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Preface

iology is an enormous subject, one that can seem over-

whelming to students and scientists alike. Moreover, dis-
coveries are being made at an unprecedented pace—from new
kinds of small RNA molecules to the Neanderthal genome,
from new biofuels to communities of organisms thriving be-
neath vast glaciers, from emerging infectious diseases to can-
cer vaccines. As a result, a general biology course faces a
daunting challenge: to keep students from suffocating under
an avalanche of information. CampBELL BIOLOGY addresses
this challenge by providing a strong foundation for under-
standing both current knowledge and new developments in
the context of underlying biological concepts.

Key Concepts and Unifying Themes

In each chapter of this textbook, a framework of three to six
carefully chosen Key Concepts provide context for supporting
details, helping students distinguish the “forest” from the
“trees.” The numbered Key Concepts are presented at the begin-
ning of the chapter and then serve as headings for each chapter
section. Concept Check Questions at the end of each section pro-
vide a hierarchical framework for self-assessment that builds stu-
dents’ confidence and then challenges them to push the limits
of their understanding with several types of critical thinking
questions. The Summary of Key Concepts at the end of the chap-
ter refocuses students on the main points. CampBELL BIOLOGY
also helps students organize and make sense of what they learn
on a grander scale by emphasizing evolution and other uni-
fying themes that pervade biology. These themes are intro-
duced in Chapter 1 and integrated throughout the book.

New to This Edition: An Emphasis
on Making Connections

In addition to Key Concepts and themes, we've created new
features for the Ninth Edition that help students see the big
picture by making connections. These include the following:

New Make Connections Questions:
Making connections across chapters

New Make Connections Questions help students see
how different areas of biology tie together, helping them
overcome the tendency to compartmentalize information.
Each question challenges students to move beyond memo-
rization and gain a deeper understanding of biological prin-
ciples by asking them to relate chapter content to material
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they learned earlier in the course. For example, we ask stu-
dents to connect

e DNA replication (Chapter 16, see p. 319) to the cell cycle
(Chapter 12);

e Soil formation (Chapter 37, see p. 789) to the properties of
water (Chapter 3); and

e Aquatic biomes (Chapter 52, see p. 1163) to osmoregula-
tion (Chapter 44).

At least three Make Connections Questions appear in each
chapter. In addition, online Make Connections Tutorials in
MasteringBiology® (see p. xi) connect content from two dif-
ferent chapters using figures from the book.

Expanded Evolution Coverage: Making
connections to evolution in every chapter

Evolution is the core theme of biology, and in this edition it is
more evident than ever. At least one Evolution section in
every chapter focuses on evolutionary aspects of the chapter
material, highlighted by a new Evolution banner. See, for exam-
ple, the new discussions of enzyme evolution (p. 157), coevo-
lution of flowers and pollinators (p. 806), and evolution of
hormone function in animals (pp. 988-989).

New Impact Figures: Making connections
between scientific advances and the real world

Our new Impact Figures motivate students by highlighting
the dramatic impact of recent discoveries in biology. These fig-
ures feature high-interest topics such as induced pluripotent
stem cells and regenerative medicine (Chapter 20, p. 417), the
discovery of Tiktaalik (Chapter 34, p. 710), and the use of foren-
sic ecology to track elephant poaching (Chapter 56, p. 1243).
The Why It Matters section of each figure explains the rele-
vance of the research to students’ lives, global problems, or
the field of biology itself. Each Impact Figure ends with a sug-
gestion for Further Reading and a What If? or Make Connections
Question to develop critical thinking skills.

New Visual Organizers and 3-D Art:
Making connections visually

The new Visual Organizer format highlights the main
parts of a figure, helping students see the key categories at a
glance. See, for instance, Figure 17.24 on types of small-scale
mutations (p. 345) or Figure 27.3, Gram staining (p. 557).
Throughout the book, selected figures have been rendered in
a more 3-D art style while keeping an appropriate balance
between realism and teaching effectiveness. Figure 52.3, Ex-
ploring Global Climate Patterns (p. 1146), is one example.



Restructured Chapter Reviews:
Making connections at a higher level

In the chapter summaries, each concept section now concludes
with a new Summary of Key Concepts Question that is
tied to a major learning goal. Also, this edition increases student
awareness of different levels of thinking by organizing the end-
of-chapter questions into three levels based on Bloom’s
taxonomy, which classifies types of thinking that are impor-
tant in learning. Our levels are (1) Knowledge/Comprehension,
(2) Application/Analysis, and (3) Synthesis/Evaluation. (These
same levels are used in the Campbell Test Bank.) The range of
question types helps students develop critical thinking skills
and prepare for the kinds of questions they’ll encounter on ex-
ams. New Write About a Theme Questions give students
practice writing short, coherent essays that connect the chap-
ter’s content to one of the book’s themes. (A suggested grading
rubric can be found on p. xv, and sample answers are provided
for instructors in the MasteringBiology Instructor Resources
area.) A new MasteringBiology preview section at the end
of each chapter lists Assignments—tutorials, activities, and ques-
tions that instructors can assign. This section also directs stu-
dents to the eText and Study Area for online self study.

New Content:
Making connections to advances in science

As in each new edition, the Ninth Edition incorporates new
scientific content and organizational improvements.
These are summarized on pp. viii-ix, following this Preface.

MasteringBiology®:
Making connections outside of class

MasteringBiology, the most widely used online assessment
and tutorial program for biology, provides an extensive
library of homework assignments that are graded automati-
cally. In addition to BioFlix® Tutorials, other Tutorials, Activ-
ities, Reading Quiz Questions in every chapter, and 4,500 Test
Bank Questions, MasteringBiology for the Ninth Edition fea-
tures an improved user interface and the following new
Tutorials and Questions: Make Connections Tutorials, Stu-
dent Misconceptions Questions for every chapter, Data Analysis
Tutorials, Experimental Inquiry Tutorials, Video Tutor Sessions,
and MasteringBiology: Virtual Biology Labs. For more informa-
tion, see pp. xvi—xix and www.masteringbiology.com.

Our Hallmark Features

Besides our Key Concepts and unifying themes, several other
features have contributed to the success of CAMPBELL BIOLOGY.
Because text and illustrations are equally important for learn-
ing biology, integration of figures and text has been a
hallmark of this book since its inception. Our popular
Exploring Figures on selected topics epitomize this approach:

Each is a learning unit of core content that brings together re-
lated illustrations and text. Another example is our Guided
Tour Figures, which use descriptions in blue type to walk stu-
dents through complex figures like an instructor would,
pointing out key structures, functions, and steps of processes.

To encourage active learning, recent editions have incor-
porated new types of questions: What If ? Questions, Figure Leg-
end Questions, and Draw It Questions that ask students to sketch
a structure, annotate a figure, or graph data. In the Ninth Edi-
tion, these questions are augmented by the new Make Connec-
tions Questions. Online, the highly interactive MasteringBiology
tutorials are sophisticated active-learning tools.

Finally, CampPBELL BIOLOGY features scientific inquiry, an
essential component of any biology course. Complementing
stories of scientific discovery in the text narrative and the unit-
opening interviews, Inquiry Figures help students understand
“how we know what we know” and provide a model of how to
think like a scientist. Each one begins with a research question
and then describes how researchers designed an experiment,
interpreted their results, and drew conclusions. The source arti-
cle is referenced, and a What If? Question asks students to con-
sider an alternative scenario. Selected Inquiry Figures invite
students to read and analyze the original research article in the
supplement Inquiry in Action: Interpreting Scientific Papers (see
p. xxi). At the end of each chapter, Scientific Inquiry Questions
give students additional opportunities to practice critical think-
ing by developing hypotheses, designing experiments, and an-
alyzing real research data. Beyond the book, activities involving
scientific inquiry are featured in MasteringBiology and other
supplements, both print and electronic (see pp. xviii—xxi).

