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Preface

e are honored to present BIOLOGY:
A Global Approach, which has been
adapted from Campbell BIOLOGY, Eleventh
Edition, for a global audience. For the
last three decades, 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 28-32),
who, together with editors, artists, and
contributors, have shaped and inspired this work.
Our goals for the Eleventh Edition include:

increasing visual literacy through new figures, questions,
and exercises that build students’ skills in understanding and

creating visual representations of biological structures and
processes

asking students to practice scientific skills by applying

scientific skills to real-world problems

supporting instructors by providing 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 Eleventh Edition; we invite you to explore
pages 9-26 for more information and examples.

Visualizing Figures and Visual Skills Questions

give students practice in interpreting and creating visual

representations in biology. Assignable questions are
also available in MasteringBiology to give students
practice with the visual skills addressed in the figures.
Problem-Solving Exercises challenge students to apply
scientific skills and interpret data in solving real-world
problems. These exercises are designed to engage students
through compelling case studies and provide practice
with data analysis skills. Problem-Solving Exercises have

assignable versions in MasteringBiology. Some also have
more extensive “Solve It” investigations to further explore a

given topic.

4q PREFACE

Ready-to-Go Teaching Modules
on key topics provide instructors with
assignments to use before and after
class, as well as in-class activities that
use clickers or Learning Catalytics™
for assessment.

Integrated text and media: Media
references in the printed book direct
students to the wealth of online
self-study resources available to
them in the Study Area section

of MasteringBiology. The new
online learning tools include:

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.
Figure Walkthroughs guide students through key
figures with narrated explanations, figure markups, and
questions that reinforce important points. Additional
questions can be assigned in MasteringBiology.
More than 450 animations and videos bring
biology to life. These include resources from HHMI
Biolnteractive that engage students in topics from
the discovery of the double helix to evolution.
QR codes and URLs within the Chapter Review provide
easy access to Vocabulary Self-Quizzes for each chapter
that can be used on smartphones, tablets, and computers.
Interviews from the First Edition through the Eleventh
Edition of BIOLOGY are referenced 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 what they
study, how they began, and what inspires them.
The impact of climate change at all levels of the biological
hierarchy is explored throughout the text, starting with a
new figure (Figure 1.12) and discussion in Chapter 1 and
concluding with a new Make Connections Figure (Figure
56.30) and expanded coverage on causes and effects of
climate change in Chapter 56.
As in each new edition of BIOLOGY, the Eleventh
Edition incorporates new content and pedagogical
improvements. These are summarized on pp. 6-8,
following this Preface. Content updates reflect rapid,
ongoing changes in technology and knowledge in the
fields of genomics, gene editing technology (CRISPR),
evolutionary biology, microbiology, and more. In addition,
significant revisions to Unit 8, The Ecology of Life, improve
the conceptual framework for core ecological topics (such



as population growth, species interactions, and community
dynamics) and more deeply integrate evolutionary
principles.

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 BIOLOGY provide such a framework, while promoting a
deeper understanding of biology and the process of science.

As such, they are well aligned with the core competencies out-
lined by the 2009 Vision and Change national conference,
organized by the American Association for the Advancement
of Science, where more than 500 biologists met to discuss the
needs of undergraduate biology. Furthermore, the core concepts
defined by Vision and Change have close parallels in the unify-
ing themes that are introduced in Chapter 1 and integrated
throughout the book. Chief among the themes of both Vision
and Change and BIOLOGY is evolution. Each chapter of this
text includes at least one Evolution section that explicitly
focuses on evolutionary aspects of the chapter material, and
each chapter 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, Concept Check
Questions, Summary of Key Concepts, and MasteringBiology
resources all reinforce these main ideas and essential facts.

Because text and illustrations are equally important for learn-
ing biology, integration of text and figures has been
a hallmark of this text since the First Edition. In addition to the
new Visualizing Figures, our popular Exploring Figures and Make
Connections Figures epitomize this approach. Each Exploring
Figure is a learning unit of core content that brings together re-
lated illustrations and text. Make Connections Figures reinforce
fundamental conceptual connections throughout biology, help-
ing students overcome tendencies to compartmentalize informa-
tion. The Eleventh Edition features two new Make Connections
Figures. There are also Guided Tour Figures that walk students
through complex figures as an instructor would.

To encourage active reading of the text, 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. Active reading questions
include Visual Skills Questions, Draw It Questions, Make Connec-
tions Questions, What If? Questions, Figure Legend Questions,
Summary Questions, Synthesize Your Knowledge Questions, and
Interpret the Data Questions. Answering these questions requires
students to write or draw as well as think and thus helps develop
the core competency of communicating science.

Finally, BIOLOGY has always featured scientific inquiry,
an essential component of any biology course. Complement-
ing stories of scientific discovery in the text narrative and the

unit-opening interviews, our standard-setting Inquiry Figures
deepen the ability of students to understand how we know
what we know. Scientific Inquiry Questions give students
opportunities to practice scientific thinking, along with the
Problem-Solving Exercises, Scientific Skills Exercises, and In-
terpret the Data Questions. Together, these activities provide
students practice in both applying the process of science and
using quantitative reasoning, addressing additional core com-
petencies outlined in Vision and Change.

MasteringBiology®

MasteringBiology, the most widely used online assessment
and tutorial program for biology, provides an extensive library of
homework assignments that are graded automatically. In addi-
tion to the new Get Ready for This Chapter Questions,
Figure Walkthroughs, Problem-Solving Exercises, and
Visualizing Figures, MasteringBiology offers Dynamic Study
Modules, Adaptive Follow-Up Assignments, Scientific Skills Exer-
cises, Interpret the Data Questions, Solve It Tutorials, HHMI Bio-
Interactive Short Films, BioFlix® Tutorials with 3-D Animations,
Experimental Inquiry Tutorials, Interpreting Data Tutorials,
BLAST Tutorials, Make Connections Tutorials, Video Field Trips,
Video Tutor Sessions, Get Ready for Biology, Activities, Reading
Quiz Questions, Student Misconception Questions, 4,500 Test
Bank Questions, and MasteringBiology Virtual Labs. Mastering-
Biology also includes the BIOLOGY eText, Study Area, Instructor
Resources, and Ready-to-Go Teaching Modules. See pages 9-23
and www.masteringbiology.com for more details.

Our Partnership with Instructors
and Students

A core value underlying our work is our belief in the impor-
tance of a partnership with instructors and students. One
primary way of serving instructors and students, of course, is
providing a text that teaches biology well. In addition, Pear-
son offers a rich variety of instructor and student resources, in
both print and electronic form (see pp. 9-23). In our continu-
ing efforts to improve the book and its supplements, we ben-
efit tremendously from instructor and student feedback, not
only in formal reviews from hundreds of scientists, but also via
e-mail and other avenues of informal communication.

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)

mcain@bowdoin.edu

Peter Minorsky (Unit 6)

pminorsky@mercy.edu

Steven Wasserman (Unit 7)

stevenw@ucsd.edu
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Highlights of New Content

his section highlights selected new content and pedagogical
changes in BIOLOGY, Eleventh Edition.

CHAPTER 1 Biology and Its Themes

Chapter 1 opens with a new introduction to a case study

on the evolution of coloration in mice. New text and a new
photo (Figure 1.12) relate climate change to species survival.

