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Setting the Standard for Excellence,
Accuracy, and Innovation

Campbell Biology, 12th Edition, delivers an authoritative, accurate, current,
and pedagogically innovative experience that helps students make connections
so they learn and understand biology. This edition presents new, engaging visual
and digital resources that meet demonstrated student needs.
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A New Visual Experience for

Every Chapter

NEW! Chapter Openers introduce each chapter and feature a question
answered with a clear, simple image to help students visualize and remember
concepts as they move through each chapter. Each opener includes a Study
Tip and highlights of interactive media in Mastering Biology.

Gene Expression: From Gene

to Protein

KEY CONCEPTS

17.1 Genesspecify proteins via
transcription and translation p. 336

17.2 Transcription is the DNA-directed
synthesis of RNA: A Closer Look p. 342

17.3 Eukaryotic cells modify RNA after
transcription p. 345

17.4 Translation is the RNA-directed
synthesis of a polypeptide: A Closer
Look p.347

17.5 Mutations of one or a few
nucleotides can affect pi
structure and function p. 357

Study Tip

Make a visual study guide: Sketch the t n t A of on : down through
process shown below, and add labels i : ) albi
and details as you read the chapter.
(In this exercise, assume all processes
take place in a eukaryotic cell.)

How can one change in DNA result in such
a dramatic change in appearance?

Proteins are the link between genotype and phenotype. Gene expression NEW! A Visual
is the process by which DNA directs the synthesis of proteins; o o h I
Genotype: DNA Genotype' DNA VEIrVIEW he F.’S
students start with the

WWM@\ ﬂ“ﬂ"ﬁtﬂ\m_\ big picture.

Gene for pigmentation Gene for pigmentation
\ with[mutation|
mRNA =~ e~ mRNA

© Go to Mastering Biology TRANSLATION

For Students (in eText and Study Area) r;;?]:::jnfof ”;;':‘ZMQ q mﬂ::;nf:‘ir;a‘:m
» Get Ready for Chapter 17 i -
; iy ! y synthesis | | synthesis does not work
+ BioFlix® Animation: Protein Synthesis T | & ¥ Lol
* Figure 17.27 Walkthrough: Types of
Small-Scale Mutations that Affect mRNA Phenotype
Sequence Brown plgment

For Instructors to Assign {in Item Library)
* BioFlix® Tuterial: Protein Synthesis
(1 of 3% Overview
* Tutorial: CRISPR: A Revolution in
Genome Editing

Ready-to-Go Teaching Module
{in Instructor Resources)
*» Gene Expression: Mutations (Concept 17.5)

335



NEW! A Study Tip
provides an activity for
students to help them
organize and learn
the information in the
chapter.

NEW! Key
Mastering
Biology resources
are highlighted

for students and
instructors.

3 Plant Responses to Internal
and External Signals

KEY CONCEPTS

39.1 Ssignal transduction pathways link
signal reception to response p. 843

39,2 Plants use chemicals to
communicate p. 845

39.3 Responses to light are critical for
plant success p. 855

39.4 Plants respond to a wide variety of
stimuli other than light p. 867

395 Plants respond to attacks by
pathogens and herbivores p, 866

Study Tip
Make a table: As you read the chapter,
add specific examples for each of the
general categories of responses shown
in the diagram.

Factor Example of plant response
Seed germination in response
Light to red light

© Go to Mastering Biology

For Students (in eText and Study Area)
» Get Ready for Chapter 39

» Video: Gravitropism

= Video: Mimosa leaves

For Instructors to Assign (in Item Library)
= Activity: Leaf Abscission
» Activity; Plant Hormones

Light

Internal
chemical
signals

Touch by wind or

objects

What are some factors that
plants sense and respond to?

&

Gravity

Time (daylength
and seasons)




Pearson eText for Campbell Biology:

EXPANDED! 500 HHMI BiolInteractive Video Jennifer Doudna: CRISPR Provides a
embedded Videos Tool for Changing Genes

& Animations help '

students visualize complex
biology topics. These
include: new HHMI
Biolnteractive Videos and
Animations, new Figure
Walkthroughs, BioFlix® 3-D
Animations, Galapagos
Videos by Peter and
Rosemary Grant, and more.

Over the past 15 years, biologists have developed a powerful new technique
for gene editing, called the CRISPR-Cas9 system, that is transforming the field of

BioFlix Animation Mechanics of breathing

Expanding the thoracic cavity during inhalation involves the
animal’s rib muscles and the diaphragm ¢©, a sheet of skeletal
muscle that forms the bottom wall of the cavity. Contracting the rib

vi



A Whole New Reading Experience

NEW! The Pearson eText is a simple-to-use, mobile-optimized, personalized reading experience. It allows
students to easily highlight, take notes, and review vocabulary all in one place—even when offline. Pearson
eText for Campbell Biology also includes Get Ready for This Chapter Questions, Practice Tests,
Figure Walkthroughs, and 500 videos and animations.

Campbell Biology, 12/e

Contents  Mastebook  Study Tooks

1: Evclution, the Z The Chemical 3: Water and Life
Themes of Biology, Context of Life
and Scientific Inquiry

36 terms

= b= —

4: Carbon and the 5: The Structure and
Mabecular Diversity of Function of Large
Life Biological Molecules

49 tenms

o) ntroductien: Water And Life Q 0 a

= |- .{_

En thiis chaples, you will leasn how the strscture of a waler molecale allows it 1o interact with other

7: Membrane 8: An Introduction to 9: Cellular Respiration

Structure and Metabolism and Fermentation
Function

malecules, including other water molecales. This ability beads 1o water's unique emergent
propertics that belp make Earth suitable for i

33 terms 37 verms

Get Ready for This Chapter
Bedore beginning this chapler, you should be able 1o do the following

1. Explain what electronegativity is (see Concept 235, section entitied “Covalent Bonds”)

2. Describe polar covalent bands (see Concept 2.3, section entitled “Covalent Bonds™)
and

3. Describe how the stracture of waler reuss in hydrogen bonds (see Figure 2,118

14&),
The lollowing quessions provide a quick check of yous baséc knowledge in thest areas.

Get Ready for This Chapter Multiple-Cheice Ouestions

The Pearson eText app is §
available for download in the K 7
app store for approved devices.