Our Partnership with Instructors

A core value underlying all our work as authors is our belief in
the importance of our partnership with instructors. Our primary
way of serving instructors, of course, is providing a textbook,
supplements, and media resources that serve their students well.
In addition, Benjamin Cummings makes available a rich variety
of instructor resources, in both print and electronic form (see
p- xx). In our continuing efforts to improve the book and its sup-
plements, we benefit tremendously from instructor feedback,
not only in formal reviews from hundreds of scientists, but also
via informal communication, often by e-mail.

The real test of any textbook is how well it helps instruc-
tors teach and students learn. We welcome comments from
the students and instructors who use CampBerL BIOLOGY.
Please address your suggestions to any of us:

Jane Reece at janereece@cal.berkeley.edu

Lisa Urry (Chapter 1 and Units 1-3) at lurry@mills.edu
Michael Cain (Units 4 and 5) at mcain@bowdoin.edu
Peter Minorsky (Unit 6) at pminorsky@mercy.edu
Steve Wasserman (Unit 7) at stevenw@ucsd.edu

Rob Jackson (Unit 8) at jackson@duke.edu
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New Content

his section provides just a few highlights of new content and
organizational improvements in CAMPBELL BIOLOGY, Ninth
Edition.

charter 1 Introduction: Themes in the Study of Life
We have added a separate new theme on energy flow while re-
taining a theme on environmental interactions. Concept 1.3,
on the scientific method, has been reframed to more accu-
rately reflect the scientific process, with a focus on observa-
tions and hypotheses. A new Concept 1.4 discusses the value
of technology to society while emphasizing the cooperative
nature of science and the value of diversity among scientists.

unitone The Chemistry of Life

For this edition, the basic chemistry is enlivened by new con-
tent connecting it to evolution, ecology, and other areas of bi-
ology. Examples of new material include omega-3 fatty acids,
the isomeric forms of methamphetamine, arsenic contami-
nation of groundwater, and the basis of mad cow disease. The
burgeoning importance of nucleic acids throughout biology
has prompted us to expand our coverage of DNA and RNA
structures in this first unit. In fact, a general aim for the first
two units is to infuse the chapters with more detail about nu-
cleic acids, genes, and related topics. Another enhancement,
in this and the next two units, is the inclusion of more com-
puter models of important proteins in contexts where they
support students’ understanding of molecular function.

unit Two The Cell

For Chapter 6, we developed an Exploring Figure on mi-
croscopy, which includes new types of microscopy, and we
added micrographs of various cell types to the Exploring Fig-
ure on eukaryotic cells. We also expanded our description of
chromosome composition, with the goal of preempting some
common student misconceptions about chromosomes and
DNA. New connections to evolution include an introduction
to the endosymbiont theory in Chapter 6 and some interest-
ing evolutionary adaptations of cell membranes in Chapter 7.
We've added a new section to Chapter 8 on the evolution of
enzymes with new functions, which not only strengthens en-
zyme coverage but also provides an early introduction to the
concept that mutations contribute to molecular evolution. In
Chapter 9, we simplified the glycolysis figure and emphasized
pyruvate oxidation as a separate step to help students focus on
the main ideas. In keeping with our increased focus on global
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issues in the Ninth Edition, Chapter 10 has an Impact Figure
on biofuels and a discussion of the possible effect of climate
change on the distribution of C; and C, plants. In Chapter 11,
we have added an Impact Figure to highlight the importance
and medical relevance of G protein-coupled receptors.

unit THree Genetics

In Chapters 13-17, we have added material to stimulate student
interest—for example, a new Impact Figure on genetic testing
for disease-associated mutations. As done throughout the
Ninth Edition, we ask students to make connections between
chapters so that they avoid the trap of compartmentalizing the
information in each chapter. For instance, Chapter 15 discusses
the Philadelphia chromosome associated with chronic myel-
ogenous leukemia and asks students to connect this informa-
tion to what they learned about signaling in the cell cycle in
Chapter 12. Also, we encourage students to connect what they
learn about DNA replication and chromosome structure in
Chapter 16 to the material on chromosome behavior during
the cell cycle in Chapter 12. Chapter 16 has a new figure show-
ing a current 3-D model of the DNA replication complex, with
the lagging strand looping back through it.

Chapters 18-21 are extensively updated, with the changes
dominated by new genomic sequence data and discoveries
about the regulation of gene expression. (The introduction to
genes, genomes, and gene expression in Units One and Two
should help prepare students for these revisions.) Chapter 18 in-
cludes a new section on nuclear architecture, which describes
the organization of chromatin in the nucleus in relation to gene
expression. The roles of various types of RNA molecules in reg-
ulation also receive special attention. In the section on cancer,
we describe how technical advances can contribute to personal-
ized cancer treatments based on the molecular characteristics of
an individual’s tumor. Chapter 19 discusses the 2009 HIN1 flu
pandemic. Chapter 20 includes advances in techniques for DNA
sequencing and for obtaining induced pluripotent stem (iPS)
cells. Finally, the heavily revised Chapter 21 describes what has
been learned from the sequencing of many genomes, including
those of a number of human individuals.

unit Four Mechanisms of Evolution

For this edition, we have continued to bolster our presentation
of the vast evidence for evolution by adding new examples and
figures that illustrate key conceptual points throughout the
unit. For example, Chapter 22 now presents research data on



adaptive evolution in soapberry bugs, fossil findings that shed
light on the origins of cetaceans, and an Impact Figure on the
rise of methicillin-resistant Staphylococcus aureus. Chapter 23
examines gene flow and adaptation in songbird populations.
Chapter 24 incorporates several new examples of speciation re-
search, including reproductive isolation in mosquitofish, spe-
ciation in shrimp, and hybridization of bear species. Other
changes strengthen the storyline of the unit, ensuring that the
chapters flow smoothly and build to a clear overall picture of
what evolution is and how it works. For instance, new connec-
tions between Chapters 24 and 25 illustrate how differences in
speciation and extinction rates shape the broad patterns in the
history of life. We’ve also added earlier and more discussion of
“tree thinking,” the interpretation and application of phyloge-
netic trees, beginning in Chapter 22.

unit Five The Evolutionary History
of Biological Diversity

One of our goals for the diversity unit was to expand the cov-
erage of the scientific evidence underlying the evolutionary
story told in the chapters. So, for example, Chapter 27 now
presents new findings on the evolutionary origin of bacterial
flagella. In keeping with our increased emphasis on big-picture
“tree thinking,” we've added an “evogram” on tetrapod evolu-
tion in Chapter 34. (An evogram is a diagram illustrating the
multiple lines of evidence that support the hypothesis shown
in an evolutionary tree.) In addition, to help engage students,
we've included new applications and woven more ecological
information into our discussions of groups of organisms.
Examples include new material on global growth of photosyn-
thetic protists (Chapter 28), endangered molluscs (Chapter 33),
and the impact of a pathogenic chytrid fungus on amphibian
population declines (Chapters 31 and 34).

