
Global 
edition

Global 
edition G

lo
ba

l 
ed

it
io

n

this is a special edition of an established title widely 
used by colleges and universities throughout the world. 
Pearson published this exclusive edition for the benefit 
of students outside the United States and Canada. if you 
purchased this book within the United States or Canada, 
you should be aware that it has been imported without 
the approval of the Publisher or author.

Pearson Global Edition

For these Global editions, the editorial team at Pearson has collaborated with 
educators across the world to address a wide range of subjects and requirements, 
equipping students with the best possible learning tools. this Global edition 
preserves the cutting-edge approach and pedagogy of the original, but also features 
alterations, customization, and adaptation from the north american version.

Sim
on • D

ickey • H
ogan • Reece

C
am

pbell  
essential biology

Six
T

H
 eD

iT
io

n

 eric J. Simon • Jean L. Dickey • Kelly A. Hogan • Jane B. Reece

Campbell  
 essential biology
 SixTH eDiTion

Simon_1292102616_mech.indd   1 07/10/15   5:33 PM



 

 

 

 

 

 

 

 

 

 

 

 

 

This page is intentionally left blank. 



# 152561   Cust: Pearson   Au: Simon  Pg. No. 2 
Title: EBP 5e

C/M/Y/K 
Short / Normal

DESIGN SERVICES OF

S4CARLISLE
Publishing Services

 1 Introduction: Biology Today 36

 UNIT 1 Cells 55
 2 Essential Chemistry for Biology 56
 3 The Molecules of Life 70
 4 A Tour of the Cell 88
 5 The Working Cell 108
 6 Cellular Respiration: Obtaining Energy from Food 124
 7 Photosynthesis: Using Light to Make Food 140

 UNIT 2 Genetics 153
 8 Cellular Reproduction: Cells from Cells 154
 9 Patterns of Inheritance 178
 10 The Structure and Function of DNA 204
 11 How Genes Are Controlled 230
 12 DNA Technology 250

 UNIT 3 Evolution and Diversity 275
 13 How Populations Evolve 276
 14 How Biological Diversity Evolves 302
 15 The Evolution of Microbial Life 326
 16 The Evolution of Plants and Fungi 348
 17 The Evolution of Animals 370

 UNIT 4 Ecology 405
 18 An Introduction to Ecology and the Biosphere 406
 19 Population Ecology 436
 20 Communities and Ecosystems 458

Brief 
Contents

A01_SIMO2610_06_GE_IFC.indd   2 25/09/15   1:54 PM



 

 

 

 

 

 

 

 

 

 

 

 

 

This page is intentionally left blank. 



# 152561   Cust: Pearson   Au: Simon  Pg. No. 1 
Title: EBP 5e

C/M/Y/K 
Short / Normal

DESIGN SERVICES OF

S4carliSle
Publishing Services

6 t h  E D I t I O N

G l O b a l  E D I t I O N

essential
biology

C a m p b E l l

A02_SIMO2610_06_GE_FM.indd   1 29/09/15   6:32 PM



A02_SIMO2610_06_GE_FM.indd   2 29/09/15   6:32 PM

 

 

 

 

 

 

 

 

 

 

 

 

 

This page is intentionally left blank. 



3

# 152561   Cust: Pearson   Au: Simon  Pg. No. 3 
Title: EBP 5e

C/M/Y/K 
Short / Normal

DESIGN SERVICES OF

S4carliSle
Publishing Services

6 t h  E D I t I O N

essential
biology

C a m p b E l l

Eric J.  Simon
New England College

Jean l. Dickey
Clemson, South Carolina

Kelly a. hogan
University of North Carolina, 
Chapel Hil l

Jane b. Reece
Berkeley, California

G l O b a l  E D I t I O N

A02_SIMO2610_06_GE_FM.indd   3 29/09/15   6:33 PM



# 152561   Cust: Pearson   Au: Simon  Pg. No. 4 
Title: EBP 5e

C/M/Y/K 
Short / Normal

DESIGN SERVICES OF

S4carliSle
Publishing Services

Editor-in-Chief: Beth Wilbur
Acquisitions Editor: Alison Rodal
Program Management Team Lead: Michael Early
Program Manager: Leata Holloway
Executive Editorial Manager: Ginnie Simione Jutson
Development Editors: Debbie Hardin, Julia Osborne, Susan Teahan
Editorial Assistant: Alison Cagle
Project Management Team Lead: David Zielonka
Project Manager: Lori Newman
Senior Acquisitions Editor, Global Edition: Priyanka Ahuja
Project Editor, Global Edition: Amrita Naskar
Manager, Media Production, Global Edition: Vikram Kumar
Senior Manufacturing and Composition Controller, Production, Global 

Edition: Kay Holman
Supplements Project Manager: Libby Reiser
Manager, Rights and Permissions: Rachel Youdelman

Text Permissions Project Manager: William Opaluch
Text Permissions Specialist: Lumina Datamatics
Copyeditor: Joanna Dinsmore
Design Manager: Derek Bacchus
Cover Designer: Lumina Datamatics Ltd.
Interior Designer: Hespenheide Design
Illustrators: Precision Graphics
Photo Permissions Management: Lumina Datamatics
Photo Researcher: Kristin Piljay
Photo Lead: Donna Kalal
Content Producer, Media: Daniel Ross
Project Manager, Instructor Media: Eddie Lee
Executive Marketing Manager: Lauren Harp
Manufacturing Buyer: Stacey Weinberger
Cover Photo Credit: Butterfly Hunter/Shutterstock

Pearson Education Limited
Edinburgh Gate
Harlow
Essex CM20 2JE
England

and Associated Companies throughout the world

Visit us on the World Wide Web at:
www.pearsonglobaleditions.com

© Pearson Education Limited 2016

The rights of Eric J. Simon, Jean L. Dickey, Kelly A. Hogan, and Jane B. Reece to be identified as the authors of this work have been asserted by them in 
accordance with the Copyright, Designs and Patents Act 1988.

