


Brief Contents

 26 Phylogeny and the Tree of Life 553

 27 Bacteria and Archaea 573

 28 Protists 593

 29 Plant Diversity I: How Plants Colonized Land 618

 30 Plant Diversity II: The Evolution of Seed Plants 636

 31 Fungi 654

 32 An Overview of Animal Diversity 673

 33 An Introduction to Invertebrates 686

 34 The Origin and Evolution of Vertebrates 718

1 Evolution, the Themes of Biology, and Scientific 
Inquiry 2

Unit 1   THE CHEMISTRY OF LIFE 27

2 The Chemical Context of Life 28

3 Water and Life 44

4 Carbon and the Molecular Diversity of Life 56

5 The Structure and Function of Large Biological 
Molecules 66

Unit 2   THE CELL 92

6 A Tour of the Cell 93

7 Membrane Structure and Function 126

8 An Introduction to Metabolism 143

9 Cellular Respiration and Fermentation 164

 10 Photosynthesis 187

 11 Cell Communication 212

 12 The Cell Cycle 234

Unit 3   GENETICS 253

 13 Meiosis and Sexual Life Cycles 254

 14 Mendel and the Gene Idea 269

 15 The Chromosomal Basis of Inheritance 294

 16 The Molecular Basis of Inheritance 314

 17 Gene Expression: From Gene to Protein 335

 18 Regulation of Gene Expression 365

 19 Viruses 398

 20 DNA Tools and Biotechnology 415

 21 Genomes and Their Evolution 442

Unit 4   MECHANISMS OF EVOLUTION 467

 22 Descent with Modification: A Darwinian View of 
Life 468

 23 The Evolution of Populations 486

 24 The Origin of Species 506

 25 The History of Life on Earth 525

Unit 5    THE EVOLUTIONARY HISTORY  
OF BIOLOGICAL DIVERSITY 552

Unit 6   PLANT FORM AND FUNCTION 757

 35 Vascular Plant Structure, Growth, and 
Development 758

 36 Resource Acquisition and Transport in Vascular 
Plants 784

 37 Soil and Plant Nutrition 805

 38 Angiosperm Reproduction and Biotechnology 822

 39 Plant Responses to Internal and External Signals 842

Unit 7   ANIMAL FORM AND FUNCTION 872

 40 Basic Principles of Animal Form and Function 873

 41 Animal Nutrition 898

 42 Circulation and Gas Exchange 921

 43 The Immune System 952

 44 Osmoregulation and Excretion 977

 45 Hormones and the Endocrine System 999

 46 Animal Reproduction 1019

 47 Animal Development 1043

 48 Neurons, Synapses, and Signaling 1067

 49 Nervous Systems 1085

 50 Sensory and Motor Mechanisms 1107

 51 Animal Behavior 1139

Unit 8   ECOLOGY 1163

 52 An Introduction to Ecology and the Biosphere 1164
 53 Population Ecology 1190
 54 Community Ecology 1214
 55 Ecosystems and Restoration Ecology 1238
 56 Conservation Biology and Global Change 1260

URRY8743_12_SE_EP_PRF.indd   2 12/11/19   10:54 PM



A
p

p
e

n
d

ix
 D

  
Sc

ie
n

ti
fi

c 
Sk

il
ls

 R
e

v
ie

w

 

Students: Campbell offers many 
tools to help you succeed

Access your text anywhere with 
the Pearson eText

Strengthen your knowledge in
the Mastering Biology Study Area

Prepare for your exams with
the Dynamic Study Modules

Use the tools in Campbell Biology and  
Mastering Biology to create a Study Plan. 
Your Study Plan might include:
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  iii

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

Setting the Standard for Excellence, 
Accuracy, and Innovation
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A New Visual Experience for  
Every Chapter

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

NEW! A Visual 
Overview helps 
students start with the 
big picture.
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  v

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

NEW! Key 
Mastering 
Biology resources 
are highlighted 
for students and 
instructors.
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Pearson eText for Campbell Biology: 

BioFlix Animation   Mechanics of breathing

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

i

EXPANDED! 500 
embedded Videos 
& Animations help 
students visualize complex 
biology topics. These 
include: new HHMI 
BioInteractive Videos and 
Animations, new Figure 
Walkthroughs, BioFlix® 3-D 
Animations, Galápagos 
Videos by Peter and 
Rosemary Grant, and more.
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  vii

A Whole New Reading Experience 

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

The Pearson eText app is 
available for download in the 
app store for approved devices.
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Bringing Innovative Art to Life

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

Gi ving Students the Tools They Need 
to Succeed

NEW! Science in the Classroom 
presents annotated journal articles 
from the American Association 
for the Advancement of Science 
(AAAS) and makes reading and 
understanding primary literature 
easier for students. The articles 
include assessments in Mastering 
Biology, allowing instructors to assign 
the journal articles.

