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(which will be available for Fall 2017 classes), these resources 
will also be integrated directly into the eText. 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 
BioInteractive 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 and Practice 
Tests for each chapter that can be used on smartphones, 
tablets, and computers.

 Interviews from the First Edition through the Eleventh 
Edition of  Campbell 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 Campbell BIOLOGY, the Eleventh 
Edition incorporates new content and pedagogical 
improvements. These are summarized on pp. vi–viii, 
following this Preface. Content updates reflect rapid, ongoing 
changes in technology and knowledge in the fields of 
genomics, gene editing technology (CRISPR), evolutionary 

We are honored to present the 
Eleventh Edition of Campbell 

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

Our goals for the 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 ix–xxvi for more information and examples.

 Visualizing Figures and Visual Skills Questions 
give students practice in interpreting and creating visual 
representations in biology. The Visualizing Figures have 
embedded questions that guide students in exploring 
how diagrams, photographs, and models represent and 
reflect biological systems and processes. 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 
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more extensive “Solve It” investigations 
to further explore a given topic.

 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. In eText 2.0 
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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 stu-
dents opportunities to practice scientific thinking, along with 
the Problem-Solving Exercises, Scientific Skills Exercises, and 
Interpret the Data Questions. Together, these activities pro-
vide students practice in both applying the process of science 
and using quantitative reasoning, addressing additional core 
competencies outlined in Vision and Change.

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 Campbell BIOLOGY eText, Study Area, 
Instructor Resources, and Ready-to-Go Teaching Modules. See 
pages ix–xxiii 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. ix–xxiii). In our con-
tinuing efforts to improve the book and its supplements, we 
benefit 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

biology, microbiology, and more. In addition, significant 
revisions to Unit 8, Ecology, 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 
Campbell 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. 
Furthermore, the core concepts defined by Vision and Change 
have close parallels in the unifying themes that are introduced 
in Chapter 1 and integrated throughout the book. Chief among 
the themes of both Vision and Change and Campbell BIOLOGY is 
evolution. Each chapter of this text includes at least one Evolu-
tion 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, Campbell BIOLOGY 
includes numerous opportunities for students to stop and think 
about what they are reading, often by putting pencil to paper to 
draw a sketch, annotate a figure, or graph data. Active reading 
questions include Visual Skills Questions, Draw It Questions, 
Make Connections Questions, What If? Questions, Figure Leg-
end Questions, Summary Questions, Synthesize Your Knowl-
edge 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 communi-
cating science.

Finally, Campbell BIOLOGY has always featured scientific 
inquiry, an essential component of any biology course. Com-
plementing stories of scientific discovery in the text narrative 

www.masteringbiology.com
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where in the three life cycles haploid cells undergo mitosis, and 
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 18–21 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 (lncRNAs), 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 
signaling. Chapter 19 fea-
tures a new section that 
covers bacterial defenses 
against bacteriophages 
and describes the CRISPR-
Cas9 system (Figure 19.7); 
updates include the Ebola, 
Chikungunya, and Zika 
viruses (Figure 19.10) 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. Chapter 20 
has a new photo of next-
generation DNA sequenc-
ing machines (Figure 20.2) 
and a new illustration of 
the widely used technique 
of RNA sequencing  
(Figure 20.13). A new sec-
tion titled Editing Genes 
and Genomes has been 
added describing the 
CRISPR-Cas9 system 
(Figure 20.14) that 
has been developed to 
edit genes in living cells. 
Information has also been 

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

CHAPTER 1 Evolution, the Themes of Biology, 
and Scientific Inquiry
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 CHEMISTRy OF LIFE
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 cho-
lesterol, protein 
sequences and  
structures, and 
intrinsically disor-
dered proteins.  
New Visualizing 
Figure 5.16 helps 
students understand 
various ways pro-
teins are depicted.  
A new Problem-
Solving Exercise 
engages students by 
having them com-
pare DNA sequences 
in a case of possible 
fish fraud.