Authorized adaptation from the United States edition, entitled Campbell Essential Biology, 6th edition, ISBN 978-0-133-91778-9, by Eric J. Simon, Jean L. 
Dickey, Kelly A. Hogan, and Jane B. Reece, published by Pearson Education © 2016.

All rights reserved. No part of this publication may be reproduced, stored in a retrieval system, or transmitted in any form or by any means, electronic, 
mechanical, photocopying, recording or otherwise, without either the prior written permission of the publisher or a license permitting restricted copying 
in the United Kingdom issued by the Copyright Licensing Agency Ltd, Saffron House, 6–10 Kirby Street, London EC 1N 8TS.

All trademarks used herein are the property of their respective owners. The use of any trademark in this text does not vest in the author or publisher any 
trademark ownership rights in such trademarks, nor does the use of such trademarks imply any affiliation with or endorsement of this book by such owners.

Readers may view, browse, and/or download material for temporary copying purposes only, provided these uses are for noncommercial personal pur-
poses. Except as provided by law, this material may not be further reproduced, distributed, transmitted, modified, adapted, performed, displayed, pub-
lished, or sold in whole or in part, without prior written permission from the publisher.

Acknowledgments of third party content appear on page 491, which constitutes an extension of this copyright page.

PEARSON, ALWAYS LEARNING, and MasteringBiology® are exclusive trademarks owned by Pearson Education, Inc. or its affiliates in the U.S. and/or 
other countries.

Unless otherwise indicated herein, any third-party trademarks that may appear in this work are the property of their respective owners and any references 
to third-party trademarks, logos or other trade dress are for demonstrative or descriptive purposes only. Such references are not intended to imply any 
sponsorship, endorsement, authorization, or promotion of Pearson’s products by the owners of such marks, or any relationship between the owner and 
Pearson Education, Inc. or its affiliates, authors, licensees or distributors.

ISBN 10: 1-292-10261-6
ISBN 13: 978-1-292-10261-0

British Library Cataloguing-in-Publication Data
A catalogue record for this book is available from the British Library

10 9 8 7 6 5 4 3 2 1

Typeset by S4Carlisle Publishing Services

Printed and bound by Ashford Colour Press in the United Kingdom

A02_SIMO2610_06_GE_FM.indd   4 29/09/15   6:33 PM

http://www.pearsonglobaleditions.com


# 152561   Cust: Pearson   Au: Simon  Pg. No. 5 
Title: EBP 5e

C/M/Y/K 
Short / Normal

DESIGN SERVICES OF

S4carliSle
Publishing Services

5

ERIC J. SIMON
is a professor in the Department of Biology and 
Health Science at New England College (Henniker, 
New Hampshire). He teaches introductory biology 
to science majors and nonscience majors, as well 
as upper-level courses in tropical marine biology 
and careers in science. Dr. Simon received a B.A. 
in biology and computer science and an M.A. 
in biology from Wesleyan University, and a 

Ph.D. in biochemistry from Harvard University. His research focuses on 
innovative ways to use technology to increase active learning in the science 
classroom, particularly for nonscience majors. Dr. Simon is also the author 
of the introductory biology textbook Biology: The Core and a coauthor of 
Campbell Biology: Concepts & Connections, 8th Edition.

To Muriel, my wonderful mother, who has always supported my efforts 
with love, compassion, great empathy, and an unwavering belief in me

About the Authors about the authors

JANE B. REECE
has worked in biology publishing since 1978, 
when she joined the editorial staff of Benjamin 
Cummings. Her education includes an A.B. in 
biology from Harvard University (where she 
was initially a philosophy major), an M.S. in 
microbiology from Rutgers University, and a 
Ph.D. in bacteriology from the University of 
California, Berkeley. At UC Berkeley, and later 

as a postdoctoral fellow in genetics at Stanford University, her research 
focused on genetic recombination in bacteria. Dr. Reece taught biology at 
Middlesex County College (New Jersey) and Queensborough Community 
College (New York). During her 12 years as an editor at Benjamin 
Cummings, she played a major role in a number of successful textbooks. 
She is the lead author of Campbell Biology, 10th Edition, and Campbell 
Biology: Concepts & Connections, 8th Edition.

