.

» Mercury in California's environment is
largely a legacy of past gold mining.

» The Environmental Protection Agency

(EPA) now has regulations to reduce
mercury release into the

o
Coal and oil combustion 810
Non-ferrous metal production 310
Pig iron and steel production 43
Cement production 236
effects. Caustic soda production 163
Mercury production 50
Small-scale gold mining 400
Waste disposal 187
Coal bed fires 32
Vinyl chloride monomer production 24
Other 65
Total 2320 100

5. (a) Complete the table above by ing the p

of each

(b) Identify the three highest anthropogenic sources of mercury:

ic mercury source:

6. Research how much mercury is released by natural sources and compare it to levels released by anthropogenic sources:

The California gold rush:
A lasting legacy of mercury

The Californian gold rush in the,
large amounts of mercury into,
was because mercury was u;
the mining process. Betweel
used in the process was los}
waterways and therefore thej
have undergone environmen!

to remove mercury, but other
mercury into the environment. P
used in mining areas of the S#

A sluice (water channel) is often used to recover gold and other
minerals from stream bed mining operations.

€ EPA's National Summary of Impaired Waters and TMDL Information site (see BIOZONE's Resource Hub
link). Select California from the list and then select cause of impairment (mercury). Write down the sizes of the
dSsessed waters with mercury impairment and record them below. As individuals or as a class or group, choose one

type of waterway, e.g. rivers, and compare the extent of mercury impairment to that in other states for which there are

equivalent data. Plot your results by hand or using a spreadsheet and attach the graph to this page. How does California
compare to other states? Are the results different if you choose another type of waterway? Record your comments under
your graph.
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Engineering Design Solutions

ETS SEPs, CCCs, DCls, and performance expectations as indicated in the CA-NGSS framework are met through
appropriately integrated engineering and design challenges. Typically tasks include analyzing problems, developing solutions
using engineering, evaluating a design solution based on costs and benefits, or modeling a design solution.

The three dimensions of the NGSS framework appropriate to each design challenge are indicated in the chapter introduction
of the Teacher’s Edition (and Teacher’s Digital Edition) and indicated through the tab system on the activity itself. Such tasks
are usually examples of ‘ELABORATE’ as they involve the students applying what they learned to solve a problem. As such,
they also make good tasks for formative or summative assessment.

EVALUATE: Designing a solution to a real world problem

» Deciding on a course of action for a complex situation (such as preserving biodiversity in the face of climate
change) is not always simple. Environmental, cultural, recreational, and economic impacts must be taken into
account. This wide range of criteria must be prioritized to help create an effective solution.

» The map below shows a hypothetical coastal area of 9,300 ha (93 km?) in which two separate populations of an
endangered bird species exist within a forested area of public land. A proposal to turn part of the area into a wildlife
reserve to protect the endangered birds has been put forward by local conservation groups. The proposal would
allow a single area of up to 1,500 ha (15 km?) to be reserved exclusively for conservation efforts.

» In addition to homing the endangered birds, the area is known to have large deposits of a valuable mineral, which
could be mined. Sale of the mining rights could provide a source of funds for developments in the area. Trampers
regularly use the tramping tracks in the area and hunters also spend time in the area because part of it has an
established population of introduced game animals. Climate change models predict a sea level rise in the area. The
new coastline predicted from a moderate rise in sea level is shown in red on the map below.

14. Study the map below and draw on to the map where you would place the proposed reserve, taking into account

economic, cultural, and environmental values. There are a few lines for extra notes at the bottom of the page.
On a separate sheet, write a report justifying your decision as to where you placed the proposed reserve.

In this ETS example, students decide
where to locate a new reserve to protect

an endangered bird species. However, the
area is also rich in coal deposits. When
making their decision students must take
into consideration the needs of society

(the benefits to be gained by mining a coal
deposit), recreational value (tramping), and

Possible miner:

e deposits

Lookout/ trig station

Area popular with
hunting

Rare bird breeding ==~~~ T
population 2

Known deposits of
a valuable mineral

Rare hhﬂ breeding
population 1

Sea

Predicted sea
level rise

Predicted sea
level rise

l

changing environmental conditions (sea
level rise). Once they have decided, they

must justify their decision to convince others

the right choice has been made.