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

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

36.  What is the cytoskeleton?

37.  What are the three roles of the cytoskeleton?

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

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

NEW! Active 
Reading Guides 
support students in 
actively reading their 
biology text. Students 
can download the 
worksheets from 
the Study Area in 
Mastering Biology.
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Make Connections Across Multiple 
Concepts

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

BLOOD

SALT WATER

CHLORIDE
CELL

K+

K+
Na+

Na+ Cl–

Flagellar
motor

H+

Filament of
flagellum

Hook
H2O

Stoma
H2O

H2OH2O

K1

H2O

Guard cells

K1

H1

H1

 
The transport of ions across the plasma membrane of a 
cell is a fundamental activity of all animals, and indeed 
of all living things. By generating ion gradients, ion 
transport provides the potential energy that powers 
processes ranging from an organism’s regulation of 
salts and gases in internal fluids to its perception of 
and locomotion through its environment.

In marine bony fishes, ion 
gradients drive secretion of salt 
(NaCl), a process essential to avoid 
dehydration. Within gills, the pumps, 
cotransporters, and channels of specialized chloride cells function 
together to drive salt from the blood across the gill epithelium and 
into the surrounding salt water. (See Figure 44.3.)

Ion gradients provide the basis for the opening of  a plant stoma 
by surrounding guard cells. Active transport of H+ out of a guard 
cell generates a voltage (membrane potential) that drives inward 
movement of K+. This uptake of K+ by guard cells triggers an 
osmotic influx of water that changes cell shape, bowing 
the guard cells outward and thereby opening the stoma. (See 
Concept 36.4.)

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

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

NEURON
Na+

Na+

Channel
open

Channel
closed

Osmoregulation

Information Processing

Gas Exchange

Locomotion

Ion Movement and Gradients

. Figure 44.17

MAKE CONNECTIONS 

 Mastering Biology BioFlix® Animation: Membrane Transport

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

MAKE CONNECTIONS 

 CHAPTER 44  Osmoregulation and Excretion 993
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Make Connections 
Questions in every chapter ask 
students to relate content to material 
presented earlier in the course.

Make Connections 
Tutorials connect content 
from two different chapters 
using art from the book. Make 
Connections Tutorials are 
assignable and automatically 
graded in Mastering Biology and 
include answer-specific feedback 
for students.

CONCEPT CHECK 24.2

1. Summarize key di�erences between allopatric and sympatric 
speciation. Which type of speciation is more common, and why?

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

3. WHAT IF? Is allopatric speciation more likely to occur on an 
island close to a mainland or on a more isolated island of 
the same size? Explain your prediction.

4. MAKE CONNECTIONS Review the process of meiosis in 
Figure 13.8. Describe how an error during meiosis could lead 
to polyploidy.

For suggested answers, see Appendix A.
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Develop Scientific Skills

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

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

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

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

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

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

PROBLEM-SOLVING EXERCISE

Can declining amphibian 

populations be saved by  

a vaccine?

Amphibian populations are declining rapidly 

worldwide. The fungus Batrachochytrium 

dendrobatidis (Bd) has contributed to this 

decline: This pathogen causes severe skin 

infections in many amphibian species, leading 

to massive die-o�s. E�orts to save amphibians 

from Bd have had limited success, and 

there is little evidence that frogs and other 

amphibians have acquired resistance to Bd on 

their own.

Yellow-legged frogs (Rana muscosa) in 

California killed by Bd infection
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0 134

1 240

2 244

3 227

Your Analysis
1. Describe and interpret the results shown in the figure.
2. (a) Graph the data in the table. (b) Based on these data, develop a hypothesis 

that explains the results discussed in question 1.

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