&
Incarrect. Aeview She folowing matiriat Aloms in & molecule attract shared bonding slectrons
10 varying degrees. Gepending o= Ine slerment. The mave slectroneyative an alom i3, S mare
siaoagly f puts shared sectront foward ftselt

the aitriction of 4n stom ot the slecirom in a Covalent bond

thes FeEun o pier1shs 1N S e fof BHEIAL B kines Mo




Bringing Innovative Art to Life

NEW! An expanded collection of Figure Walkthroughs guide students through key figures with
narrated explanations and figure mark-ups that reinforce important points. These are embedded in the
eText and available for assignment in Mastering Biology.

reaction center

% tiom Dotads 5 Contact the Publisher

Campbeil Figure Walkthrough: How Linear Electron Flow During the Light Reactions Generates ATP and NADPH

WACN TR A ang IR ATEWET e QUETOnS

* PancC
How linear electron flow during the light
reactions generates ATP and NADPH Mo iy #A0cEione 488 Sene e DAssad Datoed N0 Epmans musiecuies i he EGhe-naranesng Complenss?

m Frritnet Arwmery Beserst Aowwer

X incomect; Try Agaln

D12 arop wleckona et banslormed Detwoen pigrment molcuies? Trnk about afial does get lansherred

viii



Giving Students the Tools They Need
to Succeed

Explore Scientific Papers with Science in the Classroom RAYAAAS

How are coral reefs responding to climate change? . . .
Go to “Take the Heat"” at www.scienceintheclassroom.org. NEW! Science in the Classroom

= Instructors: Questions can be assigned in Mastering Biology. presents annotated journal articles
from the American Association

for the Advancement of Science
(AAAS) and makes reading and
understanding primary literature
easier for students. The articles
include assessments in Mastering

Take the heat Biolt_:)gy, aIIowi_ng instructors to assign
Papar —— the journal articles.

Ae " EDITOR'S INTRODUCTION

it

- MR of reaT COral resistance 10 futue Cimate
<hanpe

Science in the Classroom .,

Educator guide
Download PDF k\

Annctated by Desces Stariy

Related content

LEARNING LENS
Shosrary LI Pei St Bk B il B 35,3y PABLISRALART S U 01 DA HanT

Hiom PAFER DETAILS SUPONTING MLDUA PARTRIR

35. On these diagrams of plant and animal cells, label each organelle and give a brief
statement of its function.

NEW! Active

Reading Guides

support students in

actively reading their

biology text. Students

can download the

worksheets from

the Study Area in -
Mastering Biology. '

Concept 6.6 The cytoskeleton is a network of fibers that organizes structures and activities in the cell

36. What is the cytoskeleton?

37. What are the three roles of the cytoskeleton?

38. There are three main types of fibers that make up the cytoskeleton. Name them.

39. Microtubules are hollow rods made of a globular protein called tubulin. Each tubulin
protein is a dimer made of two subunits. These are easily assembled and disassembled.
What are four functions of microtubules?



Make Connections Across

Concepts

Multiple

Make Connections Figures pull together content from different chapters,
providing a visual representation of “big picture” relationships.

V Figure 44.17

MAKE CONNECTIONS
lon Movement and Gradients

The transport of ions across the plasma membrane of a
cell is a fundamental activity of all animals, and indeed

of all living things. By generating ion gradients, ion
transport provides the potential energy that powers
processes ranging from an organism’s regulation of
salts and gases in internal fluids to its perception of
and locomotion through its environment.

SALT WATER
c-

CHLORIDE
CELL

Osmoregulation

In marine bony fishes, ion

gradients drive secretion of salt

(NaCl), a process essential to avoid

dehydration. Within gills, the pumps,

cotransporters, and channels of specialized chloride cells function
together to drive salt from the blood across the gill epithelium and
into the surrounding salt water. (See Figure 44.3.)

Guard cells
Gas Exchange

Ion gradients provide the basis for the opening of a plant stoma
by surrounding guard cells. Active transport of H* out of a guard
cell generates a voltage (membrane potential) that drives inward
movement of K*. This uptake of K* by guard cells triggers an
osmotic influx of water that changes cell shape, bowing

the guard cells outward and thereby opening the stoma. (See
Concept 36.4.)

Channel ' Channel
open | closed

Information Processing

In neurons, transmission of information as nerve impulses is
made possible by the opening and closing of channels selective
for sodium or other ions. These signals enable nervous systems to
receive and process input and to direct appropriate output, such
as this leap of a frog capturing prey. (See Concept 48.3 and
Concept 50.5.)

Filament of
flagellum

Locomotion

A gradient of H powers the bacterial flagellum. An electron
transport chain generates this gradient, establishing a higher
concentration of H* outside the bacterial cell. Protons reentering
the cell provide a force that causes the flagellar motor to rotate.
The rotating motor turns the curved hook, causing the attached
filament to propel the cell. (See Concept 9.4 and Figure 27.7.)

MAKE CONNECTIONS

Explain why the set of forces driving ion movement across the
plasma membrane of a cell is described as an electrochemical
(electrical and chemical) gradient (see Concept 7.4).

=> Mastering Biology BioFlix® Animation: Membrane Transport

CHAPTER 44 Osmoregulation and Excretion 993




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

CONCEPT CHECK 24.2

1.

2.

. WHAT IF? Is allopatric speciation more likely to occur on an

. MAKE CONNECTIONS Review the process of meiosis in

Summarize key differences between allopatric and sympatric
speciation. Which type of speciation is more common, and why?

Describe two mechanisms that can decrease gene flow in
sympatric populations, thereby making sympatric speciation
more likely to occur.

island close to a mainland or on a more isolated island of
the same size? Explain your prediction.

Figure 13.8. Describe how an error during meiosis could lead
to polyploidy.

For suggested answers, see Appendix A.

Make Connections: Kidney Function and Passive and Active Transport Make connedlons

Tutorials connect content

The human kidney produces highly concentrated urine through the passive and active transport of NaCl, urea, and from two d I.ﬁ:e rent Cha pters

water. Click on the figure at left to review passive and active transport. Click on the figure at right to review how urine

concentration occurs in the nephron. The concentration of urine in the kidney is an important adaptation to a R
using art from the book. Make

terrestrial existence.

Connections Tutorials are
assignable and automatically
graded in Mastering Biology and
include answer-specific feedback
for students.




Develop Scientific Skills

Scientific Skills Exercise

Analyzing Polypeptide Sequence Data

Are Rhesus Monkeys or Gibbons More Closely Related to
Humans? In this exercise, you will lock at amino acid sequence data
for the B polypeptide chain of b gl often called f-globin.
You will then interpret the data to hypothesize whether the menkey
or the gibbon is more closely related to humans,

How Such Experiments Are Done Researchers can isolate the

= Human

» Rhesus
monkey

rhesus monkeys, and gibbons, Because a complete sequence
would not fit on ene line here, the sequences are divided into
three segments: amino acids 1-50, 51-100, and 101-146. The
sequences for the three different species are aligned so that
you can compare them easily. For example, you can see that for
all three species, the first amino acid is V (valine) and the 146th
amino acid is H (histidine).

Scientific Skills Exercises in
every chapter of the text use real
data to build key skills needed for
biology, including data analysis,
graphing, experimental design, and
math skills. Each exercise is also
available as an automatically graded

polypeptide of interest from an organism and then determine
the amino acid sequence. More frequently, the DNA of the rel-
evant gene is sequenced, and the amino acid sequence of the
polypeptide is deduced from the DNA sequence of its gene.