:aptured carbon dioxide might be used or stored:

sthe poteniial § - This activity not only provides
excellent practice in analyzing a
real life problem and seeing how a
technological solution can help to
solve it, but the collaborative nature
of the work is beneficial to English

language learners.

sly how many t

is CO, produce

 carbon negative Gement s carbon negative:
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Students have previously investigated climate
change and some solutions to reduce its
effects. In this ETS example, they put this
knowledge to use by designing solutions

to mitigate the effects of human-induced
climate change. The students hold a climate
summit to set targets and goals, then work
in groups to investigate a variety of solutions
to see how the goals can be achieved.
Factors they must consider include cost,
safety, and reliability, plus social, cultural and
environmental considerations.

The activity provides an excellent example
of how ETS can be linked to achieve CA
EP&Cs outcomes.

® 4
L)
=

1e 2015 figures, how much carbon would carbon negative cement absorb?.

EVALUATE: Designing and evaluating climate change solutions

Climate change is a major global challenge. The problem is complex,

with many contributing factors. It will take collaboration between many
countries, and will require many different approaches and solutions to
tackle the problem successfully.

Current greenhouse gas concentrations are about 380 parts per million
(ppm). Many suggest that as ion:
must be stabilized around 450-550 ppm to avoid the most damaging
impacts of climate change in the future. To reach the target,
greenhouse gas emissions need to be reduced by between 50% to
80% of what they are predicted to be in 2100 (IPCC).

5. Your challenge is to analyze and design a solution to tackle climate
change caused by human activity. Your class will be divided into groups.

(a) Each group will analyze how the greenhouse gases produced from
human activity contribute to global warming. Identify criteria for
measuring the scope of the problem. Once you have finished
your research, set the specific targets that you think are needed
to resolve the problem.

(b) Present your group's findings to the class. The class must then
decide together what goal and targets are required to reduce the
effects of climate change. You may find that there are a number
of different opinions expressed, and compromises may have to
be made to reach agreement among the groups.

Many factors must be taken into
consideration when trying to solve the
complex problem of climate change.

(c) Now your target is set, work in your groups and evaluate a
solution to reach the target. Your teacher will tell you whether
you are investigating the use of carbon reduction techniques,
or looking at how carbon capture and storage techniques can
be used to achieve your goal. Consider and prioritize a range of
criteria when evaluating your solution. This includes cost, safety,
reliability, and how something looks (aesthetics). You should also
take into account any social, cultural, and environmental impacts

» Human need for resources and
energy must be balanced with
environmental considerations to
mitigate climate change.

» Solutions must be prioritized against
a range of criteria including cost,
safety, reliability, aesthetics, cultural,
societal, and environmental needs.

(d) Finish with a “climate change summit". Each group should
present their findings and recommendations to the whole class.
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The Nature of Science

The Nature of Science combines established information with new knowledge to constantly refine what we know about the
natural world. Eight Nature of Science understandings are presented in the NGSS document. Four are associated most
closely with Science and Engineering Practices, and four with the Crosscutting Concepts. Because the Nature of Science
understandings have been incorporated into most activities in the The Living Earth, we have not identified them specifically on
the activity page. Some examples of activities relating to the eight Nature of Science understandings are illustrated below. The
subheading to which they relate is also given.

Nature of science understandings most closely associated with science and engineering practices

E Modeling the Structure of DNA

o T 3!\
3@ SN angy

S *a -9
OMORE oAb 1
? LAYt e

LooEE=

Science models, laws,
mechanisms, and theories
explain natural phenomena.

Scientific knowledge is
open to revision in light of
new evidence.

Scientific knowledge
is based on empirical
evidence.

Scientific investigations
use a variety of methods.

» Models, mechanisms,
and explanations
collectively serve as tools
in the development of a
scientific theory.

> Most scientific knowledge
is quite durable but is
subject to change based
on new evidence and/or
reinterpretations of existing
evidence.

B Solutions to Climate Change

» Scientific investigations » Scientific knowledge
use a variety of methods, is based on empirical
tools, and techniques to evidence.
revise and produce new
knowledge

u Experiments Showed DNA Carries the Code n The Carrying Capacity of an Ecosystem
- i

b bR & &
% ‘}.“' %&“}\"’ yn 0 o ‘;ﬂ“

o oF o o

*
B & @
NEEGOQ

([~ RREREQEaa

Science addresses
questions about the natural
and material world.

Science is a human
endeavor.

Science is a way of
knowing.

Scientific knowledge assumes
an order and consistency in
natural systems.

