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T he eye 
of the 

iguana (Iguana 

iguana) that 
gazes attentively 

from the cover of this 
book has a suite of evo

lutionary adaptations that 
give it excellent color vision 
and long-distance vision, 
helping the iguana find 
food and avoid predators. 

The iguana's remarkable eye is an apt metaphor for our goal 
in writing this text: to focus with high intensity on the core 
concepts that introductory biology students need to master 
to build a solid foundation in biology. 

The current explosion of biological information, while 
exhilarating in its scope, poses a significant challenge
how best to teach a subject that is constantly expanding. 
In particular, instructors have become increasingly con
cerned that their students are overwhelmed by an exces
sive volume of detail and are losing sight of the big ideas 
in biology. In response to this challenge, various groups 
of biologists have initiated efforts to refine and, in some 
cases, redesign the introductory biology course. In particu
lar, the report Vision and Change in Undergraduate Biology 

Education: A Call to Action* advocates focusing course mate
rial and instruction on key ideas while transforming the 
classroom through active learning and scientific inquiry. 
Many instructors have embraced such approaches and have 
changed how they teach. Cutting back on the amount of 
detail they present, they focus on core biological concepts, 
explore select examples, and engage in a rich variety of 
active learning exercises. 

We were inspired by these ongoing changes in biology 
education to write Campbell Biology in Focus, a shorter text
book that has been received with widespread excitement by 
instructors. Guided by their feedback, we have honed the 
Third Edition so that it does an even better job of helping 
students explore the key questions, approaches, and ideas of 
modern biology. 

* Copyright 2011 American Association for the Advancement of Science. See 
also Vision and Change in Undergraduate Biology Education: Chronicling Change, 
Inspiring the Future (copyright 2015 American Association for the Advancement 
of Science) and Vision and Change in Undergraduate Biology Education: Unpacking a 
Movement and Sharing L essons L earned (copyright 2018 American Association for 
the Advancement of Science). 
For more information, see www.visionandchange.org. 
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New to This Edition 
Our goals for the Third Edition include: 

• increasing visual literacy through new figures, ques
tions, and exercises that build students' skills in under
standing and creating visual representations of biological 
structures and processes 

• giving students the opportunity to practice scientific 
skills by applying scientific skills to real-world problems 

• integrating text and media to engage, guide, and in
form students in an active process of inquiry and learning 

• supporting instructors by providing teaching modules 
with tools and materials for introducing, teaching, and 
assessing important and often challenging topics 

Our starting point, as always, was our commitment to crafting 
text and visuals that are accurate, are current, and reflect our pas
sion for teaching biology. Here we provide an overview of the new 
features that we have developed for the Third Edition. We invite 
you to explore pages xi-xxii for more information and examples. 

• NEW! Visualizing Figures and Visual Skills Questions 
help students practice interpreting and creating visual 
representations in biology. The Visualizing Figures have 
embedded questions that guide students in exploring how 

..- Figure 20.s Visualizing Phylogenetic Relationships 

A phylogenetic tree visually represents a hypothesis of how a group of organisms 0 Instructors: Additional questions related 
are related. This f igure explores how the way a tree is drawn conveys information. to this Visualizing Figure can be assigned in 

Mastering Biology. 

Parts of a Tree 
... -- -----This tree shows how the five 

groups of organisms at the t ips 
of the branches. called taxa, are 
related. Each b ranch point 
represents the common ancestor 
of the evolutionary lineages 
diverging from it. 

----- Fishes~ 

Each horizontal b ranch represents an evolutionary 
line.age. The length of the branch is arbitrary 
unless the .diagram specifies that branch le:ngths 
represent information such as time or amount of 
genetic change (see Fig u« 26 .13). 

~ =11=:::i Frogs ..... . -- --- - --· Eath position along a branch ,epresmts an 
ancestor in the lineage leading to the taxon 
named al the tip. 

This branch point 
represents the common 
ancestor of all the animal 
groops shown in this tue. 

- Chimps 
..... .. ' 

1. According to this tree, which group 
or groups of organisms are most 
closely related to frogs? 

" 
- Humans . 

/ 
Chimps and humans art an t:xamplt o f sister taxa, 
9roups of organisms that sh.are a cotrm·,ot1 ancestor 
that is r.ot shared by any other group. The 
members of a sister group are each other's closest 
relativtS. 

2 . Label the part of the diagram that 
represents the most re-cent common 
ancestor of frogs and humans. 

Alternative Forms of Tree Diagrams 
These d iagrams are referred to as "trees• because they use the 
visual analogy of branches to represent evolutionary l ineages 
diverging over t ime. In this text, trees are usually d rawn 
horizontally, as shown above, but the same tree can be drawn 
vertically or d iagonally without changing the relationsh ips it 
conveys. 

3 ~ How many sister taxa are shown in 
these two trees? Identify them. 

4 ~ Redraw the horizontal tree in Figure 10.2 
as a vertical tree and a diagonal tree. 

Rotating Around ----- Fishes 
Branch Points Rotation 

Rotating the branches o f ..Ji I 
a tree around a b ranch u • 
point does not change 
what they convey about 
evolutionary relation· 
ships. As a resul t, the 
order in which taxa 
appear at the branch tips 
is not significant. What 
matters is the branching 
pattern, which signi fies 
the order in which the 
lineages have diverged 
from common ancestors. 

---• Frogs 

i • l&r- Chimps 

i.. Humans 

N ote: The order of the taxa 
does NOT represent a 
sequence of evolution 1e.ading 
to• the last lax.on shown (in 
this tree, humans) 

- ... ~ 

Fishes Frogs Lizards Chimps Humans 

[ Vertical tree ] 

Fishes Frogs lizards Chimps Humans 

[ Diagonal lree ] 

If you rotate th< 
bram:htS of the tree 
al left. around the 
three blue potnts, the 
result is the tree al 
right 

--- Frogs 

Humans 

Chimps 

----• Fishes 

5 . Redraw the tree above, rotating 
around the green branch point 
Identify the two closest relatives of 
humans as shown in each of the 
humans as shown in each of the 
three trees. Explain your answer . 



diagrams, photographs, and models represent and reflect 

biological systems and processes. Assignable questions are 
also available in Mastering Biology that allow students to 
practice the visual skills addressed in these figures. 

• NEW! Problem-Solving Exercises challenge students to 
apply scientific skills and interpret data in solving engaging 
real-world problems: 

Problem-Solving Exercise 

I In this exercise, you will d etermine whether a 35-year-old m an who ca me to t he ·~ -----:"~~'.".'.:':'::'7.::--
1 

em ergency room with e pisodes of para lysis h as thyroid p roblems. 

Is thyroid regulation normal in Your Approach As the emergency physician, you order a set of blood tests, including 
this patient? four that measure thyroid function. To determine whether the thyroid activity of your 

... _,.,_.- patient is normal, you will compare his blood test results with the normal range, as deter-

la · of the 
Normal health requlfes proper regu t1on . 
th roid gland. HypOthyroidism, the secretion 
o/100 little thyroid hormone (T 3 and T •l, can 10 

• • 1 thargy and mtolerance 
cause weight gain, e • r n 
cotd in adults. In contrast. exces&ve ~ec~d:.n 
of thyroid hormone, known as hypert Y;°' , I 
can lead to high body temperature, pro use I 
sweating, weigh1 k>ss. muscle wea~~~·~~-
. blty and high blood pressure. Y 

:::..~:at\ng hormone (TSHl stirnulat<:;!i~g f0< 

thyroid lo relTeasendlhyT~ ~o:c:i~d can help I 
levels of T 3, 4, a . . 
diagnose various medical conditions. 

mined from a large set of healthy people. 

Your Data 
Test# Test Patient Normal Range Comments 

1 Serum total T 3 2.93 nmol/L • 0.89- 2.44 nmol/L 

2 Free thyroxine (T,) 27.4 pmol/L 9.0- 21.0 pmol/L 

3 TSH 5.55 mU/L 0.35- 4.94 mull 

4 TSH receptor 0.2 U/ml 0- 1.5 U/ml 
autoantlbody 

• T 3 and r , levels are measured as the number of molecules per unit volume: here, nano moles 
(nmol. 10-9 moles) or pico moles {pmol. 10- 12 moles) per liter (L). The levels of TSH and the 
autoantibody for its receptor a re measured as a ctivity, expressed in Units. (U) or mil Ii Units (mU) 
per unit volume. 

Your Analysis 
1. For each test, determine whether the patient's test value is high. low, or normal rela

tive to the normal range. Then write High. Low, or Normal in the comments column of 
the table. 

2. Based o n tests 1- 3, is your patient hypothyroid or hyperthyroid? 
3. Test 4 measures the level of autoantibodies (self-reactive anti bodies) that bind 

to and activate the body's receptor for TSH. High levels of autoantibodies cause 
sustained t hyroid hormone production and the autoimmune disorder called 
Graves' disease. ls it likely that your patient has this disease? Explain. 

4. A thyroid tumor increases the mass of cells producing T3 and T4. whereas a t umor 
in the anterior pituitary increases the mass of TSH..secreting cells. Would you 
expect either condition to result in the observed blood test values? Explain. 

0 Inst ructors: A version of this Problem·Solv ing Exercise can be 
assigned in Mastering Biology. 

Problem-Solving Exercises can also be assigned and automati
cally graded in Mastering Biology. 

• NEW! Integrated text and media: Media references 
in the printed book direct students to a wealth of online 
self-study resources available to them in the Mastering 
Biology eText or Study Area. For example: 

O Mastering Biology 
Bioflix® Animation: Protein Synthesis 

• NEW! Get Ready for This Chapter online questions 
provide a quick check of student understanding of the 
background information needed to learn a new chapter's 
content, with feedback to bolster their preparation. 

• NEW! Figure Walkthroughs guide students through key 
figures with narrated explanations and figure markups that 
reinforce important points: 

I' -... 
I ' • • 

;J 
NADH 

50 oxtci tzed 
- NAO+ -0 FADHz 
E 1

2~ :::. FAD --co 40 FMN I v. u 
~ ...... e.s 11 - edw.u 
N J, 

111 0 I .J 

Check students' understanding of Figure Walkthroughs 
with assignable questions in Mastering Biology. 

• EXPANDED! Bring biology to life with 400 animations 
and videos in the Mastering Biology eText, Study Area, 
Instructor Resources, and Item Library. These include 
BioFlix® 3-D Animations and resources from HHMI 

Bio Interactive: 

• NEW! Mastering Biology includes automatically 

graded assignments with links to annotated research 
papers from Science on the AAAS Science in the 
Classroom website: 

AHIICU IDOI..S 

,..r~ 

t.duaw,:-:. 

tlc,Mllto.; POI ~ 

Sal.trt.d c affllllrt 

Can we handle the power of 
CRIS PR? 