unit six Plant Form and Function

Plant biology is in a transitional phase; some professors pre-
fer strong coverage of classical botany while others seek more
in-depth coverage of the molecular biology of plants. In de-
veloping the Ninth Edition, we have continued to balance
the old and the new to provide students with a basic under-
standing of plant anatomy and function while highlighting
dynamic areas of plant research and the many important
connections between plants and other organisms. One major
revision goal was to provide more explicit discussion of the
evolutionary aspects of plant biology, such as the coevolution
of flowering plants and pollinators (Chapter 38). Updates in-
clude new findings in plant development in Concept 35.5
and new material on the dynamism of plant architecture as it
relates to resource acquisition in Chapter 36.

unir Seven Animal Form and Function

In revising this unit, we strove to introduce physiological systems
through a comparative approach that underscores how adapta-
tions are linked to shared physiological challenges. In particular,
we have highlighted the interrelationship of the endocrine and
nervous systems at multiple points in the unit, helping students
appreciate how these two forms of communication link tissues,
organs, and individuals. Other revisions aim to keep students fo-
cused on fundamental concepts amid the details of complex sys-
tems. For example, many figures have been reconceived to
emphasize key information, including new figures comparing
single and double circulation (Chapter 42) and examining the
function of antigen receptors (Chapter 43), as well as new Explor-
ing Figures on the vertebrate kidney (Chapter 44) and the struc-
ture and function of the human eye (Chapter 50). Chapter 43 has
been significantly revised to support students’ conceptual under-
standing of basic immunological responses and the key cellular
players. Throughout the unit, new state-of-the-art images and
material on current and compelling topics—such as circadian
rhythms (Chapter 40), novel strains of influenza (Chapter 43),
the effects of climate change on animal reproductive cycles
(Chapter 46), and advances in understanding brain plasticity
and function (Chapter 49)—will help engage students and en-
courage them to make connections beyond the text.

UNIT EIGHT ECO'Ogy

Our revision was informed by the fact that biologists are in-
creasingly asked to apply their knowledge to help solve global
problems, such as climate change, that already are profoundly
affecting life on Earth. As part of our increased emphasis on
global ecology in this edition, we have made significant
changes to Unit Eight's organization and content. The organi-
zational changes begin with the introductory chapter of the
unit (Chapter 52), which includes a new Key Concept 52.1:
“Earth’s climate varies by latitude and season and is changing
rapidly.” Introducing the global nature of climate and its ef-
fects on life at the beginning of the chapter provides a logical
foundation for the rest of the material. New content in
Chapters 53 and 54 highlights factors that limit population
growth, the ecological importance of disease, positive interac-
tions among organisms, and biodiversity. Chapter 55 now ex-
plores restoration ecology together with ecosystem ecology
because successful restoration efforts depend on understand-
ing ecosystem structure and function. Finally, the new title of
the unit’s capstone, Chapter 56, reflects its emphasis on the
combined importance of conservation and our changing
Earth: “Conservation Biology and Global Change.” Several
new Impact Figures in the unit show students how ecologists
apply biological knowledge and ecological theory at all scales
to understand and solve problems in the world around them.

New Content ix



Focus on the
Key Concepts.

Each chapter is organized
around a framework of .
3 to 6 Key Concepts that An Introduction
will help you stay focused to Ecology

9781 (1010 B33 FBHEIIIES Erie and the Biosphere
give you a context for

the supporting details.

A Figure 52.1 What threatens this
amphibian’s survival?

Before you begin reading the |
chapter, get oriented by reading % v concerrs

the list of Key Concepts’ which 52.1 Earth'’s climate varies by latitude and season and
is changing rapidly
introd uces the blg ideas Covel’ed 52.2 The structure and distribution of terrestrial
. biomes are controlled by climate and disturbance
n the Chapter- 52.3 Aquatic biomes are diverse and dynamic

systems that cover most of Earth

52.4 Interactions between organisms and the
environment limit the distribution of species

Each Key Concept serves as ovERVIEW M

the heading for a major

_ Discovering Ecology
section of the chapter.

When University of Delaware undergraduate Justin Yeager
spent his summer abroad in Costa Rica, all he wanted was to
see the tropical rain forest and to practice his Spanish. Instead,
he rediscovered the variable harlequin toad (Atelopus varius), a
species thought to be extinct in the mountain slopes of Costa

Rica and Panama where it once lived (Figure 52.1). During the
1980s and 1990s, roughly two-thirds of the 82 known species
of harlequin toads vanished. Scientists think that a disease-
causing chytrid fungus, Batrachochytrium dendrobatidis (see
Figure 31.26), contributed to many of these extinctions. Why
was the fungus suddenly thriving in the rain forest? Cloudier
days and warmer nights associated with global warming ap-
pear to have created an environment ideal for its success. As of
2009, the species that Yeager found was surviving as a single
known population of fewer than 100 individuals.

‘What environmental factors limit the geographic distribu-
tion of harlequin toads? How do variations in their food sup-
ply or interactions with other species, such as pathogens,
affect the size of their population? Questions like these are
the subject of ecology (from the Greek oikos, home, and
logos, study), the scientific study of the interactions between
organisms and the environment. Ecological interactions
occur at a hierarchy of scales that ecologists study, from sin-
gle organisms to the globe (Figure 52.2).

Ecology’s roots are in our basic human interest in observ-
ing other organisms. Naturalists, including Aristotle and Dar-
win, have long studied the living world and systematically
recorded their observations. However, modern ecology in-
volves more than observation. It is a rigorous experimental
science that requires a breadth of biological knowledge. Ecol-
ogists generate hypotheses, manipulate environmental vari-
ables, and observe the outcome. In this unit, you will
encounter many examples of ecological experiments, whose
complex challenges have made ecologists innovators in ex-
perimental design and statistical inference.

In addition to providing a conceptual framework for un-
derstanding the field of ecology, Figure 52.2 provides the or-
ganizational framework for our final unit. In this chapter, we
first describe Earth’s climate and the importance of climate
and other physical factors in determining the location of
major life zones on land and in the oceans. We then examine
how ecologists determine what controls the distribution and
abundance of individual species. The next three chapters in-
vestigate population, community, and ecosystem ecology in
detail, including approaches for restoring degraded ecosys-
tems. The final chapter explores conservation biology and
global ecology as we consider how ecologists apply biological
knowledge to predict the global consequences of human ac-
tivities and to conserve Earth’s biodiversity.

concerr 52,1

Earth’s climate varies by latitude
and season and is changing rapidly

The most significant influence on the distribution of organ-
isms on land and in the oceans is climate, the long-term,
prevailing weather conditions in a given area. Four physical

After reading a concept section, check your B |concerr cueck 52.1

understanding using the Concept Check
Questions at the end of the section. Work
through these questions on your own or in a
study group—they’re good practice for the
kinds of questions you might be asked on an exam.

What If? Questions ask you to apply what you've
learned. New Make Connections Questions
ask you to relate content in the chapter to a
concept you learned earlier in the course.

If you can answer these questions (see Appendix A

1. Explain how the sun’s unequal heating of Earth’s sur-
face leads to the development of deserts around 30°
north and south of the equator.

2. What are some of the differences in microclimate be-
tween an unplanted agricultural field and a nearby
stream corridor with trees?

3. Changes in Earth’s climate at the end
of the last ice age happened gradually, taking cen-
turies to thousands of years. If the current global
warming happens very quickly, as predicted,
how may this rapid climate change affect the
ability of long-lived trees to evolve, compared
with annual plants, which have much shorter
generation times?

4. In Concept 10.4 (pp. 199-201),
you learned about the important differences between
C; and C, plants. Focusing just on the effects of tem-
perature, would you expect the global distribution of
C, plants to expand or contract as Earth becomes
warmer? Why?

to check your work), you're ready to move on. B> |  Forsuggested answers,see Appendix A
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Make connections across biology.