To my wonderful coauthors, who have made working on our books 
a pleasure

JEAN L. DICKEY
is Professor Emerita of Biological Sciences at 
Clemson University (Clemson, South Carolina). 
After receiving her B.S. in biology from Kent 
State University, she went on to earn a Ph.D. in 
ecology and evolution from Purdue University. In 
1984, Dr. Dickey joined the faculty at Clemson, 
where she devoted her career to teaching biology 
to nonscience majors in a variety of courses. In 

addition to creating content-based instructional materials, she developed 
many activities to engage lecture and laboratory students in discussion, 
critical thinking, and writing, and implemented an investigative laboratory 
curriculum in general biology. Dr. Dickey is the author of Laboratory 
Investigations for Biology, 2nd Edition, and is a coauthor of Campbell 
Biology: Concepts & Connections, 8th Edition.

To my mother, who taught me to love learning, and to my daughters, 
Katherine and Jessie, the twin delights of my life

KELLY A. HOGAN
is a faculty member in the Department of Biology 
and the Director of Instructional Innovation at 
the University of North Carolina at Chapel Hill, 
teaching introductory biology and introductory 
genetics to science majors. Dr. Hogan teaches 
hundreds of students at a time, using active-
learning methods that incorporate technology 
such as cell phones as clickers, online homework, 

and peer evaluation tools. Dr. Hogan received her B.S. in biology at the 
College of New Jersey and her Ph.D. in pathology at the University of 

NEIL A. CAMPBELL
(1946–2004) combined the inquiring nature 
of a research scientist with the soul of a caring 
teacher. Over his 30 years of teaching introductory 
biology to both science majors and nonscience 
majors, many thousands of students had the 
opportunity to learn from him and be stimulated 
by his enthusiasm for the study of life. While he is 
greatly missed by his many friends in the biology 

community, his coauthors remain inspired by his visionary dedication to 
education and are committed to searching for ever-better ways to engage 
students in the wonders of biology.

North Carolina, Chapel Hill. Her research interests relate to how large 
classes can be more inclusive through evidence-based teaching methods 
and technology. She provides faculty development to other instructors 
through peer coaching, workshops, and mentoring. Dr. Hogan is the 
author of Stem Cells and Cloning, 2nd Edition, and is lead moderator of 
the Instructor Exchange, a site within MasteringBiology® for instructors to 
exchange classroom materials and ideas. She is also a coauthor of Campbell 
Biology: Concepts & Connections, 8th Edition.

To the good-looking boy I met in my introductory biology course many 
moons ago—and to our two children, Jake and Lexi, who are everyday 
reminders of what matters most in life

A02_SIMO2610_06_GE_FM.indd   5 29/09/15   6:33 PM



detailed contents

6

# 152561   Cust: Pearson   Au: Simon  Pg. No. 4 
Title: EBP 5e

C/M/Y/K 
Short / Normal

DESIGN SERVICES OF

S4carliSle
Publishing Services

Detailed Contents

● BIOLOGY AND SOCIETY 
An Innate Passion for Life 37

The Scientific Study of Life 38
The Process of Science 38
Discovery Science 38
Hypothesis-Driven Science 39
Theories in Science 41

The Nature of Life 41
The Properties of Life 41
Life in Its Diverse Forms 42

Major Themes in Biology 44
Evolution: Evolution 44
Structure/Function: The Relationship of Structure  

to Function 48
Information Flow: Information Flow 48
Energy Transformations: Pathways that Transform  

Energy and Matter 49
Interconnections within Systems: Interconnections  

within Biological Systems 50

 Introduction:  
 biology today 361

A01_SIMO2368_05_GE_FM.indd   4 29/09/15   6:30 PM



detailed contents

7

# 152561   Cust: Pearson   Au: Simon  Pg. No. 5 
Title: EBP 5e

C/M/Y/K 
Short / Normal

DESIGN SERVICES OF

S4carliSle
Publishing Services

essential Chemistry  
for biology 56
▶ CHAPTER THREAD: RADIOACTIVITY2

 U N I T  Cells

● BIOLOGY AND SOCIETY 
Radiation and Health 57

Some Basic Chemistry 58
Matter: Elements and Compounds 58
Atoms 59

● THE PROCESS OF SCIENCE 
Can Radioactive Tracers Identify Brain Diseases? 60
Chemical Bonding and Molecules 61
Chemical Reactions 62

Water and Life 63
Structure/Function: Water 63
Acids, Bases, and pH 65

● EVOLUTION CONNECTION 
Radioactivity as an Evolutionary Clock 67

the Molecules of Life 70
▶ CHAPTER THREAD: LACTOSE INTOLERANCE

● BIOLOGY AND SOCIETY 
Got Lactose? 71

Organic Compounds 72
Carbon Chemistry 72
Giant Molecules from Smaller Building Blocks 73

Large Biological Molecules 74
Carbohydrates 74
Lipids 77
Proteins 80
Structure/Function: Protein Shape 81
Nucleic Acids 83

● THE PROCESS OF SCIENCE 
Does Lactose Intolerance Have a Genetic Basis? 85
● EVOLUTION CONNECTION 
The Evolution of Lactose Intolerance in Humans 85

3

a tour of the Cell 88
▶ CHAPTER THREAD: HUMANS VERSUS BACTERIA4

● BIOLOGY AND SOCIETY 
Antibiotics: Drugs That Target Bacterial Cells 89

The Microscopic World of Cells 90
The Two Major Categories of Cells 91
An Overview of Eukaryotic Cells 92