'TM n.:i~·lr.tfweM.~ A ,....tn, P:4 t:'ttT.W1f'fl 
!~,vrn le t.nuq,...- ft.nil us 

• ,. :r,c;;n.(:11' ... n ··~, ~·WT t, , .. .,_ hi .. ~ . .. 
~~bt•ff\.Ct;ut: •~Jlr -;..,......v:s..v 
~ ,'t,~ • "a...., W r...Ne9 i.\"'& "'Yf ::I llttA WI ...... f kw. 
-.. , •• ,.. .... 1,,•••,. ..-, ., IJl,Alo• . • , .. -. t . , r.,, -"•• ,1:N.,<•• '- •• , ..-, • • 
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• FIVE NEW! Ready-to-Go Teaching Modules provide 
instructors with active learning exercises and assessment 
questions to use in class, plus Mastering Biology as
signments that can be assigned before and after class. 
The Third Edition includes five new modules for a total 
of 15 modules. 

• 

• 

EXPANDED! The impact of climate change at all levels 
of the biological hierarchy has been expanded through
out the text, starting with a new chapter opener and 

Figure 2.21 in Chapter 2 and continuing with new figures 
and increased coverage of climate change in Chapters 22, 
40, and 42. 
As in each new edition of Campbell Biology in Focus, the 
Third Edition incorporates new content, which is sum
marized on pages vii-x. Content updates reflect rapid, cur-
rent changes in technology and knowledge in the fields of 
genomics, gene-editing technology (CRISPR), evolutionary 
biology, microbiology, and more. 

PREFACE V 



Our Guiding Principles 
Our key objective in creating Campbell Biology in Focus was to 
produce a shorter text by streamlining selected material, while 
emphasizing conceptual understanding and maintaining clar
ity, proper pacing, and rigor. 

Here are the five guiding principles of our approach: 

1. Focus on Core Concepts 

We developed this text to help students master the fundamen
tal content and scientific skills they need as college biology 
majors. In deciding what to include in this text, we were guided 
by discussions with biology professors across the country, 
analysis of over 1,000 syllabi, study of the debates in the litera
ture of scientific pedagogy, and our experience as instructors 
at a range of institutions. The result is a briefer book for 
biology majors that informs, engages, and inspires. Page vii 
provides more information on the book's organization. 

2. Establish Evolution as the Foundation 
of Biology 

Evolution is the central theme of biology and the core theme 
of this text, as exemplified by the various ways that evolution 
is integrated into the text: 

• Every chapter includes an Evolution section and a 

question called Focus on a Theme: Evolution. 
• Evolution is the unifying idea of Chapter 1. 
• Evolution provides the storyline for Unit 4 , The Evolu

tionary History of Life. 

3. Engage Students in Scientific Thinking 

Helping students learn to "think like a scientist" is a nearly 
universal goal of introductory biology courses. Scientific think
ing and data interpretation skills top lists of learning outcomes 
and foundational skills desired for students entering higher
level courses. Students need to understand how to formulate 

and test hypotheses, design experiments, and interpret data. 
Campbell Biology in Focus meets this need in several ways: 

• NEW! Problem-Solving Exercises 
• NEW! Links to annotated research papers in the 

AAAS Science in the Classroom website 
• Scientific Skills Exercises 

• Interpret the Data Questions 
• Scientific Inquiry Questions 
• Inquiry Figures 
• Research Method Figures 

4. Use Outstanding Pedagogy 
to Help Students Learn 

Campbell Biology in Focus, Third Edition, builds on our hall
marks of clear and engaging text and superior pedagogy: 

• NEW! Get Ready for This Chapter online questions 
help prepare students for the chapter ahead. 

• 
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• Each chapter is organized around a framework of carefully 
selected Key Co11cepts so students don't lose sight of the 
"forest" for the "trees." 

• Questions throughout the text catalyze learning by 
encouraging students to actively engage with the material. 

• Test Your Understanding Questions at the end of each 
chapter help students assess their understanding of the 
chapter. They are organized by Bloom's Taxonomy: 
Levels 1-2: Remembering/Understanding 
Levels 3-4: Applying/ Analyzing 

Levels 5-6: Evaluating/Creating 

5. Create Art and Animations That Teach 

Biology is a visual science, and students learn from the art as 
much as the text. Therefore, we have developed our art and 
animations to teach with clarity and focus. Our visual teaching 
tools include: 

• NEW! Visualizing Figures 
• NEW! Visual Skills Questions 

• NEW! Figure Walkthroughs 
• Make Connections Figures 

• BioFlix® 3-D 

Animations 
• Exploring Figures 
• Guided Tour Figures 

Mastering Biology 
Mastering Biology is the most widely used online assess
ment and tutorial program for biology, providing an extensive 
library of homework assignments that are graded automati
cally. Self-paced tutorials provide individualized coaching 
with specific hints and feedback on the most difficult topics 

in the course. Optional Adaptive Follow-up Assig11ments 
provide additional questions tailored to each student's needs. 

NEW! Early Alerts give instructors a quick way to moni
tor students' progress and provide feedback (see page xxi). 

Mastering Biology also includes the Instructor Resources, 
Ready-to-Go Teaching Modules, eText, Study Area, 
and Dynamic Study Modules. For more information about 
Mastering Biology, see pages xviii-xxiii. 

*** 

Our overall goal in developing and revising this text was to 
assist instructors and students in their exploration of biology. 
Although this Third Edition is now completed, we recognize 

that Campbell Biology in Focus, like its subject, will evolve. As its 
authors, we are eager to hear your thoughts, questions, com
ments, and suggestions for improvement. We encourage you 
to contact us directly by e-mail: 

• Lisa Urry (Units 1 and 2): lurry@mills.edu 
• Michael Cain (Ch. 1, Units 3, 4, and 7): mlcain@nmsu.edu 
• Peter Minorsky (Unit 5): pminorsky@mercy.edu 
• Steven Wasserman (Unit 6): stevenw@ucsd.edu 

• Rebecca Orr (Ready-to-Go Teaching Modules, eText Media 
Integration): rorr@collin.edu 



Organization 
Campbell Biology in Focus, Third Edition, is organized into an in
troductory chapter and seven units that cover core concepts of 
biology at a thoughtful pace. When we adapted Campbell Biology 
to write the first edition of this text, we made informed choices 
about how to design each chapter of Campbell Biology in Focus 
to meet the needs of instructors and students. We analyzed over 
1,000 syllabi, read hundreds of reviews, and talked to biology in
structors across the country. In some chapters, we retained most 
of the content; in other chapters, we pruned some material; and 
in still others, we completely reconfigured the coverage. In creat
ing the Third Edition, we solicited feedback from reviewers and 
used their thoughtful critiques to further fine-tune the content 
and pedagogy. 

CHAPTER 1 Introduction: Evolution and the 

Foundations of Biology 

Chapter 1 introduces the five biological themes woven throughout 
the text: the core theme of Evolution, together with Organization, 
Information, Energy and Matter, and Interactions. Chapter 1 
also explores the process of scientific inquiry through a case study 
describing experiments on the evolution of coat color in the beach 
mouse. The chapter concludes with a discussion of the importance of 
diversity within the scientific community. 

UNIT 1 Chemistry and Cells 

A succinct, two-chapter treatment of basic chemistry (Chapters 2 
and 3) provides the foundation for this unit focused on cell struc
ture and function. The related topics of cell membranes and cell 
signaling are consolidated into one chapter (Chapter 5). Due to the 
importance of the fundamental concepts in Units 1 and 2, much of 
the material in the rest of these two units has been retained from 
Campbell Biology. 

UNIT 2 Genetics 

Topics in this unit include meiosis, classical genetics, the chromosomal 
and molecular basis for genetics and gene expression (Chapters 10-14), 
regulation of gene expression (Chapter 15), and the role of gene regula
tion in development, stem cells, and cancer (Chapter 16). Methods in 
biotechnology are integrated into appropriate chapters. The stand
alone chapter on viruses (Chapter 17) can be taught at any point in the 
course. The final chapter in the unit, on genome evolution (Chapter 18), 
provides both a capstone for the study of genetics and a bridge to the 
evolution unit. 

UNIT 3 Evolution 

This unit provides in-depth coverage of essential evolutionary topics, 
such as mechanisms of natural selection, population genetics, specia
tion, and long-term patterns of evolutionary change. Early in the unit, 
Chapter 20 introduces "tree thinking" to support students in interpret
ing phylogenetic trees and thinking about the big picture of evolution. 

UNIT 4 The Evolutionary History of Life 

This unit employs a novel approach to studying the evolutionary his
tory of biodiversity. Each chapter focuses on one or more major steps 
in the history of life, such as the origin of cells or the colonization of 
land. The coverage of natural history and biological diversity also em
phasizes the evolutionary process-how factors such as the origin of 
key adaptations have influenced the rise and fall of different groups of 
organisms over time. 

UNIT 5 Plant Form and Function 

The form and function of vascular plants are often treated as separate top
ics, making it difficult for students to make connections between the two. 
In Unit 5, plant anatomy (Chapter 28) and the acquisition and transport 
of resources (Chapter 29) are bridged by a discussion of how plant archi
tecture influences resource acquisition. Chapter 30 provides an intro
duction to plant reproduction and examines controversies surrounding 
the genetic engineering of crop plants. The final chapter (Chapter 31) 
explores how plants sense and respond to environmental challenges and 
opportunities by effecting changes in their growth and reproduction. 

UNIT 6 Animal Form and Function 

This unit's focused exploration of animal physiology and anatomy uses a 
comparative approach to bring out fundamental principles and conserved 
mechanisms. An integrative introductory chapter (Chapter 32) introduces 
students to the closely related topics of endocrine signaling and homeo
stasis. Other interconnections are explored in chapters that meld presen
tations of circulation and gas exchange, reproduction and development, 
neurons and nervous systems, and motor mechanisms and behavior. 

UNIT 7 Ecology 

This unit applies the key themes of the text, including evolution, 
interactions, and energy and matter, to help students learn ecological 
principles. Chapter 40 integrates material on population growth and 
Earth's environment, highlighting the importance of both biologi
cal and physical processes in determining where species are found. 
Chapter 43 ends the book with a focus on conservation biology and 
global change. 

Highlights of New Content 
Here, we highlight the major content updates and revisions made to 
the Third Edition of Campbell Biology in Focus. 

CHAPTER 1 Introduction: Evolution and the 
Foundations of Biology 

Chapter 1 includes several new and significantly revised figures: 
Figure 1.13, depicting researchers studying hominin fossils in South 
Africa, providing a new example of how life on Earth has changed over 
time; Figure 1.15, providing a new example of unity and diversity in 
birds; and Figure 1.18, a new image depicting Jane Goodall observing a 
chimpanzee mother and baby in the field. 
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UNIT 1 Chemistry and Cells 

In Unit 1, new content engages students in learning foundational 
chemistry and making the cell-related material more accessible and 
inviting. The opening of Chapter 2 and a new figure show organisms 
affected by loss of Arctic sea ice (Figure 2.21). Chapter 3 has a 
new chapter opener featuring Qinling golden snub-nosed monkeys, as 
well as updates on lactose intolerance, trans fats, dietary fiber (with a 
nutritional label), protein sequences and structures, and intrinsically 
disordered proteins. New Visualizing Figure 3.20 helps students un
derstand various ways proteins are depicted. A new Problem-Solving 
Exercise in Concept 3. 7 engages students by having them compare 
DNA sequences in a case of possible fish fraud. 