By relating the content of a chapter to material you learned
earlier in the course, new Make Connections Questions help
you develop a deeper understanding of biological principles.

41.1

CONCEPT CHECK

2. Review the discussion of
enzymes in metabolic reactions in Concept 8.4
(pp. 152-156). Then explain why vitamins are
required in very small amounts in the diet.

Enzymes
V' (Chapter 8)

Animal nutrition
(Chapter 41)

CONCEPT CHECK 16.2

3. What is the relationship
between DNA replication and the S phase of the cell
cycle? See Figure 12.6, page 231.

JAVA)

Cell cycle
(Chapter 12)

DNA replication
(Chapter 16)

1. Compare Figure 31.5 with
Figure 13.6 (p. 252). In terms of haploidy versus
diploidy, how do the life cycles of fungi and animals

@ Gametes n
n 5 ¢
CONCEPT CHECK eg‘l .2
MEIOSIS l l FERTILIZATION
n Zygote (5 differ?
Diploid
multicellular Mitosis
organism

Meiosis
(Chapter 13)

Masteriﬁ_\‘ /
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www.masteringbiology.com

New Make Connections Tutorials
help you connect biological concepts
across chapters in an interactive way.

Fungi

(Chapter 31)

Make connections to evolution,

the fundamental theme ofbidy .
Look for new Evolution banners (

highlighting sections in each chapter
that focus on evolutionary aspects

The Evolutionary Origins of Mitochondria

npho-
d cell
he host cell in which it was en-
closed, becoming an endosymbiont (a cell living within an-
other cell). Indeed, over of evolution, the host cell
and its endosymbiont merged into a single organism, a eu-

may have then taken up a phot
ing the ancestor of eukaryotic

of the topic.

Nuclear-

Nonphotosynthetic
eukaryote

Endopiasmic Nodeus
retcuim N /

en 0
ic "

Ancestor

eukaryot

(host cell)

Photosynthetic eukaryote

les had two outer membranes, which became the

lembranes of mitochondria and chloroplasts. Second,
Jiyotes, mitochondria and chloroplasts contain ribo-
of well as circular DNA molecules attached to thelr
tic cells  fbranes. The DNA in these organelles programs the
J lof some of their own proteins, which are made on

mes inside the org consistent

endent) or-
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Practice thinking like a scientist.

New Impact Figures demonstrate the p

dramatic impact of recent discoveries in biology
and show that biology is constantly changing
as new discoveries add to our understanding.

Inquiry Figures reveal “how we know what
we know" by highlighting how researchers

designed an experiment, interpreted their
results, and drew conclusions.

v
V¥ Figure 37.14 INQUIRY

Does the invasive weed garlic mustard disrupt
mutualistic associations between native tree
seedlings and arbuscular mycorrhizal fungi?

EXPERIMENT Kristina Stinson, of Harvard

University, and colleagues investigated the ef-

fect of invasive garlic mustard on the growth of

native tree seedlings and associated mycorrhizal

fungi. In one experiment, they grew seed-

lings of three North American trees—sugar

maple, red maple, and white ash—in four

different soils. Two of the soil samples were

collected from a location where garlic mus-

tard was growing, and one of these samples

was sterilized. The other two soil samples

were collected from a location devoid of gar-

lic mustard, and one was then sterilized

After four months of growth, the researchers harvested the shoots and
roots and determined the dried biomass. The roots were also analyzed
for percent colonization by arbuscular mycorrhizal fungi.

RESULTS Native tree seedlings grew more slowly and were less able to
form mycorrhizal associations when grown either in sterilized soil or in
unsterilized soil collected from a location that had been invaded by gar-

lic mustard.
S 3004
ey
o8 1
ﬁg 200
22 1004
=3
&
s ol
Invaded ~ Uninvaded  Sterilized  Sterilized
invaded  uninvaded
Soil type
_g 40
8¢ 304
gk
SR 204 Seedlings
Sc
5% 10 [ sugar maple
S
0" pea e [ Red maple
nvace ninvace Bl White ash
Soil type

CONCLUSION The data support the hypothesis that garlic mustard
suppresses growth of native trees by affecting the soil in a way that dis-
rupts mutualistic associations between the trees and arbuscular mycor-
rhizal fungi

SOURCE K. A. Stinson et al., Invasive plant suppresses the growth of
native tree seedlings by disrupting belowground mutualisms, PLoS Biol
(Public Library of Science: Biology) 4(5): 140 (2006).

INQUIRY IN ACTION Read and analyze the original paper in Inquiry in
Action: Interpreting Scientific Papers.

What effect would applying inorganic phosphate to soil

invaded by garlic mustard have on the plant’s ability to outcompete na-
tive species?

A
After exploring the featured experiment,
test your analytical skills by answering the

What If? Question. Suggested answers are

provided in Appendix A to help you gauge
your understanding.

xii To the Student: How to Use This Book

Why It Matters explains the »
relevance of the research.

Further Reading directs you »
to articles to explore.

A Make Connections or »
What If? Question
encourages critical thinking.

Some Inquiry Figures
invite you to read and
analyze the original research
paper in its complete form.
You can find the journal
article, along with a worksheet
guiding you through it, in

<« the separate book Inquiry
in Action: Interpreting
Scientific Papers.

V Figure 56.9

IMPACT

Forensic Ecology and Elephant Poaching

his array of severed tusks is part of an illegal shipment of 6,000 kg

of ivory intercepted on its way from Africa to Singapore in 2002.
Investigators wondered whether the elephants slaughtered for the
ivory—perhaps as many as 6,500—were killed in the area where the
shipment originated, primarily Zambia, or instead were killed across
Africa, indicating a broader smuggling ring. Samuel Wasser, of the
University of Washington, and colleagues amplified specific segments
of DNA from the tusks using the polymerase chain reaction (PCR).
These segments included stretches of DNA containing short tandem
repeats (STRs; see Concept 20.4, pp. 420-421), the number of which
varies among different elephant populations. The researchers then
compared alleles at seven or more loci with a reference DNA database
they had generated for elephants of known geographic origin. Their
results showed conclusively that the elephants came from a narrow
east-west band centered on Zambia rather than from across Africa.

WHY IT MATTERS The DNA analyses suggested that poaching
rates were 30 times higher in Zambia than previously estimated.
This news led to improved antipoaching efforts by the Zambian
government. Techniques like those used in this study are being em-
ployed by conservation biologists to track the harvesting of many
endangered species, including whales, sharks, and orchids.

FURTHER READING S. K. Wasser et al., Forensic tools battle ivory
poachers, Scientific American 399:68-76 (2009); S. K. Wasser et al.,
Using DNA to track the origin of the largest ivory seizure since the
1989 trade ban, Proceedings of the National Academy of Sciences USA
104:4228-4233 (2007).

Figure 26.6 (p. 539) describes another ex-
ample in which conservation biologists used DNA analyses to com-
pare harvested samples with a reference DNA database. How are
these examples similar, and how are they different? What limita-
tions might there be to using such forensic methods in other sus-
pected cases of poaching?

www.masteringbiology.com
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New Experimental Inquiry Tutorials
give you practice analyzing experimental
design and data and drawing conclusions.



Study the figures as

you read the text.

V Figure 5.15 An overview of protein functions.

Enzymatic proteins

Function: Selective acceleration of chemical reactions

Example: Digestive enzymes catalyze the hydrolysis of bonds in food
molecules.

Storage proteins

Function: Storage of amino acids

Examples: Casein, the protein of milk, is the major source of amino
acids for baby mammals. Plants have storage proteins in their seeds.
Ovalbumin is the protein of egg white, used as an amino acid source
for the developing embryo.