Membrane Structure 94
Structure/Function: The Plasma Membrane 94

● THE PROCESS OF SCIENCE 
What Makes a Superbug? 95
Cell Surfaces 95

The Nucleus and Ribosomes:  
Genetic Control of the Cell 96

The Nucleus 96
Ribosomes 97
How DNA Directs Protein Production 97

The Endomembrane System: Manufacturing  
and Distributing Cellular Products 98

The Endoplasmic Reticulum 98
The Golgi Apparatus 99
Lysosomes 100
Vacuoles 101

Energy Transformations: Chloroplasts  
and Mitochondria 102

Chloroplasts 102
Mitochondria 102

The Cytoskeleton: Cell Shape and Movement 103
Maintaining Cell Shape 103
Cilia and Flagella 104

● EVOLUTION CONNECTION 
The Evolution of Bacterial Resistance in Humans 105

A01_SIMO2368_05_GE_FM.indd   5 29/09/15   6:30 PM

      



detailed contents

8

# 152561   Cust: Pearson   Au: Simon  Pg. No. 6 
Title: EBP 5e

C/M/Y/K 
Short / Normal

DESIGN SERVICES OF

S4carliSle
Publishing Services

● BIOLOGY AND SOCIETY 
Harnessing Cellular Structures 109

Some Basic Energy Concepts 110
Conservation of Energy 110
Heat 111
Chemical Energy 111
Food Calories 112

Energy Transformations: ATP and Cellular Work 113
The Structure of ATP 113
Phosphate Transfer 113
The ATP Cycle 114

Enzymes 114
Activation Energy 114

● THE PROCESS OF SCIENCE 
Can Enzymes Be Engineered? 115
Structure/Function: Enzyme Activity 116
Enzyme Inhibitors 116

Membrane Function 117
Passive Transport: Diffusion across Membranes 117
Osmosis and Water Balance 118
Active Transport: The Pumping of Molecules across  

Membranes 120
Exocytosis and Endocytosis: Traffic of Large Molecules 120

● EVOLUTION CONNECTION 
The Origin of Membranes 121

the Working Cell 108
▶ CHAPTER THREAD: NANOTECHNOLOGY5

● BIOLOGY AND SOCIETY 
Getting the Most Out of Your Muscles 125

Energy Flow and Chemical Cycling  
in the Biosphere 126

Producers and Consumers 126
Chemical Cycling between Photosynthesis  

and Cellular Respiration 126

Cellular Respiration: Aerobic Harvest  
of Food Energy 128

Energy Transformations: An Overview  
of Cellular Respiration 128

The Three Stages of Cellular Respiration 130
The Results of Cellular Respiration 134

Fermentation: Anaerobic Harvest  
of Food Energy 135

Fermentation in Human Muscle Cells 135

● THE PROCESS OF SCIENCE 
What Causes Muscle Burn? 136
Fermentation in Microorganisms 136

● EVOLUTION CONNECTION 
The Importance of Oxygen 137

Cellular respiration:  
obtaining energy from Food 124
▶ CHAPTER THREAD: EXERCISE SCIENCE6

A01_SIMO2368_05_GE_FM.indd   6 29/09/15   6:31 PM

     



detailed contents

9

# 152561   Cust: Pearson   Au: Simon  Pg. No. 7 
Title: EBP 5e

C/M/Y/K 
Short / Normal

DESIGN SERVICES OF

S4carliSle
Publishing Services

Photosynthesis: using  
Light to Make Food 140
▶ CHAPTER THREAD: BIOFUELS

● BIOLOGY AND SOCIETY 
A Greasy Crime Wave 141

The Basics of Photosynthesis 142
Chloroplasts: Sites of Photosynthesis 142
Energy Transformations: An Overview of Photosynthesis 143

The Light Reactions: Converting Solar Energy  
to Chemical Energy 144

The Nature of Sunlight 144

● THE PROCESS OF SCIENCE 
What Colors of Light Drive Photosynthesis? 145
Chloroplast Pigments 145
How Photosystems Harvest Light Energy 146
How the Light Reactions Generate ATP and NADPH 147

The Calvin Cycle: Making Sugar  
from Carbon Dioxide 149

● EVOLUTION CONNECTION 
Creating a Better Biofuel Factory 149

7
● BIOLOGY AND SOCIETY 
Virgin Birth of a Dragon 155

What Cell Reproduction Accomplishes 156

The Cell Cycle and Mitosis 157
Eukaryotic Chromosomes 157
Information Flow: Duplicating Chromosomes 159
The Cell Cycle 159
Mitosis and Cytokinesis 160
Cancer Cells: Dividing Out of Control 162

Meiosis, the Basis of Sexual Reproduction 164
Homologous Chromosomes 164
Gametes and the Life Cycle of a Sexual Organism 165
The Process of Meiosis 166
Review: Comparing Mitosis and Meiosis 168
The Origins of Genetic Variation 169

● THE PROCESS OF SCIENCE 
Do All Animals Have Sex? 171
When Meiosis Goes Awry 172

● EVOLUTION CONNECTION 
The Advantages of Sex 174

Cellular reproduction:  
Cells from Cells 154
▶ CHAPTER THREAD: LIFE WITH  
AND WITHOUT SEX