T Figure 2.21 Effects of climate change on the Arctic. 
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Figure 4.1 is a new chapter-opening photo-a striking colorized mi
crograph of the rods and cones in the eye. New Visualizing Figure 4.30 
shows the profusion of molecules and structures in a cell, all drawn to 
scale. Chapter 5 begins with a new chapter opener, a computer-based, 
artistic image depicting a cross section through two brain cells, show
ing neurotransmitter release during exocytosis. Chapter 6 includes a 
new photo of a firefly to show terrestrial bioluminescence. To illustrate 
order as a characteristic of life, Figure 6.4 includes photos of a Venus 
flower basket glass sponge and La Sagrada Familia church in Barce
lona, Spain. The structure of the glass sponge inspired the architect 
Antoni Gaudi in his design of the church's towers. Chapter 7 begins 
with striking photos of puffins, both capturing food and in flight, and 
includes an addition on the role of fermentation and anaerobic res
piration in the production of chocolate from cacao beans. Chapter 8 
includes a new concept head (Concept 8.4, Life depends on photosyn
thesis) to facilitate instructor use of this final summary and the two 
important review figures at the end of the chapter. In Chapter 9, more 
cell cycle control checkpoints have been added. 

UNIT 2 Genetics 

Chapters 10-14 incorporate changes that help students grasp the more 
abstract concepts of genetics and their chromosomal and molecular 
underpinnings. For example, a new Visual Skills Question with Figure 
10.6 asks students to identify where haploid cells undergo mitosis 
in the three life cycles shown in the figure and what type of cells are 
formed. Chapter 11 includes information on a 2014 genomic study 
on the number of genes and genetic variants contributing to height. 
In Chapter 12, the section on sex determination is more inclusive, 
explaining that sex is no longer thought to be simply binary and clari
fying the emerging distinction between the terms sex and gender. Also, 
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new research on sex determination has been added. New Visualizing 
Figure 13.8 shows various ways that DNA is illustrated. In Concept 13.4, 
updates to the CRISPR-Cas9 coverage include progress on attempting 
to cure sickle-cell disease, use of gene drives to address insect-borne 
diseases, a photo of Jennifer Doudna with a CRISPR-Cas9 model 
(Figure 13.33), text about her role in discovering CRISPR technology, 
and text about ethical considerations. Chapter 14 has a new opening 
photo and story about albino donkeys to pique student interest in gene 
expression, and the one-letter codes for amino acids have been added 
to increase student familiarity with these widely used symbols. A new 
Problem-Solving Exercise asks students to identify mutations in the 
insulin gene and predict their effect on the protein. 

...,.. Figure 13.33 
Jennifer Doudna 
holding a model 
of CRISPR-Cas9. 

Chapters 15-18 are extensively updated, driven by exciting new 
discoveries based on DNA sequencing and gene-editing technology. 
Chapter 15 has updates on histone modifications, the percent of 
protein-coding genes expressed by a typical human cell, alternat ive 
splicing, functional RNAs, miRNAs, and siRNAs. A mention of CRISPR 
in bacteria has been added to the section on evolution. Concept 15.4 
includes brief descriptions of both quantitative RT-PCR and RNA se
quencing because these techniques are becoming more widely used. 
Chapter 16 includes updates on the role of master regulatory genes 
in modifying chromatin structure and the possible role of p53 in the 
low incidence of cancer in elephants. Make Connections Figure 16.21 
("Genomics, Cell Signaling, and Cancer") has been revised to reflect 
recent research on breast cancer subtypes. Chapter 17 updates in
clude the Ebola, Chikungunya, and Zika viruses (Figure 17.10), new 
research on the structure of the influenza virus, and discovery of the 
largest virus known to date. A discussion has been added on mosquito 
transmission of viral diseases and the possibility of global climate 
change affecting mosquito ranges and therefore disease transmission. 
Chapter 18 begins with new photos of an elephant shark (Callorhinchus 
milii), which has the slowest-evolving vertebrate genome identified to 
date, and a tiger tail sea horse (Hippocampus comes), which has the fastest
evolving known fish genome. Also, in addition to the usual updates 
of sequence-related data (speed of sequencing, number of species' 
genomes sequenced, etc.), there are several research updates, including 
results from a 2015 study showing the similarity of certain yeast and 
human genes, underscoring the common origin of yeasts and humans. 

UNIT 3 Evolution 

A major goal for this revision was to strengthen how we help students 
understand and interpret visual representations of evolutionary data 
and concepts. Toward this end, new Figure 20.5 ("Visualizing Phyloge
netic Relationships") introduces how phylogenetic trees represent evo
lutionary relationships and what such trees do and do not convey, and 
new Figure 23.5 ("Visualizing the Scale of Geologic Time") explores 
some visual conventions used to represent the enormity of geologic 
time. The unit also features new material that connects evolutionary 
concepts and societal problems. Examples include text in Chapter 19 
on the 2015 discovery of teixobactin, an antibiotic that is effective 



against some hard-to-treat pathogens, a new discussion in Chapter 22 
on the impact of climate change on hybrid zones, and a new Problem
Solving Exercise in Chapter 22 on how h ybridization may have led to 
the spread of insecticide resistance genes in mosquitoes that tra.nsmit 
malaria. Additional changes include new text in Concept 19.3 em
phasizing how populations can evolve over short periods of time, new 
content in Concept 20.1 emphasizing how sister groups provide a clear 
way to describe evolutionary relationships and how trees do not show 
a "direction" in evolution, a new example in Concept 20.5 of horizon
tal gene transfer from prokaryote species to a eukaryote lineage, a new 
table (Table 21.1) highlighting the five conditions required for a popu
lation to be in Hardy-Weinberg equilibrium, and new text and a new 
figure on gene flow (Figure 21.12). 

T Figure 21.12 Gene flow and local adaptation 
in the Lake Erie water snake (Nerodia sipedon). 

ONTARIO 

Detroit 

LAKE ERIE 

• 
OHIO Cleveland 

Banded N. sipedon 
(Pattern C) 

V') 100 cu 
-

::::, 
"'O 

80 > -

"'O 
c: - 60 -
0 
Q) 

40 CJ) -
cu 

,+-J 

c: 
Q) 20 u -
...... 
Q) 

0.. 
0 I 

A B C D 

Ohio mainland 

I 

Bass 
Is I a n ds "" _/"-.,. It:;:;:? 

'b " 

• 

I I 

A B C D 

Islands 

LAKE ERIE 

Unbanded 
N. sipedon 
(Pattern D) 

Pelee 
Island 

Middle 
Island 

"CJ 

Kelleys w 
-..:.::Island 

Skm 

A B C D 

Ontario mainland 

Banding patterns in snake populations 

UNIT 4 The Evolutionary History of Life 

In keeping with our goal of improving how students interpret and cre
ate visual representations in biology, we have added a new figure (Figure 
27.8, "Visualizing Animal Body Symmetry and Axes") that introduces 
some visual conventions and terminology used in describing animal 
bodies. Students are also provided many opportunities to practice their 
visual skills, with more than ten new Visual Skills Questions on topics 
ranging from interpreting phylogenetic trees to inferring which regions 
of a bacterial flagellum are hydrophobic. Other major content changes 
include new text in Concepts 24.4 and 25.1 on the 2015 discovery of 
the Lokiarchaeota, a group of archaea that may represent the sister 
group of the eukaryotes, a new Scientific Skills Exercise in Chapter 24 on 

calculating and interpreting means and standard errors using data on 
the effectiveness of a promising new antibiotic, teixobactin, and new 
text and a new figure (Figure 26.24) on the earliest known seed plants. 
A new Problem-Solving Exercise in Chapter 27 engages students in 
interpreting data from a study investigating whether frogs can acquire 
resistance to a fungal pathogen through controlled exposure to it. Other 
updates include the revision of many phylogenies to reflect recent phy
logenomic data, new material in Concept 24.1 describing how research
ers recently succeeded for the first time in constructing a "protocell" in 
which replication of a template strand of RNA could occur (a key step 
in our understanding of the origin of life), and new text and a new figure in 
Concept 27.6 describing the 2017 discovery of 315,000-year-old hominin 
fossils of Homo naledi (Figure 27.37), a close relative of Homo sapiens. 

T Figure 27.37 Fossils of hand bones and foot bones (top and 
side views) of Homo naledi. 

UNIT 5 Plant Form and Function 

A major aim in revising Chapter 28 was to help students better under
stand how primary and secondary growth are related. New Visualizing 
Figure 28.10 enables students to picture these two types of growth 
more effectively. New coverage of the primary meristems (protoderm, 
procambium, and ground meristem) helps students visualize the tran
sition of meristematic to mature tissues. A new flowchart (Figure 28.21) 
summarizes growth in a woody shoot. In Chapter 29, new Figure 29.7 
illustrates the fine branching of leaf veins to emphasize the relation
ship between transport and structure. In Chapter 30, a new chapter 
opener highlights the biomimetic inspiration for the invention of 
Velcro as an example of how basic research can impact people's lives in 
unexpected ways. A new figure clarifies how the terms carpel and 
pistil are related (Figure 30.3). The text on flower structure and 

T Figure 30.3 The relationship between the terms carpel 
and pistil. 
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the angiosperm life cycle figure identify carpels as megasporophylls 
and stamens as microsporophylls, correlating with the plant evolu
tion discussion in Unit 5. New Figure 30.17 compares insect damage in 
non-Btmaize and Btmaize. In Chapter 31, the coverage of control of 
apical dominance is enhanced by new Figure 31.5 on effects of remov
ing the apical bud and new text on the role of sugars. In Concept 31.3, 

a new Problem-Solving Exercise highlights how global climate change 
affects crop productivity. Figure 31.24 on defense responses against 
pathogens has been simplified and improved. 

UNIT 6 Animal Form and Function 

A major goal of the Unit 6 revision was to transform how students in
teract with and learn from representations of anatomy and physiology. 
For example, the art for homeostatic control systems in Chapter 32 
(Figures 32.11, 32.15, and 32.24) and throughout the book has been re
vised to provide a clear a.nd consistent presentation of the role of 
perturbation in triggering a response. In Chapter 34, Figure 34.10 on 
blood velocity and pressure has been revised to help students appreciate 
both time-dependent variation in systolic and diastolic pressure and 
location-dependent variation in mean pressure. In Chapter 36, Figure 
36.12 on female reproductive cycles has been redesigned to make key 
events stand out and to highlight coordination of the ovarian and 
uterine cycles, and new Visualizing Figure 36.18 provides students with 
a clear and carefully paced introduction to the three-dimensional rear
rangements that occur during gastrulation. In Chapter 37, new Visual 
Skills and Draw It Questions lead students to visualize ion movement 
through voltage-gated ion channels (Figure 37.10), engage with rep
resentations of action potential formation and propagation (Figure 
37.12), and explore the commonalities and distinctions between spatial 
and temporal summation at synapses (Figure 37.18). In Chapter 38, the 
art illustrating the cellular responses of photoreceptors (Figure 38.27) 

has been transformed into two parallel drawings that highlight more 
effectively how enzyme-induced changes in second messenger concen
tration trigger changes in ion flow, membrane potential, and ultimately 
neurotransmitter production. 