Data from the Experiments In the data below, the letters give
the sequence of the 146 amine acids In B-globin from humans,

Species | Alignment of Amino Acid Sequences of B-globin

Human 1 VHLTPEEKSA VTALWGKVNV DEVGGEALGR LLVVYPWTQR FFESFGOLST
Monkey 1 VHLTPEEKNA VTTLWGKVNV DEVGGEALGR LLLVYPWTQR FFESFGDLSS
Gibbon 1 VHLTPEEKSA VTALWGKVNY DEVGGEALGR LLVVYPWTQR FFESFGODLST

Human 51 PDAVHGNPKY KAHGKKVLGA FSDGLAHLON LKGTFATLSE LHCDKLHVDP
Monkey 51 PDAVHGNPKY KAHGKKVLGA FSDGLNHLON LKGTFAQLSE LHCOKLHVDP
Gibbon 51 PDAVHGNPKY KAHGKKVLGA FSDGLAHLDN LKGTFAQLSE LHCDKLHVDP

Human 101 ENFRLLGNVL VCVLAHHFGK EFTPPVOAAY QKVVAGVANA  LAHKYH
Monkey | 101 ENFRLLGNVL VCVLAHHFGK EFTPPVQAAY QKVVAGVANA LAHKYH
Gibbon 101 ENFRLLGHVL VCVLAHHFGK EFTPPVOAAY QKVVAGVANA LAHKYH

Data from Hurman: hittp:/ feesw;ncbinlm.nib govl protein/AA821113.1; resus monkey: hitp:/ fwww.nebi
nimunihgow/ protein/1 22634; gibbon: hitp:! fwww.ncbandm.nih.gov/ protein/122616

Problem-Solving
Exercises guide students in

1. S5can the monkey and gibbon sequences, letter by letter,
circling any amino acids that do not match the human
sequence, (a) How many amino acids differ between

assignment in Mastering Biology
with answer-specific feedback for
students.

the monkey and the human sequences?

(b} Between the gibbon and human?

2. For each nonhuman species, what percent
of its amino acids are identical to the human

sequence of f-globin?

w

Based on these data alone, state a

hypothesis for which of these two speciesis
more closely related to humans. What is your

reasoning?

4, What other evidence could you use to

support your hypothesis?

© Instructors: A version of this Scientific Skills
Exercise can be assigned in Mastering Biology.

applying scientific skills and
interpreting real data in the
context of solving a real-world
problem. A version of each
Problem-Solving Exercise can
also be assigned in Mastering
Biology.

to massive di

hibian populati !

| QTSdeide. The fungus Batrachochytrium

|| dendrobatidis (Bd) has contributed to this
decline: This pathogen causes severe

i jons in many amp ibi
infecti e-offs. Efforts to save amphibians

Can declining amphibian
| populations be saved by
a vaccine?

ions are declining rapidly

skin
hibian species, leading

from Bd have had limited success, and
there is little evidence Fh
amphibians have acquire
their own.

at frogs and other
d resistance to Bd on

—
Yellow-legged f

rogs (Rana muscosa) in

California killed by Bd infection

© Instructors: A version of this Problem-Solving

Exercise can be assigned in Mastering Biology.

PROBLE VING EXERCISE

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 whether this occurs after exposure to Bd, you will analyze data on
acquired resistance in Cuban tree frogs (Osteopilus septentrionalis).

Your Data To create variation in number of prior exposures to Bd, Cuban tree frogs
were exposed to Bd and cleared of their infection (using heat treatments) from zero
to three times; frogs with no prior exposures are referred to as “naive.” Researchers
then exposed frogs to Bd and measured mean abundance of Bd on the frog's skin,
frog survival, and abundance of lymphocytes (a type of white blood cell involved in
the vertebrate immune response).

w D
gE 25
=% 22 N of prior | Thousands of
§ o 20,000 2 Bd lymphocytes
g2 o 50
g £ 18,000 & 20 exposures | per g of frog
8 16,000 £ 3 0 134
5 2 14,000 g 20
22 12,000 & %0 1 240
%735 %hiian 2 204
Number of prior Number of prior Bd 3 227
Bd exposures exposures

Your Analysis

1. Describe and interpret the results shown in the figure.

2. (a) Graph the data in the table. (b) Based on these data, develop a hypothesis
that explains the results discussed in question 1.

. Breeding populations of amphibian species threatened by Bd have been estab-
lished in captivity. In addition, evidence suggests that Cuban tree frogs can
acquire resistance after exposure to dead Bd. Based on this information and
your answers to questions 1 and 2, suggest a strategy for repopulating regions
decimated by Bd.

w



Innovation in Assessment

developments in cognitive science to help students study
[ by adapting to their performance in real time. Students

_. build confidence and understanding, enabling them to
Large Biological Molecules participate and perform better, both in and out of class.

Available on smartphones, tablets, and computers.

~ \ Dynamic Study Modules use the latest

Protein molecules are polymers (chains) of

O DNA molecules Teur of an Animal Cell: Structures. snd Functions (BioFilx tutorial)

Vo At it

amino acid molecules
sucrose molecules

fatty acid molecules
purines and pyrimidines

| DONT KNOW YET

CoOCee

* Incorrect; Try Again
You labeled 2 of 7 targets incorrectly. You have labeled target (a) incorrectly. Notice that this organelle
has a smooth membrane. It is involved in building macromolecules, but not proteins.

% Incorrect; Try Again
You labeled 2 of 7 targets incorrectly. You have labeled target (a) incorrectly. Notice that this organelle
has a smooth membrane. It is involved in building macromolecules, but not proteins.

Wrong-Answer Feedback Using data gathered
from all of the students using the program, Mastering
Biology offers wrong-answer feedback that is

specific to each student. Rather than simply providing
feedback of the “right/wrong/try again” variety,
Mastering Biology guides students toward the correct
final answer without giving the answer away.

“] wouldn't have passed my class
without Mastering Biology. The
feedback doesn’t just tell me I'm
wrong, it gave me a paragraph of
feedback on why | was wrong and
how | could better understand it.”

UPDATED! Test Bank questions have been _Student' University of Texas at
analyzed and revised with student success in mind. Arlington
Revisions account for how students read, analyze, and

engage with the content.
Xin



Innovation in Instructor Resources

NEW! 5 new Ready-to-Go Teaching Modules expand the number of modules to 15. These
instructor resources are designed to make use of teaching tools before, during, and after class, including
new ideas for in-class activities. The modules incorporate the best that the text, Mastering Biology,

and Learning Catalytics have to offer and can be accessed through the Instructor Resources area of
Mastering Biology.

Campbell Biology, Twelth Edition

«TI P e

Ready-to-Go @ % AR @
Teaching Modules N ?
2 : Oxidative The Light Mitosis Meiosis

A AT Phosphorylation Reactions

CONCEPT 9.4 CONCEPT 10.3 CONCEPT 12.2 CONCEPT 13.3

[ New: | [ NEw: |
& == o

DNA Gene Expression: ~ The trp and lac Mechanisms of
Replication Mutations Operons Evolution

CONCEPT 16.2 CONCEPT 17.5 CONCEPT 18.1 CONCEPT 23.3

> 6 @  ©

Phylogenetic Transport in The Human Cardiac Cycle and
Trees Plants Digestive System  Heart Function

CONCEPT 26.3 CONCEPT 36.2 CONCEPT 41.3 CONCEPT 42.2
Resting and Trophic Interpreting Data

Action Potentials ~ Relationships ~ on Introduced
Species

:t‘:;’;’:‘ L % CONCEPT 48.3 CONCEPT 55.3 CONCEPT 56.1

Course Summary  Student List

NEW! Early Alerts
in Mastering Biology
help instructors know
when students may
be struggling in the
course. This insight
enables instructors to
provide personalized
communication and
support at the moment High Risk Trend © s Med Risk Trend © rev Low Risk Trend ©
students need it so 0

they can stay—and
succeed—in the course.