U N I T  Genetics

8

A01_SIMO2368_05_GE_FM.indd   7 29/09/15   6:31 PM



detailed contents

10

# 152561   Cust: Pearson   Au: Simon  Pg. No. 8 
Title: EBP 5e

C/M/Y/K 
Short / Normal

DESIGN SERVICES OF

S4carliSle
Publishing Services

Patterns of Inheritance 178
▶ CHAPTER THREAD: DOG BREEDING9

● BIOLOGY AND SOCIETY 
Our Longest-Running Genetic Experiment 179

Genetics and Heredity 180
In an Abbey Garden 180
Mendel’s Law of Segregation 181
Mendel’s Law of Independent Assortment 184
Using a Testcross to Determine an Unknown Genotype 186
The Rules of Probability 186
Family Pedigrees 187
Human Disorders Controlled by a Single Gene 188

● THE PROCESS OF SCIENCE 
What Is the Genetic Basis of Coat Variation in Dogs? 190

Variations on Mendel’s Laws 192
Incomplete Dominance in Plants and People 192
ABO Blood Groups: An Example of Multiple Alleles 

and Codominance 193
Structure/Function: Pleiotropy and Sickle-Cell Disease 194
Polygenic Inheritance 194
Epigenetics and the Role of Environment 195

The Chromosomal Basis of Inheritance 196
Linked Genes 196
Sex Determination in Humans 197
Sex-Linked Genes 197

● EVOLUTION CONNECTION 
Barking Up the Evolutionary Tree 199

the structure  
and Function of DNa 204
▶ CHAPTER THREAD: THE DEADLIEST VIRUS10

● BIOLOGY AND SOCIETY 
The First 21st-Century Pandemic 205

DNA: Structure and Replication 206
DNA and RNA Structure 206
Watson and Crick’s Discovery of the Double Helix 207
Structure/Function: DNA Replication 209

Information Flow: From DNA to RNA to Protein 210
How an Organism’s Genotype Determines Its Phenotype 210
From Nucleotides to Amino Acids: An Overview 211
The Genetic Code 212
Transcription: From DNA to RNA 213
The Processing of Eukaryotic RNA 214
Translation: The Players 214
Translation: The Process 216
Review: DNA → RNA → Protein 217
Mutations 218

Viruses and Other Noncellular Infectious Agents 220
Bacteriophages 220
Plant Viruses 222
Animal Viruses 222

● THE PROCESS OF SCIENCE 
Do Flu Vaccines Protect the Elderly? 224
HIV, the AIDS Virus 224
Viroids and Prions 226

● EVOLUTION CONNECTION 
Emerging Viruses 226

A01_SIMO2368_05_GE_FM.indd   8 29/09/15   6:31 PM



detailed contents

11

# 152561   Cust: Pearson   Au: Simon  Pg. No. 9 
Title: EBP 5e

C/M/Y/K 
Short / Normal

DESIGN SERVICES OF

S4carliSle
Publishing Services

DNa technology 250
▶ CHAPTER THREAD: DNA PROFILING

how Genes  
are Controlled 230
▶ CHAPTER THREAD: CANCER11

● BIOLOGY AND SOCIETY 
Tobacco’s Smoking Gun 231

How and Why Genes Are Regulated 232
Gene Regulation in Bacteria 232
Gene Regulation in Eukaryotic Cells 234
Information Flow: Cell Signaling 237
Homeotic Genes 237
DNA Microarrays: Visualizing Gene Expression 238

Cloning Plants and Animals 239
The Genetic Potential of Cells 239
Reproductive Cloning of Animals 240
Therapeutic Cloning and Stem Cells 242

The Genetic Basis of Cancer 243
Genes That Cause Cancer 243

● THE PROCESS OF SCIENCE 
Are Childhood Tumors Different? 244
Cancer Risk and Prevention 246

● EVOLUTION CONNECTION 
The Evolution of Cancer in the Body 247

12
● BIOLOGY AND SOCIETY 
Using DNA to Establish Guilt and Innocence 251

Genetic Engineering 252
Recombinant DNA Techniques 252
Pharmaceutical Applications 255
Genetically Modified Organisms in Agriculture 256
Human Gene Therapy 258

DNA Profiling and Forensic Science 259
DNA Profiling Techniques 259
Investigating Murder, Paternity, and Ancient DNA 262

Bioinformatics 263
DNA Sequencing 263
Genomics 263
Genome-Mapping Techniques 264
The Human Genome 264

● THE PROCESS OF SCIENCE 
Can Genomics Cure Cancer? 266
Applied Genomics 266
Interconnections within Systems: Systems Biology 267

Safety and Ethical Issues 268
The Controversy over Genetically Modified Foods 269
Ethical Questions Raised by Human DNA Technologies 270

● EVOLUTION CONNECTION 
The Y Chromosome as a Window on History 271

A01_SIMO2368_05_GE_FM.indd   9 29/09/15   6:31 PM



detailed contents

12

# 152561   Cust: Pearson   Au: Simon  Pg. No. 10 
Title: EBP 5e

C/M/Y/K 
Short / Normal

DESIGN SERVICES OF

S4carliSle
Publishing Services

how biological  
Diversity evolves 302
▶ CHAPTER THREAD: MASS EXTINCTIONS

the evolution  
of Microbial Life 326
▶ CHAPTER THREAD: HUMAN MICROBIOTA

U N I T   evolution and 
Diversity

how Populations evolve 276
▶ CHAPTER THREAD: EVOLUTION PAST,  
PRESENT, AND FUTURE13