The Unit 6 revision also introduces new material and updates that are 
designed to promote student engagement and appreciation of biology as 
an active, vibrant science. For example, a new Problem-Solving Exercise in 
Chapter 32 taps into student interest in medical mysteries through a case 
study that explores the science behind laboratory testing and diagnosis. 

New text and figures introduce students to recent discoveries 
regarding topics such as the microbiome (Figure 33.14) and to 
cutting-edge technology, including a method for the rapid, compre
hensive characterization of viral exposure (Figure 35.19). The revision 
also addresses students misconceptions with, for instance, new art 
(Figure 35.18) that highlights the success of immunization in fighting 
a number of communicable diseases. A new opening figure and text 
for Chapter 36 highlight the diversity of reproductive systems and 
strategies across the animal kingdom, helping students overcome the 

T Figure 33.14 Variation in human gut microbiome at 
different life stages. 
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misconception that reproduction inherently involves a male and a 
female. In Chapter 37, the discussion of the complementary roles of 
inactivation and voltage gating of ion channels during action potential 
formation has been revised for clarity (Concept 37.3). Finally, additional 
content updates help students appreciate the continued evolution of our 
understa.nding of biological phenomena, such as how animals detect 
magnetic fields (Concept 38.4) and how jellies move (Concept 39.2). 

UNIT 7 Ecology 

Complementary goals of the Unit 7 revision were to strengthen our 
coverage of core concepts while also increasing our coverage of how 
human actions affect ecological communities. Revisions include new text 
in Concept 43.1 on the mechanisms by which acid precipitation harms 
aquatic a.nd terrestrial organisms, new text and a new figure (Figure 41.24) 

in Concept 41.4 on the island equilibrium model (and how it relates to 
human-caused habitat fragmentation), and new material in Concepts 
42.2 and 43.4 on eutrophication and how it can cause the formation of 
large "dead zones" in aquatic ecosystems. A new figure (Figure 43.21) 

shows the extent of the record-breaking 2017 dead zone in the Gulf of 
Mexico and the watershed that contributes to its nutrient load. In addi
tion, Chapter 41 has a new chapter-opening story on a seemingly unlikely 
mutualism between a tiny wrasse and a much larger predatory fish, and 
Concept 42.4 includes new Figure 42.14, "Visualizing Biogeochemical 
Cycles," which explores how biological and geological processes are repre
sented visually in nutrient cycle diagrams. In keeping with our book-wide 
goal of expanding our coverage of climate change, we have added new 
text and a new figure (Figure 40.14) on how climate change has affected 
the distribution of a species of sea urchin that decimates kelp communi
ties, new text in Concept 42.2 on how climate change affects primary 
production in ecosystems, a new figure on how climate change relates 
to an increase in wildfires and insect outbreaks (Figure 42.9), and a new 
Problem-Solving Exercise in Chapter 42 that explores how insect out
breaks induced by climate change can cause an ecosystem to switch from 
a carbon sink (that stores C02) to a carbon source (that releases C02). 

T Figure 42.9 
Climate change, 
wildfires, and insect 
outbreaks. 
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Campbell Biology in Focus, Third Edition, is designed to help students 
master the fundamental content and scientific skills they need as college 
biology majors. Here is an overview of the features of the Third Edition: 

T Visualizing Figures and Visual Skills Questions 
Build the skills needed to interpret diagrams and 
models in biology (pp. xii-xiii). 

T Scientific Skills and Problem-Solving Exercises 
Use real data to build key skills needed for biology 
(pp. xiv-xv). 
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T Make Connections Figures and Questions 
See the big picture of biology by integrating 
content from different chapters (pp. xvi-xvii). 
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T Student Success with Mastering™ Biology 
Succeed in biology by using the eText, Study 
Area, and Dynamic Study Modules (pp. xviii-xix). 

T Personalized Coaching in Mastering Biology 
Master concepts with assignable tutorials that 
provide hints and feedback (pp. xx-xxi). 
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T Active Learning 
Enliven class time and increase student learning 
with the Ready-to-Go Teaching Modules (p. xxii). 
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NEW! Visualizing Figures teach students how to interpret diagrams and models in biology. 

• • 

• Figure 3.20 Visualizing Proteins 

Proteins can be represented in different ways, depending on the goal of the illustrat ion. 

Structural Models 
Using data from structural studies 
of proteins, computers can 
generate various types of models. 
Each model emphasizes a different 
aspect of the protein's structure, 
but no model can show what a 
protein actually looks like. These 
three models depict lysozyme, a 
protein in tears and saliva that 
helps prevent infection by binding 
to target molecules on bacteria. 

1. In which model is it easiest to follow 
the polypeptide backbone? 

C, Instructors: The tutorial "Molecular 
Model: Lysozyme," in which students 
rotate 3-D models of lysozyme, can 
be assigned in Mastering Biology. 

Simplified Diagrams 
It isn't always necessary to 
use a detailed computer 
model; simplified 
diagrams are useful when 
the focus of the figure is 
on the function of the 
protein, not the structure. 

Space-filling model: Emphasizes 
the overall globular shape. Shows 
all the atoms of the protein 
(except hydrogen), which are 
color-coded: gray = carbon, 
red = oxygen, blue = nitrogen, 
and yellow = sulfur. 

When structural 
details are not 
needed, a solid 
shape can be used. 

Ribbon model: Shows only 
the polypeptide back.bone, 
emphasizing how it folds 
and coils to form a 3-D 
shape, in this case stabilized 
by disulfide bridges (yellow lines). 

A simple shape is used here to 
represent a generic enzyme 
because the diagram focuses on 
enzyme action in general. 

A transparent shape 
is drawn around the 
contours of a ribbon 
model of the protein 
rhodopsin, showing 
the shape of the 
molecule as well as 
some internal details. 

2. Draw a simple version of Jysozyme that shows its 
overall shape, based on the molecular models in 
the top section of the figure. 

W ireframe model (blue): 
Shows the polypeptide back.bone 
with side chains extending from 
il A ribbon model (purple) is 
superimposed on the wireframe 
model. The bacterial target 
molecule (yellow) is bound. 

Pancreas cell 
secreting .-.... 
insulin 

Sometimes a protein 
is represented simply 
as a dot, as shown 
here for insulin. 

3. Why is it unnecessary 
to show the actual 
shape of insulin here? 

• NEW! Assignable activities in Mastering Biology support 
each Visualizing Figure. 
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..,_ NEW! Visual Skills Questions give students 
practice interpreting illustrations and 
photos in the text. 

XII FOCUS ON V ISUAL SK I LLS 

Embedded questions give 
students practice applying 
visual skills as they read 

Superior 
vena cava 

Pulmonary 
artery 

~ the figure. 

Capillaries 
of right lung 

Pulmonary 
vein 

Right atrium 

Right ventricle 

Inferior 
vena cava 

Aorta 

Capillaries of 
head and 
forelimbs 

Pulmonary 
artery 

Capillaries 
of left lung 

Pulmonary 
. 

vein 

Left atrium 

Left ventricle 

~Aorta 

--Capillaries of 
abdominal organs 
and hind limbs 

VISUAL SKILLS If you trace the path of a molecule of carbon 
dioxide that starts in an arteriole in the right thumb and leaves the 
body in exhaled air, what is the minimum number of capillary beds 

~ e molecule encountered? Explain . 



NEW! Figure Walkthroughs guide students through key figures 
with narrated explanations and figure markups that reinforce 
important points. 
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Scientific Skills Exercises use real data to bui ld key skills needed for biology, including data 
analysis, graphing, experimental design, and math skills. 

Scientific Skills Exercise 

Interpreting a Scatter Plot with a Regression Line 
How Does the Carbonate Ion Concentration of Seawater Affect 
the Calcification Rate of a Coral Reef? Scientists predict that acid i
f ication of the ocean due to higher levels of atmospheric C02 w ill 
lower t he concentration of d issolved carbonate ions, wh ich living 
corals use to build calcium ca rbonate reef struct ures. In this exercise, 
you wi ll analyze data f rom a control led experiment that examined 
the effect o f carbonate ion concentration ([ co3

2 - ] ) on calcium 
carbonate deposition, a process cal led calcification. 

How the Experiment Was Done For several years, scientists conducted 
research on ocean acidification using a large coral reef aquarium at 
Biosphere 2 in Arizona. They measured the rat e of calcification by the 
reef organisms and examined how the calcificat ion rate changed with 
differing amounts of dissolved carbonate ions in the seawater. 

Data from the Experiment The black data points in the g raph fo rm 
a scatter p lot. The red line, known as a linear regression line, is the 
best-fitting straight line for these points. These data are f rom one 
set of experiment s, in wh ich the pH, temperature, and calcium ion 
concentration of t he seawater were held constant. 

INTERPRET THE DATA 

1. When presented w ith a graph, first determ ine what each axis repre
sents. (a) In words, what is shown on the x-axis? (Include t he units.) 
(b) What is on the y-axis? (c) Which va riable is the independent 
variable-the one that was manipulated by the researchers? (d) 
Which is the dependent variable- the one t hat responded to the 
treatment, which was measured by the researchers? (For additional in
formation about graphs, see the Scientific Skills Review in Appendix F.) 

T NEW! 24 chapters contain links to 
papers from Science on the AAAS 
Science in the Classroom website, 
where the papers are annotated to 
aid student comprehension. 

Explore Scientific Papers with Science in the Classroom l~AAAS 
How are some coral reefs responding to climate change? 

Go to "Take the Heat" at w.scienceintheclassroom.org. 

~ Instructors: Questions can be assigned in Mastering Biology. 

• 
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Data from C. La ngdon et a l. , Effect of calcium carbonate saturation state on 
the ca lci fi ca tion rate of an experimental coral reef, Global Biogeochemical 
Cycles 14:639- 654 (2000). 

2. Based on the data shown in the graph, describe in words the rela
tionsh ip between ca rbonate ion concent ration and calcification rat e. 

3. If the seawater (03
2- concentration is 270 µ.mo l/kg, estimate the 

rate of ca lcification and how many days it wou ld take 1 square 
meter of reef to accumulate 30 mmol of CaC03. 

4. (a) Which step of the process in Figure 2.25 is measured in this 
experiment ? (b) A re t he results of this experiment consistent 
with the hypothesis t hat increased atmospheric [ C02 ] wil l slow 
the g rowth of co ral reefs? W hy or why not? 

O Instructors: A version of this Scient ific Skil ls Exercise can be 
assigned in Mast ering Biology. 

ARTICU TOOLS 
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Rebt~d content 
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NEW! Problem-Solving Exercises guide students in applying scientific skills 
and intepreting real data in the context of solving a real-world problem. 

-=---~~
Can declining amphibian 
populations be saved by a 
vaccine? 