.
\ 00
/ N 0000°.%

N —_— U0 500%
\> Qo%%%%
Ovalbumin Amino acids

for embryo

Hormonal proteins

Function: Coordination of an organism’s activities

Example: Insulin, a hormone secreted by the pancreas, causes other
tissues to take up glucose, thus regulating blood sugar concentration.

Insulin
secreted

Normal
blood sugar blood sugar

Contractile and motor proteins

Function: Movement

Examples: Motor proteins are responsible for the undulations of cilia
and flagella. Actin and myosin proteins are responsible for the contrac-
tion of muscles.

Actin Myosin

Muscle tissue

Defensive proteins

Function: Protection against disease
Example: Antibodies inactivate and help destroy viruses and bacteria.

/Armbod\es —_—
uns/

Transport proteins

Bacterium

Function: Transport of substances

Examples: Hemoglobin, the iron-containing protein of vertebrate
blood, transports oxygen from the lungs to other parts of the body.
Other proteins transport molecules across cell membranes.

Transport
protein

|—
Cell membrane

Receptor proteins

Function: Response of cell to chemical stimuli

Example: Receptors built into the membrane of a nerve cell detect
signaling molecules released by other nerve cells.

/ Receptor protein

<« New Visual Organizers help you to
see important categories at a glance.

By integrating text and visuals,
Exploring Figures help you
learn more efficiently.

v

Signaling molecu\e5<¢

Structural proteins

¥ Figure 7.22

Function: Support
Examples: Keratin is the protein of hair, hor|
appendages. Insects and spiders use silk fibe
and webs, respectively. Collagen and elastin
framework in animal connective tissues.

Solutes<

Pseudopodium

Connective tissue 60 um

In selected illustrations, a three- »
dimensional art style helps you
visualize biological structures.

od"” or
other particle

Food/

vacuole

CYTOPLASM
In phagocytosis, a cell engulfs a particle

Masteri? /
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Many Tutorials and Activities integrate
art from the textbook, providing a unified
learning experience.

by wrapping pseudopodia (singular,
pseudopodium) around it and packaging it

uole. The particle will be digested after the

ing hydrolytic enzymes (see Figure 6.13a).

Pseudopodium
of amoeba

Bacterium /

Food vacuole/ I

An amoeba engulfing a bacterium via
phagocytosis (TEM).

Tam

within a membranous sac called a food vac-

food vacuole fuses with a lysosome contain-

Exploring Endocytosis in Animal Cells

\P\asma

membrane

Vesicle =~

In pinocytosis, the cell “gulps” droplets
of extracellular fluid into tiny vesicles. It
is not the fluid itself that is needed by the
cell, but the molecules dissolved in the
droplets. Because any and all included
solutes are taken into the cell, pinocytosis
is nonspecific in the substances it
transports.

\
Vo

0.5um

Pinocytosis vesicles forming (indicated by arrows)
in a cell lining a small blood vessel (TEM).

ANIMATION

BioFlix isit the Study Area at
www.masteringbiology.com for
the BioFlix® 3-D Animation on
Membrane Transport.

cHapTER 7 Membrane Structure and Function

Ligand

> Coat proteins

N

Coated
pit

Coated—""
vesicle

Receptor-mediated endocytosis
enables the cell to acquire bulk quantities
of specific substances, even though those
substances may not be very concentrated in
the extracellular fluid. Embedded in the
membrane are proteins with specific recep-
tor sites exposed to the extracellular fluid,
to which specific substances (ligands) bind.
The receptor proteins then cluster in re-
gions of the membrane called coated pits,
which are lined on their cytoplasmic side
by a fuzzy layer of coat proteins. Next, each
coated pit forms a vesicle containing the
ligand molecules. Notice that there are rela-
tively more bound molecules (purple) in-
side the vesicle, but other molecules (green)
are also present. After the ingested material
is liberated from the vesicle, the emptied
receptors are recycled to the plasma mem-
brane by the same vesicle.

Plasma
membrane

—_— Coat

proteins

025 um

Top: A coated pit. Bottom: A coated vesicle form-
ing during receptor-mediated endocytosis (TEMS).
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BioFlix® icons direct you to high-impact

3-D animations in the Study Area at
www.masteringbiology.com.
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Review what you've learned.

Chapter Reviews help you efficiently master the chapter
content by focusing on the main points of the chapter
and offering opportunities to practice for exams.

The Evolution
of Populations

A Figure 23.1 Is this finch evolving?

+ KEY CONCEPTS

23.1 Genetic variation makes evolution possible

23.2 The Hardy-Weinberg equation can be used to

test whether a population is evolving

Natural selection, genetic drift, and gene flow

can alter allele frequencies in a population

23.4 Natural selection is the only mechanism that
consistently causes adaptive evolution

23.3

OVERVIEW

The Smallest Unit of Evolution

One common misconception about evolution is that indi-
vidual organisms evolve. It is true that natural selection acts
ch organism’s traits affect its survival and
ccess compared with other individuals. But
the evolutionary impact of natural selection is only appar-
ent in the changes in a population of organisms over time.

Key Concepts, which were
introduced in the beginning of
the chapter and developed in
the text, are summarized in the
Chapter Review.

New Summary of Key Concepts
Questions appear at the end of each
concept summary. Check your answers
using Appendix A.

xiv To the Student: How to Use This Book

Summary Figures present key

information in a visual way.

)3 CHAPTER REVIEW

concert 23,1

Genetic variation makes evolution possible (pp. 469-473)

Genetic variation refers to genetic differences among indi-
viduals within a population.

The nucleotide differences that provide the basis of genetic
variation arise by mutation and other processes that produce
new alleles and new genes.

New genetic variants are produced rapidly in organisms with short
generation times. In sexually reproducing organisms, most of the
genetic differences among individuals result from crossing over,
the independent assortment of chromosomes, and fertilization.

Why do biologists estimate gene variability and nucleotide vari-
ability, and what do these estimates represent?

concert 23.2

The Hardy-Weinberg equation can be used to test whether a
population is evolving (pp. 473-476)

¢ A population, a localized group of organisms belonging to
one species, is united by its gene pool, the aggregate of all the
alleles in the population.

The Hardy-Weinberg principle states that the allele and
genotype frequencies of a population will remain constant if
the population is large, mating is random, mutation is negligi-
ble, there is no gene flow, and there is no natural selection. For
such a population, if p and g represent the frequencies of the
only two possible alleles at a particular locus, then p? is the fre-
quency of one kind of homozygote, ¢ is the frequency of the
other kind of homozygote, and 2pq is the frequency of the het-
erozygous genotype.

Is it circular reasoning to calculate p and q from observed geno-
type frequencies and then use those values of p and q to test if
the population is in Hardy-Weinberg equilibrium? Explain your
answer. (Hint: Consider a specific case, such as a population with
195 individuals of genotype AA, 10 of genotype Aa, and 195 of
genotype aa.)

concert 23.3

Natural selection, genetic drift, and gene flow can alter
allele frequencies in a population (pp. 476-480)

In natural selection, individuals that have certain inherited
traits tend to survive and reproduce at higher rates than other
individuals because of those traits.

In genetic drift, chance fluctuations in allele frequencies over
generations tend to reduce genetic variation.

Gene flow, the transfer of alleles between populations, tends
to reduce genetic differences between populations over time.