Current Risk Levels 0

Xiv



About the Authors

The author team’s contributions reflect their biological expertise as
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textbook authors, having written Campbell Biology in Focus in addition
to Campbell Biology .
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Preface

We are honored to present the Twelfth Edition
of Campbell Biology. For the last three decades,
Campbell Biology has been the leading college text
in the biological sciences. It has been translated
into 19 languages and has provided millions of
students with a solid foundation in college-level
biology. This success is a testament not only
to Neil Campbell’s original vision but also to
the dedication of hundreds of reviewers (listed
on pages xxviii-xxxi), who, together with editors, artists, and
contributors, have shaped and inspired this work.

Our goals for the Twelfth Edition include:

supporting students with new visual presentations of
content and new study tools

supporting instructors by providing new teaching
modules with tools and materials for introducing, teaching,
and assessing important and often challenging topics
integrating text and media to engage, guide, and inform
students in an active process of inquiry and learning

Our starting point, as always, is our commitment to craft-
ing text and visuals that are accurate, are current, and reflect
our passion for teaching biology.

New to This Edition

Here we provide an overview of the new features that we have
developed for the Twelfth Edition; we invite you to explore
pages iii-xiv for more information and examples.

NEW! Chapter Openers Re-envisioned. Catalyzed by
feedback from students and instructors, informed by data
analytics, and building on the results of science education
research, we have redesigned the opening of every chapter
of the text. The result is more visual, more interactive, and
more engaging. In place of an opening narrative, the first
page of each chapter is organized around three new elements
that provide students with the specific tools and approaches
needed to achieve the learning objectives of that chapter:
NEW! Visual Overview. Centered on a basic biological
question related to the opening photo and legend, the
Visual Overview illustrates a core idea of the chapter with
straightforward art and text. Students get an immediate
sense of what the chapter is about and what kinds of
thinking will underlie its exploration.
NEW! Study Tip. Just as the Visual Overview introduces
students to what they will learn, the study tip offers
guidance in how to learn. It encourages students to learn
actively through such proven strategies as drawing a
flow chart, labeling a diagram, or making a table. Each
tip provides an effective strategy for tackling important
content in the chapter.
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NEW! Highlights of Digital Resources.
In conversations with users of the textbook,
we often encounter a limited awareness of
the digital tools the text provides to facilitate
instruction and learning. We therefore
created Go to Mastering Biology, a chapter
opener section where we highlight some
of the tutorials, animations, and other
interactives available for students to explore
on their own or for instructors to assign. These resources
include Get Ready for This Chapter questions, Figure
Walkthroughs, HHMI Biolnteractive videos, Ready-to-Go
Teaching Modules, and more.

NEW! Updated Content. As in each new edition of

Campbell Biology, the Twelfth Edition incorporates new
content, summarized on pages xviii-xx. Content updates
reflect rapid, ongoing changes in knowledge about climate
change, genomics, gene-editing technology (CRISPR),
evolutionary biology, microbiome-based therapies, and
more. In addition, Unit 7 includes a new section on
“Biological Sex, Gender Identity, and Sexual Orientation
in Human Sexuality,” which provides instructors and
students with a thoughtful, clear, and current introduction
to topics of tremendous relevance to biology, to student
lives, and to current public discourse and events.

NEW! Active Reading Guides. These worksheets provide
students with self-assessment activities to complete as
they read each chapter. Students can download the Active

Reading Guides from the Mastering Biology Study Area.

5 NEW! Ready-to-Go Teaching Modules. The Ready-
to-Go Teaching Modules provide instructors with active
learning exercises and questions to use in class, plus
Mastering Biology assignments that can be assigned before
and after class. A total of 15 modules are now available in
the Instructor Resources area of Mastering Biology.

Pearson eText

Students using the Pearson eText will reap all the benefits of
the new text features, while also benefiting from the follow-
ing new and existing interactive resources, which are inte-
grated directly into the online text:

NEW! An expanded collection of the popular Figure
Walkthroughs guide students through key figures

with narrated explanations and figure mark-ups that
reinforce important points.

NEW! Links to the AAAS Science in the Classroom
website provide research papers from Science with
annotations to help students understand the papers. These
links are included at the end of each appropriate chapter.



EXPANDED! 500 animations and videos bring
biology to life. These include new resources from HHMI
BioInteractive that engage students in topics from
CRISPR to coral reefs.

Get Ready for This Chapter 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.

Vocabulary Self-Quizzes and Practice Tests at the end
of each chapter provide opportunities for students to test
their understanding.

Links to Interviews from all editions of Campbell Biology
are included in the chapter where they are most relevant.
The interviews show students the human side of science by
featuring diverse scientists talking about how they became
interested in biology and what inspires them.

For more information, see pages vi-ix.

Mastering Biology

Mastering Biology provides valuable resources for instructors
to assign homework and for students to study on their own:

Assignments. Mastering Biology is the most widely
used online assessment and tutorial program for biology,
providing an extensive library of thousands of tutorials
and questions that are graded automatically.
NEW! Early Alerts give instructors a quick way to
monitor students’ progress and provide feedback, even
before the first test.
NEW! AAAS Science in the Classroom journal articles
can be assigned with automatically graded questions.
Hundreds of self-paced tutorials provide
individualized coaching with specific hints and
feedback on the most difficult topics in the course.
Optional Adaptive Follow-up Assignments provide
additional questions tailored to each student’s needs.
Pearson eText. The Pearson eText, described above, can
be directly accessed from Mastering Biology.
Dynamic Study Modules. These popular review tools
can be assigned, or students can use them for self-study.
Study Area. Media references in the printed book direct
students to the wealth of online self-study resources
available to them in the Mastering Biology Study Area,
including Active Reading Guides, Figure Walkthroughs,
videos, animations, Get Ready for This Chapter, Practice
Tests, Cumulative Test, and more.
Instructor Resources. This area of Mastering Biology
provides one-stop shopping for Ready-to-Go Teaching
Modules, PowerPoints, Clicker Questions, animations,
videos, the Test Bank, and more.

For more information, see pages xiii-xiv and xxiv-xxv and
visit www.masteringbiology.com.

Our Hallmark Features

Teachers of general biology face a daunting challenge: to help
students acquire a conceptual framework for organizing an
ever-expanding amount of information. The hallmark features
of Campbell Biology provide such a framework, while promot-
ing a deeper understanding of biology and the process of sci-
ence. As such, they are well-aligned with the core competencies
outlined by the Vision and Change national conferences.
Furthermore, the core concepts defined by Vision and Change
have close parallels in the unifying themes that are introduced
in Chapter 1 and integrated throughout the book.