● BIOLOGY AND SOCIETY 
Evolution Today 277

The Diversity of Life 278
Naming and Classifying the Diversity of Life 278
Explaining the Diversity of Life 279

Charles Darwin and The Origin of Species 280
Darwin’s Journey 280
Evolution: Darwin’s Theory 282

Evidence of Evolution 282
Evidence from Fossils 282

● THE PROCESS OF SCIENCE 
Did Whales Evolve from Land-Dwelling Mammals? 284
Evidence from Homologies 284
Evolutionary Trees 286

Natural Selection as the Mechanism for Evolution 287
Natural Selection in Action 288
Key Points about Natural Selection 289

The Evolution of Populations 289
Sources of Genetic Variation 289
Populations as the Units of Evolution 291
Analyzing Gene Pools 292
Population Genetics and Health Science 293
Microevolution as Change in a Gene Pool 293

Mechanisms That Alter Allele Frequencies  
in a Population 293

14
● BIOLOGY AND SOCIETY 
The Sixth Mass Extinction 303

The Origin of Species 304
What Is a Species? 305
Reproductive Barriers between Species 306
Evolution: Mechanisms of Speciation 308

Earth History and Macroevolution 312
The Fossil Record 312
Plate Tectonics and Biogeography 314
Mass Extinctions and Explosive Diversifications of Life 316

● THE PROCESS OF SCIENCE 
Did a Meteor Kill the Dinosaurs? 316

Mechanisms of Macroevolution 317
Large Effects from Small Genetic Changes 317
The Evolution of Biological Novelty 318

Classifying the Diversity of Life 320
Classification and Phylogeny 320
Classification: A Work in Progress 322

● EVOLUTION CONNECTION 
Rise of the Mammals 323

15
● BIOLOGY AND SOCIETY 
Our Invisible Inhabitants 327

Major Episodes in the History of Life 328

The Origin of Life 330
A Four-Stage Hypothesis for the Origin of Life 330
From Chemical Evolution to Darwinian Evolution 332

Genetic Drift 293
Gene Flow 296
Natural Selection: A Closer Look 296

● EVOLUTION CONNECTION 
The Rising Threat of Antibiotic Resistance 298

A01_SIMO2368_05_GE_FM.indd   10 29/09/15   6:31 PM



detailed contents

13

# 152561   Cust: Pearson   Au: Simon  Pg. No. 11 
Title: EBP 5e

C/M/Y/K 
Short / Normal

DESIGN SERVICES OF

S4carliSle
Publishing Services

the evolution  
of animals 370
▶ CHAPTER THREAD: HUMAN EVOLUTION

the evolution  
of Plants and Fungi 348
▶ CHAPTER THREAD: PLANT-FUNGUS 
INTERACTIONS

Prokaryotes 333
They’re Everywhere! 333
Structure/Function: Prokaryotes 334
The Ecological Impact of Prokaryotes 337
The Two Main Branches of Prokaryotic Evolution:  

Bacteria and Archaea 338

● THE PROCESS OF SCIENCE 
Are Intestinal Microbiota to Blame for Obesity? 340

Protists 341
Protozoans 342
Slime Molds 343
Unicellular and Colonial Algae 344
Seaweeds 344

● EVOLUTION CONNECTION 
The Sweet Life of Streptococcus mutans 345

16
● BIOLOGY AND SOCIETY 
The Diamond of the Kitchen 349

Colonizing Land 350
Terrestrial Adaptations of Plants 350
The Origin of Plants from Green Algae 352

Plant Diversity 352
Highlights of Plant Evolution 352
Bryophytes 353
Ferns 355
Gymnosperms 356
Angiosperms 358
Plant Diversity as a Nonrenewable Resource 361

Fungi 362
Structure/Function: Characteristics of Fungi 363
The Ecological Impact of Fungi 364

● THE PROCESS OF SCIENCE 
Did a Fungus Lead to the Salem Witch Hunt? 365
Commercial Uses of Fungi 365

● EVOLUTION CONNECTION 
A Mutually Beneficial Symbiosis 366

17
● BIOLOGY AND SOCIETY 
The Discovery of the Hobbit People 371

The Origins of Animal Diversity 372
What Is an Animal? 372
Early Animals and the Cambrian Explosion 373
Evolution: Animal Phylogeny 374

Major Invertebrate Phyla 375
Sponges 375
Cnidarians 376
Molluscs 377
Flatworms 378
Annelids 379
Roundworms 380
Arthropods 381
Echinoderms 387

Vertebrate Evolution and Diversity 388
Characteristics of Chordates 388
Fishes 390
Amphibians 391
Reptiles 392
Mammals 394

The Human Ancestry 395
The Evolution of Primates 395
The Emergence of Humankind 397

● THE PROCESS OF SCIENCE 
Who Were the Hobbit People? 399
● EVOLUTION CONNECTION 
Are We Still Evolving? 401