Ye/low-legged frogs (R_ana rr:1uscosa) in 
California killed by Bd ,nfect1on 

Amphibian populations are declining r_apidly 
worldwide. The fungus Batrachochytnun: 
dendrobatidis (Bd} has contributed to th,~ 
decline: This pathogen causes sev~re ~kind 
infections in many amphibian species, ea -
·n to massive die-offs. Efforts to save am-
, g_ . f Bd have had limited success, 
ph1b1ans rom . f sand 
and there is little evidence that rog . 
other amphibians have acquired resistance 

to Bd on their own. 

In this exercise, you will investigate whether amphibians can acquire resistance to 
the fungal pathogen Bd. 

Your Approach The principle guiding your investigation is that prior exposure to a 
pathogen can enable amphibians to acquire immunological resistance to that pathogen. To 
see w hether this occurs after exposure to Bd, you wi ll analyze data on acquired resistance 
in Cuban tree frogs (Osteopi/us septentrionalis). 

Your Data To create variation in number of prior exposures to Bd, Cuban tree f rogs were 
exposed to Bd and cleared of t heir infection (using heat treatments) from Oto 3 times; 
frogs with O prior exposures are referred to as "naive." Researchers then exposed f rogs to 
Bd and measured mean abundance of Bd on the f rog's skin, f rog surviva l, and abundance 
of lymphocytes (a type of white blood cell involved in t he vertebrate immune response). 
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1. Describe and interpret the results shown in t he two g raphs. 

Thousands of 
lymphocytes 
per g of frog 

134 

240 

244 

227 

2. (a) Graph t he data in t he table. (b) Based on these data, develop a hypothesis 
t hat explains the results in t he above two g raphs. 

3. Breeding populations of amphibian species threatened by Bd have been established 
in captivity. In addition, evidence suggests that Cuban tree f rogs can acquire 
resistance after exposure to dead Bd. Based on this information and your answers to 
questions 1 and 2, suggest a strategy for repopu lating regions decimated byBd. 

O Instructors: A version of this Problem-Solving Exercise can be 
assigned in Mastering Biology. 

..,.. Scientific Skills Exercises, 
Problem-Solving Exercises 
(NEW!), and AAAS Science in 
the Classroom articles (NEW!) 
are all assignable through 
Mastering Biology. 

Probltm-Solvlng extrclst: Are You a Victim of Fl$h Fraud? 
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Ten Make Connections Figures pull together content from different 
chapters, providing a visual representation of ''big picture'' relationships. 

• 

.,._ NEW! Media 
references in the text 
direct students to 
digita l content in the 
Mastering Biology 
eText and Study Area. 

XVI FOCUS ON MAKING CONNECTIONS 

u,,,;:::i 
11'Alrlf. I 

This arctic tundra ecosystem teems with life during the short 
two-month growing season each summer. In ecosystems, 
organisms interact with each other and with the environment 
around them in diverse ways, including those illustrated here. 

O Populations change in size through births and 
deaths and through immigration and 
emigration. Caribou migrate across the 
tundra to give birth at their calving grounds 
each year. (See Figure 40.15.) 

f) Snow geese and many other species migrate 
to the Arctic each spri11g for the abundant food 
found there in surruner. (See Concept 39.3.) 

C, Birth and death rates influence the density of all 
populations. Death in the tundra comes from 
many causes, including predation, competition 
for resources, and lack of food in winter. 
(See Figure 40.25.) 

O Mastering Biology 
Bioflix® Animation: Population Ecology 

O In predation, an individual of one species kills 
and eats another. (See Concept 41.1.) 

O In herbivory, an individual of one species eats part of 
a plant or other primary producer, such as a caribou 
eating a lichen. (See Concept 41.1.) 

C, In mutualism, individuals of two species interact in 
ways that benefit each other. In some mutualisms, the 
partners live in direct contact, forming a symbiosis; for 
example, a lichen is a symbiotic mutualism between a 
fungus and an alga or cyanobacterium. (See Concept 
41.1 and Figure 26.30.) 

O In competition, individuals seek to acquire the same 
limiting resources. For example, snow geese and caribou 
both eat cottongrass. (See Concept 41 .1.) 



Nitrogen cycle 

N2 

Denitrification 

Carbon cycle 

Cellular 
respiration 

C02 

Photosynthesis 

Primary 
consumers 
(caribou) 

.... Make Connections Tutorials are 
assignable in Mastering Biology. 

Organisms Transfer Energy and Matter 
in Ecosystems (Chapter 42) 

E) Primary producers convert the energy in sun
light to chemical energy through photosyn
thesis. Their growth is often limited by abiotic 
factors such as low temperatures, scarce soil 
nutrients, and lack of light in winter. (See 
Figure 8.5, Figure 40.9, and Figure 42.4.) 

O Food chains are typically short in the tundra 
because primary production is lower than in 
most other ecosystems. (See Figtue 41 .14.) 

(0 Energy flows through ecosystems. When one 
organism eats another, only 10% of the 
energy transfers from one trophic level to the 
next. (See Figure 42.11.) 

~ Detritivores recycle chemical elements back to 
primary producers. (See Figures 42.3 and 42.4.) 

$ Chemical elements such as carbon and nitrogen 
move in cycles between the physical environ
ment and organisms. (See Figure 42.15.) 

O Mastering Biology 
Bioflix® Animation: The Carbon Cycle 

~ ... 
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~ Make Connections 
Questions in every 
chapter ask students to 
relate content to material 
presented earlier in the 
course. 

• • 
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NEW! The eText includes 400 Videos, Animations, and Figure 
Walkthroughs integrated into the digital text, plus Get Ready for 
This Chapter Questions, Vocab Self-Quizzes, and Practice Tests. 

T Videos 

Cntdarllios are carnivores that typ!cally we 1ent~lesarrange<t 
In a 11ngarolllld lhelt mouth tocaptute prey &ll<I poss the food 

T Figure Walkthroughs 

\ 

\ , 
D i 

Figure 14,26 \Valkthrough Types of small-S<>alc mutot ion.s 
th~t ~ffeot mRNA sequence 

. . . . . . ' . . 

.. -- - .. -- .. 

~11., ..... _ 
'""'*4 ol ( ,. ' . . . . . . . . 

) ' 

,. 

*1.<tA~ '* wUrA t~e 
A*L~ Ae1<J 

Subsuiuuons that thange one amino aCiJ to i\J\Olher one are 

calleJ mi»en•• mutitUon, J , Such• rnut,,tion ,nay hav .... llttl• -- -- ---
.,.ff«:I on ll,r protein: J'I,., ""'"' amino odd nu,y ru,v., pruf'<'rli"" 

simifar to lho•c, o( the amino •cid ii replaces, or ii m•)' be in • 

region o! the protein "'here the cl<ild uqucnc-e of amino .tc-ids is 

not <'$•.-ntL>I to th~ prnt~fn's lunrt lc,n. 

However.,. the n.ucl~atide--p.rir sub:slitutions of ,Fif"C'.:llcs.l inle~sl 

ore tho .. , th•t cout<C • mojor ehongc in a protein. The .tlter.>tion 

••• 

I 

T Animations 

BloFUx Animation Photosynthesis 

The light reac_tlons are the steps o( photosynthesis that convert solar energy to chen,lcal 

energy. Wotcr is split, providing a source of clcclrons and protons (h)·drogcn ion5, rr-) and 

T Get Ready for This Chapter Questions 

Get Ready for This Chapter Multi ple-choice Questions 

4 questlon,s 

2. Which of the following shO\VS the flow of genetic information? 

ONA to RNA to ribosomes 

protein to RNA to DNA 

ONA to RNA to protein 

)( r NA to Oi'<A PH,ll.111 

Feedback 
Incorrect. Revie-.•1 the foCIO\Ying material: ONA dlre<:ts RNA synthesis and. 
through RNA, controls protein synthesis: this entire process is called gene 
express.ion. The sites of protein synthesis are cellular structures calted 
ribosomes. 

- -- ------ --- - ---- -

' ' 

NEW! Additional eText features include: 
• Instructor and student 

note-taking; notes can be 
shared 

• Highlighting 

• Bookmarking 

• Search 

• Links to Glossary terms 

• Accessible 
(screen-reader ready) 

• The Pearson eText mobile app 
can be downloaded from the 
Apple App Store 
or Google Play. 

Includes offline 
access. 
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Students who prefer to read a print book can watch videos and animations 
and test themselves in the Study Area as they read. 

• Animations and Videos 

\ 

• Practice Tests 

o : 
-
0 ·..,·•.IJ Y AR~ ,\ &-x 

Practice Test 

Chapter 22: The Origin of Species 

• When gene now between tw0 populations 
ceases, the potent ial ror 

(It, Cgoceiit 22.11 

O l1o1&lon 

a&xuel eerecuon 

__ exists. 

No. FuSion refers to twO or more 
populations re-establishing gene now and 
forming one species. 

.......__ -------------~ 

I 

Dynamic Study Modules allow students to test, learn, and retest 
until they achieve mastery of the content. 

-

Atomic Structures 

QUESTION 

11,e alOlnk numl)(or, • hich ii 1hr 1,umbn f•I proion~ 11 u..-<110 kknt1fy 111 

c.-h 11wnt llw atnmte m1ml'<'r "ahc> ll'IC'd ,., i,rg;i ·, tt" rktnrnt1 In the 
1"'1'ic'<hc ublc ,, th~ dcmc-nt• IIIC org.inlftd by Iner~ ~1c,m1e nucnMr 
(ur tt,r lrl•"tta n1 nur.11,.., of p.-.,.ocuJ 

1t1e nw, numtx:r, "bkh lo "l*"J "nttcn ~ .. 1t1p<"n<rapt in rrou1 c,I the 

clrtnrntal ,,. l>c>f, l, lll<' 1111nll,c,r "' pto>I<>~ phh nc-uln.m- 14'01.tk! Uu, 
protoc •1 Id htul!ntts a,c low1J 1111/1, r,udc,u, the 1n..iu 1111 '"'' ,, al,o the 

n1o1nof thc ""''"""' h<lfll the m~u 1H1mbcr .mJ W atorrnc r,umb,, 11..
numll<T of nc-u1 IOI\\ <'110 olao bt' ,t,,1runl0td 

11,,.. 11,i,ny ntuiron• Ir<' pr=n1 ,n "'" ro11,,..,ng drmrnl ul, 'Jll'('r? 
•·ea, 

'-':od1tf_.df"lifmilt 

ANSWER 

064 
O I DON1 KNOIN 't'l"T 

~· - .... " . --- ----- - - -. . - - ·- -- - .. ·-- . --- - - - -- - -- - -- -- - -

- ----------------------- ------------------

NEW! The eText, Study 
Area, and Dynamic Study 
Modules can be accessed 
from any computer, 
tablet, or smartphone. 

• 
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Instructors can assign self-paced 
Mastering Biology tutorials 
that provide students with 
individualized coaching with 
specific hints and feedback on the 
toughest topics in the course . 

If a student gets stuck ... 

1. Specific wrong-answer feedback 
appears in the gray feedback box . 

-----------------------------------
-· 

.... Hint 1. Structure and function of cell organelles 

2. Hints coach the student 
to the correct response. 

Tl1e structure of each organelle in a eukaryotic cell makes it very well-suited for the task it performs. Some examples are described here. 