UNIT 1 THE ROLE OF CHEMISTRY IN BIOLOGY

In Unit 1, new content engages students in learning this founda-
tional material. The opening of Chapter 3 and new Figure 3.7
show organisms affected by loss of Arctic sea ice. Chapter 5
has updates on lactose intolerance, trans fats, the effects of diet
on blood cholesterol, protein sequences and structures, and

1ntr1n51call}.7 disor- Y Figure 3.7 Effects of climate change
dered proteins. on the Arctic
New Visualizing
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.
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Solving Exercise
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having them com-
pare DNA sequences
in a case of possible
fish fraud. Chapter g.é’iy:\hhm‘e:;q‘ S e (O
6 includes a beauti- of the ce, whichis m s, :
ful new photo of a oo bt -

geyser with thermo-

philic bacteria in

Figure 6.17, bringing to life the graphs of optimal
temperatures for enzyme function.

UNIT 2 CELL BIOLOGY

Our main goal for this unit was to make the material more acces-
sible and inviting to students. New Visualizing Figure 7.32 shows
the profusion of molecules and structures in a cell, all drawn to
scale. In Chapter 8, a new figure illustrates levels of LDL receptors in
people with and without familial hypercholesterolemia. Chapter 9
includes a new Problem-Solving Exercise that guides students
through assessing possible new treatments for bacterial infections
by blocking quorum sensing. Chapter 11 discusses current research
trying to genetically modify rice (a C; crop) so that it is capable of
carrying out C, photosynthesis to increase yields. In Chapter 12,
the mechanism of chromosome movement in bacteria has been
updated and more cell cycle control checkpoints have been added,
including one proposed by researchers in 2014.

- Extent of sea ice in Sept. 2014

Ex\m: of seaice in Sept. 1979
ing / )
/Su it

The Pacific walrus depends Ncn:h Pole =
on the ice to rest; its 3
fate is uncertain W - #

Black guillemots in Alaska

[ Seaice in Sept. 2014

[ ice lost from Sept.
1979 to Sept. 2014

UNIT 3 THE GENETIC BASIS OF LIFE

In Chapters 13-17, we have incorporated 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 13.6 asks students to identify
where in the three life cycles haploid cells undergo mitosis, and
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what type of cells are formed. Chapter 14 includes new informa-
tion from a 2014 genomic study on the number of genes and
genetic variants contributing to height. Figure 14.15b now uses
“inability to taste PTC” rather than “attached earlobe.” Chapters
14 and 15 are more inclusive, clarifying the meaning of the term
“normal” in genetics and explaining that sex is no longer thought
to be simply binary. Other updates in Chapter 15 include new
research in sex determination and a technique being developed
to avoid passing on mitochondrial diseases. New Visualizing
Figure 16.7 shows students various ways that DNA is illustrated.
Chapter 17 has a new opening photo and story about albino don-
keys to pique student interest in gene expression. To help students
understand the Beadle and Tatum experiment, new Figure 17.2
explains how they obtained nutritional mutants. A new Problem-
Solving Exercise asks students to identify mutations in the insulin
gene and predict their effect on the protein.

Chapters 18-20 are extensively updated, driven by exciting
new discoveries based on DNA sequencing and gene-editing tech-
nology. Chapter 18 has updates on histone modifications, nuclear
location and the persistence of transcription factories, chromatin
remodeling by ncRNAs, long noncoding RNAs (IncRNAs), the
role of master regulatory genes in modifying chromatin struc-
ture, and the possible role of p53 in the low incidence of cancer
in elephants. Make Connections Figure 18.27, “Genomics,

Cell Signaling, and Cancer,” has been expanded to include more
information on cell signal-
ing. Chapter 19 has a new
photo of next-generation
DNA sequencing machines
(Figure 19.2) and a new
illustration of the widely
used technique of RNA
sequencing (Figure 19.13).
A new section titled Edit-
ing Genes and Genomes

Y Figure 19.14 Gene editing
using the CRISPR-Cas9 system.
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tyrosinemia was corrected
in mice. Finally, the discus-
sion of ethical consider-
ations has been updated

to include a recent report
of scientists using the
CRISPR-Cas9 system to edit
a gene in human embryos,
along with a discussion

of the ethical questions
raised by such experi-
ments, such as its usage in
the gene drive approach to

combat carrying of diseases

€ In the macleus, the
complementary E
sequence of the
quide RNA binds to part
of the target gene. The
active sites of the Casd Part of the
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by mosquitoes. In Chapter 20, 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 some early results from the new Roadmap Epigenom-
ics Project and results from a 2015 study focusing on 414 impor-
tant yeast genes.

UNIT 4 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, we have
added a new figure (Figure 25.8), “Visualizing the Scale of Geo-
logic Time,” and a new figure (Figure 23.12) on gene flow.
Another new figure (Figure 22.5, “Visualizing Phylogenetic
Relationships”) introduces the visual conventions used in
phylogenetic trees and helps students understand what such
trees do and don’t convey. Several figures have been revised to
improve the presentation of data, including Figure 24.6 (on
reproductive isolation in mosquitofish), Figure 24.10 (on allo-
polyploid speciation), and Figure 25.25 (on the origin of the
insect body plan). The unit also features new material that con-
nects evolutionary concepts and societal problems. Examples
include text in Chapter 21 on the 2015 discovery of teixobactin,
an antibiotic that is effective against some hard-to-treat patho-
gens, a new discussion

in Chapter 24 on the
impact of climate change
on hybrid zones, and a
new Problem-Solving

adaptation in the Lake Erie water
snake (Nerodia sipedon).

Exercise in Chapter 24 on |
how hybridization may  oee/
have led to the spread A e

of insecticide resistance /[

genes in mosquitoes that om0 Cleveand iiand
transmit malaria. The i

unit also includes new

chapter-opening sto-
ries in Chapter 21 (on
a moth whose features
illustrate the concepts
of unity, diversity, and
adaptation) and Chap-
ter 25 (on the discovery
of whale bones in the
Sahara Desert). Addi-
tional changes include
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Y Figure 23.12 Gene flow and local

new text in Concept 21.3
emphasizing how popu-
lations can evolve over
short periods of time, new text and a new figure (Figure 22.22)
on horizontal gene transfer from prokaryotes to eukaryotes, a
new table (Table 23.1) highlighting the five conditions required
for a population to be in Hardy-Weinberg equilibrium, and new
material in Concept 25.1 describing how researchers recently
succeeded for the first time in constructing a “protocell” in
which replication of a template strand of RNA could occur.

UNIT 5 THE DIVERSITY OF LIFE

Chapter 26, the first chapter of this unit, features a new section
that covers bacterial defenses against bacteriophages and describes
the CRISPRCas9 system (Figure 26.7); updates include the Ebola,

A B C D A B C D
Ohio mainland Islands

A B CD

Banding patterns in snake populations

Ontario mainland

Chikungunya, and Zika viruses (Figure 26.10) and discovery of

the largest virus known to date. A discussion has been added of
mosquito transmission of diseases and concerns about the effects
of global climate change on disease transmission. Students are
provided many opportunities to practice their visual skills,
with many new Visual Skills Questions on topics ranging
from interpreting phylogenetic trees to predicting which
regions of a bacterial flagellum are hydrophobic. The unit
also contains new content on tree thinking, emphasizing such
key points as how sister groups provide a clear way to describe
evolutionary relationships and how trees do not show a “direc-
tion” in evolution. Other major content changes include new
text in Concepts 27.4, and 28.1 on the 2015 discovery of the
Lokiarchaeota, a group of archaea that may represent the sister
group of the eukaryotes, new text in Concept 27.6 describing
the CRISPR-Cas9 system and a new figure (Figure 27.21) that
illustrates one example of how CRISPR-Cas 9 technology has
opened new avenues of research on HIV, and new material in
Concept 29.3 describing how early forests contributed to global
climate change (in this case, global cooling). A new Problem-
Solving Exercise in Chapter 34 engages students in interpret-
ing 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 phylogenomic data, new chapter-opening stories in
Chapter 31 (on how mycorrhizae link trees of different species)
and Chapter 33 (on the “blue dragon,” a mollusc that preys on the
highly toxic Portuguese man-of-war), new text and a new figure
(Figure 34.37) on the adaptations of the kangaroo rat to its arid envi-
ronment, and new material in Concept 34.7, including a new figure
(Figure 34.52) describing fossil and DNA evidence indicating that
humans and Neander-
thals interbred, produc-
ing viable offspring. The
discussion of human
evolution also includes
new text and a new figure
(Figure 34.53) on Homo
naledi, the most recently
discovered member of
the human evolutionary
lineage.