A01_SIMO2368_05_GE_FM.indd   11 29/09/15   6:31 PM



detailed contents

14

# 152561   Cust: Pearson   Au: Simon  Pg. No. 12 
Title: EBP 5e

C/M/Y/K 
Short / Normal

DESIGN SERVICES OF

S4carliSle
Publishing Services

Population ecology 436
▶  CHAPTER THREAD: BIOLOGICAL  

INVASIONS

U N I T  ecology

an Introduction to ecology 
and the biosphere 406
▶  CHAPTER THREAD:  

GLOBAL CLIMATE CHANGE18
● BIOLOGY AND SOCIETY 
Penguins, Polar Bears, and People in Peril 407

An Overview of Ecology 408
Ecology and Environmentalism 408
Interconnections of Systems: A Hierarchy of Interactions 409

Living in Earth’s Diverse Environments 410
Abiotic Factors of the Biosphere 410
Energy Source 410
The Evolutionary Adaptations of Organisms 412
Adjusting to Environmental Variability 412

Biomes 414
Freshwater Biomes 414
Marine Biomes 416
How Climate Affects Terrestrial Biome Distribution 418
Terrestrial Biomes 419
Interconnections within Systems: The Water Cycle 425
Human Impact on Biomes 426
Forests 426

Global Climate Change 428
The Greenhouse Effect and Global Warming 428
The Accumulation of Greenhouse Gases 429

● THE PROCESS OF SCIENCE 
How Does Climate Change Affect Species Distribution? 430
Effects of Climate Change on Ecosystems 431
Looking to Our Future 432

● EVOLUTION CONNECTION 
Climate Change as an Agent of Natural Selection 433

19
● BIOLOGY AND SOCIETY 
Invasion of the Lionfish 437

An Overview of Population Ecology 438
Population Density 439
Population Age Structure 439
Life Tables and Survivorship Curves 440
Evolution: Life History Traits as Adaptations 440

Population Growth Models 442
The Exponential Population Growth Model:  

The Ideal of an Unlimited Environment 442
The Logistic Population Growth Model:  

The Reality of a Limited Environment 443
Regulation of Population Growth 444

Applications of Population Ecology 446
Conservation of Endangered Species 446
Sustainable Resource Management 446
Invasive Species 447
Biological Control of Pests 448

● THE PROCESS OF SCIENCE 
Can Biological Control Defeat Kudzu? 449
Integrated Pest Management 450

Human Population Growth 451
The History of Human Population Growth 451
Age Structures 452
Our Ecological Footprint 453

● EVOLUTION CONNECTION 
Humans as an Invasive Species 455

A01_SIMO2368_05_GE_FM.indd   12 29/09/15   6:31 PM



detailed contents

15

# 152561   Cust: Pearson   Au: Simon  Pg. No. 15 
Title: EBP 5e

C/M/Y/K 
Short / Normal

DESIGN SERVICES OF

S4carliSle
Publishing Services

Communities  
and ecosystems 458
▶  CHAPTER THREAD: BIODIVERSITY  

IN DECLINE20
● BIOLOGY AND SOCIETY 
Why Biodiversity Matters 459

The Loss of Biodiversity 460
Genetic Diversity 460
Species Diversity 460
Ecosystem Diversity 461
Causes of Declining Biodiversity 461

Community Ecology 462
Interspecific Interactions 462
Trophic Structure 466
Species Diversity in Communities 469
Disturbances in Communities 470
Ecological Succession 470

Ecosystem Ecology 471
Energy Transformations: Energy Flow in Ecosystems 472
Interconnections within Systems:  

Chemical Cycling in Ecosystems 474

Conservation and Restoration Biology 478
Biodiversity “Hot Spots” 478
Conservation at the Ecosystem Level 479

● THE PROCESS OF SCIENCE 
How Does Tropical Forest Fragmentation Affect Biodiversity? 480
Restoring Ecosystems 481
The Goal of Sustainable Development 482

● EVOLUTION CONNECTION 
Can Biophilia Save Biodiversity? 483

Appendices
A: Metric Conversion table 487

B: the Periodic table 489

C: Credits 491

D: self-Quiz answers 495

Glossary 499

Index 515

A02_SIMO2610_06_GE_FM.indd   15 29/09/15   6:34 PM



 NEW! Why Biology 
Matters Photo 
Essays use dynamic 
photographs and 
intriguing scientific 
observations to 
introduce each chapter. 
Each scientific tidbit is 
revisited in the chapter. 

NEW! Everyday Biology 

Videos briefly explore 

interesting and relevant biology 

topics that relate to concepts 

that students are learning in 

class. These 20 videos can be 

assigned in MasteringBiology 

with assessment questions. 

Campbell Essential Biology highlights how the concepts that 

you learn in your biology class are relevant to your everyday life.

326

The Evolution of 
Microbial Life15

Why Microorganisms Matter

Seaweeds aren’t just used for 
wrapping sushi—they’re in your 
ice cream, too.

▲

If your family took a vacation in which you 
traveled 1 mile for every million years in the 
history of life, you’d still be asking, “Are we 
there yet?” after driving from Miami to Seattle.▼

According to a 
recent study, 

infection by the 
parasite Toxoplasma 

makes mice lose 
their fear of cats.

▶

You have microorganisms to 
thank for the clean water you 
drink every day.