UNIT 2 THE CELL
Our main goal for this unit was to make the material more acces-
sible and inviting to students. New Visualizing Figure 6.32 shows 
the profusion of molecules and structures in a cell, all drawn to 
scale. In Chapter 7, a new figure illustrates levels of LDL receptors in 
people with and without familial hypercholesterolemia. Chapter 8 
includes a beautiful new photo of a geyser with thermophilic bac-
teria in Figure 8.17, bringing to life the graphs of optimal tempera-
tures for enzyme function. Chapter 10 discusses current research 
trying to genetically modify rice (a C3 crop) so that it is capable 
of carrying out C4 photosynthesis to increase yields. Chapter 11 
includes a new Problem-Solving Exercise that guides students 
through assessing possible new treatments for bacterial infections 
by blocking quorum sensing. In Chapter 12, the mechanism of 
chromosome movement in bacteria has been updated and more 
cell cycle control checkpoints have been added, including one pro-
posed by researchers in 2014.

UNIT 3 GENETICS
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 
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 Figure 3.7 Effects of climate change 
on the Arctic.

 Figure 20.14 Gene editing 
using the CRISPR-Cas9 system.



UNIT 5  THE EVOLUTIONARy HISTORy  
OF BIOLOGICAL DIVERSITy

In keeping with our goal of improving how students interpret 
and create visual representations in biology, we have added a new 
figure (Figure 26.5, “Visualizing Phylogenetic Relationships”) 
that introduces the visual conventions used in phylogenetic 
trees and helps students understand what such trees do and 
don’t convey. Students are also provided many opportunities to 
practice their visual skills, with more than ten new Visual Skills 
Questions on topics ranging from interpreting phylogenetic 
trees to predicting which regions of a bacterial flagellum are 
hydrophobic. The unit also contains new content on tree think-
ing, emphasizing such key points as how sister groups provide a 
clear way to describe evolutionary relationships and how trees 
do not show a “direction” in evolution. Other major content 
changes include new text in Concepts 26.6, 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 and 
a new figure (Figure 26.22) on horizontal gene transfer from 
prokaryotes to eukaryotes, new text in Concept 27.6 describ-
ing 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 PLANT FORM 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 ecol-
ogy and evolution. In Chapter 36, new Figure 36.8 illus-
trates the fine branching of leaf veins, and information on 

added later in the chapter on use of the CRISPR-Cas9 system, 
including a study in which a genetic mutation for the disease 
tyrosinemia was corrected in mice. Finally, the discussion of ethi-
cal considerations 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 experiments, such as its usage in the gene drive approach 
to combat carrying of diseases by mosquitoes. In Chapter 21, 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 Epigenomics Project and results from a 2015 
study focusing on 414 important yeast genes.

UNIT 4 MECHANISMS OF EVOLUTION
A major goal for this revision was to strengthen how we help 
students understand and interpret visual representations of evolu-
tionary data and concepts. Toward this end, we have added a new 
figure (Figure 25.8), “Visualizing the Scale of Geologic Time,” and 
a new figure (Figure 23.12) on gene flow. Several figures have 
been revised to improve the presentation of data, including Figure 
24.6 (on reproductive isolation in mosquitofish), Figure 24.10 (on 
allopolyploid speciation), and Figure 25.25 (on the origin of the 
insect body plan). The 
unit also features new 
material that connects 
evolutionary concepts 
and societal problems. 
Examples include text  
in Chapter 22 on the  
2015 discovery of teix-
obactin, an antibiotic  
that is effective against 
some hard-to-treat patho-
gens, a new discussion in 
Chap ter 24 on the impact 
of climate change on 
hybrid zones, and a new 
Problem-Solving Exercise 
in Chapter 24 on how 
hybridization may have 
led to the spread of insec-
ticide resistance genes in 
mosquitoes that transmit  
malaria. The unit also 
includes new chapter-
opening stories in  
Chapter 22 (on a moth 
whose features illustrate the concepts of unity, diversity, and 
adaptation) and Chapter 25 (on the discovery of whale bones 
in the Sahara Desert). Additional changes include new text in 
 Concept 22.3 emphasizing how populations can evolve over 
short periods of time, 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.

 

 Figure 34.53 Fossils of hand and 
foot bones of Homo naledi.