UNIT 6 PLANTS: STRUCTURE AND FUNCTION

A major aim in revising Chapter 35 was to help students better
understand how primary and secondary growth are related.
New Visualizing Figure 35.11 enables students to picture growth
at the cellular level. Also, the terms protoderm, procambium,
and ground meristem have been introduced to underscore the
transition of meristematic to mature tissues. A new flowchart
(Figure 35.24) summarizes growth in a woody shoot. New
text and a figure (Figure 35.26) focus on genome analysis of
Arabidopsis ecotypes, relating plant morphology to ecology
and evolution. In Chapter 36, new Figure 36.8 illustrates the
fine branching of leaf veins, and information on phloem-
xylem water transfer has been updated. New Make Connec-
tions Figure 37.10 highlights mutualism across kingdoms and
domains. Figure 37.13 and the related text include new find-
ings on how some soil nitrogen derives from weathering of
rocks. New Figure 38.3 clarifies how the terms carpel and pistil
are related. The text on flower structure and the angiosperm

Y Figure 34.53 Fossils of hand and
foot bones of Homo naledi.
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life cycle figure identify carpels as megasporophylls and
stamens as microsporophylls, correlating with the plant
evolution discussion in Unit 5. In Concept 38.3, the current
problem of glyphosate-resistant crops is discussed in detail. A
revised Figure 39.7 helps students visualize how cells elongate.
Figure 39.8 now addresses apical dominance in a Guided Tour
format. Information about the role of sugars in controlling api-
cal dominance has been added. In Concept 39.4, a new Prob-
lem-Solving Exercise highlights how global climate change
affects crop productivity. Figure 39.26 on defense responses
against pathogens has been simplified and improved.

UNIT 7 ANIMALS: STRUCTURE AND FUNCTION

A major goal of the Unit 7 revision was to transform how stu-
dents interact with and learn from representations of anatomy
and physiology. For example, gastrulation is now introduced
with a Visualizing Figure (Figure 46.8) that provides a clear and
carefully paced introduction to three-dimensional processes
that may be difficult for students to grasp. In addition, a num-
ber of the new and revised figures help students explore spatial
relationships in anatomical contexts, such as the interplay of
lymphatic and cardiovascular circulation (Figure 43.15) and
the relationship of the limbic system to overall brain structure
(Figure 49.14). A new Problem-Solving Exercise in Chapter 41
taps into student interest in medical mysteries through a case
study that explores the science behind laboratory testing

and diagnosis. Content updates help students appreciate the
continued evolution of our understanding of even familiar
phenomena, such as the sensation of thirst (Concept 44.4)
and the locomotion of kangaroos and jellies (Concept 50.6).
Furthermore, new text and figures introduce students to
cutting-edge technology relating to such topics as RNA-based
antiviral defense in invertebrates (Figure 47.4) and rapid, com-
prehensive characterization of viral exposure (Figure 47.24), as
well as recent discoveries regarding brown fat in adult humans
(Figure 40.16), the microbiome (Figure 42.17), partheno-
genesis (Concept 45.1), and magnetoreception (Concept 50.1).
As always, there is fine-tuning of pedagogy, as in discussions of
the complementary roles of inactivation and voltage gating of
ion channels during action potential formation (Concept 48.3).

Y Figure 42.17 Variation in human gut microbiome at
different life stages.
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UNIT 8 THE ECOLOGY OF LIFE

The Ecology Unit has been extensively revised for the Eleventh
Edition. We have reorganized and improved the concep-
tual framework with which students are introduced to the

8 HIGHLIGHTS OF NEW CONTENT

following core ecological topics: life tables, per capita popu-
lation growth, intrinsic rate of increase (“r”), exponential
population growth, logistic population growth, density
dependence, species interactions (in particular, parasitism,
commensalism, and mutualism), and MacArthur and Wil-
son’s island biogeography model. The revision also includes

a deeper integration of evolutionary principles, including a
new Key Concept (51.5) and two new figures (Figures 51.22
and 51.23) on the reciprocal effects of ecology and evolution,
new material in Concept 51.4 on how the geographic distribu-
tions of species are shaped by a combination of evolutionary
history and ecological factors, and five new Make Connec-
tions Questions that ask students to examine how ecological
and evolutionary mechanisms interact. In keeping with our
goal of expanding and strengthening our coverage of climate
change, we have added a new discussion and a new figure
(Figure 51.20) on how climate change has affected the distri-
bution of a keystone species, a new section of text in Concept
55.2 on how climate change affects NPP, a new figure (Figure
55.8) on how climate change has caused an increase in
wildfires and insect outbreaks, a new Problem-Solving Exer-
cise in Chapter 55 that explores how insect outbreaks induced
by climate change
can cause an eco-
system to switch
from a carbon sink
to a carbon source,
anew figure (Fig-
ure 56.29) on the
greenhouse effect,
new text in Concept
56.4 on biological
effects of climate
change, and a new
Make Connec-

tions Figure (Figure :
56.30) on how cli-

Y Figure 55.8 Climate change,
wildfires, and insect outbreaks.
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Additional updates < o= il 2
include a new figure 1997 2000 2005 2010 2014

(Figure 53.25) on Year

per capita ecologi-

cal footprints, a new

chapter-opening story in Chapter 54 on a seemingly unlikely
mutualism between a shrimp and a much larger predatory
fish, new text in Concept 54.1 emphasizing that each partner
in a mutualism experiences both benefits and costs, new

text in Concept 54.1 describing how the outcome of an eco-
logical interaction can change over time, two new figures
(Figures 54.29 and 54.30) on the island equilibrium model, a
new figure (Figure 54.31) documenting two shrew species as
unexpected hosts of the Lyme disease, new text in Concept
56.1 comparing extinction rates today with those typically
seen in the fossil record, and a new discussion and figure
(Figure 56.22) on the restoration of a degraded urban stream.



Ready-to-Go Teaching Modules for Instructors

NEW! Ready-to-Go Teaching Modules help instructors efficiently make
use of the best teaching tools before, during, and after class.

Read tp:rl'-él_;mhlllnnul . : ( The Ready-tO-GO Teaching
Teacging Modules @J 3 W Modules incorporate
the best that the text,
|’“‘:"]l\i!i:tln::"\i;\-‘|lli““ The Light Reactions Mitosis MasterlngBIO|Ogy, and
N - - Learning Catalytics have to
offer, along with new ideas for
Py = % in-class activities. The modules
can be accessed through the
— Gene Expression: i s Instructor Resources area of
ciosis Miatations Phylogenetic Trees X X
MasteringBiology.
Vg 3
.\It‘ll-iil;laltlllilxi:m ol Transport in Plants [:‘I\Iill':ﬁ:‘llllillil:il\flj”“
III/
i
Trophic
Relationships
Instructors can easily incorporate active learning >

into their courses using suggested activity ideas and
questions. 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. Visit
learningcatalytics.com.