• Rough endoplasmic reticulum: This organelle p lays an important role in the synthesis of secretory proteins. The outer surfaces of rough ER are studded wtth ribosomes, 
the sites where proteins are made. As a protein chain grows from a bound ribosome, It is threaded through a pore in the ER membrane. Once Inside, protein folding occurs. 

• Golgi apparatus: The Golgi is composed of a series of ffattened membranous discs called cisternae. Each cistema forms an enclosed space that houses a distinct set of 
enzymes used to process proteins in a sequential manner as they are prepared for transport to different sites 

• Mitochondria: The inner membrane of a mitochondrion has extensive infoldings, which greatly increase the surface area available for key reactions in the energy
producing processes of cellular respiration. 

• Hint 2. Whiel'1 organelles are involved in protein secretion? 

3. Optional Adaptive Follow-Up 
Assignments provide additional 
coaching and practice as needed, 
continuously adapting to each 
student's needs. 

Activity: Review: Animal Cell Structure and Function 

C!!S!I bece to comp1e1e this aCU\1ty. 

Then answer tie avesllons 

• PanA 

Choose 1t1e 1e12er that lndieates 11\e organelle ltlat contains most 01 a cetrs OtlA. 
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,.. e 

D 

A 

a 
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~ Mastering Biology offers thousands of tutorials, 
activities, and questions that can be assigned as 
homework. A few examples are shown below. 

BioFlix Tutorials use 3-D, 
movie-quality animations 
and coaching exercises 
to help students master 
tough topics outside of 
class. Animations are also 
available in the eText and 
Study Area and can be 
shown in class. 

EXPANDED! HHMI Biolnteractive 
Short Films, documentary-quality 
movies from the Howard Hughes 
Medical Institute, engage students 
in topics from the discovery of the 
double helix to evolution, with 
assignable questions. 

NEW! Grants in the Galapagos 
Videos filmed by Peter and 
Rosemary Grant come with 
assignable activities in 
Mastering Biology. 

~ NEW! Early Alerts provide instructors with valuable insights 
into student performance through a new dashboard in 
Mastering Biology. 

Current Risk Levels o 

15 91% 

Lo\W Rl,k. 16 

High Risk Trend o Feec:IIJKlr l\1edjum Risk Trend O F•eotect Lo\v Risk Trend O Feeobed, 

100~ 1~ 

0r-•40-o Q .c ~ ... 
J~ Jl6 

11, >a"201r o.?l-~11 111~r. ~'»w,1 

. ~··· - ... - .·· - ::..._ - - -

--, · · .· : - __ .:...._ ·· .. ·· ........ :... .. ---_- .- .. _ 
. . - -- . . - - . --- - - ---- -- -
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Ready-to-Go Teaching Modules help instructors efficiently make use 
of the best teaching tools before, during, and after class. 

Oxidative 
Phosphory latio n 

CONCEPT7.4 

NIIMI 
~ 

Dl\A 
Repliltttion 

CONCEPT 13.2 

The l.ight 
Reactions 

CONCEPT8.2 

-

Gene Expression: 
~futatioru 

CONCEPT 14.5 

-

-

l\ofitosis 

CONCEPT9.2 

The trp and la,: 
Operons 

CONCEPT 15.1 

·~Iii 

T\.feiosis 

CONCEPT 10.3 

Phylogenetic 
Trees 

CONCEPT 20.3 

With the Ready-to-Go Teaching 
Modules, instructors can easily 
incorporate active learning into 
their courses using suggested 
activity ideas and questions. 

~ NEW! We've added five 
more teaching modules. 

All the modules can be 
accessed through the 
Instructor Resources area of 
Mastering Biology. 

l\.1echanisn1,; of 
Evolution 

Transport in 
l' lant.'i 

'J'hc Jlumru1 C.ardiac Cycle ru1d 
Dige~-tive System Heart f.tmction 

CONCEPT 21.3 CONCEPT 29.2 CONCEPT 33.3 CONCEPT 34.2 

Resti11.g and 'l'ropJ1ic 
,.\ction J'otcntial~ Rel.t t ioush ips 

CONCEPT 37.3 CONCEPT 42.3 

Intelpreting Data 
o n Introduced 

Species 
CONCEPT 43.1 

.,.. Videos demonstrate how the 
activities can be used in class. 

Learning Catalytics™ allows students to use 
their smartphone, tablet, or laptop to respond 
to questions in class. 

For more information, 

visit learningcatalytics.com 

.. 
XXII FOCUS ON ACTIVE LEARNING 
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The Instructor Resources Area of Mastering Biology 
• 5 NEW! Ready-to-Go Teaching Modules help instructors efficiently 

make use of the available teaching tools for the toughest 
topics. Before-class assignments, in-class activities, and after-

class assignments are provided for ease of use. Instructors can 
incorporate active learning into their course with the suggested 
activity ideas and clicker questions or Learning Catalytics questions. 

• Editable figures (art and photos) and tables from the text in 
PowerPoint® 

• PowerPoint Lecture Presentations for each chapter with lecture 
notes, editable figures (art and photos), tables, and links to 
animations and videos 

• Accessible PowerPoint Lecture Presentations with alt text for every 
image; students can access alt text with a screen reader if needed. 

• JPEG images, including labeled and unlabeled art, photos from the 
text, and extra photos 

• Clicker Questions in PowerPoint 

• EXPANDED! 400 instructor animations and videos, including 
BioFlix® 3-D Animations, HHMI Videos and Animations, BBC 

Videos, and much more 

• Test Bank questions in TestGen® software and Microsoft® Word. 
This invaluable resource contains over 4,500 questions, including 
scenario-based questions and art, graph, and data interpretation 

questions. NEW! Every image has alt text, which students can 
access with a screen reader if needed. 

• NEW! Mastering Biology Item Library Reference Guide: An at-a
glance reference to assignable resources 

• NEW! Statistics Worksheets for Biology 

• Instructor Answers to Scientific Skills Exercises, Problem-Solving 
Exercises, Interpret the Data questions, and essay questions; 
includes rubric and tips for grading short-answer essays 

• Instructor Guides for Supplements: Instructor Guide for Practicing 
Biology: A Student Workbook; Instructor Guide for Biological 
Inquiry: A Workbook of Investigative Cases; Answer Key for Inquiry 
in Action: Interpreting Scientific Papers; Investigating Biology Lab 
Prep Guide; and Investigating Biology Lab Data Tables 

T Customizable PowerPoint Lectures 
provide a jumpstart for instruction. 

( 'oncept 5.1: Cellular n1c111brancs arc fluid n111saics of 
lipids and protein~ 

• Phosphollplds are the most abundant lipid in 
most membranes 

• Phosphollplds are amphlpathlc molecules, 
containing hydrophobic and hydrophilic 
regions 

• A phospholipid bilayer can exist as a stable 
boundary be1:1;veen two aqueous compartments _..:'--___ _._ _________ ~ 

Two phosphollplds 

WATER 

WATER 

T All of the art, graphs, and photos from the text are provided with 
enlarged, customizable labels. More than 1,600 photos from the text 
and other sources are included. 

Results 
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D Endophyte not present: pathogen present (E- P+) 
D Both endophyte and pathogen present (E+P+) 
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Data f rom A. E. Arnold et al, Fungal endophytes limit pathogen damage in 
a tropical tree, Proceedings of the National Academy of Sciences USA 100: 
15649-15654 (2003). 

T Clicker Questions can be used to stimulate effective classroom 
discussions (for use with or without clickers). 

Ne,v 7.caland ccologi~t~ recorded the nun1hcr!I of 
in,·ertebrate spt'Cies in streambeds that experienced 
different lntensiti~ and frequcncle~ of noodlng. The 
lar2est numbers of species ,vere present in streambeds 
,vith disturbances. 

A. no 
B. mild 35 · 

• C. intermediate i » 
D. intense O 25 • 
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F.,•apolr:in~pir-a(ion. the cv:1pon1lion of 1v:1lcr from ~oil itntl 
plitnts, is much higher in hot 11_re~s n;tb abundant rainfall 
than in cooler or lo1v-precipitation areas. 

• \'t'hich stalen1ent describe, the relationship betn·een 1>0tenti11I 
,o-.---.--~~~~ c~1111otran~jlin1tion and ,·erccbrale ,,1ccics richness? 

1>,9 1,0 1,i 1..a 1~ , .~ 1,5 , .• 1. 

lndu 00 dl11urb•nce In"""'"" Clo A. As evapouanspiration increases, the number of vertebrate 
species decllnes. 

t-•• - .. -- - ....._- ..._------------1 8. Abundant rainfall In hot areas has lln undetectable effect on 
the number ofvenebrate species ... 

C. As evapotransplratlon Increases, i 
so does vertebrate species i ... 
richness. fa i.. Li 

D. Based on the data, one expects ., 
fewer vertebrate species In areasJ-
of high temperature and abunda ; • • 
rain fall t:han In areas with lower ··~ r·_· ------
temperature and less rainfall . • - ._ ,,,.. ...., 

J'larill •tpGI naip'."f'ftn .-.n-,,, 

• 

• 

Learning Management Systems 
Integration with various learning management systems is available 
for Mastering Biology. Contact your sales representative for details. 

... 
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FOR STUDENTS 
Inquiry in Action: Interpreting Scientific Papers, Fourth Edition* 
by Ruth V. Buskirk, University of Texas at Austin, and Christopher M. 
Gillen, Kenyon College 
978-0-134-47861-6 I 0-134-47861-4 
This guide helps students learn how to read and understand primary 
research articles. Part A presents complete articles accompanied by 
questions that help students analyze the article. Related Inquiry Figures are 
included in the supplement. Part B covers every part of a research paper, 
explaining the aim of the sections and how the paper works as a whole. 

Practicing Biology: A Student Workbook, Sixth Edition* 
by Jean Heitz and Cynthia Giffen, University of Wisconsin, Madison 
978-0-134-48603-1 I 0-134-48603-X 
This workbook offers a variety of activities to suit different learning 
styles. Activities such as modeling and concept mapping allow students 
to visualize and understand biological processes. Other activities focus 
on basic skills, such as reading and drawing graphs. 

Biological Inquiry: A Workbook of Investigative Cases, Fifth Edition* 
by Margaret Waterman, Southeast Missouri State University, and Ethel 
Stanley, BioQUEST Curriculum Consortium and Beloit College 
978-0-134-48646-8 I 0-134-48646-3 
This workbook offers ten investigative cases. Each case study requ ires 
students to synthesize information from multiple chapters of the 
text and apply that knowledge to a real-world scenario as they pose 
hypotheses, gather new information, analyze evidence, graph data, 
and draw conclusions. A link to a student website is in the Study Area in 
Mastering Biology. 

*An Instructor Guide is available for downloading through the 
Instructor Resources area of Mastering Biology. 