» Scientific knowledge
indicates what can happen

) Technological advances
have influenced the

» Scientific knowledge has » Scientific knowledge is

a history that includes
refinement of, and
changes to, theories,
ideas, and beliefs over
time.
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based on the assumption
that natural laws operate
today as they did in the
past and will continue to
do so in the future.

progress of science and
science has influenced
advances in technology.

in natural systems - not what
should happen. The latter
involves ethics, values, and
human decisions about the
use of knowledge.



Teaching Strategies for Classroom Use

Achieving effective differential instruction in classes is a teaching challenge. Students naturally have mixed abilities, varying
backgrounds in the subject, and different language skills. Used effectively, BIOZONE's student books and supporting
resources can make teaching a mixed ability class easier. Here, we suggest some approaches for differential instruction.

MAKING A START Using collaboration to maximize learning

Regardless of which activity you might be attempting in outcomes

class, a short introduction to the task by the teacher is a « The structure of The Living Earth allows for a flexible

useful orientation for all students. For collaborative work : .
- . i ’ h t king th tent with t ts.
the teacher can then divide the class into appropriate approach to unpacking the content with your students

groups, each with a balance of able and less able * The content can be delivered in a way to support

students. Depending on the activity, the class may collaboration, where students work in small groups to
regroup at the end of the lesson for discussion. share ideas and information to answer and gain a better
understanding of a topic, or design a solution to a problem.

TEACHER ¢ By working together to ask questions and evaluate each
Introduces activity other's ideas, students maximize their own and each others
learning opportunities. They are exposed to ideas and
perspectives they may not have come up with on their own.

* Use a short, informal collaborative learning session to get
students to exchange ideas about the answer to a question.
Alternatively, collaboration may take a more formal role
Brief class discussion to that lasts for a longer period of time (e.g. assign groups to
"unpack" the information work together for a paper practical activity, to research an
extension question, or design a solution to a problem).

SN

Student group Student group Student group

Discuss, Discuss, Discuss,
then create then create then create
consensus consensus consensus

answers answers answers

N v S

Students invited to report
back to the class

The teacher introduces the topic. They Students work in small groups so At the end of the session, students
provide structure to the session by everyone's contribution is heard. They report back on their findings. Each
providing background information and collaborate, share ideas, and engage student should have enough knowledge
setting up discussion points and clear in discourse. The emphasis is on to report back on the group's findings.
objectives. Collaboration is emphasized discussing questions and formulating Reporting consists primarily of providing
to encourage participation from the a consensus answer, not just sharing answers to questions, but may involve
entire group. If necessary, students in a ideas. presenting a report, model, or slide
group can be assigned specific tasks. show, or contributing to a debate.
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Peer to peer support

* Peer-to-peer learning can be used for any activities, but is particularly
valuable for more challenging activities in which the content is more
complex or the questions require students to draw on several areas of their
knowledge to synthesize an answer. Examples of such activities include
modeling activities, activities with a design component, or activities involving
data analysis, graphing, and evaluation.

Stronger peers can assist weaker students and both groups benefit from
verbalizing their thoughts and presenting them to a group. Students

for whom English is a second language can ask their peers to explain
unfamiliar terms (both scientific and English) and this benefits both parties.

Paper practicals (Included in the activities Modeling Photosynthesis and
Respiration, Natural Selection, Continental Drift, Modeling the Structure
of DNA, Sexual Reproduction Produces Genetic Variation) are an ideal
vehicle for this kind of peer-to-peer learning. They are not only enjoyable,
but they prompt students to ask questions and think about how they could
use the model to answer those questions. There are also opportunities to
collaborate on online and paper simulations (e.g. Populus).

Modeli
is and cellular respiration

} The diagram below shows a st zed plancel and the annections between photosynthe: is and cellutar respiration
I o [ sis an
he diagram below shows

%%’ Light energy

Oxygen
A

Other uses
>

of glucose

Fuef

A photosynthetic
plant cell

Photosynthesis

Pi
Carbon :
dioxide

a ATP
el ATP provides the energy for
metabolic reactions including
protein building.

Fach mole of ATF hydrolyred

releases 307 K of energy. Some
s siored in chernical

m LIMB some is lost as heat.

_—— Oxygen

HB: at energy . Carbon dioxide
i at wo I i ot a plant cell.
Circle the steps that would be missing if this was an animal and not a pl
. Cirel

1n wihat way are the processes pictured (photosyn

thesis and cellutar respiration) opposites?