READY-TO-GO TEACHING MODULES FOR INSTRUCTORS



See the Big Picture

Each chapter is organized around a framework of 3 to 7 Key Concepts that focus
on the big picture and provide a context for supporting details.

Every chapter opens
with a visually

dynamic photo >
accompanied by

an intriguing
question that

invites students

into the chapter.

The List of Key >
Concepts

introduces the

big ideas covered

in the chapter.

A Figurs 2.1 How bs it

helpful to this mothT

KEY CONCEPTS Endless Forms Most Beautiful
21.1 TheDa ot A hungey bind i the Penavian rain fearest woubd have to look very chosely 1o st
chaenged traditional views. a “dead-leaf moth® (Oxytemds modestia), which blends in well with its forest floor
ol & young Earth inhabited by habitat (Figuee 21.1), This distinctive moth lsa member of a diverse group, the
unchanging species mate than i h Alllepi-
212 ) al awell.developed head and
= 2 efficlent feeds we.
sdaptations of oeganisms snd (Thve caterillar stige of thi dosd-Joal moth H sk protected by it ;
thoe unbty sty of lile L h it Mead back and forth, bl e abwsut s
21.3 Evohstion strbke. ) As adults, all features, such as thee paies of begs
it ot d irs of with small scabes. But the many lepidogiterais alw
scientific evidente

¥ hsversle stige fcaterraliar] of the dest-leal it

differ from one another. How did theee come to be so many different moths and
butterflics, and hels slemil

Th hin Figuee 21.1 and ¥ elone
tionsabout life:

the striking ways in which organisms are subted for life In thelr envirnments
[Hete and this teit, thy refers ol
! )

the many
e cich diversity of life

anc o b the $iudy Arss for digitel rmouves. 'mummrnum

After reading a Key Concept section, students
can check their understanding using the
Concept Check Questions.

Questions throughout

the chapter encourage
students to read the >
text actively.

What If? Questions
ask students to apply
what they’ve learned.

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

10 SEE THE BIG PICTURE

CONCEPT CHECK 21.2

1. How does the concept of descent with modification
explain both the unity and diversity of life?

2. WHAT IF? » If you discovered a fossil of an extinct mam-
mal that lived high in the Andes, would you predict that

it would more closely resemble present-day mammals

from South American jungles or present-day mammals

that live high in Asian mountains? Explain.

3. MAKE CONNECTIONS » Review the relationship between
genotype and phenotype (see Figures 14.5 and 14.6).
Suppose that in a particular pea population, flowers with
the white phenotype are favored by natural selection.
Predict what would happen over time to the frequency

of the p allele in the population, and explain your

reasoning.

For suggested answers, see Appendix A.

thave key cbicrva-

Get Ready for This Chapter

NEW! Get Ready for This
Chapter questions provide

a quick check of students’
knowledge of basic information
needed to learn the new content
of a chapter, with feedback.

M Cheeor Guide  Chapter 21 el
Get Ready for This Chapter

n A heritable trait is one that

0 is dominant and hence is ahways inherited.

is not affected by the environment

is determined at least in part by genes
passed from parents 1o offspring

is determined by genetic information
endoded i prateins

is one that is

genes that are inherited—passed

These questions are available as
MasteringBiology assignments and as
self-study quizzes in the Study Area.



The Summary of Key Concepts refo

students on the main points of the chapter.

Gata ™ for Videod, Ani
Practice Tests, and more in the Study Ares.

2 1 Chapter Review

Voob Self-Quir.

I e Onplr af Species, Darwin proposed that aver long pertods of
tirme, descent with meodification produced the ch diversity

cuses

VOCAB
SELF-QUIZ
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Organdsms share characteristics because of coman
(homalagy) or becise natural selection affects

evalving species In shmilar environments in similar ways

mhyrﬂ&ummd&hmmmﬂ

NEW! QR codes and URLs at the

end of every chapter give students
quick access to Vocabulary Self-
Quizzes and Practice Tests on their
smartphones, tablets, and computers.

ron descent B WRITE ABOUT A THEME: INTERACTIONS hmusmn
100-

Do an orpuum\ physical environment are IIJedy to result
change, P pport your
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CONCEPT 21.3

inct, and
evolved over lang, persods of time; fouils alo document the

evulutionary eaigin of pew groups of organisms.

9. SYNTHESIZE YOUR KNOWLEDGE

Evolution is supported by an
Darwin's experiences during the voyage of the lasgle gave rive to
ik iclea that new species originate from ancestral forms through

amount of scientific evidence (pp. 509-578)

theary s

D Sommasion the ciferent lines of evidence supporting
pat land ol aref

the hypathesis

the accumubation of adaptations. He refived his theory for observed

™ many studies,
«np:n rry bug populations and on MESA.

miany years and fenally publited itin 1859 after learning that
Wallace hiad come to the sanve ke,

516  uwrouR Evolution

Summary Figures
recap key information
visually.

Summary of Key
Concepts Questions
check students’
understanding of a key
idea from each concept.

Evolution, the fundamental
theme of biology, is emphasized
throughout. Every chapter has

a section explicitly relating the
chapter content to evolution:

Evolution of the Genetic Code

m The genetic code is nearly universal, shared
by organisms from the simplest bacteria to the most comple
plants and animals. The mRNA codon CCG, for instan

translated as the amino acid proline in all organisms w

on

TEST YOUR UNDERSTANDING

Seif-Quiz questions 1-5 can be found
MasteringBlology.

Multiple-chaice
a in the Study Area in
—> 5. EVOLUTION CONNECTION Explain why
anatomical and modecular featares often fita
similar nested pattern. In addition, describe
process st can cause this mod 1o be the case,
SCIENTIFIC INQUIRY = DRAW IT Mosquitoss.

ok

the graph, then

resistant to the pesticide DOT first appeased in India
i 1959, but now ase found throughout the word,
{a) Graph the datain the table below, (b) Examine

it (Rens
Inside its expandable abdomen. Consider ukhcr :nl; you are
famillar with, [roe

three key features of IIle adaptation, unity, aml diversity,

For selected answers, see Appendix A

hobal spread of DI resfstance.

Month
Mosquitoes Resistant*® to DOT

o
%

nesistant 1o DT -m.-mphlh lusmumﬂ muphmnkm o thee

For additional pract ians, check out
mlnuanulngmung You can ue them to study on
your sranphone, ablet, of computer anytime, smpwhere!

L 12
A5% ™

don of 4% EOT

Duwta v € 1 Cirt 1 o, Sekection b are] st mcticide sesstance d

1 b o g

ooy YITH-I8 (1979

¥ Figure 17.7
from different species. Because diverse wms of life share &
common genetic code due 1o lhou ﬂ‘mrﬂ! ancestry, one species can be

L Evolution Connection
Questions are included
in every Chapter Review.

of genes

genetic code has been examined. In laboratory experin
genes can be transcribed and translated after being trai
planted from one species to another, sometimes with ¢
striking results, as shown in Figure 17.7. Bacteria can |
programmed by the insertion of human genes to syntt
certain human proteins for medical use, such as insulii
applications have produced many exciting developme
the area of biotechnology (see Concept 19.4).

{a) Tobaceo plant expressing a
firefly gene. The yellow glow
is produced by a cherrical
reaction catalyzed by the
protein product of the firefly
gene.

o of & second species by

|nl|ndu¢ ing DMA fram the second species into the first.

(b) Pig expressing a jellyfish
gene. Researchers injected a
Jellydish gene for a flucrescent
protein into fertifized pig eqgs
One developed into this
fluorescent pig.