 Figure 23.12 Gene flow and local 
adaptation in the Lake Erie water 
snake (Nerodia sipedon).
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UNIT 8 ECOLOGy
The Ecology Unit has been extensively revised for the Eleventh 
Edition. We have reorganized and improved the conceptual 
framework with which students are introduced to the follow-
ing core ecological topics: life tables, per capita population 
growth, intrinsic rate of increase (“r ”), exponential popula-
tion growth, logistic population growth, density dependence, 
species interactions (in particular, parasitism, commensalism, 
and mutualism), and MacArthur and Wilson’s island bioge-
ography model. The revision also includes a deeper integra-
tion of evolutionary principles, including a new Key Concept 
(52.5) and two new figures (Figures 52.22 and 52.23) on the 
reciprocal effects of ecology and evolution, new material in 
Concept 52.4 on how the geographic distributions of spe-
cies are shaped by a combination of evolutionary history and 
ecological factors, and five new Make Connections 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 52.20) on 
how climate change has affected the distribution of a key-
stone 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 wild-
fires and insect 
outbreaks, a new 
Problem-Solving 
Exercise in Chapter 
55 that explores 
how insect out-
breaks induced by 
climate change can 
cause an ecosystem 
to switch from a car-
bon sink to a carbon 
source, a new figure 
(Figure 56.29) on 
the greenhouse effect, new text in Concept 56.4 on biologi-
cal effects of climate change, and a new Make Connections 
Figure (Figure 56.30) on how climate change affects all levels 
of biological organization. Additional updates include a new 
figure (Figure 53.25) on per capita ecological 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.

phloem-xylem water transfer has been updated. New Make 
Connections Figure 37.10 highlights mutualism across king-
doms and domains. Figure 37.13 and the related text include 
new findings on how some soil nitrogen derives from weather-
ing of rocks. New Figure 38.3 clarifies how the terms carpel and 
pistil are related. The text on flower structure and the angio-
sperm 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 ANIMAL FORM 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 47.8) 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 42.15) and 
the relationship of the limbic system to overall brain structure 
(Figure 49.14). A new Problem-Solving Exercise in Chapter 45  
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 43.4) and rapid, com-
prehensive characterization of viral exposure (Figure 43.24), as 
well as recent discoveries regarding brown fat in adult humans 
(Figure 40.16), the microbiome (Figure 41.17), partheno-
genesis (Concept 46.1), 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) 
and of the experimental characterization of genetic determi-
nants in bird migration (Figure 51.24).

 Figure 41.17 Variation in human gut microbiome at 
different life stages.

 

 Figure 55.8 Climate change, 
wildfires, and insect outbreaks.
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NEW! Ready-to-Go Teaching Modules help instructors efficiently make 
use of the best teaching tools before, during, and after class.

the Ready-to-Go Teaching 
Modules incorporate 
the best that the text, 
MasteringBiology, and 
learning Catalytics have to 
offer, along with new ideas for 
in-class activities. the modules 
can be accessed through the 
instructor resources area of 
MasteringBiology.

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 CatalyticsTM  
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



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.

x 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.

See the Big Picture

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.

after reading a key Concept section, students 
can check their understanding using the 
Concept Check Questions.

these questions are available as 
MasteringBiology assignments and as 
self-study quizzes in the study area. 

Get Ready for This Chapter

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.   
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the Summary of Key Concepts refocuses 
students on the main points of the chapter.

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:

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

Summary Figures 
recap key information 
visually.

Evolution Connection 
Questions are included 
in every Chapter review.

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.



xii Build visual skills

Build Visual Skills

Visualizing Figures include:
Figure 5.16 visualizing  
Proteins, p. 79

Figure 6.32 visualizing 
the scale of the Molecular 
Machinery in a Cell,  
pp. 122-123

Figure 16.7 visualizing  
dna, p. 319

Figure 25.8 visualizing  
the scale of geologic time,  
pp. 530-531

Figure 26.5 visualizing 
Phylogenetic relationships,  
shown at left and on p. 554

Figure 35.11 visualizing  
Primary and secondary  
growth, p. 765

Figure 47.8 visualizing 
gastrulation, p. 1048

Figure 55.13 visualizing 
Biogeochemical Cycles, p. 1247

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.

NEW! Visual Skills Questions 
give students practice interpreting 
illustrations and photos in the text.

for more practice, each  
visualizing figure is  
accompanied by an  
automatically graded 
assignment in 
MasteringBiology with 
feedback for students.
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NEW! Figure Walkthroughs guide students through key figures with narrated 
explanations, figure markups, and questions that reinforce important points.

EXPANDED! Draw It exercises give students 
practice creating visuals. students are asked 
to put pencil to paper and draw a structure, 
annotate a figure, or graph experimental data.

a note in the print book lets 
students and instructors know when 
a figure walkthrough is available in 
the study area.