FOR LAB 

Investigating Biology laboratory Manual, Ninth 
Edition 
by Judith Giles Morgan, Emory University, and 
M. Eloise Brown Carter, Oxford College of Emory 
University 
978-0-13447346-8 I 0-134-47346-9 
With its distinctive investigative approach to 
learning, this best-selling laboratory manual is now 
more engaging than ever, with full-color art and 
photos throughout. The lab manual encourages 
students to participate in the process of science 
and develop creative and critical-reasoning skills. 

Annotated Instructor's Edition for Investigating 
Biology laboratory Manual, Ninth Edition 
978-0-13451922-7 I 0-134-51922-1 
This Annotated Instructor's Edition features 
teaching information including margin notes with 
suggestions for lab procedures and answers to questions from the 
Student Edition. Also included is a detailed Teaching Plan at the end 
of each lab with specific suggestions for organizing labs, including 
estimated time allotments for each part of the lab and suggestions for 
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Study Card 
978-0-134-48648-2 I 0-134-48648-X 
This quick-reference card provides students with an overview of the entire 
field of biology, helping them see the connections between topics. 

Spanish Glossary for Biology 
by Laura P. Zanello, University of California, Riverside 
978-0-32183498-0 I 0-321-83498-4 
For all the glossary terms, this resource provides definitions in Spanish. 

Into The Jungle: Great Adventures in the Search for Evolution 
by Sean B. Carroll, University of Wisconsin, Madison 
978-0-32155671-4 I 0-321-55671-2 
These nine short tales vividly depict key discoveries in evolutionary 
biology and the excitement of the scientific process. 

Get Ready for Biology 
by Lori K. Garrett, Parkland College 
978-0-32150057-1 I 0-321-50057-1 
This engaging workbook helps students brush up on important math 
and study skills and get up to speed on biological terminology and the 
basics of chemistry and cell biology. Also available in Mastering Biology. 

A Short Guide to Writing About Biology, Ninth Edition 
by Jan A. Pechenik, Tufts University 
978-0-13414373-6 I 0-134-14373-6 
This best-selling writing guide teaches students to think as biologists 
and to express ideas clearly and concisely through their writing. 

An Introduction to Chemistry for Biology Students, Ninth Edition 
by George I. Sackheim, University of Illinois, Chicago 
9780805395716 I 0805395717 
This text/workbook helps students review and master all the basic facts, 
concepts, and terminology of chemistry that they need for their life 

. 
science course. 

encouraging independent thinking and collaborative 
discussions. 

Preparation Guide for Investigating Biology, 
Ninth Edition 
978-013451801-5 I 0-134-51801-2 
Contains materials lists, suggested vendors, instructions 
for preparing solutions and constructing materials, 
schedules for planning advance preparation, and more. 
Available for downloading through the Instructor 
Resources area of Mastering Biology. 

Pearson Collections Custom Library 
This library gives instructors the power to create 
custom lab manuals using Pearson content as well as 
original materials. Learn more at 
www.pearsonhighered.com/ collections. 

Mastering Biology LabBench 
The LabBench pre-labs feature 13 online tutorials in Mastering Biology 
that will both prepare students for their lab work and reinforce key 
biological principles. 



Scientific Skills Exercises 
Ch. 1 Interpreting a Pair of Bar Graphs, p. 18 

Ch. 2 Interpreting a Scatter Plot with a Regression Line, p. 41 

Ch. 3 Analyzing Polypeptide Sequence Data, p. 71 

Ch. 4 Using a Scale Bar to Calculate Volume and Surface Area 
of a Cell, p. 82 

Ch. 5 Interpreting a Scatter Plot with Two Sets of Data, p. 113 

Ch. 6 Making a Line Graph and Calculating a Slope, p. 138 

Ch. 7 Making a Bar Graph and Evaluating a Hypothesis, p. 159 

Ch. 8 Making Scatter Plots with Regression Lines, p. 180 

Ch. 9 Interpreting Histograms, p. 200 

Ch. 10 Making a Line Graph and Converting Between 
Units of Data, p. 214 

Ch. 11 Making a Histogram and Analyzing a Distribution 
Pattern, p. 231 

Ch. 12 Using the Chi-Square (x2
) Test, p. 250 

Ch. 13 Working with Data in a Table, p. 261 

Ch. 14 Interpreting a Sequence Logo, p. 297 

Ch. 15 Analyzing DNA Deletion Experiments, p. 319 

Ch. 16 Analyzing Quantitative and Spatial Gene Expression 
Data, p. 331 

Ch. 17 Analyzing a Sequence-Based Phylogenetic Tree to 
Understand Viral Evolution, p. 359 

Ch. 18 Reading an Amino Acid Sequence Identity Table, p. 376 

Ch. 19 Making and Testing Predictions, p. 398 

Ch. 20 Using Protein Sequence Data to Test an Evolutionary 
Hypothesis, p. 417 

Ch. 21 Using the Hardy-Weinberg Equation to Interpret Data and 
Make Predictions, p. 427 

Ch. 22 Identifying Independent and Dependent Variables, Making a 
Scatter Plot, and Interpreting Data, p. 447 

NEW! Problem-Solving Exercises 
Ch. 3 Are you a victim of fish fraud? p. 71 

Ch. 14 Are insulin mutations the cause of 
three infants' neonatal diabetes? p. 305 

Ch. 22 Is hybridization promoting insecticide resistance 
in mosquitoes that transmit malaria? p. 452 

Ch. 27 Can declining amphibian populations be saved by 
a vaccine? p. 571 

Ch. 31 How will climate change affect crop productivity? 
p.665 

Ch. 32 Is thyroid regulation normal in this patient? 
p.682 

Ch. 42 Can an insect outbreak threaten a forest's ability 
to absorb C02 from the atmosphere? p. 903 

Ch. 23 Estimating Quantitative Data from a Graph and Developing 
Hypotheses, p. 467 

Ch. 24 NEW! Calculating and Interpreting Means and Standard 
Errors, p. 501 
Making a Bar Graph and Interpreting Data* 

Ch. 25 Interpreting Comparisons of Genetic Sequences, p. 509 

Ch. 26 Interpreting Genomic Data and Generating Hypotheses, p. 537 

Ch. 27 Understanding Experimental Design and Interpreting 
Data, p. 580 

Ch. 28 Using Bar Graphs to Interpret Data, p. 589 

Ch. 29 Calculating and Interpreting Temperature Coefficients, p. 607 

Ch. 30 Using Positive and Negative Correlations to Interpret 
Data, p. 642 

Ch. 31 Interpreting Experimental Results from a Bar Graph, p. 666 

Ch. 32 Describing and Interpreting Quantitative Data, p. 689 

Ch. 33 Interpreting Data from an Experiment with Genetic 
Mutants, p. 714 

Ch. 34 Interpreting Data in Histograms, p. 731 

Ch. 35 Comparing Two Variables on a Common x-Axis, p. 758 

Ch. 36 Making Inferences and Designing an Experiment, p. 771 

Ch. 37 Interpreting Data Values Expressed in Scientific Notation, p. 797 

Ch. 38 Designing an Experiment Using Genetic Mutants, p. 807 

Ch. 39 Interpreting a Graph with Log Scales, p. 835 

Ch. 40 Using the Logistic Equation to Model Population 
Growth, p. 870 

Ch. 41 Using Bar Graphs and Scatter Plots to Present and Interpret 
Data, p. 880 

Ch. 42 Interpreting Quantitative Data, p. 905 

Ch. 43 Graphing Cyclic Data, p. 934 

* Available only in Masterin g Biology. All other Scientific Skills Exercises are in 
the print book, eText, and Mastering Biology. 

Problem-Solving Exercise 

I - ;._-----'.".'::::--
Is hybridization promo~ing 
insecticide resistance 1~ 
mosquitoes that transmit 

, malaria? 

Ma\aria is a leading cause of human JUn.ess 
and mortalilY worldwide. with 200 mllllon 

te infected and 600.000 deatns each 
peop In thtl 1960s, the incidel\Ce of matarta 
year. d - ........ oww, to the use or tn.secti· 
waste u1..~ "'ti , ho us 

, that killed mosquitoes ,n t gen 
~d:heles, which transmit the dise~se from 
~rson to person. But today, mosquitoes ~te 
I"'"' • • "'"'cticldes-caustl'\Q becoming ,es1stanl to 1n~ 

In this exercise, y o u will invMtigate whether alleles encoding resistance to insecti· 
ddes have been trans-fe«ed between closely related spe<ies of Anopheles. 

Your Approach The principle guiding you.r investigation is that DNA analyses can 
detect the transfer of resistance alleles between closely related mosquito species... To find 
out whether such transfen; have occurred, you w ill analyze ONA results from twos~ 
cies of mosquitoes that t ransmit malaria (Anopheles gamb;ae and A co/u.zzii) and from 
A. gambiae x A coluzzii hybrids. 

Your Data Resistance to DOT and other insecticides in Anopheles is affected by a sodium 
channel gene, kdr. The r a Uele of this gene confers resistance, wfiilethe wild type(+/ +) 
genotype is not resistant. Researchers sequenced thekdr gene from mosquitoes col
lected in Mali during three t ime periods: pre-2006 (2002 and 2004), 2006, and post·2006 
(2009-2012).Agambi~ 
and A oofuzziiwere col· 
lected during all three 
time periods, but their 
hybrids only occurred in 
2006, the first year that 
insecticide-treated bed 
nets were ~d to reduce 
the spread of malaria. A 
likely explanation is that 
the int roduction of the 
treated bed nets may 
have brieft,y favored h)*
brid individuals, which 
are usually at a selective 
disadvantage. 

Your Analysis 

Observed numbers of mosquitoes by kdr genotype 

+I+ +Ir '" A.gamblae: 
Pre ·2006 3 s 2 
2006 8 8 ' Post-2006 3 3 s, 
H)'brlds: 
2006 10 ' 0 

A. coluzzll: 
Pre·2006 226 0 0 
2006 70 ' 0 
Post-2006 19 127 •• 

1, (a) Calculate thekdr genotype frequencies in A gambiae for each time period. 
Todo this, divide the number of individuals that have a g iven genotype by the 
total number of individuals observed fo r that time period. (b) How d id the kdr 

- j genotype frequencies change over time? Oesuibe a hypothesis that a ccounts 

-

_ _ _ _ _ _ __./ for these observations. 

""... 2. How did the frequendesof kdrgenotypes change over time in A coluzziJ? 

a ,esutgooce 1n mat.aria. 

@) lnstructon: A version of this Problem-Solving 
Exercise can be assigned in Mastering Biology. 

Describe a hypothesis that accounts for these observations. 
3. Do these resutts indicate that hybridization can lead to the t ransfer of adaptive 

alleles? Explain. 