Feakeesl

Synthesize Your
Knowledge Questions
ask students to apply their
understanding of the
chapter content to explain
an intriguing photo.

SEE THE BIG PICTURE 11



Build Visual Skills

NEW! Visualizing Figures teach students how to interpret diagrams
and models in biology. Embedded questions give students practice

applying visual skills as they read the figure. For more practice, each
Visualizing Figure is

\" accompanied by an
automatically graded

vrigure 225 Visualizing Phylogenetic Relationships assignment in

o oo ey v s o visren, @ s v < MasteringBiology with

f Parts of a Tree  This tree shows how the five groups of organisms at the tips of the branches, called taxa,
are related. Each branch point represents the common ancestor of the evolutionary lineages
diverging from it.

e i e i Each hori | Branch rep an evoluti lineage. H HH H H .
¥ The length of the branch is arbitrary unless the di:gn V'Sual'Zlng F|gure5 IHCIUde
This branch point represents - _ specifies that branch lengths represent information such as H H H
mzﬁco:nnmtmpar:astopr :!I‘-II time or amount of genetic change (see Figure 2213). Flg ure 5.16 Visua I 1Z1 ng

Proteins, p. 127

the animal groups shown in

this tree
................... Each position along'a branch represents a H i iZi
B e T Figure 7.32 Visualizing
named at the tip the Scale of the Molecular

© ccording to his tree, which Machinery in a Cell,
e ey A ks pp. 192-193
== = Sister taxa are groups of organsms that share . . -
oubed the part of the diagram that a common ance?lnr lhatisi?:t shared by any Flgure 16.7 VISUaIIZIng
represents the most recent common other group. Chimps and humans are an
ancestor of frogs and humans, 3% example of sister taxa in this tree, DNA, p- 369
Figure 22.5 Visualizing
Alternative These diagrams are referred to as “trees” because they use the visual analogy of branches Phylogenetic Relationships,
to represent evolutionary lineages diverging over time. In this text, trees are usually drawn
FDgrms of Tree herizontally, as shown above, but the same tree can be drawn vertically or diagonally shown at left and on P- 522
lagrams without changing the relationships it conveys. Flg ure 25.8 Visualizi ng
Fishes Frogs Lizards Chimps  Humans Fishes Frogs Lizards Chimps  Humans the Scale of Geologic Time
I
pp. 586-587
i bt Figure 35.11 Visualizing
Y= -~ Vertical tree ) Redaw the horizontal tree in Figure 22.2 as Yo agonal tree Primary and Secondary
a vertical tree and a diagonal tree. GrOWth p 819
Rotating Rotating the branches of a tree around a branch point does not change what they convey about Flg ure 46.8 Visualizi ng
evolutionary relationships. As a result, the order in which taxa appear at the branch tips is not i
)B\rour‘ll“dp . significant. What matters is the branching pattern, which signifies the order in which the lineages Gastru I atlon’ p- 1080
ranch Points o, diverged from common ancestors. Flg ure 55.13 Visualizi ng
I_ — ’7 W’@ Biogeochemical Cycles, p. 1305
- 2]
—e' o Jp [ty —,
i three blue branch points . 4 i/
| %%- yields the tree on the right. '
s LiZards Chimps
N M o Reciraw the tree on the
% s Chimps rr"!:m "’"ifg‘ii."“"-’ Lizards
. order green branch point.
m:ila::‘:luﬁd:\'gT ® ~ :‘;:gsm:;wv closest -&\-k-_ﬁ
8 L " of 3 ; of humans as
:f;l:tsi':n -’l;ﬁn;"f:" l— Humans ‘” shown in each of the three Fishes — .
the last taxon shown « e trees. Explain your answer k-

Rt e o

Bolus of
food

Epiglottis
up

Emp hageal Esophageal
sphincter ) ) sphincter
contracted Epiglottis relaxed

Esophagus Glottis up

NEW! Visual Skills Questions

and closed
give students practice interpreting Tolungs  To stomach
illustrations and photos in the text. {8} Trashea opien (b) Esophisguz open
) VISUAL SKILLS » If you laugh while drinking water, the liquid may be ejected from your nostrils. Use this

diagram to explain why this happens, taking into account that laughing involves exhaling.

12 BUILD VISUAL SKILLS



NEW! Figure Walkthroughs guide students through key figures with narrated
explanations, figure markups, and questions that reinforce important points.

\ 4

cuvcouYis

FranvaTe [ STC
A0
coonazion | | SO0

50

Complexes 1-1V each
consist of multiple
proteins with electron
carriers

30

Electron transport chain
Electrons (from NADH or FADH;)
move from a less electronegative
electron carrier (one with a lower affinity
for electrons) to a more electronegative electron
camier down the chain, releasing free energy.

20

Free energy (G) relative to O, (kealimol)

10 2
The last electron carrier (Cyt a5}
passes its electrons 1o oxygen,
which is very electronegative

2H + '
{most electronegative) \

v
@ Figure Walkthrough @

T

A note in the print book lets
students and instructors know when
a Figure Walkthrough is available in
the Study Area.

> Figure 2.17
Photosynthesis: a solar-
powered rearrangement

of matter. Elodes, a freshwater
plant, produces sugar by
rearranging the atoms of
carbon dioxide and water in

the chemical process known

as photosynthesis, which is
powered by sunlight. Much of
the sugar is then converted to
other food molecules. Oxygen
gas (0,) is a by-product of
photaosynthesis; notice the
bubbles of O, gas escaping from
the leaves submerged in water.

Questions embedded in each Figure Walkthrough encourage

students to be active participants in their learning. The Figure
Walkthroughs can also be assigned in MasteringBiology with

higher-level questions.

EXPANDED! Draw It exercises give students
practice creating visuals. Students are asked

to put pencil to paper and draw a structure,
DRAW IT » Add labels and arrows on the photo showing the reactants ( . o
and products of photosynthesis as it takes place in a leaf. annotate a f'gure, or graph eXpe”mentaI data.

BUILD VISUAL SKILLS 13



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

Make Connections
Figures include:

Figure 5.26 Contributions of
Genomics and Proteomics to
Biology, p. 7136

Figure 11.23 The Working Cell,
pp. 280-281

Figure 18.27 Genomics, Cell
Signaling, and Cancer, pp. 440-441

Figure 23.18 The Sickle-Cell Allele,

shown at right and on pp. 556-557 —— >

Figure 33.9 Maximizing Surface
Area, p. 747

NEW! Figure 37.10 Mutualism
Across Kingdoms and Domains,
p. 865

Figure 39.27 Levels of Plant Defenses
Against Herbivores, pp. 920-921

Figure 40.23 Life Challenges and
Solutions in Plants and Animals,
pp. 946-947

Figure 44.17 lon Movement
and Gradients, p. 1043

Figure 55.19 The Working
Ecosystem, pp. 1312-1313

NEW! Figure 56.30 Climate Change
Has Effects at All Levels of Biological
Organization, pp. 1336-1337

NEW! Media references
integrated into the text
direct students to digital
content in the MasteringBiology  »
Study Area that will help them
prepare for class and succeed
on exams. Video resources
include HHMI Biolnteractive
Short Films (documentary-
quality movies from the
Howard Hughes Medical
Institute) and much more.

14 MAKE CONNECTIONS VISUALLY

vrigure 23.18 MAKE CONNECTIONS

The Sickle-Cell Allele

This child has sickle-cell disease, a genetic disorder that strikes individuals

ch frequencies as high as
S0 common?