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.



xiv Make ConneCtions visually

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

Make Connections Visually

Make Connections  
Figures include:
Figure 5.26 Contributions of 
genomics and Proteomics to  
Biology, p. 88

Figure 10.23 the working Cell,  
pp. 208-209

Figure 18.27 genomics, Cell 
signaling, and Cancer, pp. 390-391

Figure 23.18 the sickle-Cell allele,  
shown at right and on pp. 500-501

Figure 33.9 Maximizing surface 
area, p. 693

NEW! Figure 37.10 Mutualism 
across kingdoms and domains,  
p. 811

Figure 39.27 levels of Plant defenses 
against Herbivores, pp. 866-867

Figure 40.23 life Challenges and 
solutions in Plants and animals,  
pp. 892-893

Figure 44.17 ion Movement  
and gradients, p. 991

Figure 55.19 the working 
ecosystem, pp. 1254-1255

NEW! Figure 56.30 Climate Change 
Has effects at all levels of Biological 
organization, pp. 1278-1279

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 Biointeractive 
short films (documentary-
quality movies from the 
Howard Hughes Medical 
institute) and much more.
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Make 
Connections 
Questions in 
every chapter 
ask students to 
relate content 
in the chapter 
to material 
presented 
earlier in the 
course.



xvi 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.

Practice Scientific Skills

each scientific skills exercise  
is based on an experiment 
related to the chapter 
content.

Questions build in 
difficulty, walking students 
through new skills step by 
step and providing 
opportunities for higher- 
level critical thinking.

Most scientific skills exercises 
use data from published 
research, which is cited in  
the exercise.

all scientific skills exercises are available as 
interactive assignments in MasteringBiology 
that are automatically graded.

 1  interpreting a Pair of Bar graphs, p. 23

 2  Calibrating a standard radioactive isotope decay Curve  
and interpreting data, p. 33

 3  interpreting a scatter Plot with a regression line, p. 54

 4 working with Moles and Molar ratios, p. 58

 5 analyzing Polypeptide sequence data, p. 89

 6 using a scale Bar to Calculate volume and surface area  
of a Cell, p. 99

 7 interpreting a scatter Plot with two sets of data,  
shown above and on p. 136

 8 Making a line graph and Calculating a slope, p. 157

 9 Making a Bar graph and evaluating a Hypothesis, p. 179

 10 Making scatter Plots with regression lines, p. 205

 11 using experiments to test a Model*

 12 interpreting Histograms, p. 250

 13 Making a line graph and Converting Between units  
of data, p. 264

 14 Making a Histogram and analyzing a distribution Pattern, p. 283

 15 using the Chi-square (x2) test, p. 304

 16 working with data in a table, p. 318

 17 interpreting a sequence logo, p. 351

18 analyzing dna deletion experiments, p. 373

 19 analyzing a dna sequence-Based Phylogenetic tree  
to understand viral evolution, p. 409

20 analyzing Quantitative and spatial gene expression data*

21 reading an amino acid sequence identity table, p. 456

22 Making and testing Predictions, p. 481

23 using the Hardy-weinberg equation to interpret data  
and Make Predictions, p. 491

24 identifying independent and dependent variables, Making  
a scatter Plot, and interpreting data, p. 511

25 estimating Quantitative data from a graph and developing 
Hypotheses, p. 536

26 using Protein sequence data to test an evolutionary 
Hypothesis, p. 568

 27 Calculating and interpreting Means and standard errors, p. 588

Making a Bar graph and interpreting the data*

SCIENTIFIC SkILLS ExERCISES are available for every chapter:
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NEW! Problem-Solving Exercises guide students in applying scientific skills 
and interpreting real data in the context of solving a real-world problem.

Apply Scientific Skills to Solving Problems

Problem-Solving  
Exercises include:
Ch. 5: are you a victim  
of fish fraud? Shown at left  
and on p. 89

Ch. 11: Can a skin wound 
turn deadly? p. 214

Ch. 17: are insulin mutations 
the cause of three infants’ 
neonatal diabetes? p. 359

Ch. 24: is hybridization 
promoting insecticide 
resistance in mosquitoes that 
transmit malaria? p. 516

Ch. 34: Can declining 
amphibian populations be 
saved by a vaccine? p. 731

Ch. 39: How will climate 
change impact crop 
productivity? p. 861

Ch. 45: is thyroid regulation 
normal in this patient? p. 1008

Ch. 55: Can an insect 
outbreak threaten a forest’s 
ability to absorb Co2 from 
the atmosphere? p. 1243

* available only in MasteringBiology. all other scientific skills exercises are in the 
print book, etext, and MasteringBiology.

a version of each Problem-solving exercise can also be 
assigned in MasteringBiology.