»

s .

What is the ultimate source of energy In this system? -
jon of macromo

\he schematic diagram of the transfer of energy and “‘Z prT:Cugst\:nATR

mmp‘wzswo‘d <t water, ADP, protein, carbon dioxide, amino acid, GIUCesS:

ollowi : water, ADP.

@D

-

ules below using the

In Modeling Photosynthesis
and Cellular Respiration,
students can collaborate
to model the reactions
involved in photosynthesis
and respiration.

|
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Students can use the
element cutouts to show how
matter moves through the
system, and how products
and by-products form.
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(a) What could happen to the American crocodil i ida i
sea levels rise? ! o onge i Fleréai

The range of the American crocodile will increase northin

Florida because there will be more brackish water habitats

for it tolive in.

i ing affect its range overlap with the American
B O sl s¢ in habitat willallow the

crocodile to move north. lts range overiap i
ill increase.
hich can tolerate colder temperapures) willin
jes?
(w I competition petween the two species?

ffect
(c) How could a range overlap af

NGSS as collaboration and discovery

" licrns:
p rature increase and incr .
o ith the American alligator

Interactive revision of tasks in class

The Teacher's Digital Edition provides a digital rights
managed (DRM) version of the student book as PDF
files. It features useful HIDE/SHOW answers, which
can be used to review activities in class using a data
projector or interactive whiteboard (see opposite).

Students benefit from the feedback in class, where
questions can be addressed, and teachers benefit
by having students self-mark their work and receive
helpful feedback on their responses.

This approach is particularly suited to activities with
questions requiring a discussion, as students will
be able to clarify some aspects of their responses.
Stronger students can benefit by contributing to the
explanatory feedback and class discussion.

e BIOZONE's The Living Earth provides multiple chances for collaboration and discovery. By working together and sharing
ideas, students are exposed to different perspectives and levels of knowledge about a particular phenomenon.

¢ NGSS requires deeper student engagement with less emphasis on facts and more on understanding. By exploring
principles and concepts within a context students are more easily able to apply these principles to new phenomena.

¢ BIOZONE's The Living Earth uses the CA NGSS as a framework to develop student understanding by providing a range

of activities. These begin by getting students to think about and share what they already know and then build on this
knowledge by providing opportunities to explore and explain phenomena.

e Activities supporting the ETS Performance Expectations involve collaboration. In this way, students can discuss possible
solutions to engineering problems, and evaluate and refine their own (or existing) solutions.

Student A is capable. He helps to
lead the discussion and records the
others ideas in a structured way.

Student D is less able but gains
ideas and understanding from the
discussion of students A, B, and
C. She may add to the discussion
as she gains confidence in the
material being studied.

Students B and C are also capable
but less willing to lead discussion they
will add ideas to the discussion but
need a little direction from A to do so.
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Tools for Differentiated Instruction

The structure of The Living Earth promotes differentiated instruction, and has been designed to cater for students of all
abilities. BIOZONE's collaborative approach to science inquiry encourages students of all abilities to share their ideas and
knowledge with their peers while at the same time broadening their own understanding of phenomena.

There are several ways you can use The Living Earth to implement differentiated instruction in your classroom:

H Organisms Compete for Limited Resources

ENGAGE: What is competition?

¥ In stuations involving compeition, the resourcet
are reduced. Competition therefore has a negat

a1 I small gowps, make a st of al the types of thing

@ EXPJORE: Competition occurs both within and between species
» igfraspecific competiton: this is compefition between mermbers of the same species for the same resouces.
fterspecifc competion: his is competition befween members of diferent species forthe same resources.

2. Using the examples above as inspiation

(@) Describe a

(o) Descibe of

ERAQREEE

Animations and videos: Use the videos and
animations on BIOZONE's Resource Hub to
help striving learners with their English language
skills and understanding of content. The
Resource Hub also provides material tagged for
gifted and talented students.