Would two small, geographically isolated populations in very dif-
ferent environments be likely to evolve in similar ways? Explain.

concert 23.4

Natural selection is the only mechanism that consistently
causes adaptive evolution (pp. 480-485)

¢ One organism has greater relative fitness than a second
organism if it leaves more fertile descendants than the second

486 UNIT FOuR  Mechanisms of Evolution

organism. The modes of natural selection differ in how selec-
tion acts on phenotype (the white arrows in the summary dia-
gram below represent selective pressure on a population).

Original Evolved
population  population

Directional Disruptive Stabilizing
selection selection selection

Unlike genetic drift and gene flow, natural selection consis-
tently increases the frequencies of alleles that enhance survival
and reproduction, thus improving the match between organ-
isms and their environment.

Sexual selection influences evolutionary change in second-
ary sex characteristics that can give individuals advantages in
mating.

Despite the winnowing effects of selection, populations have
considerable genetic variation. Some of this variation represents
neutral variation; additional variation can be maintained by
diploidy and balancing selection.

There are constraints to evolution: Natural selection can act
only on available variation; structures result from modified an-
cestral anatomy; adaptations are often compromises; and
chance, natural selection, and the environment interact.

How might secondary sex characteristics differ between males
and females in a species in which females compete for mates?

TEST YO NDERSTANDING

-} LEVEL 1: KNOWLEDGE/COMPREHENSION

1. Natural selection changes allele frequencies because some
survive and reproduce more successfully than others.

a. alleles c. gene pools e. individuals
b. loci d. species

2. No two people are genetically identical, except for identical
twins. The main source of genetic variation among human in-
dividuals is
a. new mutations that occurred in the preceding generation.
b. genetic drift due to the small size of the population.
c. the reshuffling of alleles in sexual reproduction.
d. geographic variation within the population.
e. environmental effects.

w

. Sparrows with average-sized wings survive severe storms bet-
ter than those with longer or shorter wings, illustrating

. the bottleneck effect.

. disruptive selection.

. frequency-dependent selection.

. neutral variation.

. stabilizing selection.

®

o an T

To help you prepare for the various kinds
of questions that may appear on a test,
the end-of-chapter questions are now
organized into three levels based on
Bloom's Taxonomy:

Level 1: Knowledge/Comprehension
Level 2: Application/Analysis
Level 3: Synthesis/Evaluation



Evolution Connection
Questions in the Chapter
Review ask you to think
critically about how an
aspect of the chapter
relates to evolution. »

Scientific Inquiry »
Questions at the end
of each chapter give you
opportunities to practice
scientific thinking by
developing hypotheses,
designing experiments,
and analyzing real
research data.

Draw It Exercises in
each chapter ask you to put
pencil to paper and draw a
structure, annotate a figure,
or graph experimental data.

ggested Grading Rubric for

LEVEL 2: APPLICATION/ANALYSIS

4. 1f the nucleotide variability of a locus equals 0%, what is the
gene variability and number of alleles at that locus?
gene variability = 0%; number of alleles = 0

gene variability = 0%; number of alleles = 2
gene variability > 0%; number of alleles = 2

Without more information, gene variability and number of
alleles cannot be determined.

p R0 T

@

. There are 40 individuals in population 1, all with genotype
AIAI and there are 25 individuals in population 2, all with
genotype A2A2. Assume that these populations are located far
from each other and that their environmental conditions are
very similar. Based on the information given here, the ob-
served genetic variation is most likely an example of
a. genetic drift. d. discrete variation.

b. gene flow. e. directional selection.
<. distuptive selection.

o

. A fruit fly population has a gene with two alleles, A7 and A2.
“Tests show that 70% of the gametes produced in the population
contain the A1 allele. If the population is in Hardy-Weinberg
equilibrium, what proportion of the flies carry both A1 and A2?
a. 0.7 b. 0.49 c. 021 d. 0.42 e. 0.09

LEVEL 3: SYNTHESIS/EVALUATION

7. EVOLUTION CONNECTION
How is the process of evolution revealed by the imperfections
of living organisms?

8. SCIENTIFIC INQUIRY
Richard Koehn, of the State University of New
York, Stony Brook, and Thomas Hilbish, of the University of
South Carolina, studied genetic variation in the marine mus-
sel Mytilus edulis around Long Island, New York. They mea-
sured the frequency of a particular allele (lap™) for an enzyme
involved in regulating the mussel’s internal saltwater balance.
The researchers presented their data as a series of pie charts
linked to sampling sites within Long Island Sound, where the
salinity is highly variable, and along the coast of the open
ocean, where salinity is constant:

Sampling sites

(1-8represent (@ | D (O |0 |© |0 D O O DT P

pairs of sites)

e s | 0|00 @ 0000000

Wl (0p* alleles

Data from R. K. Koehn and T. 1. Hilbish, The adaptive importance of genetic variation,
American Scientist 75:134-141 (1987).

[ other lapalleles

Salinity increases toward the open ocean

Atlantic
Ocean

(Question 8, continued)

Create a data table for the 11 sampling sites by estimating the
frequency of lap” from the pie charts. (Hint: Think of each
pie chart as a clock face to help you estimate the proportion
of the shaded area.) Then graph the frequencies for sites 1-8
to show how the frequency of this allele changes with increas-
ing salinity in Long Island Sound (from southwest to north-
east). How do the data from sites 9-11 compare with the data
from the sites within the Sound?

Construct a hypothesis that explains the patterns you ob-
serve in the data and that accounts for the following observa-
tions: (1) the lap™ allele helps mussels maintain osmotic
balance in water with a high salt concentration but is costly
to use in less salty water; and (2) mussels produce larvae that
can disperse long distances before they settle on rocks and
grow into adults.

el WRITE ABOUT A THEME

Emergent Properties Heterozygotes at the sickle-cell locus
produce both normal and abnormal (sickle-cell) hemoglo-
bin (see Concept 14.4). When hemoglobin molecules are
packed into a heterozygote’s red blood cells, some cells re-
ceive relatively large quantities of abnormal hemoglobin,
‘making these cells prone to sickling. In a short essay (ap-
proximately 100-150 words), explain how these molecular
and cellular events lead to emergent properties at the indi-
vidual and population levels of biological organization.

For selected answers, see Appendix A.
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a Theme”

ort-Answer Essays

<« New Write About a
Theme Questions
give you practice
writing a short essay
that connects the
chapter's content to
one of the bookwide
themes introduced
in Chapter 1.

<« Each chapter now ends
with a preview of the
MasteringBiology®
resources that can
help you succeed
in the course.

<« This Writing Rubric explains

Understanding of Theme
and Relationship to Topic

Use of Supporting
Examples or Details

Appropriate Use
of Terminology

Quiality of Writing

4  Evidence of full and
complete understanding

3 Evidence of good
understanding

2  Evidence of a basic
understanding

1 Evidence of limited
understanding

Q  Essay showsno
understanding of theme

Examples well chosen,
details accurate and
applied to theme

Examples or details are
generally well applied
to theme

Supporting examples
and details are adequate

Examples and details
are minimal

Examples lacking
or incorrect

Accurate scientific
terminology enhances
the essay

Terminology is
correctly used

Terminology used is
not totally accurate
or appropriate

Appropriate
terminology is
not present

Terminology lacking
or incorrect

Excellent organization,
sentence structure,
and grammar

Good sentence flow,
sentence structure,
and grammar

Some organizational and
grammatical problems

Poorly organized.
Grammatical and spelling
errors detract from essay

Essay is very poorly
written

criteria on which your writing
may be graded. The rubric
and tips for writing good
short-answer essays can be
found in the Study Area at
www.masteringbiology.com.
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The Mastering system empowers you to
take charge of your learning—at your
convenience, 24/7.