 43 Comparing two variables on a Common x-axis, p. 971

 44 describing and interpreting Quantitative data, p. 979

45 designing a Controlled experiment, p. 1012

 46 Making inferences and designing an experiment, p. 1028

 47 interpreting a Change in slope, p. 1047

 48 interpreting data values expressed in scientific notation, p. 1080

 49 designing an experiment using genetic Mutants, p. 1093

 50 interpreting a graph with log scales, p. 1134

 51 testing a Hypothesis with a Quantitative Model, p. 1148

52 Making a Bar graph and a line graph to interpret data, p. 1184

 53 using the logistic equation to Model Population  
growth, p. 1198

54 Making a Bar graph and a scatter Plot, p. 1215

 55 interpreting Quantitative data in a table, p. 1245

 56 graphing Cyclic data, p. 1276

28 interpreting Comparisons of genetic sequences, p. 593

 29 Making Bar graphs and interpreting data, p. 627

 30 using natural logarithms to interpret data, p. 637

 31 interpreting genomic data and generating Hypotheses, p. 655

synthesizing information from Multiple data sets*

 32 Calculating and interpreting Correlation Coefficients, p. 676

 33 understanding experimental design and interpreting  
data, p. 698

 34 determining the equation of a regression line, p. 749

 35 using Bar graphs to interpret data, p. 760

 36 Calculating and interpreting temperature Coefficients, p. 788

 37 Making observations, p. 810

 38 using Positive and negative Correlations to interpret data, p. 832

 39 interpreting experimental results from a Bar graph, p. 862

 40 interpreting Pie Charts, p. 890

 41 interpreting data from an experiment with genetic  
Mutants, p. 916

 42 Making and interpreting Histograms, p. 936



Media references in the print book direct students to digital resources in the study area  
and etext 2.0:

• NEW! get ready for this Chapter questions
• NEW! figure walkthroughs
• NEW! HHMi Biointeractive videos and animations
• NEW! Qr codes and urls for  

easy access to vocabulary  
self-Quizzes and Practice tests

• Bioflix animations
• aBC news videos
• Campbell interviews 

and much more

xviii 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 2.0 at point of 
use to help students learn biology visually. (etext 2.0 will be live for fall 2017 classes.)

Bring Biology to Life

Access the complete textbook online!  
the Campbell etext includes powerful inter-
active and customization functions, such  
as instructor and student note-taking,  
highlighting, bookmarking, search,  
and links to glossary terms.

NEW! eText 2.0 will be available for fall 2017 classes with all of the above plus links to 
animations, videos, and quizzes, all accessible from a smartphone, tablet, and computer.

eText 1.0 will be available for spring 
2017 classes.



Succeed with MasteringBiology

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. x).

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

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

After Class 
Hundreds of self-paced tutorials and coaching 
activities provide students with individualized 
coaching with specific hints and feedback on the 
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.

MasteringBiology improves results by engaging students before, during, 
and after class.

Learning CatalyticsTM 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.

 suCCeed witH MasteringBiology xix



xx PersonaliZed CoaCHing in MasteringBiology

instructors can assign self-paced  
MasteringBiology tutorials that 
provide students with individualized 
coaching with specific hints and 
feedback on the toughest topics  
in the course.

Personalized Coaching in MasteringBiology

1. if a student gets stuck...
2. specific wrong-answer feedback 

appears in the purple feedback box.

3. Hints coach students to the  
correct response.

4. optional Adaptive Follow-Up 
Assignments are based on the original 
homework assignment  
and provide additional coaching  
and practice as needed.

Question sets in the adaptive 
follow-up assignments 
continuously adapt to each 
student’s needs, making efficient 
use of study time.
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MasteringBiology offers thousands of tutorials, 
activities, and questions that can be assigned as 
homework. a few examples are shown below.

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.