Pedigree Analysis

ENGAGE: Lactose intolerance
Do you know someone who can' eat dairy products because
they make them feel unwell? Thesa people react badly to
lactose, the sugar found in milk products. The condition is
called lactose intolerance, and people with it can sufer a
range of symptoms inclucing abdominal bloating and cramps,
flatulence, diarrhea, nausea, stomach rumbling, and vomiting.
The condition arises because the gene that produces the
lactase enzyme s turned off. Lactase breaks lactose into
single sugar units so that they can be absorbed. In a person
with lactose intolerance, the undigested lactose passes

into the large intestin (bowel) where bacterial fermentation
produces large amounts of gas and acid. The unabsorbed
sugars and metabolic products cause water to flow into the

o /
'
bowels resulting in iarrhea. }_: ' E
Lactose ntoleance i nherfed and s prevalence vatios
batwoen rogons. Less than 105 of the popuaton i Nerthorn s
Europe are lactose intolerant, but in East Asia it can be as 3 ]
jgh a2 50% o |

2. If possible, make a prediction about the utf you are right
.

later on in this activt

EXPLORE: Pedigree charts
Pedigree charts are a way of showing inheritance
patterns over a number of generations. They are
often used to study the inheritance of genetic
disorders. The key should be constilted to decode
the symbols. Individuals are identified by th
generation number and their order number in that
generation. For example, 16 is the sixth per

eration. The arrow indicates the
person through whom the pedigree was discovered
(2. who reported the conditon),

Ithe chart o th ight were iustaing  human
family jenerations:

grandparems u ; and 12) wwlh three sons and Key to symbols
of the sons (I3 and I14) are

Idenical wins, b did ot mary o have any O Nomaltemse < sexunaomn

children. The other son (Il-1) married and had a

daughter and another chitd (sex unknown). The [ Nomnal male ® Dty

daughter (I}5) married and had two sons and two T

daughters (plus a child that died in infancy). @ Afected fomals (expresses Identical twins.

For the partcular trai being studied, the Aldactineres) S

randiather was expressing the phenotype g e s identicaltins

shoving th ) and he randmothr was b iwfm S

& carter.One o i sons and ane of el I, W Generatons

daughters also show the tai, together with one of | (8) Garier(eterozygoe)

12,3 Chidron (birth order)

their granddaughters.

A group symbol indicates where students can
work together. Group work provides opportunities
for student collaboration and peer-to-peer support
to explore and explain phenomena. Working in
groups, students can experience the benefits of
collaboration in the scientific process of discovery.
English language skills and scientific vocabulary
are extended when students discuss and listen.
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@ EXPLAIN: Exponential growth cannot usually be sustained

25 you saw n your the change in
Qultn growth e o & near sl

The staopness of the curve
depends on the value of 1.

f wo vant o compere populations o cfleren size. s
e AT
o o G o s oo o
The mm por capt at of populalion increeso undar ol
calculate this

opuiaion numbers ()

’ auationis often given simply as dN/dt = rN (ight)

13. (a) Explain why there isa lag in the curve:
(6) What factors do youthink could mit continued expo

(¢) A continuous culture bioreactor is a culture system used
in industrial microbiclogy to maintan the logarithmic:
growth of microorganisms. Usualy the microorganisms.
are producing a valuable product, such as a protein.

he system pictured right is an aerobic, continuous,
i o ko Shsy e dagra i oo
how you think the esign of the bioreactor enables the
microorganisms to maintain exponential growth:

Red flag codes beside a section or question (on the
Teacher's Edition or Teacher's Digital Edition) indicate
that students may need extra guidance from the teacher
to complete them. These questions are also suitable as
challenges for more gifted students. Red flag questions
are also identified in the extended contents of this guide.

! Abiotic Factors Influence Distribution

() ENOAGE: Dstribution of the common sea star
‘The common sea star is a marine invertebrate (an animal without
 backbone). It is found throughout the Atlanic at a wide range of

fopths between 0-400 m where it experiences large variations in
abiotic factors.
Scientist collected adult sea stars from two populations in the
{off the Northwest coast of Russia) and the Barentz
Sea (off the Northern coasts of Norway and Russia). They exposed

placod nth cariar of hechambor i oacham xporioning
water of different salinity. The animal then cravled

oo il he rtood iy A othe acors wore oot
constant. The resuls are shown below.

r o 3
of a affront
(WD HeLPr
Soc Aciviy 97

Sainiy | ey
) of cholce (%)
Ve e
- |5
wo o [ o

% above on the grid provided.
(5) What do the plots show?

(c) Wnat was the preferred salinty for each of the sea star populations?