Chief among the themes of both Vision and Change and
Campbell Biology is evolution. Each chapter of this text in-
cludes at least one Evolution section that explicitly focuses on
evolutionary aspects of the chapter material, and each chap-
ter ends with an Evolution Connection Question and a Write
About a Theme Question.

To help students distinguish “the forest from the trees,”
each chapter is organized around a framework of three
to seven carefully chosen Key Concepts. The text, Con-
cept Check Questions, Summary of Key Concepts, and
Mastering Biology resources all reinforce these main ideas
and essential facts.

Because text and illustrations are equally important for
learning biology, integration of text and figures has
been a hallmark of Campbell Biology since the First Edition.
The new Visual Overviews, together with our popular
Visualizing Figures, Exploring Figures, and Make Connections
Figures, epitomize this approach.

To encourage active reading of the text, Campbell Biology
includes numerous opportunities for students to stop and
think about what they are reading, often by putting pencil to
paper to draw a sketch, annotate a figure, or graph data. An-
swering these questions requires students to write or draw as
well as think and thus helps develop the core competency of
communicating science.

Finally, Campbell Biology has always featured scientific
inquiry. The inquiry activities provide students practice in
applying the process of science and using quantitative reason-
ing, addressing core competencies from Vision and Change.

Our Partnership with Instructors
and Students

The real test of any textbook is how well it helps instructors
teach and students learn. We welcome comments from both
students and instructors. Please address your suggestions to:
Lisa Urry (Chapter 1 and Units 1-3): lurry@mills.edu
Michael Cain (Units 4, 5, and 8): mlcain@nmsu.edu
Peter Minorsky (Unit 6): pminorsky@mercy.edu
Steven Wasserman (Unit 7): stevenw@ucsd.edu
Rebecca Orr (Media): rorr@collin.edu
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Highlights of New Content

This section highlights selected new content in Campbell
Biology, Twelfth Edition. In addition to the content updates
noted here, every chapter has a new Visual Overview on
the chapter opening page.

Unit1 THE CHEMISTRY OF LIFE

In Unit 1, new content engages students in learning
foundational chemistry. Chapter 2 includes a new micrograph
of the tiny hairs on a gecko’s foot that allow it to walk up a wall.
The opening photo for Chapter 3 features a ringed seal, a species
endangered by the melting of Arctic sea ice due to climate
change. Chapter 3 also has added coverage on the discovery

of a large subsurface reservoir of liquid water on Mars and the
first CO, enhancement study done on an unconfined natural
coral reef (both reported in 2018). Chapter 4 now includes the
discovery of carbon-based compounds on Mars reported by
NASA in 2018. In Chapter 5, the technique of cryo-electron
microscopy is introduced, due to its increasing importance in
the determination of molecular structure.

Unit2 THE CELL

Our main goal for this unit was to make the material more
accessible, inviting, and exciting to students. Chapter 6 includes
anew text description of cryo-electron microscopy (cryo-EM)
and a new cryo-EM image in Figure 6.3. Art has been added to
Figure 6.17 to illustrate the dynamic nature of mitochondrial
networks. Chapter 7 begins with a new chapter-opening
image showing neurotransmitter release during exocytosis.
Figure 8.1 includes a new photo of bioluminescent click beetle
larvae on the V Figure 8.1
outside of a termite
mound and a new
Visual Overview
that illustrates
how the laws of
thermodynamics
apply to metabolic
reactions like
bioluminescence.
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10 begins with a new concept that puts photosynthesis into

a big-picture ecological context. Chapter 10 also includes a
discussion of the 2018 discovery of a new form of chlorophyll
found in cyanobacteria that can carry out photosynthesis using
far-red light. In Chapter 11, the relevance of synaptic signal-

ing is underscored by mentioning that it is a target for treat-
ment of depression, anxiety, and PTSD. In Chapter 12, the cell
cycle figure (Figure 12.6) now includes cell images and labels
describing the events of each phase.

Unit3 GENETICS

Chapters 13-17 incorporate changes that help students grasp

the more abstract concepts of genetics and their chromosomal
and molecular underpinnings. For example, a new Concept
Check 13.2 question asks students about shoes as an analogy

for chromosomes. In Chapter 14, the classic idea of a single

gene determining hair or eye color, or even earlobe attachment,
is discussed as an oversimplification. Also, the “Fetal Testing”
section has been updated to reflect current practices in obstetrics.
Chapter 15 now includes new information on “three-parent”
babies. In Concept 16.3, the text and Figure 16.23 have been
extensively revised to reflect recent models of the structure

and organization of interphase chromatin, as well as how
chromosomes condense during preparation for mitosis.

Chapter 17 now describes the mutation responsible for the
albino phenotype of the Asinara donkeys featured in the chapter-
opening photo. To make it easier to cover CRISPR, a new section
has been added to Concept 17.5 describing the CRISPR-Cas9
system, including Figure 17.28, “Gene editing using the CRISPR-
Cas9 system” (formerly Figure 20.14).

Chapters 18-21 are extensively updated, driven by exciting
new discoveries based on DNA sequencing and gene-editing tech-
nology. In Chapter 18, the coverage of epigenetic inheritance has
been enhanced and updated, including the new Figure 18.8.

Also in Chapter 18, a description of topologically associated
domains has been added, along with an update on the 4D
Nucleome Network. In Chapter 19, the topic of emerging

viral diseases has been updated extensively and reorganized to
clearly differentiate influenza viruses that are emerging from
those that cause seasonal flu. Other Chapter 19 updates include

V¥ Figure 18.8 Examples of epigenetic inheritance.

(b) The Dutch Hunger Winter.

(a) Effects of maternal diet on genetically
identical mice.



information on vaccine programs, mentioning a large measles
outbreak in 2019 that correlated with lower vaccination rates in
that region. Information has also been added on improvement
of treatment regimes for HIV. Chapter 20 has been extensively
updated, including addition of two new subsections, “Personal
Genome Analysis” and “Personalized Medicine,” with

new information on direct-to-consumer genome analysis.
Other updates include the first cloning of a primate, stem

cell treatment of age-related macular degeneration, CRISPR
correction of the sickle-cell disease allele in mice, and a report of
gene editing of fertilized human eggs that resulted in live births.
Chapter 21 updates include results of the Cancer Genome

Atlas Project, a newly discovered function of retrotransposon
transcription, and new information on the FOXP2 gene.

Unit4 MECHANISMS OF EVOLUTION

The revision of Unit 4 uses an evidence-based approach

to strengthen how we help students understand key
evolutionary concepts. For example, new text in Concept 24.3
describes how hybrids can become reproductively isolated
from both parent species, leading to the formation of a new
species. Evidence supporting this new material comes from
a 2018 study on the descendants of hybrids between two
species of Galapagos finches and provides an example of
how scientists can observe the formation of a new species in
nature. In Concept 25.2, the discussion of fossils as a form of
scientific evidence is supported by a new figure (Figure 25.5)
that highlights five different types of fossils and how they are
formed. The unit also features new material that connects
evolutionary concepts and societal issues. For example,

in Chapter 23, new text and a new figure (Figure 23.19)
describe how some snowshoe hare populations have not
adapted to ongoing climate change, causing them to be
poorly camouflaged in early winter and leading to increased
mortality. Additional changes include a new section of

text in Chapter 22 and a figure (Figure 22.22) describing
biogeographical evidence for evolution in a group of
freshwater fishes that cannot survive in salt water, yet live in
regions separated by wide stretches of ocean. In Chapter 25,
a new figure (Figure 25.11) provides fossil evidence of an
enormous change in the evolutionary history of life: the first
appearance of large, multicellular eukaryotes.