BioFlix Tutorials use 3-d, movie-
quality animations and coaching 
exercises to help students master 
tough topics outside of class. 
animations are also available in  
the study area and etext 2.0, and  
can be shown in class.

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

NEW! Galápagos 
Evolution Video 
Activities, filmed on 
the galápagos islands by 
Peter and rosemary grant, 
bring to life the dynamic 
evolutionary processes that 
impact darwin’s finches 
on daphne Major island. 
videos explore important 
concepts and data from the 
grants’ field research, with 
assignable activities. 

Student scores on the optional 
Adaptive Follow-Up Assignments 
are recorded in the gradebook 
and offer additional diagnostic 
information for instructors to monitor 
learning outcomes and more.



xxii student and laB suPPleMents

Student and Lab Supplements
For Students
Study Guide, Eleventh Edition
by Martha r. taylor, ithaca, new york, and Michael Pollock, Mount 
royal university

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

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

Inquiry in Action: Interpreting Scientific Papers,  
Fourth Edition*
by ruth v. Buskirk, university of texas at austin and Christopher M. 
gillen, kenyon College

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

this guide helps students learn how to read and understand primary 
research articles.  Part a presents complete articles accompanied 
by questions that help students analyze the article. related inquiry 
figures are included in the supplement.  Part B covers every part of a 
research paper, explaining the aim of the sections and how the paper 
works as a whole.

Practicing Biology: A Student Workbook, Sixth Edition*
by Jean Heitz and Cynthia giffen, university of wisconsin, Madison

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

this workbook offers a variety of activities to suit different learning 
styles. activities such as modeling and concept mapping allow students 
to visualize and understand biological processes. other activities focus 
on basic skills, such as reading and drawing graphs.

Biological Inquiry: A Workbook of Investigative Cases,  
Fifth Edition*
by Margaret waterman, southeast Missouri state university  
and ethel stanley, BioQuest Curriculum Consortium and Beloit College

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

this workbook offers ten investigative cases. each case study requires 
students to synthesize information from multiple chapters of the 
text and apply that knowledge to a real-world scenario as they pose 
hypotheses, gather new information, analyze evidence, graph data, 
and draw conclusions. a link to a student website is in the study area 
in MasteringBiology.

Study Card, Eleventh Edition
978-0-134-48648-2 / 0-134-48648-X 

this quick-reference card provides students with an overview of the 
entire field of biology, helping them see the connections between 
topics.

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. online resources 
available at www.aw-bc.com/carroll.

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

978-0-13414373-6 / 0-134-14373-6

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

For Lab
Investigating Biology Laboratory Manual, Ninth Edition
by Judith Giles Morgan, Emory University, and  
M. Eloise Brown Carter, Oxford College of Emory University

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

with its distinctive investigative approach to learning, this best-selling 
laboratory manual is now more engaging than ever, with full-color 
art and photos throughout. the lab manual encourages students to 
participate in the process of science and develop creative and critical-
reasoning skills. 

Annotated Instructor’s Edition for Investigating Biology 
Laboratory Manual, Ninth Edition
978-0-13451922-7 / 0-134-51922-1

this annotated instructor edition features teaching information 
including margin notes with suggestions for lab procedures and 
answers to questions from the student edition. also included is a 
detailed teaching Plan at the end of each lab with specific suggestions 
for organizing labs, including estimated time allotments for each part 
of the lab and suggestions for encouraging independent thinking and 
collaborative discussions.

Preparation Guide for Investigating Biology, Ninth 
Edition 
978-013451801-5 / 0-134-51801-2

Contains materials lists, suggested vendors, instructions for preparing 
solutions and constructing materials, schedules for planning advance 
preparation, and more.  available for downloading through the 
“instructor resources” area of MasteringBiology.

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

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.