@ y

(o) Describe seastar

L

A red figure with a NEED HELP? icon helps

students identify where they can go to get help with

a specific skill. Skills and tips for computation, data
analysis, plotting, statistical analysis, and aspects of
experimental design are provided in the Basic Skills
chapter at the end of the book. Students can visit

this chapter regularly, or you can assign activities as
homework before they attempt a specific task in class.



Formative and Summative Assessment

The Living Earth provides ample opportunity for students to demonstrate their understanding and proficiency in all three
dimensions of the standards. Opportunities for both formative and summative and assessment are provided.

As this series has been written specifically for the CA-NGSS Three Course Model, all activities (including assessments) are
three-dimensional in their approach, with the goal to enable achievement of specific performance expectations. Performance
expectations (PE) are not always met through completion of one activity or assessment, but through completion of a
connected suite of tasks (as intended by the framework).

Assessments involve a variety of tasks as appropriate to a 3D approach, e.g., constructing models, analyzing and interpreting
data, explaining, and communicating understanding through short and long answers, drawings, calculations, group work,
design, and problem solving. The structure of the tasks is such that students use specific science and engineering practices
and apply relevant crosscutting concepts to demonstrate their understanding of disciplinary core ideas.

Formative assessments can be chosen by the teacher to determine how a student's knowledge is progressing within a
selected topic. We suggest that ‘ELABORATE’ and ‘EVALUATE’ sections of activities be used for formative assessment.
These may incorporate some aspect of a performance expectation with the goal being to build confidence. Teachers can
revise their instruction, revisit material, or set further tasks if a student is having difficulty with the material. Revisiting the
Anchoring Phenomenon near the end of each instructional segment also provides a way to evaluate student understanding.

(¢) Predict the effect of increasing temperature on the heart rate of the hybrid species?

ELABORATE: Climate change and disease
Sea star wasting disease (SSWD) affects ma=
starfish. White wounds first appear on the bot
individuals and spread rapidly. Not long after,
the wounds begins to decay (right), ultimately

to fall off. Death can ocour three days after th
appear and large numbers of individuals can
can cause a rapid population decline. A large
along the West coast of the US in 2013. A mi
least 20 species of sea stars occurred.

Evaluate: California's water management challenges

Galifornia is located between temperate rainforests to the north and arid deserts to the south. It includes a diverse
range of habitats and biological diversity. The climate is highly variable, with significant precipitation (as rain, snow,
and ice) only in winter and prolonged droughts every year. The Central Valley dominates California's geographical

center. Itis a sediment-filled valley and (iike all floodplains) is highly productive. The Central Valley was once an
extensive and diverse natural grassland with many wetlands and temporary water bodies. Today it is one of the most
productive agricultural regions in the United States. To achieve this, farmers had to control the highly variable water
flows to prevent floods and to provide water during long dry periods.

The cause of SSWD is unknown, but a marin
(a bacterium) has been found in sea stars th¢
This suggests Vibrio could cause SSWD. Inci
water temperatures may also be an importan
because temperature affects the generation t
of Vibrio bacteria. This is illustrated in the gra
Temperature also affects how long infected ir
after infection (below).

Floods and droughts present considerable natural hazards to California, which also has a high earthquake risk as a
result of its position on the tectonic boundary between the Pacific and the North American Plates. A brief history of
California's major floods, droughts, and water management policy is outlined in the tables below.

Table 1: Flood events in California Table 2: Drought events in California  Table 3: Water policy in California

11. Study the graph above showing how long s¢ an EINifio in the Pacific

Date Flood event Date Drought event Date | Water policy
Average time to dealh (+ standard 1861-62 | The Great Flood 86245 | Extensive raughis desiroy | | 1860 | Formaton:
error) of infected ochre sea star at ifornia's cattle ranching Reclamatic
it 1905 Salton Sea Filing inclustry. Thousands of
0 1909 Sacramento River Flood cattle die. 1922 | Colorado F The Oroville Dam crisis
1928 St Francis Dam 1924 Drought encourages
P 1937 Santa Ana Flood regular irrigation of land by | | 1928 | Reasonabl
£y farmers. Doctrine Main spillway
P § 1938 Los Angeles Flood
E ! PP v 192034 | Statewide drought 1931 | County of ¢
§ : coinciding with the Dust
3 H 1964 North Coast Flood Bowl period. 1933 | Central Val e a;nar;(; Z
e H g6 0
210 i 1986 St Valentine's Day Flood | [ 1947-50 5 Y.
g H Multiyear droughts. 1959 | Delta Prote emergency Spillway
£ 3 1996-97 | Central Valley Flood 1950-60 Water Projc
H 2017 Oroville Dam Emergency | 197677 | 1977 was the driestin i
o H = g 1969 | Porter-Colc 3
5 Ty Dark blu = statewide floods Callfornia's history to that 3
A Green = Southern California floods point prompting urban
Water temperature (°C) Purols = Nofthem Gallona oot \ater conservation efforts. | | 1970 | California £ |
Actand Ca i
1986-92 | A6 year drought ended by Species A ]
3