V Figure 23.19 Lack of variation in a population can limit
adaptation.

Unit5 THE EVOLUTIONARY HISTORY OF
BIOLOGICAL DIVERSITY

In keeping with our goal of developing students’ skills in
interpreting visual representations in biology, we have
added a new Visualizing Figure, Figure 32.8, “Visualizing
Animal Body Symmetry and Axes.” New Visual Skills
Questions provide practice on topics such as interpreting
phylogenetic trees and using graphs to infer how rapidly
antibiotic resistance evolves in bacteria. Chapter 31 has been
significantly revised to account for new fossil discoveries
and updates to the phylogenetic tree of fungi (Figure 31.10).
Chapter 34 has been updated with recent genomic data

and fossil discoveries indicating that Neanderthals and
Denisovans are more closely related to each other than to
humans and that they interbred with each other (and with
humans), including two new figures (Figures 34.51 and 34.52b).
In Chapter 29, a new figure (Figure 29.1) provides a visual
overview of major steps in the colonization of land by
plants, and revisions to text in Concept 29.1 strengthen

our description of derived traits of plants that facilitated

life on land. Chapter 27 includes a new section of text that
describes the rise of antibiotic resistance and multidrug
resistance and discusses novel approaches in the search

for new antibiotics. This new material is supported by two
new figures, Figure 27.22 and Figure 27.23. Other updates
include the revision of many phylogenies to reflect recent
phylogenomic data; a new Inquiry Figure (Figure 28.26) on
the root of the eukaryotic tree; and new text describing the
2017 discovery of 315,000-year-old fossils of a hominin that
had facial features like those of humans, while the back of its
skull was elongated, as in earlier species.

» Figure 27.22
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Unit6 PLANT FORM AND FUNCTION

In Chapter 35, greater emphasis is placed on how structure fits
function in vascular plants by way of a new Visual Overview. In
Chapter 36, a new Visual Skills Question provides a quantitative
exercise in estimating stomatal density. Chapter 37 begins with
an emphasis on the importance of crop fertilization in feeding
the world. To increase student engagement, renewed emphasis
is placed on the link between the nutrition of plants and the
nutrition of the organisms, including humans, that feed on
them. Table 37.1 concerning plant essential elements has been
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expanded to include micronutrients as well as macronutrients.
In Concept 37.2, a new subsection titled “Global Climate
Change and Food Quality” discusses new evidence that global
climate change may be negatively impacting the nutritional
mineral content of crops. In Chapter 38, the discussion of
genetic engineering and agriculture has been enhanced by

a discussion of biofortification and by updates concerning
“Golden Rice.” Chapter 39 includes new updates on the location
of the IAA receptor in plant cells and the role of abscisic acid

in bud dormancy. The introduction to Concept 39.2 has been
revised to emphasize that plants use many classes of chemicals in
addition to the classic hormones to communicate information.

Unit7 ANIMAL FORM AND FUNCTION

The Unit 7 revisions feature pedagogical innovations coupled
with updates for currency. A striking new underwater image
of Emperor penguins (Figure 40.1) opens the unit and
highlights the contributions of form, function, and behavior
to homeostasis in general as well as to the specific topic

of thermoregulation. The artwork used to introduce and
explore homeostasis throughout the unit (Figures 40.8, 40.17,
41.23,42.28,44.19, 44.21, and 45.18) has been improved and
refined to provide a clear and consistent presentation of the
role of perturbation in triggering a response. In Chapter 43,
the introduction of the adaptive immune response has been
shifted to later in the chapter, allowing students to build on

the features of innate immunity before tackling the more
demanding topic of the adaptive response. In Chapter 46, a
new section of text in Concept 46.4 provides a clear and current
introduction to “Biological Sex, Gender Identity, and Sexual
Orientation in Human Sexuality.” In Chapter 48, the structural
overview of neurons is now completed before the introduction
of information processing. A new illustration, Figure 49.8,
provides a concise visual comparison of sympathetic and
parasympathetic neurons with each other and with motor
neurons of the CNS. In addition, in-depth consideration of

glia is now provided in Concept 49.1, where it is more logically
integrated into the overview of nervous systems. At the end of
the unit, an eye-catching photograph of the male frigatebird’s
courtship display (Figure 51.1) introduces the topic of animal
behavior. Among the content updates that enhance currency and
student engagement throughout the unit are discussions of phage
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therapy and fecal transplantation, state-of-the-art treatments

that both rely on microbiome data, and chronic traumatic
encephalopathy (CTE), as well as the latest findings on dinosaur
locomotion (Concept 40.1), the awarding of a Nobel Prize in 2017
in the field of circadian rhythms (Concept 40.2), and reference to
the ongoing public health crisis of opioid addiction in the context
of considering the brain’s reward system (Concept 49.5).

Unit8 ECOLOGY

Complementary goals of the Unit 8 revision were to
strengthen our coverage of core concepts while also
increasing our coverage of how human actions affect
ecological communities. Revisions include a new section

of text and a new figure (Figure 52.7) on how plants (and
deforestation) can affect the local or regional climate; a

new section of text in Concept 55.1 that summarizes how
ecosystems work; new text and a new figure (Figure 52.25)
illustrating how rapid evolution can cause rapid ecological
change; new material in Concept 55.2 on eutrophication
and how it can cause the formation of large “dead zones”

in aquatic ecosystems; and new text and a new figure

(Figure 54.22) on how the abundance of organisms at each
trophic level can be controlled by bottom-up or top-down
control. A new figure (Figure 56.23) 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
addition, Concept 56.1 includes a new section that describes
attempts to use cloning to resurrect species lost to extinction,
while Concept 56.4 includes a new section of text and two
new figures (Figure 56.27 and 56.28) on plastic waste, a
major and growing environmental problem. In keeping with
our book-wide goal of expanding our coverage of climate
change, Chapter 56 has a new Scientific Skills Exercise

in which students interpret changes in atmospheric CO,
concentrations. Chapter 55 describes how climate warming is
causing large regions of tundra in Alaska to release more CO,
than they absorb (thereby contributing to further climate
warming); a new figure (Figure 56.32) describes human and
natural factors that contribute to rising global temperatures;
and a new section of text in Concept 56.4 describes how
global climate change models are developed and why they are
valuable.

V Figure 56.23 A dead zone arising from nitrogen pollution
in the Mississippi basin.

B8 < 2.0 mg/L dissolved O,

(b) The 2017 dead zone, represented here, was the
largest yet measured. It occupied 22,730 km?
(8,776 mi2), an area slightly larger than New Jersey.

(a) Nutrients drain from agricultural land (green) and cities
(red) through the vast Mississippi watershed to the
Gulf of Mexico.