* an instructor guide is available for downloading through the “instructor resources” area of MasteringBiology.

www.aw-bc.com/carroll
www.pearsonhighered.com/
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Instructor Resources
Instructor’s Resource CD/DVD-ROM Set for Campbell 
Biology, Eleventh Edition
978-0-13445458-0 / 0-134-45458-8

the instructor’s resource dvd Package consists of a multi-disk set  
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, 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 questions in TestGen® software and Microsoft® word 

• Digital Transparencies 

• Quick Reference Guide: An at-a-glance reference to all instructor 
and student media resources available for each chapter 

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: Instructor Guide for Practicing 
Biology: a student workbook, instructor guide for Biological 
inquiry: a workbook of investigative Cases, answer key for inquiry 
in action: interpreting scientific Papers, investigating Biology lab 
Prep guide, and investigating Biology lab data tables

• Quick Reference Guide

Printed Test Bank for Campbell Biology, Eleventh Edition
978-0-13447864-7 / 0-134-47864-9 

this invaluable resource contains over 4,500 questions, including 
scenario-based questions and art, graph, and data interpretation 
questions. in addition to a print version, the test Bank is available 
electronically through the “instructor resources” area of 
MasteringBiology, and in the instructor’s resource dvd Package.

  Customizable PowerPoint Lectures 
provide a jumpstart for instruction.

  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.

  Clicker Questions can be used to stimulate effective 
classroom discussions (for use with or  
without clickers).
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Inquiry Figures
 1.25 Does camouflage affect predation rates on two 

populations of mice? 21
 4.2 Can organic molecules form under conditions 

estimated to simulate those on the early Earth? 57
 7.4 Do membrane proteins move? 128
 †10.10 Which wavelengths of light are most effective in 

driving photosynthesis? 194
 12.9 At which end do kinetochore microtubules shorten 

during anaphase? 241
 12.14 Do molecular signals in the cytoplasm regulate the 

cell cycle? 245
 14.3 When F1 hybrid pea plants self- or cross-pollinate, 

which traits appear in the F2 generation? 271
 14.8 Do the alleles for one character segregate into 

gametes dependently or independently of the alleles 
for a different character? 276

 †15.4 In a cross between a wild-type female fruit fly and a 
mutant white-eyed male, what color eyes will the F1 
and F2 offspring have? 297

 15.9 How does linkage between two genes affect 
inheritance of characters? 301

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

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

Visualizing Figures
 5.16 Visualizing Proteins 79
 6.32 Visualizing the Scale of the Molecular Machinery  

in a Cell 122
 16.7 Visualizing DNA 319
 25.8 Visualizing the Scale of Geologic Time 530
 26.5 Visualizing Phylogenetic Relationships 554
 35.11 Visualizing Primary and Secondary Growth 765
 47.8 Visualizing Gastrulation 1048
 55.13 Visualizing Biogeochemical Cycles 1247

Make Connections Figures
 5.26 Contributions of Genomics and Proteomics  

to Biology 88
 10.23 The Working Cell 208
 18.27 Genomics, Cell Signaling, and Cancer 390
 23.18 The Sickle-Cell Allele 500
 33.9 Maximizing Surface Area 693
 37.10 Mutualism Across Kingdoms and Domains 811
 39.27 Levels of Plant Defenses Against Herbivores 866
 40.23 Life Challenges and Solutions in Plants and 

Animals 892
 44.17 Ion Movement and Gradients 991
 55.19 The Working Ecosystem 1254
 56.30 Climate Change Has Effects at All Levels of 

Biological Organization 1278

Exploring Figures
 1.3 Levels of Biological Organization 4
 5.18 Levels of Protein Structure 80
 6.3 Microscopy 95
 6.8 Eukaryotic Cells 100
 6.30 Cell Junctions in Animal Tissues 120
 7.19 Endocytosis in Animal Cells 140
 11.8 Cell-Surface Transmembrane Receptors 218
 12.7 Mitosis in an Animal Cell 238
 13.8 Meiosis in an Animal Cell 260
 16.22 Chromatin Packing in a Eukaryotic 

Chromosome 330
 24.3 Reproductive Barriers 506
 25.7 The Origin of Mammals 529
 27.16 Selected Major Groups of Bacteria 582
 28.2 Protistan Diversity 594
 29.3 Derived Traits of Plants 618
 29.8 Bryophyte Diversity 624
 29.14 Seedless Vascular Plant Diversity 630
 30.7 Gymnosperm Diversity 640
 30.17 Angiosperm Diversity 648
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 featured figures xxv

 46.8 Why is sperm usage biased when female fruit flies 
mate twice? 1022

 †47.4 Does the distribution of Ca2+ in an egg correlate 
with formation of the fertilization envelope? 1044

 47.23 How does distribution of the gray crescent affect 
the developmental potential of the first two 
daughter cells? 1059