556 unIT Four  Evolution




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

MAKE CONNECTIONS VISUALLY 15



Practice Scientific Skills

Scientific Skills Exercises use real data to build key skills needed for biology,
including data analysis, graphing, experimental design, and math skills.

Each Scientific Skills Exercise

is based on an experiment ——>
related to the chapter

content.

Most Scientific Skills Exercises ——>
use data from published
research, which is cited in

the exercise.

Questions build in —— >
difficulty, walking students
through new skills step by

step and providing

opportunities for higher-

level critical thinking.

f

All Scientific Skills Exercises are available as
interactive assignments in MasteringBiology
that are automatically graded.

SCIENTIFIC SKILLS EXERCISES are available for every chapter:

1 Interpreting a Pair of Bar Graphs, p. 77 15 Using the Chi-Square (x?) Test, p. 354
2 Calibrating a Standard Radioactive Isotope Decay Curve 16 Working with Data in a Table, p. 368
and Interpreting Data, p. 87 17 Interpreting a Sequence Logo, p. 401
3 Interpreting a Scatter Plot with a Regression Line, p. 102 18 Analyzing DNA Deletion Experiments, p. 423
4 Working with Moles and Molar Ratios, p. 706 19 Analyzing Quantitative and Spatial Gene Expression Data*
5 Analyzing Polypeptide Sequence Data, p. 737 20 Reading an Amino Acid Sequence Identity Table, p. 490
6 Making a Line Graph and Calculating a Slope, p. 755 21 Making and Testing Predictions, p. 575
7 Using a Scale Bar to Calculate Volume and Surface Area 22 Using Protein Sequence Data to Test an Evolutionary
of a Cell, p. 769 Hypothesis, p. 536
8 Interpreting a Scatter Plot with Two Sets of Data, 23 Using the Hardy-Weinberg Equation to Interpret Data
shown above and on p. 206 and Make Predictions, p. 547
9 Using Experiments to Test a Model* 24 Identifying Independent and Dependent Variables, Making
10 Making a Bar Graph and Evaluating a Hypothesis, p. 257 a Scatter Plot, and Interpreting Data, p. 567
11 Making Scatter Plots with Regression Lines, p. 277 25 Estimating Quantitative Data from a Graph and Developing
12 Interpreting Histograms, p. 300 Hypotheses, p. 592

13 Making a Line Graph and Converting Between Units 26 Analyzing a Sequence-Based Phylogenetic Tree
of Data, p. 314 to Understand Viral Evolution, p. 621

27 Calculating and Interpreting Means and Standard Errors, p. 642
Making a Bar Graph and Interpreting the Data*

14 Making a Histogram and Analyzing a Distribution Pattern, p. 333

16 PRACTICE SCIENTIFIC SKILLS



Apply Scientific Skills to Solving Problems

NEW! Problem-Solving Exercises guide students in applying scientific skills
and interpreting real data in the context of solving a real-world problem.

Problem-Solving
Exercises include:

Ch. 5: Are you a victim
of fish fraud? Shown at left
and on p. 137

Ch. 9: Can a skin wound turn
deadly? p. 216

PROBLEM-SOLVING EXERCISE

ek

Are you a victim
of fish fraud?

When buying salmon, perhaps you
prefer the more expensive wild-caught
Pacific salmon (Oncorhynchus species) over
farmed Atlantic salmon (Salmo salar). But

In this exercise, you will investigate a piece of

i has been fraudulently labeled.

Your Approach The principle guiding your investigation is that DNA sequences from
within a species or from closely related species are more similar to each
other than are sequences from more distantly related species.

= Your Data You've been sold a piece of salmon labeled as coho salmon (Oncorhynchus
studies reveal tl"rat about 40% of !he time, kisutch). To see whether your fish was labeled correctly, you will compare ch - A - li -
w:talzet?\‘t 9’_?““_9 t:‘:eﬁ::‘ xu_pa;:! florl a short DNA sequence from your sample to standard sequences from the L17: re insulin mutations
i£h e VIgeoIn aateringbiology same gene for three salmon species. The sequences are: i z
Ao e e g peci sequ the cause of three infants
Sample labeled as O. kisutch 5/-CGGCACCGCCCTARGTCTCT-34 neonatal diabetes? p. 409
(coho salmon) fp.
o Sequence for O. kisutch (coho salmon) 5/~ AGGCACCGCCCTAAGTCTAC-3" Ch. 24: Is hybrld ization
Standar: . . 5 o
sugiiances. | S -9ueHca 10r O keto (cn salman) s'-acecacceeeeTeAGeeTAC-Y  promoting insecticide

Fi5H IN STORES AND RESTALRANTS
PO B0 SET WHAT YO PAK FOR. =

your fish sample.

ABC News Video: Fake Fish in Stores
and Restaurants

Instructors: A version of this Problem-

Solving Exercise can be assigned in a
Chapter 5 of MasteringBiology. A

more extensive investigation is in

Chapter 22 of MasteringBiology.

f

sample?

A version of each Problem-Solving Exercise can also be
assigned in MasteringBiology.

28
29
30
31

32
33

34
35
36
37
38
39
40
41
42

Interpreting Comparisons of Genetic Sequences, p. 647
Making Bar Graphs and Interpreting Data, p. 687

Using Natural Logarithms to Interpret Data, p. 697
Interpreting Genomic Data and Generating Hypotheses, p. 709
Synthesizing Information from Multiple Data Sets*
Calculating and Interpreting Correlation Coefficients, p. 730

Understanding Experimental Design and Interpreting
Data, p. 752

Determining the Equation of a Regression Line, p. 803

Using Bar Graphs to Interpret Data, p. 814

Calculating and Interpreting Temperature Coefficients, p. 842
Making Observations, p. 864

Using Positive and Negative Correlations to Interpret Data, p. 886
Interpreting Experimental Results from a Bar Graph, p. 976
Interpreting Pie Charts, p. 944

Designing a Controlled Experiment, p. 966

Interpreting Data from an Experiment with Genetic
Mutants, p. 992

Sequence for Salmo salar (Atlantic salmon) 5-CGGCACCGCCCTAAGTCTCT-31

Your Analysis 1. Scan along the standard sequences (O. kisutch, O. keta, and S. salar),
base by base, circling any bases that do not match the sequence from

2. How many bases differ between (a) O. kisutch and your fish sample?
(b) O. keta and the sample? (c) 5. salar and the sample?

3. For each standard, what percentage of its bases are identical to your

. Based on these data alone, state a hypothesis for the species identity
of your sample. What is your reasoning?

resistance in mosquitoes that
transmit malaria? p. 572

Ch. 34: Can declining
amphibian populations be
saved by a vaccine? p. 785
Ch. 39: How will climate
change impact crop
productivity? p. 975

Ch. 41: Is thyroid regulation
normal in this patient? p. 962
Ch. 55: Can an insect
outbreak threaten a forest's
ability to absorb CO, from
the atmosphere? p. 1307

43 Making and Interpreting Histograms, p. 7072

44 Describing and Interpreting Quantitative Data, p. 1037

45 Making Inferences and Designing an Experiment, p. 1060

46 Interpreting a Change in Slope, p. 1079

47 Comparing Two Variables on a Common x-Axis, p. 17179

48 Interpreting Data Values Expressed in Scientific Notation, p. 7738
49 Designing an Experiment using Genetic Mutants, p. 77517

50 Interpreting a Graph with Log Scales, p. 1792

51 Making a Bar Graph and a Line Graph to Interpret Data, p. 1278
52 Testing a Hypothesis with a Quantitative Model, p. 7234

53 Using the Logistic Equation to Model Population
Growth, p. 1256

54 Making a Bar Graph and a Scatter Plot, p. 1273
55 Interpreting Quantitative Data in a Table, p. 7303
56 Graphing Cyclic Data, p. 1334

* Available only in MasteringBiology. All other Scientific Skills Exercises are in the
print book, eText, and MasteringBiology.
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Bring Biology to Life

NEW! Over 450 carefully chosen and edited videos and animations have been
integrated into the print book, MasteringBiology Study Area, and eText at point of use
to help students learn biology visually.