Use the Study Area on your
own or in a study group.

BioFlix

A
BioFlix® 3-D animations explore the most difficult biology

topics, reinforced with tutorials, quizzes, and more.

A
Practice Tests help you assess your understanding

of each chapter, providing feedback for right and
wrong answers.

A
The Cumulative Test allows you to build a

practice test with questions from multiple chapters.

Access your book online.

xvi To the Student: How to Effectively Use MasteringBiology

The Pearson eText gives you access to the text when-
ever and wherever you can access the Internet. The eText
includes powerful interactive and customization functions:

e write notes

e highlight text

e bookmark pages

e zoom

e click hyperlinked words to view definitions
e search

e |ink to media activities and quizzes

Your professor can also write notes for the class and
highlight important material using a new tool that works
like an electronic pen on a whiteboard.
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Get personalized coaching & feedback.

Your instructor may assign self-paced MasteringBiology® tutorials
that provide individualized coaching with specific hints and
feedback on the toughest topics in the course.

0 If you get stuck...

9 Specific wrong-answer
feedback appears in the

purple feedback box.

v

9 You are offered hints
to coach you to the
correct response.

To the Student: How to Effectively Use MasteringBiology  xvii



e In iR New Cont

Masterlng BIOLOGY

WWW masteringbiology.com BiOFIiX

MasteringBiology is the most effective
and widely used online science tutorial,
homework, and assessment system
available.
A
BioFlix® Tutorials use 3-D, movie-quality animations and
coaching exercises to help students master tough topics
outside of class. Tutorials and animations include:
e A Tour of the Animal Cell e Water Transport in Plants
e A Tour of the Plant Cell e Homeostasis: Regulating
e Membrane Transport Blood Sugar
A e Cellular Respiration e Gas Exchange
The MasteringBiology gradebook provides you with ° Photosynthesis e How Neurons Work
quick results and easy-to-interpret insights into student e Mitosis e How Synapses Work
performance. Every assignment is automatically graded e Meiosis e Muscle Contraction
and shades of red highlight vulnerable students and  DNA Replication e Population Ecology
challenging assignments. e Protein Synthesis e The Carbon Cycle
e Mechanisms of Evolution
A A A
New Data Analysis Tutorials New Student Misconceptions New Make Connections Tutorials
allow students to analyze real data Questions provide assignable quizzes help students connect what they are
from online databases. for each chapter based on common learning in one chapter with material

student misconceptions. Students are
provided with feedback, and the instructor
is provided with in-class strategies for
overcoming these misconceptions.
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they learned in an earlier chapter.
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<« New Experimental Inquiry Tutorials, based on some of
biology's most influential experiments, give students practice analyzing
experimental design and data, and help students understand how
to reach conclusions based on collected data. Topics include:

e What Can You Learn About the Process of
Science from Investigating a Cricket's Chirp?
¢ Which Wavelengths of Light Drive Photosynthesis?
¢ What Is the Inheritance Pattern of Sex-Linked Traits?
e Does DNA Replication Follow the Conservative,
Semiconservative, or Dispersive Model?
e Did Natural Selection of Ground Finches
Occur When the Environment Changed?
e What Effect Does Auxin Have on Coleoptile Growth?
e What Role Do Genes Play in Appetite Regulation?
e How Do Calcium lons Help to Prevent
Polyspermy During Egg Fertilization?
e (Can a Species’ Niche Be Influenced by
Interspecific Competition?
e What Factors Influence the Loss of Nutrients
from a Forest Ecosystem?

<« The New Video Tutor Sessions walk students through tough
topics with clearly explained visuals and demonstrations.
Topics include:

e Mitosis and Meiosis

e Sex-Linked Pedigrees

e DNA Structure

¢ DNA Profiling Techniques
e Biodiversity

¢ Phylogenetic Trees

<« The new MasteringBiology: Virtual Biology Labs online
environment promotes critical thinking skills using virtual experiments
and explorations that may be difficult to perform in a wet lab
environment due to time, cost, or safety concerns.

e MasteringBiology: Virtual Biology Labs offer unique
learning experiences in microscopy, molecular
biology, genetics, ecology, and systematics.

e Choose from 20-30 automatically graded, “pre-set”
lab activities that are ready to assign to students, or
create your own from scratch.

e Each "pre-set” lab provides an assignable lab report
with questions that are automatically graded and
recorded in the MasteringBiology gradebook.

¢ Student subscriptions are available standalone
or packaged with the Camrserr BIOLOGY textbook.
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For Instructors

Instructor Resource DVD

978-0-321-67786-0 ® 0-321-67786-2

Assets for each chapter include:

e All figures, photos, and tables in JPEG and PowerPoint®

¢ Prepared PowerPoint Presentations for each chapter,
with lecture notes, editable figures from the text, and links
to animations and videos

e Clicker Questions in PowerPoint
e 250+ Instructor Animations, including 3-D BioFlix®
e Discovery Channel™ Videos

e Test Bank questions in TestGen® software and
Microsoft® Word

BioFlix® animations invigorate classroom lectures with 3-minute

“movie quality” 3-D graphics (see list on p. xviii).
v

BioFlix

Customizable PowerPoints provide a jumpstart for each lecture.
v

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

v

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

v

Printed Test Bank

by Louise Paquin, McDaniel College, Michael Dini, Texas
Tech University, John Lepri, University of North Carolina,
Greensboro, Jung Choi, Georgia Institute of Technology,
John Zarnetske, Hoosick Falls Central School, and Ronald
Balsamo, Villanova University

978-0-321-69729-5 » 0-321-69729-4

For the Ninth Edition, the Test Bank authors have increased
the number of high-level application and synthesis questions.

Transparency Acetates
978-0-321-69708-0 » 0-321-69708-1
Course Management Systems

Test Bank questions, quizzes, and selected content from
the Study Area of MasteringBiology are available in these
popular course management systems:

CourseCompass™ (www.pearsonhighered.com)
Blackboard (www.pearsonhighered.com)
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Instructor Resources Area in MasteringBiology
This area includes:

PowerPoint® Lectures

Clicker Questions

JPEG Images

Animations

Videos

Lecture Outlines

Learning Objectives

Strategies for Overcoming

Common Student Misconceptions

e Instructor Guides for
Supplements

e \Write About a Theme: Tips for
Grading Short-Answer Essays

e Suggested Answers
for Essay Questions

e Test Bank Files

e Lab Media
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For Students

Study Guide, Ninth Edition

by Martha R. Taylor, Cornell University

978-0-321-62992-0 » 0-321-62992-2

This popular study guide helps students extract key ideas from
the textbook and organize their knowledge of biology. Exercises
include concept maps, chapter summaries, word roots, chapter
tests, and a variety of interactive questions in various formats.

Inquiry in Action: Interpreting Scientific Papers,

Second Edition*

by Ruth Buskirk, University of Texas at Austin,

and Christopher M. Gillen, Kenyon College

978-0-321-68336-6 » 0-321-68336-6

Selected Inquiry Figures in the Ninth Edition direct students

to read and analyze the complete original research paper. In
this supplement, those articles are reprinted and accompanied
by questions that help students analyze the article. The Inquiry
Figures from the book are reprinted in the supplement.

Practicing Biology: A Student Workbook, Fourth Edition*
by Jean Heitz and Cynthia Giffen, University of Wisconsin, Madison
978-0-321-68328-1 » 0-321-68328-5

This workbook offers a variety of activities to suit different
learning styles. Activities such as modeling and 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,
Third Edition*

by Margaret Waterman, Southeast Missouri State University, and
Ethel Stanley, BioQUEST Curriculum Consortium and Beloit College
978-0-321-68320-5 ¢ 0-321-68320-X

This workbook offers ten investigative cases. A student website
is in the Study Area at www.masteringbiology.com.