1972 |Wildand S

(a) How did water temperature affect time tc Watsr A

2007-2009 | Severe drought prompting
a stalewide emergency.

201117 | One of the worse drought | | 1974 | Federal Sa

periods on record. More 1985 | Pesticide C
than 100 millon trees

died and low river levels
prevented fish populations | | 2009
from spawning. The 2014
drought was the most 2014 | Sustainabli
severe in 1200 years. Manageme

Prevention

The Oroville Dam is situated on the Feather River upriver and east of the city of Oroville, CA. The dam impounds
Lake Oroville. The lake water is used to produce hydroelectric power and is a key facility in the State Water Project.
Lake Oroville has two spillways used to prevent overflow of the dam during high rainfall. The main spillway is lined
with concrete whereas the emergency spillway is topped with a concrete weir, with a bare earth embankment below.

Delta Refol

() Does water ture b i A
(b) Docs; water temperature have  signinic The latest filing of the Salton Sea (1905)
was the resultof failed water

In February 2017, heavy rainfall led to water from the lake being let into the main spillway. A crater began to form on
the south-eastern side of the spillway so flows into the spillway were reduced to prevent further damage. This allowed
the lake to rise. The rising water overtopped the emergency spillway (as per design). However, the upper bank eroded
faster than expected, leading to fears of the weir collapsing. Release of water into the main spillway was increased

to lower the lake level. This damaged the spillway further, so that the south-eastern side collapsed, allowing water to
flow out of the spillway and erode the adjacent hillside (above left). A large debris dam formed below the damaged
spillway, blocking the outflow of the power stations and forcing them to be shut down (above right).

(¢) Predict which season sea stars are mos

40. Discuss the effect of erosion on the main spillway and emergency spillway of the Oroville Dam, including why this
could have led to uncontrolled water flow out of Lake Oroville and the hazards this might have caused. Also include a
discussion of the effect of deposition below the spillway.
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39. Divide the class into working groups and together consiruct a timeline of California's ‘water history',
information presented above. Each group should select different events of interest, find out more i
any relevant information to the timeline. Is there a patten to the floods and droughts? Did any wate
policies coincide with particular events or follow them closely? Why?

o

Py

41. Form small groups to discuss the environmental and engineering challenges associated with managing water flows in a
highly seasonal floodplain environment such as California’s Central Valley. How do the properties that make the Central
Valley such an agriculturally productive region also present challenges to the development and settlement of the region.
Present a summary of your group's discussion to the class (e.g. as poster, flow chart, or slideshow). You may have to
investigate some of the events identified in Tables 1-3 further and use them to illustrate your arguments.
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Summing up tasks at the close of each instructional segment can be used as a formal summative testing moment to
evaluate student skills, understanding, and application of knowledge. These tasks are designed to meet part or all of one

or more performance expectations. Material to address specific performance expectations is identified with a red tab in the
margin throughout the Teacher's Edition. Performance expectations are also identified in the chapter introduction for the
instructional segment, and in the tables summarizing BIOZONE's 3D approach by chapter earlier in this guide.

Note: All coding associated with assessment is hidden from the student and is available only in teacher's materials.

. a Summing Up

Photosynthesis

1. Photosynthesis is the process in which carbon dioxide is fixed to form glucose. In the space below, draw a diagram to
show the process of photosynthesis, including reactants and products and the location of the reactions involved:

The specific performance expectation
addressed is identified with a red
[ ostmerresprtr 1 tab in the margin of the Teacher's
D rraenmewoaind  Edition (and Teacher's Digital Edition).

reaction, electron trans|

waunapameyosnd  Students do not see this coding.

[0 u‘(‘" o Tl\l

EBPpEarth’s history
(x[z] © Uranium 238 has a half-life of approximately 4.5 billion years during which time it decays to lead 206. Under certain
circumstances it can be used to date rocks and minerals.