Media references in the print book direct students to digital resources in the Study Area
and eText:

NEW! Get Ready for This Chapter questions
NEW! Figure Walkthroughs

NEW! HHMI Biolnteractive Videos and Animations

NEW! QR codes and URLs for
easy access to Vocabulary
Self-Quizzes and Practice Tests

BioFlix Animations
ABC News Videos

Origin of
replication

Campbell Interviews
and much more

In April 1953, Watson and Crick surprised the scientific
world with a succinct, one-page paper that reported their
molecular model for DNA: the double helix, which has since
become the symbol of molecular biology. Watson and Crick,
along with Maurice Wilkins, were awarded the Nobel Prize in
1962 for this work. (Sadly, Rosalind Franklin had died at the
age of 37 in 1958 and was thus ineligible for the prize.) The
beauty of the double helix model was that the structure of
DNA suggested the basic mechanism of its replication.

@ HHMI Video: Great Discoveries in Science: hh.ﬁ;’:‘
The Double Helix ~ Biolnteractive

Access the complete textbook online! The Campbell eText includes powerful
interactive and customization functions, such as instructor and student note-taking,
highlighting, bookmarking, search, and links to glossary terms.
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Succeed with MasteringBiology

MasteringBiology improves results by engaging students before, during,

and after class.

Sexual and asexual reproduction are alike in
hat .

Comect Answer:
they can both occur in multicellular
Chasnins

‘Your Answars

they can both occur in multiceliular
organisms

£ Sacn Explanation

Sexual reproduction produces genetically
distinct offspring, but asexual reproduction
produces genetically identical oftspring,
Sexual reproduction involves two parents,

wheveas asexual reproduction only requires
ane. In asexual reproduction, every parent
transmits all of its genes to its progeny.
However, in sexual reproduction, each parent

only transmits hall of its genes,

Before Class

Dynamic Study Modules provide students with
multiple sets of questions with extensive feedback so
that they can test, learn, and retest until they achieve
mastery of the textbook material.

NEW! Get Ready for This Chapter quizzes help
students review content they need to understand from
previous chapters (see p. 10).

Pre-Class Reading Quizzes help students pinpoint
concepts that they understand and concepts that they
need to review.

they bath give rise to genetically distinct
offspring

During Class

NEW! For ideas for in-class activities, see the
Ready-to-Go Teaching Modules (see p. 9).

Ready-to-Go P =
Teaching Modules W ® K

h“

After Class = | & .
Hundreds of self-paced tutorials and coaching

activities provide students with individualized

coaching with specific hints and feedback on the b ®

toughest topics in the course.

Optional Adaptive Follow-up Assignments
are based on each student’s performance on the
original MasteringBiology assignment and provide
additional questions and activities tailored
to each student’s needs.

Cowms  Ouissioms  Clasrooms  Timining aod Suppoit  Help  Fesdback

Session 42623744

Learning Catalytics™ allows students
to use their smartphone, tablet, or laptop
"‘! to respond individually or in groups to
; questions in class. Visit learningcatalytics.
com to learn more.
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P

Part A - Maintsining homecstasis

ersonalized Coaching in MasteringBiolo

Instructors can assign self-paced
iy MasteringBiology tutorials that

provide students with individualized

coaching with specific hints and

feedback on the toughest topics

in the course.

An animal's body maintains a relatively constant intemal
heating syslem maintain Insd
Decomes 1o hol or oo cold.

Adagted trom Bictgy by Campneit and Reece € fearson Boucsbon, 0

[Drag the tarms on the left 1o righl Mot
[Resat] eio]
negeiie _! 1. This heating room atornear value. known 33 the
. [
( decreases |

segrees Celsius, which acts 35 | stimulus | to e heating system.

ENETTETTIEETEGEE btast of oy aar enters ha room. The lempersture drops to 17 I

|3- The thermostal is a:;mwr hat detects the stimulus and tiggers a response

4, The heater tams on, 3nd e temperature n the raom | Increases | unti tretums 1o the original
sefting.

5 Theresponss of e healing eyste o TS st o posiive| J — 1. If astudent gets stuck...
i 2. Specific wrong-answer feedback
appears in the purple feedback box.

8. The way this healing system maintains 3 stable room lemperature ks similar bo the way an
animal's body conirols many aspects of its internal emdronment. The maintenance of a retatively

nown 55 nomeostasis|

MR e s it e Incorrect; Try Again; 5 attempts remaining
You filled in 1 of 6 blanks incorrectly. For sentence 5, you may want to review positive and negative feedback in Hint 2.

Hint 2. What is the Gffarence between positive and negative feedback? <—— 3. Hints coach students to the
Lef's take a closer look at positive and negaltive feedbaci correct response

itapplies negative

4. Optional Adaptive Follow-Up
Assignments are based on the original
homework assignment
and provide additional coaching

positive feedback negative feedback .
and practice as needed.
q Homework: Animal Structure & Function
o wmm Adaptive Follow-Up
R = —FF. i ——. Q Due: 11:59pm on Saturday, June 18, 2016
i i Parent Assignment: omeriorc Animal Stuciure &

Question Sets: 3

This Adaptive Follow-Up assignment is designed
itically for y on the

0N your

Question sets in the Adaptive > H k: Animal St &F Farent Thessemanaicenyon

. Due: 11:59pm on Thursday, June 16, 2016 your studies and help you succeed.
FOIIOYV-Up Ass'Qnments ou will receive no credit for Rems you complete afler the assignment is due. Grading Policy
continuously adapt to each e 0o recit for s you complets fir he assgnment s cue, Ginding Polcy
student’s needs, making efficient ¥ You this Start the Adaptive FollowlUp Now. © | ryyiations! You tested out of this Adaptive Follow-Up.

H " F & 1.
use of study time. e o O T S

For saditional study materials, please visd the Study Area
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MasteringBiology 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 EXPANDED! HHMI Biolnteractive Short
exercises to help students master Films, documentary-quality movies from
tough topics outside of class. the Howard Hughes Medical Institute,
Animations are also available in engage students in topics from the

the Study Area and eText, and discovery of the double helix to evolution,
can be shown in class. with assignable questions.

The MasteringBiology Gradebook provides instructors

with quick results and easy-to-interpret insights into student
performance. Every assignment is automatically graded. Shades
of red highlight vulnerable students and challenging assignments.

MasteringBiology®

Biology | uecumimrs e e e

My Coneaes v | Coue Sonieas

Gradebook
#tannge [ View Lesming Outcomas Summary

Filtar = | Showing Score in All Categonies lor A1 Students

Student scores on the optional

: e || Diffcay . .

P o i i Adaptive Follow-Up Assignments
e il 8P| Coupher® Lok e cHindve L3 b cHBH U Likd remaL are recorded in the gradebook

Assigned Points 3 0 13 T E 2 T ” L] | 134 e . .

e E T W WE e W o and offer additional diagnostic

Lastt ot - me] es] wo JUNRE]] =] w o] o information for instructors to monitor
i o ] e sl ey e learning outcomes and more.