Study Card, Ninth Edition

978-0-321-68322-9 » 0-321-68322-6

This quick-reference card provides an overview of
the entire field of biology and helps students see the
connections between topics.

Spanish Glossary, Ninth Edition

by Laura P. Zanello, University of California, Riverside
978-0-321-68321-2 » 0-321-68321-8

This resource provides definitions in Spanish for all the
glossary terms.

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

These nine short tales vividly depict key discoveries in
evolutionary biology and the excitement of the scientific
process. Online resources available at www.aw-bc.com/carroll.

Get Ready for Biology

978-0-321-50057-1 « 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.

A Short Guide to Writing About Biology, Seventh Edition
by Jan A. Pechenik, Tufts University

978-0-321-66838-7 » 0-321-66838-3

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

An Introduction to Chemistry for Biology Students,
Ninth Edition

by George I. Sackheim, University of lllinois, Chicago

978-0- 8053-9571-6 ¢ 0-8053-9571-7

This text/workbook helps students review and master all the
basic facts, concepts, and terminology of chemistry that they
need for their life science course.

The Chemistry of Life CD-ROM, Biology Version,
Second Edition

by Robert M. Thornton, University of California, Davis
978-0-8053-3063-2 ® 0-8053-3063-1

This CD-ROM uses animations, interactive simulations, and
quizzes with feedback to help students learn or review the
chemistry needed to succeed in introductory biology.

For Lab

Investigating Biology Laboratory Manual, Seventh Edition
by Judith G. Morgan, Emory University, and M. Eloise Brown
Carter, Oxford College of Emory University

978-0-321-66821-9 « 0-321-66821-9

The Seventh Edition emphasizes connections to recurring
themes in biology, including structure and function, unity and
diversity, and the overarching theme of evolution.

Annotated Instructor Edition for Investigating Biology
Laboratory Manual, Seventh Edition

by Judith G. Morgan, Emory University, and M. Eloise Brown
Carter, Oxford College of Emory University
978-0-321-67668-9 * 0-321-67668-8

Preparation Guide for Investigating Biology
Laboratory Manual, Seventh Edition

by Judith G. Morgan, Emory University, and M. Eloise
Brown Carter, Oxford College of Emory University
978-0-321-67669-6 * 0-321-67669-6

Symbiosis: The Benjamin Cummings Custom Laboratory
Program for the Biological Sciences

Www.pearsoncustom.com/database/symbiosis/bc.html

MasteringBiology®: Virtual Biology Labs

www.masteringbiology.com

This online environment promotes critical thinking skills using
virtual experiments and explorations that may be difficult to
perform in a wet lab environment due to time, cost, or safety
concerns. Designed to supplement or substitute for existing wet
labs, this product offers students unique learning experiences
and critical thinking exercises in the areas of microscopy, molecular
biology, genetics, ecology, and systematics.

* An Instructor Guide is available for download in the Instructor
Resources Area at www.masteringbiology.com.
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Introduction:

Themes in the
Study of Life

A Figure 1.1 How is the mother-of-pearl
plant adapted to its environment?

KEY CONCEPTS

1.1 The themes of this book make connections across
different areas of biology

1.2 The Core Theme: Evolution accounts for the unity
and diversity of life

1.3 In studying nature, scientists make observations
and then form and test hypotheses

1.4 Science benefits from a cooperative approach
and diverse viewpoints

OVERVIEW

Inquiring About Life

The mother-of-pearl plant, or ghost plant (Figure 1.1 and
cover), is native to a single mountain in northeastern Mex-
ico. Its fleshy, succulent leaves and other features allow this
plant to store and conserve water. Even when rain falls, the
plant’s access to water is limited because it grows in crevices

of vertical rock walls, where little soil is present to hold rain-
water (Figure 1.2). The plant’s water-conserving characteristics
help it survive and thrive in these nooks and crannies. Sim-
ilar features are found in many plants that live in dry envi-
ronments, allowing them to eke out a living where rain is
unpredictable.

An organism’s adaptations to its environment, such as
adaptations for conserving water, are the result of evolution,
the process of change that has transformed life on Earth from
its earliest beginnings to the diversity of organisms living
today. Evolution is the fundamental organizing principle of bi-
ology and the core theme of this book.

Although biologists know a great deal about life on Earth,
many mysteries remain. For instance, what exactly led to the
origin of flowering among plants such as the one pictured
here? Posing questions about the living world and seeking
science-based answers—scientific inquiry—are the central ac-
tivities of biology, the scientific study of life. Biologists’ ques-
tions can be ambitious. They may ask how a single tiny cell
becomes a tree or a dog, how the human mind works, or how
the different forms of life in a forest interact. Most people won-
der about the organisms living around them, and many interest-
ing questions probably occur to you when you are out-of-doors,
surrounded by the natural world. When they do, you are al-
ready thinking like a biologist. More than anything else, biology
is a quest, an ongoing inquiry about the nature of life.

What is life? Even a small child realizes that a dog or a plant
is alive, while a rock or a lawn mower is not. Yet the phenome-
non we call life defies a simple, one-sentence definition. We
recognize life by what living things do. Figure 1.3, on the next
page, highlights some of the properties and processes we asso-
ciate with life.

While limited to a handful of images, Figure 1.3 reminds us
that the living world is wondrously varied. How do biologists

A Figure 1.2 The mother-of-pearl plant (Graptopetalum
paraguayense). This plant’s thick leaves hold water, enabling it to live
where soil is scarce. The leaves vary in color, as seen here.
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V Order. This close-up of a sunflower
illustrates the highly ordered structure
that characterizes life.

A Response to the
environment. This Venus
flytrap closed its trap rapidly
in response to the environ-
mental stimulus of a
damselfly landing on the
open trap.

A Evolutionary adaptation. The

appearance of this pygmy sea horse
camouflages the animal in its
environment. Such adaptations evolve
over many generations by the
reproductive success of those

individuals with heritable traits that
are best suited to their environments.

A Regulation. The
regulation of blood
flow through the
blood vessels of this
jackrabbit’s ears helps
maintain a constant
body temperature by
adjusting heat
exchange with the
surrounding air.

A Energy processing. This
hummingbird obtains fuel
in the form of nectar from
flowers. The hummingbird
will use chemical energy
stored in its food to power
flight and other work.

A Figure 1.3 Some properties of life.

make sense of this diversity and complexity? This opening
chapter sets up a framework for answering this question. The
first part of the chapter provides a panoramic view of the bio-
logical “landscape,” organized around some unifying themes.
We then focus on biology’s core theme, evolution, with an in-
troduction to the reasoning that led Charles Darwin to his ex-
planatory theory. Next, we look at scientific inquiry—how
scientists raise and attempt to answer questions about the nat-
ural world. Finally, we address the culture of science and its ef-
fects on society.

2 cHAPTER 1 Introduction: Themes in the Study of Life

» Reproduction.
Organisms (living
things) reproduce
their own kind.
Here, a baby
giraffe stands
close to its mother.

< Growth and development.
Inherited information carried
by genes controls the pattern
of growth and development
of organisms, such as this
Nile crocodile.

concerr 1.1

The themes of this book make
connections across different
areas of biology

Biology is a subject of enormous scope, and news reports re-
veal exciting new biological discoveries being made every day.
Simply memorizing the factual details of this huge subject is
most likely not the best way to develop a coherent view of
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