4. Predict how the transfer of the r a Uele to A coluzzii populations could affect 
the number of malaria cases in the yea,s immedia tely following the t ransfer. 
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NEW! Visualizing Figures 

3.20 Visualizing Proteins, p. 61 

4.30 Visualizing the Scale of the 
Molecular Machinery in a Cell, 
p. 100 

13.8 Visualizing DNA, p. 262 

20.5 Visualizing Phylogenetic 
Relationships, p. 404 

23.5 Visualizing the Scale of 
Geologic Time, p. 462 

27.8 Visualizing Animal Body 
Symmetry and Axes, p. 558 

28.10 Visualizing Primary and 
Secondary Growth, p. 593 

36.18 Visualizing Gastrulation, 
p.777 

42.14 Visualizing Biogeochemical 
Cycles, p. 907 

Make Connections Figures 

3.30 Contributions of Genomics 
and Proteomics to Biology, 
p.70 

8.20 The Working Cell, p. 182 

16.21 

21 .15 

26.14 

29.11 

32.3 

37.8 

42.20 

43.28 

Genomics, Cell Signaling, and 
Cancer, p. 344 

The Sickle-Cell Allele, p. 434 

Maximizing Surface Area, p. 534 

Mutual ism Across Kingdoms 
and Domains, p. 613 

Life Challenges and Solutions 
in Plants and Animals, p. 676 

Ion Movement and Gradients, 
p.787 

The Working Ecosystem, 
p.914 

Climate Change Has Effects 
at All Levels of Biological 
Organization, p. 936 

Exploring Figures 

1.3 Levels of Biological 
Organization, p. 4 

3.22 Levels of Protein Structure, p. 62 

4.3 Microscopy, p. 76 

• 
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4.7 

4.28 

5.19 

9.7 

10.8 

13.23 

22.3 

23.6 

24.20 

25.2 

25.10 

26.6 

26.16 

DNA can be illustrated in many ways, but all diagrams represent 
the same basic structure. The level of deta il shown depends on 
the process o r the type of information being conveyed. 

Structural Images 
The space-f illing model on the 
left shows the 3D shape of the 
DNA double helix; the diagram 
on the right shows chemical 
deta ils of DNA's structure. In 
both images, phosphate groups 
are yellow, deoxyribose sugars 
are blue, and nitrogenous bases 
are shades of green and orange. 

The DNA double helix is 
' ,ight-handed." Use your 
right hand as shown to 
follow the sugar-phosphate 
backbone up the helix 
and around to the back. 
(It won't work with your 
left hand.) 

Bases 
] 0.34 nm 

- apart 

One fu ll 
turn every 
10 base pairs 
(3.4 nm) 

-OH 

Here, t.ht two DNA .sttands art shown untwisted so it's easit r to see 
tht chemical details. Not< that the st,ands a,e antipa,alltl-they 
are oritl"lled in opposite directions, like the lanes of a divided streel 

S' end 3' end --------- i 
I Phosphate groop DNA 
I O "' att.,.ched to 5' ca,bon V nucleotide Sugar-phosphate 
I \/0- Nitrogenous base I backbone 
I -o/ 'o att.,.ched to 1' carbon I r A \ 

, cJ;~· · ~ T ·t· ' • · ~. r. 'llilliii_. .. "' 
o' ~ - . ._ :=-= -=-~ I----~ 
i o ' p,..... '....... Cova.ler1t sugar-phosphate bonds 

-o ... 'o lir1k nucleotides. 
\ 

CH2 
G : ::~ 

·r 
Hydrogen bonds between 
bases hold strands togethtf. 

attached to ,.. , 
31 c.a,bon ' • OH 

CH2 •. , 
0 
\ / 0-

3' end 
Diameter = 2 nm 

1. Describe the bonds that hold together the nucleotkles in one DNA strand. -o""~o 

Then compare them with the bonds that hold the two DNA strands together. S' end 

2 . How do the two ends of a DNA strand differ in structure? 

Simplified Images When molecular deta il is not necessary, DNA is portrayed in a range 

s· 3' 
of simplified diagrams, depending on the focus of the figure. 

--~Nitrogenous 

3' 51 

bases 

Sugar
phosphate 
backbone 

S' 3' S' 3' 5' 3' 

3• S' 3' s· 3' S' 

These flattened "'ladder styli' diag,ams of DNA depict the sugar-phosphate 
backbones like the side rails of a ladder, with the base pairs as rungs. Light 
blue is used to indicate the more recently synthesized strand. 

5' 31 

3' S' 

Sometim~ the 
double-stranded 
DNA molecule is 
shown simply as The "'ribbons in these simplified double helix 

diagrams rtp,esent the sug>f-phosphate ba.ckbones. two str'aight lines. 
3 . Compare the information conveyed in the three ladder diagrams. ~----

DNA Sequences Genet ic information is carried in DNA as a linear sequence of nucleotides that may be 
t ranscribed into mRNA and translated into a polypept ide. When focusing on the DNA 
sequence, each nucleotide can be represented simply as the letter of its base: A, T, C, or G. 

0 Instructors: Additional questions related 
to this Visualizing Figure can be assigned 
in Mastering Biology. 

3' - A C G T A A G C G G T T A A T - S' 
S' - T G C A T T C G C C A A T T A - 3' 

Eukaryotic Cells, p. 80 

Cell Junctions in Animal 
Tissues, p. 99 

Endocytosis in Animal 
Cells, p. 117 

Mitosis in an Animal Cell, p. 190 

Meiosis in an Animal Cell, p. 210 

Chromatin Packing in a 
Eukaryotic Chromosome, p. 272 

Reproductive Barriers, p. 442 

The Origin of Mammals, p. 464 

Selected Major Groups of 
Bacteria, p. 496 

The Early Evolution of 
Eukaryotes, p. 506 

Eukaryotic Diversity, p. 514 

Alternation of Generations, 
p.530 

Fungal Diversity, p. 536 

26.29 

27.11 

27.19 

27.29 

28.9 

29.16 

30.7 

30.12 

32.2 

32.21 

36.9 

38.7 

0 Mastering Biology 
Animation: DNA Double Helix 

Angiosperm Phylogeny, p. 546 

The Diversity of Invertebrate 
Bilaterians, p. 561 

Vertebrate Diversity, p. 565 

Reptilian Diversity, p. 573 

Examples of Differentiated 
Plant Cells, p. 590 

Unusual Nutritional 
Adaptations in Plants, p. 618 

Flower Pollination, p. 634 

Fruit and Seed Dispersa I, 
p.639 

Structure and Function in 
Animal Tissues, p. 675 

The Mammalian Excretory 
System, p. 691 

Human Gametogenesis, p. 768 

The Organization of the 
Human Brain, p. 804 



38.21 The Structure of the Human 
Ear, p . 815 

38.26 The Structure of the Human 
Eye,p.818 

40.2 The Scope of Ecological 
Research, p . 851 

40.3 Global Climate Patterns, p. 852 

40.9 Terrestr ia l Biomes, p. 856 

40.11 Aquatic Biomes, p . 859 

40.25 Mechanisms of Density-
Dependent Regulation, p. 873 

42.15 Water and Nutrient Cycling, 
p.908 

42.18 Restoration Ecology 
Worldwide, p. 912 

Inquiry Figures 
1.21 Does camouflage affect 

predation rates on two 
populations of mice? p. 17 

5.4 Do membrane proteins move? 
p. 106 

t8.9 Which wavelengths of light 
are most effective in driving 
photosynthesis? p. 171 

9.9 At which end do kinetochore 
m icrotubu les shorten during 
anaphase? p. 193 

9.14 Do molecular signals in the 
cytoplasm regulate the cell 
cycle? p. 196 

11 .3 When F1 hybrid pea plants 
self- or cross-pollinate, 
which traits appear in the F2 

generation? p. 220 

11.8 Do the alleles for one character 
segregate into gametes 
dependently or independently 
of the alleles for a different 
character? p . 224 

t 12.4 In a cross between a wi ld-type 
female fruit fly and a mutant 
white-eyed male, what 
color eyes will the F1 and F2 

offspring have? p. 243 

12.9 How does linkage between 
two genes affect inheritance 
of characters? p. 247 

* The Inquiry Figure, original research paper, and 
a worksheet to guide you through the paper are 
provided in Inquiry in Action: Interpreting Scientific 
Papers, Fourth Edition. 

t A related Experimental Inquiry Tutorial can be 
assigned in Mastering Biology. 

13.3 Can a genetic trait be 
transferred between different 
bacterial strains? p. 258 

13.5 Is protein or DNA the genetic 
material of phage T2? p. 259 

*t 13.13 Does DNA replication follow the 
conservative, semiconservative, 
or dispersive model? p. 265 

16.10 Could Bicoid be a morphogen 
that determines the anterior 
end of a fruit fly? p. 335 

16.11 Can the nucleus from a 
differentiated animal cell 
direct development of an 
organism? p. 336 

16.16 Can a fully differentiated 
human cell be "deprogrammed" 
to become a stem cell? p . 339 

19.14 Can a change in a population's 
food source result in evolution 
by natural selection? p . 393 

20.6 What is the species identity 
of food being sold as whale 
meat? p. 405 

*21 .18 Do females select mates based 
on traits indicative of "good 
genes"? p . 437 

22. 7 Can divergence of allopatric 
populations lead to reproductive 
isolation? p. 446 

22.12 Does sexual selection in 
cichlids resu lt in reproductive 
isolation? p . 449 

22.19 How does hybridization lead to 
speciation in sunflowers? p. 455 

23.22 What causes the loss of 
spines in lake stickleback fish? 
p.476 

24.15 Can prokaryotes evolve rapidly 
in response to environmental 
change? p. 492 

25.22 What is the root of the 
eukaryotic tree? p. 521 

26.32 Do endophytes benefit a 
woody plant? p. 549 

27.15 Did the arthropod body plan 
result from new Hox genes? 
p.563 

29.12 How variable are the 
compositions of bacterial 
communities inside and 
outside of roots? p. 614 

31 .2 What part of a grass coleoptile 
senses light, and how is the 
signal transmitted? p. 650 

t 31 .3 What causes polar movement 
of auxin from shoot tip to 
base? p . 651 

31 .13 How does the order of red 
and far-red illumination affect 
seed germination? p. 659 

34.21 What causes respiratory 
distress syndrome? p . 736 

39.21 Does a digger wasp use 
landmarks to find her nest? p. 840 

t 41 .4 Can a species' niche be 
influenced by competition? 
p . 879 

41 .16 Is Pisaster ochraceus a 
keystone species? p. 886 

42.7 Which nutrient limits 
phytoplankton production 
along the coast of Long 
Island? p. 901 

42.13 How does temperature affect 
litter decomposition in an 
ecosystem? p. 906 

*43.12 What caused the drastic decline 
of the Illinois greater prairie 
chicken population? p. 925 

Research Method Figures 
3.25 

8.8 

10.3 

11.2 

11 .7 

12.11 

13.27 

15.16 

20.15 

29.8 

37.9 

42.5 

X-Ray Crystallography, p. 65 

Determining an Absorption 
Spectrum, p. 1 71 

Preparing a Karyotype, p . 206 

Crossing Pea Plants, p. 219 

The Testcross, p. 223 

Constructing a Linkage Map, 
p . 251 

The Polymerase Chain 
Reaction (PCR), p. 277 

RT-PCR Analysis of the 
Expression of Single Genes, 
p . 324 

Applying Parsimony to 
a Problem in Molecular 
Systematics, p. 411 

Hydroponic Culture, p. 609 

Intracellular Recording, p. 788 

Determining Primary 
Production with Satellites, 
p.899 
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