Lasctd Fratd - ] Lt | o | 100 s s=af 10 sse| e

Lust el 5 3] o] 3] 07 es3f] mafl o s ns

Lans Frat - w21 ] a1 10 2] msf] e s M2

Lastt?, Frstt : o] s1a] ] 10 )| ] w1 | s

Laseh Fratt - s3] wifl ] 180 wof] wof "o | “s

Lastls Frald - ses(] mesf e | 00 naf 73] 0 st 354

Lagtll. Frati.. - =25 ns] sl % s3] w1 e e W4

Lawty, Frant - aa1]] L | ] "0 w28 ] e | as

LAkt Frat. - 4] as] ] W | e e i 1)

Lantis, Frati.. . s3] | s3] 1 CH | waf "0 1] 04

Lais. Frati... - 5] CE | wsfl %0 wefl wefl " | na
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Student and Lab Supplements

For Students
Spanish Glossary for Biology

By Laura P. Zanello, University of California, Riverside
978-0-32183498-0/ 0-321-83498-4
This resource provides definitions in Spanish for the glossary terms.

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

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
978-0-32150057-1/0-321-50057-1

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 MasteringBiology.

A Short Guide to Writing About Biology, Ninth Edition
by Jan A. Pechenik, Tufts University
978-1-292-12083-6 / 1-292-12083-5

This best-selling writing guide teaches students to think as biologists
and to express ideas clearly and concisely through their writing.
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For Lab

Investigating Biology Laboratory Manual, Eighth Edition

by Judith Giles Morgan, Emory University, and
M. Eloise Brown Carter, Oxford College of Emory University

978-1-292-06130-6 / 1-292-06130-8

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.

Preparation Guide for Investigating Biology

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 MasteringBiology.

MasteringBiology® Virtual Labs is an online environment
that promotes critical thinking skills using virtual experiments and
explorations that can supplement or substitute for existing wet labs
in microscopy, molecular biology, genetics, ecology, and systematics.



Instructor Resources

Instructor’s Resource Materials for Biology, Eleventh
Edition

The Instructor’s Resource Materials consist of multiple sets of assets for
each chapter. Specific features include:

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

Prepared PowerPoint Lecture Presentations for each chapter with
lecture notes, editable figures (art and photos), tables

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

Clicker Questions in PowerPoint
Test Bank questions in TestGen® software and Microsoft® Word
Digital Transparencies

The Instructor Resources area of MasteringBiology
includes:

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

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

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

Clicker Questions in PowerPoint

400 instructor animations and videos, including BioFlix 3-D
animations and ABC News Videos

Test Bank (in Word and TestGen)
Digital Transparencies

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: Investigating Biology Lab Prep
Guide and Investigating Biology Lab Data Tables

Quick Reference Guide

Test Bank for Biology, Eleventh Edition
978-1-292-17048-0 / 1-292-17048-4

This invaluable resource contains over 4,500 questions, including
scenario-based questions and art, graph, and data interpretation

questions. The Test Bank is available through the “Instructor
Resources” area of MasteringBiology.

Overview: Orchestrating Life’s Processes

= The development of a fertilized egg into an adult
requires a precisely regulated program of gene
expression

= Understanding this program has progressed mainly
by studying model organisms

= Stem cells are key to the developmental process

* Orchestrating proper gene expression by all cells is
crucial for life

A Customizable PowerPoint Lectures
provide a jumpstart for instruction.

Normal
antenna

Leg 1 X
instead of
antenna LA Mutant

a0

Concentration of
radioactive glucose (mM)

» 15-day-old guinea pig
@ 1-month-old guinea pig

204

(b) Enzymatic activity

10 20 30 40 S0 60
Incubation time (min)

A All of the art, graphs, and photos from the text

are provided with customizable labels. More than 1,600

photos from the text and other sources are included.

Who conducted the X-ray diffraction studies that were
key to the discovery of the structure of DNA?

A. Griffith

Eye Erankiiey One reason that deserts tend to be found near 30° north
C. Meseison and Stahl  anq south latitudes is that

D. Chargaff

E. McClintock A. deserts are dry.

B. it's warmer near the equator.

C. global air circulation and precipitation patterns affect
where rain falls.

D. desert soils are different from tropical rain
forest soils.

E. mountains change rainfall patterns.

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

INSTRUCTOR RESOURCES
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Does camouflage affect predation rates on two
populations of mice? 69

Can organic molecules form under conditions
estimated to simulate those on the early Earth? 105
Do membrane proteins move? 198

Which wavelengths of light are most effective in
driving photosynthesis? 266

At which end do kinetochore microtubules shorten
during anaphase? 291

Do molecular signals in the cytoplasm regulate the
cell cycle? 295

When F; hybrid pea plants self- or cross-pollinate,
which traits appear in the F, generation? 321

Do the alleles for one character segregate into
gametes dependently or independently of the alleles
for a different character? 326

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? 347

How does linkage between two genes affect
inheritance of characters? 351

Can a genetic trait be transferred between different
bacterial strains? 365
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Can a fully differentiated human cell be
“deprogrammed” to become a stem cell? 464

What is the function of a gene (FOXP2) that is
rapidly evolving in the human lineage? 493

Can a change in a population’s food source result in
evolution by natural selection? 509

What is the species identity of food being sold as
whale meat? 523

Do females select mates based on traits indicative of
“good genes”? 554

Can divergence of allopatric populations lead to
reproductive isolation? 566

Does sexual selection in cichlids result in
reproductive isolation? 569

How does hybridization lead to speciation in
sunflowers? 575

What causes the loss of spines in lake stickleback
fish? 600

What causes tobacco mosaic disease? 609

Can prokaryotes evolve rapidly in response to
environmental change? 630

What is the root of the eukaryotic tree? 663

Can bryophytes help prevent landslides on
trophical mountains? 679

Do fungal endophytes benefit a woody plant? 719

Did the arthropod body plan result from new Hox
genes? 759

Did gene flow occur between Neanderthals and
humans? 805

Does phloem sap contain more sugar near sources
than near sinks? 853

How variable are the compositions of bacterial
communities inside and outside of roots? 866

What part of a grass coleoptile senses light, and
how is the signal transmitted? 899

What causes polar movement of auxin from shoot
tip to base? 900

How does the order of red and far-red illumination
affect seed germination? 909

How does a Burmese python generate heat while
incubating eggs? 940

What happens to the circadian clock during
hibernation? 945

Can diet influence the frequency of birth
defects? 976

What causes respiratory distress syndrome? 1018
Can aquaporin mutations cause diabetes? 1045
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Why is sperm usage biased when female fruit flies
mate twice? 1054
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with formation of the fertilization envelope? 1076
How does distribution of the gray crescent affect
the developmental potential of the first two
daughter cells? 1091

Can the dorsal lip of the blastopore induce cells in
another part of the amphibian embryoto change
their developmental fate? 1092

What role does the zone of polarizing activity (ZPA)
play in limb pattern formation in vertebrates? 1093
How do mammals detect different tastes? 1179
Does a digger wasp use landmarks to find her
nest? 1229

Are differences in migratory orientation within a
species genetically determined? 1241

How does caring for offspring affect parental
survival in kestrels? 1257

Can a species’ niche be influenced by interspecific
competition? 1272

Is Pisaster ochraceus a keystone species? 1282
Which nutrient limits phytoplankton production
along the coast of Long Island? 1299

How does nutrient availability affect litter
decomposition in an ecosystem? 1304

What caused the drastic decline of the lllinois
greater prairie chicken population? 1323
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A related Experimental Inquiry Tutorial can be assigned in MasteringBiology.®
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