 47.24 Can the dorsal lip of the blastopore induce cells in 
another part of the amphibian embryoto change 
their developmental fate? 1060

 47.26 What role does the zone of polarizing activity (ZPA) 
play in limb pattern formation in vertebrates? 1061

 50.23 How do mammals detect different tastes? 1121
 51.8 Does a digger wasp use landmarks to find her 

nest? 1143
 51.24 Are differences in migratory orientation within a 

species genetically determined? 1155
 53.14 How does caring for offspring affect parental 

survival in kestrels? 1199
 †54.3 Can a species’ niche be influenced by interspecific 

competition? 1214
 54.18 Is Pisaster ochraceus a keystone species? 1224
 55.6 Which nutrient limits phytoplankton production 

along the coast of Long Island? 1241
 55.12 How does temperature affect litter decomposition in 

an ecosystem? 1246
 *56.13 What caused the drastic decline of the Illinois 

greater prairie chicken population? 1265

Research Method Figures
 5.21 X-Ray Crystallography 83
 6.4 Cell Fractionation 96
 10.9 Determining an Absorption Spectrum 193
 13.3 Preparing a Karyotype 256
 14.2 Crossing Pea Plants 270
 14.7 The Testcross 275
 15.11 Constructing a Linkage Map 305
 20.3 Sequencing by Synthesis: Next-Generation 

Sequencing 415
 20.7 The Polymerase Chain Reaction (PCR) 419
 20.11 RT-PCR Analysis of the Expression of Single 

Genes 423
 26.15 Applying Parsimony to a Problem in Molecular 

Systematics 561
 35.21 Using Dendrochronology to Study Climate 771
 37.7 Hydroponic Culture 808
 48.8 Intracellular Recording 1070
 53.2 Determining Population Size Using the Mark-

Recapture Method 1189
 54.12 Determining Microbial Diversity Using Molecular 

Tools 1221

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

 17.3 Do individual genes specify the enzymes that 
function in a biochemical pathway? 337

 18.22 Could Bicoid be a morphogen that determines the 
anterior end of a fruit fly? 385

 19.2 What causes tobacco mosaic disease? 397
 20.16 Can the nucleus from a differentiated animal cell 

direct development of an organism? 427
 20.21 Can a fully differentiated human cell be 

“deprogrammed” to become a stem cell? 430
 21.18 What is the function of a gene (FOXP2) that is 

rapidly evolving in the human lineage? 459
 22.13 Can a change in a population’s food source result in 

evolution by natural selection? 475
 *23.16 Do females select mates based on traits indicative of 

“good genes”? 498
 24.7 Can divergence of allopatric populations lead to 

reproductive isolation? 510
 24.12 Does sexual selection in cichlids result in 

reproductive isolation? 513
 24.18 How does hybridization lead to speciation in 

sunflowers? 519
 25.26 What causes the loss of spines in lake stickleback 

fish? 544
 26.6 What is the species identity of food being sold as 

whale meat? 555
 27.10 Can prokaryotes evolve rapidly in response to 

environmental change? 576
 28.24 What is the root of the eukaryotic tree? 609
 29.9 Can bryophytes reduce the rate at which key 

nutrients are lost from soils? 625
 31.20 Do fungal endophytes benefit a woody plant? 665
 33.30 Did the arthropod body plan result from new Hox 

genes? 705
 34.51 Did gene flow occur between Neanderthals and 

humans? 751
 36.18 Does phloem sap contain more sugar near sources 

than near sinks? 799
 37.11 How variable are the compositions of bacterial 

communities inside and outside of roots? 812
 39.5 What part of a grass coleoptile senses light, and 

how is the signal transmitted? 845
 39.6 What causes polar movement of auxin from shoot 

tip to base? 846
 39.16 How does the order of red and far-red illumination 

affect seed germination? 855
 40.17 How does a Burmese python generate heat while 

incubating eggs? 886
 40.22 What happens to the circadian clock during 

hibernation? 891
 *41.4 Can diet influence the frequency of birth 

defects? 900
 42.25 What causes respiratory distress syndrome? 942
 44.20 Can aquaporin mutations cause diabetes? 993

*The Inquiry Figure, original research paper, and a worksheet to guide you through the 
paper are provided in Inquiry in Action: Interpreting Scientific Papers, Fourth Edition.
†A related Experimental Inquiry Tutorial can be assigned in MasteringBiology.®
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