Skills Exercises

Scientific Skills Exercises

10
11
12
13

14

15
16
17
18
19

20

21
22
23

24

25

26

27

28

29
30
31

32

Interpreting a Pair of Bar Graphs 23

Calibrating a Standard Radioactive Isotope Decay
Curve and Interpreting Data 33

Interpreting a Scatter Plot with a Regression Line 54
Working with Moles and Molar Ratios 58
Analyzing Polypeptide Sequence Data 89

Using a Scale Bar to Calculate Volume and Surface
Area of a Cell 99

Interpreting a Scatter Plot with Two Sets of Data 136
Making a Line Graph and Calculating a Slope 157
Making a Bar Graph and Evaluating a Hypothesis 179
Making Scatter Plots with Regression Lines 205
Using Experiments to Test a Model*

Interpreting Histograms 250

Making a Line Graph and Converting Between
Units of Data 264

Making a Histogram and Analyzing a Distribution
Pattern 283

Using the Chi-Square (Xz) Test 304
Working with Data in a Table 318
Interpreting a Sequence Logo 351
Analyzing DNA Deletion Experiments 376

Analyzing a Sequence-Based Phylogenetic Tree to
Understand Viral Evolution 411

Analyzing Quantitative and Spatial Gene
Expression Data*

Reading an Amino Acid Sequence Identity Table 458
Making and Testing Predictions 483

Using the Hardy-Weinberg Equation to Interpret
Data and Make Predictions 493

Identifying Independent and Dependent Variables,
Making a Scatter Plot, and Interpreting Data 513

Estimating Quantitative Data from a Graph and
Developing Hypotheses 538

Using Protein Sequence Data to Test an
Evolutionary Hypothesis 570

Calculating and Interpreting Means and Standard
Errors 590

Making a Bar Graph and Interpreting the Data*

Interpreting Comparisons of Genetic
Sequences 595

Making Bar Graphs and Interpreting Data 628
Using Natural Logarithms to Interpret Data 639

Interpreting Genomic Data and Generating
Hypotheses 657

Synthesizing Information from Multiple Data Sets*

Calculating and Interpreting Correlation
Coefficients 678

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

33

34
35
36

37
38

39

40
41

42
43

44
45
46

47
48

49

50
51

52

53

54
55
56

Understanding Experimental Design and
Interpreting Data 700

Determining the Equation of a Regression Line 751
Using Bar Graphs to Interpret Data 762

Calculating and Interpreting Temperature
Coefficients 790

Making Observations 812

Using Positive and Negative Correlations to
Interpret Data 834

Interpreting Experimental Results from a Bar
Graph 864

Interpreting Pie Charts 892

Interpreting Data from an Experiment with
Genetic Mutants 918

Making and Interpreting Histograms 938

Comparing Two Variables on a Common
Xx-Axis 972

Describing and Interpreting Quantitative Data 981
Designing a Controlled Experiment 1014

Making Inferences and Designing an
Experiment 1030

Interpreting a Change in Slope 1049

Interpreting Data Values Expressed in Scientific
Notation 1082

Designing an Experiment using Genetic
Mutants 1095

Interpreting a Graph with Log Scales 1136

Testing a Hypothesis with a Quantitative
Model 1150

Making a Bar Graph and a Line Graph to Interpret
Data 1186

Using the Logistic Equation to Model Population
Growth 1200

Making a Bar Graph and a Scatter Plot 1217
Interpreting Quantitative Data 1247
Graphing Data and Evaluating Evidence 1279

Problem-Solving Exercises

5
11
17

24

34

39

45
55

Are you a victim of fish fraud? 89
Can a skin wound turn deadly? 214

Are insulin mutations the cause of three infants’
neonatal diabetes? 359

Is hybridization promoting insecticide resistance in
mosquitoes that transmit malaria? 518

Can declining amphibian populations be saved by
avaccine? 733

How will climate change affect crop
productivity? 863

Is thyroid regulation normal in this patient? 1010

Can an insect outbreak threaten a forest's ability
to absorb CO, from the atmosphere? 1245
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When F; hybrid pea plants self- or cross-pollinate,
which traits appear in the F, generation? 271

Do the alleles for one character segregate into
gametes dependently or independently of the
alleles for a different character? 276

In a cross between a wild-type female fruit fly and
a mutant white-eyed male, what color eyes will
the F; and F, offspring have? 296
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How does linkage between two genes affect
inheritance of characters? 301

Can a genetic trait be transferred between
different bacterial strains? 315

Is protein or DNA the genetic material of phage
T2? 316

Does DNA replication follow the conservative,
semiconservative, or dispersive model? 322

Do individual genes specify the enzymes that
function in a biochemical pathway? 338

Could Bicoid be a morphogen that determines the
anterior end of a fruit fly? 387

What causes tobacco mosaic disease? 399

Can the nucleus from a differentiated animal cell
direct development of an organism? 429

Can a fully differentiated human cell be
“deprogrammed” to become a stem cell? 432

What is the function of a gene (FOXP2) that may
be involved in language acquisition? 462

Can a change in a population’s food source result
in evolution by natural selection? 477

Do females select mates based on traits indicative
of “good genes”? 500

Can divergence of allopatric populations lead to
reproductive isolation? 512

Does sexual selection in cichlids result in
reproductive isolation? 515

How does hybridization lead to speciation in
sunflowers? 521

What causes the loss of spines in lake stickleback
fish? 546

What is the species identity of food being sold as
whale meat? 557

What is the root of the eukaryotic tree? 612

Can bryophytes reduce the rate at which key
nutrients are lost from soils? 627

Do fungal endophytes benefit a woody plant? 667

Did the arthropod body plan result from new Hox
genes? 706

Does phloem sap contain more sugar near sources
than near sinks? 801

How variable are the compositions of bacterial
communities inside and outside of roots? 814

What part of a grass coleoptile senses light, and
how is the signal transmitted? 847

What causes polar movement of auxin from shoot
tip to base? 848

How does the order of red and far-red illumination
affect seed germination? 857

How does a Burmese python generate heat while
incubating eggs? 888

What happens to the circadian clock during
hibernation? 893

Can diet influence the frequency of neural tube
defects? 902

What causes respiratory distress syndrome? 944
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Can aquaporin mutations cause diabetes? 995

Why is sperm usage biased when female fruit flies
mate twice? 1024

Does the distribution of Ca?* in an egg correlate
with formation of the fertilization envelope? 1045

How does distribution of the gray crescent affect
the developmental potential of the first two
daughter cells? 1061

Can the dorsal lip of the blastopore induce cells in
another part of the amphibian embryo to change
their developmental fate? 1062

What role does the zone of polarizing activity
(ZPA) play in limb pattern formation in
vertebrates? 1063

Does a digger wasp use landmarks to find her
nest? 1145

Are differences in migratory orientation within a
species genetically determined? 1157

How does caring for offspring affect parental
survival in kestrels? 1201

Can a species’ niche be influenced by
competition? 1216

Is Pisaster ochraceus a keystone species? 1226
Which nutrient limits phytoplankton production
along the coast of Long Island? 1243

How does temperature affect litter decomposition
in an ecosystem? 1248

What caused the drastic decline of the Illinois
greater prairie chicken population? 1267

Research Method Figures

5.21

6.4
10.8
13.3
14.2
14.7
15.11
20.3

20.7
20.11

26.15

35.21
37.7
48.6
53.2

54.14

X-Ray Crystallography 83

Cell Fractionation 96

Determining an Absorption Spectrum 193
Preparing a Karyotype 256

Crossing Pea Plants 270

The Testcross 275

Constructing a Linkage Map 305

Sequencing by Synthesis: Next-Generation
Sequencing 417

The Polymerase Chain Reaction (PCR) 421

RT-PCR Analysis of the Expression of Single
Genes 425

Applying Parsimony to a Problem in Molecular
Systematics 563

Using Dendrochronology to Study Climate 773
Hydroponic Culture 810

Intracellular Recording 1072

Determining Population Size Using the Mark-
Recapture Method 1191

Determining Microbial Diversity Using Molecular
Tools 1223

*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.