[ZED The fate of glucose

2. The three case studies belol
the information provided anc
from sugar molecules are us

Fructan
(storage molecule Glucos
in vacuoles) \

¥ Input (a) Plot a graph below to show the decay curve of U-238 over four half-lives, assuming a starting radioactivity of 100%.

' Fructos (6) Use the completed diag (b) Explain how the radioactive decay of uranium (and other radioisotopes) can be used to date rock samples:

‘ - |

IZEP Aerobic and anaerobic ¢

Sucros
Isotope experiments with pl: 4. Some species of yeast pref
13C isotopes were used to trace th excess, even in the presen¢

in plant leaves. It was found that s¢

~—— [EZZpCoevolution of Earth's systems
to fructose (an isomer of glucose i

Suggest why some yeast it

Summative assessments ask
students to undertake a variety of
different tasks. They may include:

» Short answer questions

» Long answer questions

» Graphing

» Data analysis and interpretation
» Modeling

arranged into a 5-sided ring). Fruc when glucose is limited: = 9. The graph below shows the extent of coal reserves accumulated per year in each geologic period. Note that the Tertiary
joined together with a terminal su period has been replaced by the Paleogene (Lower Tertiary) and Neogene (Upper Tertiary) in recent classffications. The
fructan in plant vacuoles. Fructose C: ere been divided into upper (UC) and lower (LC). Values for mean atmospheric
to produce sucrose. Sucrose is tra mean surface temperature are included for each period below the graph and some important events are identified.
MYA 252 66 Today
80, Paleozoic Era Mesozoic Era  Cenozoic Era

@

The following two equations

i) Denitrification (an anael

~

The images below show ro
relative sequence in the b

per year (tons)
5
3

ii) Photosynthesis (anaero

Amount accumulated

Profile 1

Use these equations to |
g Ls1.c more paper if you wish: Youngest O 138
[ EZX»Carbon cycling
0, (%) 125 13

| ©

Key (L=R): Cambrian, Ordov
Jurassic, Cretaceous, Terliar)
| Oidest CRC = Carboniferous Rainfol

®

Use what you have learnec
absolute and relative dating (a) Use the information aboy
Earth's geological and biol

o — _____ - — R
e S 7 0o e ¢ Hydrosphere ) Q Biosphere
e ol s fosi uel. Sugy \ D

10. Using evidence you have st
evolution of the Earth's atmc

—=a (b) If you have not already done so, add arrows and labels to your model to indicate where humans intervene in the
ESS1.C cycle. Use the model to discuss the effect of human use of fossil fuels on the czrbon cycle:

Firstland Firstland  First trees

animals  plants

M * CRC

¢ l | Dinosaurs

11.(a) Use the space below to complete a model to show how carbon cycles through the biosphere, geosphere,

A CO, (ppm) 4500 42 hydrosphere, and atmosphere. Include quantities where relevant:
Layers wit Temp (°C) 21 1
'same fossil

First mammals ~ Floweing plants.

( /Emosphe:\\
e

/’/Gmre\‘\
N /‘
— R
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(¢) Use the following equations to explain the effect of fossil fuel use on the pH of the oceans. Explain the impact of this
on shell-building marine organisms. Equation 1:CO, + H,0 - H,CO;  Equation 2: H* + CO;*~ — HCO;~

®
| B
b
e

52020 BIOZONE International
ISBN:978-1-98-856626-3
Photocopying Prohibited

©2020 BIOZONE International



[ ST-17.7/e13

The Teacher's Digital Edition

The Teacher's Digital Edition is a DRM product, sold separately, and

aimed primarily at extending the pedagogical tools at a teacher's
disposal. Many of the features of this resource have been developed in

response to requests from teachers themselves

THE LIVING B
SECOND Link to ExcelP

The Classroom Teacher’s Digital Edition
» showandide EA RT H EDITION
spreadsheets for
‘ selected activities

Guide is provided
as a printable PDF.
with a data analysis
or computer modeling
component.

The Living Earth.t

A digital (PDF) version A
of the Teacher's S
Edition (non-printable) ichot P
is provided. Use the e, Access BIOZONE's
interactive buttons to et : ‘ Resource Hub
HIDE or SHOW the B : ; directly from this
; B e link for a range of
resources to support
the activities.

answers.

A sample of Presentation Media from 1S1: Ecosystem
Interactions and Energy is included. It is fully editable.
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