A related Experimental Inquiry Tutorial can be assigned in Mastering Biology.
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Student and Lab Supplements

For Students

NEW! Active Reading Guides, Twelfth Edition
by Fred and Theresa Holtzclaw, The Webb School of Knoxville

These worksheets provide students with self-assessment activities
to complete as they read each chapter. Students can download the
Active Reading Guides from the Mastering Biology Study Area.

Study Guide, Eleventh Edition

by Martha R. Taylor, Ithaca, New York, and Michael Pollock, Mount
Royal University

978-0-134-44377-5/0-134-44377-2

This popular study aid provides concept maps, chapter summaries,
word roots, and a variety of interactive activities including multiple-
choice, short-answer essay, art labeling, and graph interpretation
questions.

Study Card, Eleventh Edition

978-0-134-48648-2/0-134-48648-X
This quick-reference card provides students with an overview of the entire
field of biology, helping them see the connections between topics.

Inquiry in Action: Interpreting Scientific Papers,

Fourth Edition*

by Ruth V. Buskirk, University of Texas at Austin, and Christopher M.
Gillen, Kenyon College

978-0-134-47861-6/0-134-47861-4

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
978-0-134-48603-1/0-134-48603-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

978-0-134-48646-8/0-134-48646-3

This workbook offers ten investigative cases. Each case study
requires 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.

Spanish Glossary for Biology

By Laura P. Zanello, University of California, Riverside 978-0-32183498-
0/0-321-83498-4

Into the Jungle: Great Adventures in the Search for Evolution
by Sean B. Carroll, University of Wisconsin, Madison
978-0-32155671-4/0-321-55671-2

Get Ready for Biology

by Lori K. Garrett, Parkland College
978-0-32150057-1/0-321-50057-1

A Short Guide to Writing About Biology, Ninth Edition
by Jan A. Pechenik, Tufts University
978-0-13414373-6/0-134-14373-6

An Introduction to Chemistry for Biology Students,
Ninth Edition

by George I. Sackheim, University of lllinois, Chicago
978-0-805-39571-6/0-805-39571-7

* 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
978-0-13447346-8/0-134-47346-9

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
978-0-13451922-7/0-134-51922-1

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
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of the lab and suggestions for encouraging independent
thinking and collaborative discussions.

Preparation Guide for Investigating Biology,

Ninth Edition

978-013451801-5/0-134-51801-2

This guide contains materials lists, suggested vendors,
instructions for preparing solutions and constructing
materials, schedules for planning advance preparation, and
more. It is 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.

NEW! 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.



Instructor Resources

The Instructor Resources Area of Mastering Biology * Clicker Questions in PowerPoint, which can be used to stimulate
effective classroom discussions (for use with or without clickers):
e 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,

New Zealand ecologists recorded the numbers af

. . inv ate species in 1s that
a nd after-CIaSS aSSIg nments are prOVIded fOr ease Of use. different mu:n?l(\::.nlndrirmurmm of Iitwnllng. The
Instructors can incorporate active learning into their course with ML AR T NI
the suggested activity ideas and clicker questions or Learning A no
Catalytics Questions. A total of 15 modules are now available. 8. mild = 3 .
C. Intermediate ¢ i L]
. . . .® ) D. intense 3% . LSy
¢ Lecture Presentations in PowerPoint™ for each chapter with » = " Evapotranspiratien, the evaporation of water fram soil and
. . . < = s, I v o w i
lecture notes, editable figures (art and photos with enlarged, i ihpdungl i ertex ook g e
customizable labels), tables, and links to animations and videos: i e ey Pt
A As Increases, the number of vertebrate
species declines.
B Abundant rainfall in hot areas has an undetectable effect on
the number of vertebrate species
:i;i;:‘f;:Tlla;:l:i':;:]m membranes are fluid mosaics of . ':;‘?;‘em:;g';:‘f;"':;“""l i
richness,
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+ Phaspholipids are i lecul :amfall than In areas with lower 21"
containing hydrophobic and hydrophilic temperature and less rainfall. .
regions
* A phospholipid bilayer can exist as a stable
: yb wo [
- - e EXPANDED! 500 Instructor Animations and Videos, including
BioFlix 3-D Animations, HHMI Biolnteractive Animations and

Videos, BBC Videos, and much more

o Test Bank questions in TestGen® software and Microsoft® Word.
This extensively revised resource contains over 4,500 questions,
including scenario-based questions and art, graph, and data
interpretation questions. NEW! Every image in the Test Bank has alt
text, which students can access with a screen reader if needed.

e 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

Two phosphalipids
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¢ Instructor Guides for Supplements: Instructor Guide for Active
Reading Guides; 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

Hydrophobic| o bl
ail

Learning Catalytics™

Learning Catalytics allows students to use their smartphone, tablet,
Results or laptop to respond to questions in class. For more information, visit
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¢ Accessible Lecture Presentations in PowerPoint with alt text
for every image; students can access alt text with a screen reader if
needed

¢ Editable Images in PowerPoint (all art and photos from the
text) and all tables from the text in PowerPoint with enlarged,
customizable labels

Learning Management Systems

Integration with various learning management systems is available
¢ Labeled and Unlabeled JPEG Images, including art, photos for Mastering Biology. Contact your sales representative for
from the text, and extra photos details.
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Interviews

Unit1 THE CHEMISTRY OF LIFE 27

Unit5 THE EVOLUTIONARY HISTORY

OF BIOLOGICAL DIVERSITY 552
Kenneth Olden
National Center for Penny Chisholm
Environmental Assessment
Massachusetts Institute of
Technology

) ) Unit6 PLANT FORM AND FUNCTION 757
Diana Bautista

University of California,
Berkeley

Dennis Gonsalves

Agricultural Research
Center, Hilo, Hawaii

Unit7 ANIMAL FORM AND FUNCTION 872

, Steffanie Strathdee

University of California,
San Diego

Unit3 GENETICS 253

Francisco Mojica

University of Alicante,
Spain

Unit4 MECHANISMS OF EVOLUTION 467

Unit8 ECOLOGY 1163

Chelsea Rochman

University of Toronto

Cassandra Extavour

Harvard University
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