▲
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Our Invisible Inhabitants
You probably know that your body contains trillions of individual cells, but did you know that they aren’t 
all “you”? In fact, microorganisms residing in and on your body outnumber your own cells by 10 to 1. That 
means 100 trillion bacteria, archaea, and protists call your body home. Your skin, mouth, and nasal passages 
and your digestive and urogenital tracts are prime 
real estate for these microorganisms. Although each 
individual is so tiny that it would have to be magni-
fied hundreds of times for you to see it, the weight of 
your microbial residents totals two to five pounds.

We acquire our microbial communities during the 
first two years of life, and they remain fairly stable 
thereafter. However, modern life is taking a toll on 
that stability. We alter the balance of these com-
munities by taking antibiotics, purifying our water, 
sterilizing our food, attempting to germproof our 
surroundings, and scrubbing our skin and teeth. 
Scientists hypothesize that disrupting our microbial 
communities may increase our susceptibility to in-
fectious diseases, predispose us to certain cancers, 
and contribute to conditions such as asthma and 
other allergies, irritable bowel syndrome, Crohn’s 
disease, and autism. Researchers are even investigat-
ing whether having the wrong microbial community 
could make us fat. In addition, scientists are studying 
how our microbial communities have evolved over the course of human history. As you’ll discover in the 
Evolution Connection section at the end of this chapter, for example, dietary changes invited decay-causing 
bacteria to make themselves at home on our teeth.

Throughout this chapter, you will learn about the benefits and drawbacks of human-microbe interactions. 
You will also sample a bit of the remarkable diversity of prokaryotes and protists. This chapter is the first of 
three that explore the magnificent diversity of life. And so it is fitting that we begin with the prokaryotes, 
Earth’s first life-form, and the protists, the bridge between unicellular eukaryotes and multicellular plants, 
fungi, and animals.

Human Microbiota BIOLOGY AND SOCIETY

Colorized scanning electron micrograph of bacteria on a human tongue (14,500×).
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 UPDATED! Chapter Threads weave a single 
compelling topic throughout the chapter. In 
Chapter 15, human microbiota are explored. 

Biology and Society essays 
relate biology to your life and 
interests. This example discusses 
the microorganisms that live in 
your own body.

Process of Science explorations  
give you real-world examples of how the 
scientific method is applied. Chapter 15 
explores a recent investigation into the 
possible role of microbiota in obesity.

Evolution Connection essays 
conclude each chapter by 
demonstrating how the theme of 
evolution runs throughout all of 
biology. The example in Chapter 
15 discusses how changes in 
the typical human diet over 
generations is linked to bacteria 
that cause tooth decay.

 Additional updated Chapter Threads and essays include 
radioactivity in Chapter 2, muscle performance in Chapter 6,  
and theft of used cooking oil for biofuel recycling in Chapter 7.

326

The Evolution of 
Microbial Life15

Why Microorganisms Matter

Seaweeds aren’t just used for 
wrapping sushi—they’re in your 
ice cream, too.

▲

If your family took a vacation in which you 
traveled 1 mile for every million years in the 
history of life, you’d still be asking, “Are we 
there yet?” after driving from Miami to Seattle.▼

According to a 
recent study, 

infection by the 
parasite Toxoplasma 

makes mice lose 
their fear of cats.

▶

You have microorganisms to 
thank for the clean water you 
drink every day.

▲

M15_SIMO2368_05_GE_CH15.indd   326 02/09/15   5:53 PM

Our Invisible Inhabitants
You probably know that your body contains trillions of individual cells, but did you know that they aren’t 
all “you”? In fact, microorganisms residing in and on your body outnumber your own cells by 10 to 1. That 
means 100 trillion bacteria, archaea, and protists call your body home. Your skin, mouth, and nasal passages 
and your digestive and urogenital tracts are prime 
real estate for these microorganisms. Although each 
individual is so tiny that it would have to be magni-
fied hundreds of times for you to see it, the weight of 
your microbial residents totals two to five pounds.

We acquire our microbial communities during the 
first two years of life, and they remain fairly stable 
thereafter. However, modern life is taking a toll on 
that stability. We alter the balance of these com-
munities by taking antibiotics, purifying our water, 
sterilizing our food, attempting to germproof our 
surroundings, and scrubbing our skin and teeth. 
Scientists hypothesize that disrupting our microbial 
communities may increase our susceptibility to in-
fectious diseases, predispose us to certain cancers, 
and contribute to conditions such as asthma and 
other allergies, irritable bowel syndrome, Crohn’s 
disease, and autism. Researchers are even investigat-
ing whether having the wrong microbial community 
could make us fat. In addition, scientists are studying 
how our microbial communities have evolved over the course of human history. As you’ll discover in the 
Evolution Connection section at the end of this chapter, for example, dietary changes invited decay-causing 
bacteria to make themselves at home on our teeth.

Throughout this chapter, you will learn about the benefits and drawbacks of human-microbe interactions. 
You will also sample a bit of the remarkable diversity of prokaryotes and protists. This chapter is the first of 
three that explore the magnificent diversity of life. And so it is fitting that we begin with the prokaryotes, 
Earth’s first life-form, and the protists, the bridge between unicellular eukaryotes and multicellular plants, 
fungi, and animals.

Human Microbiota BIOLOGY AND SOCIETY

Colorized scanning electron micrograph of bacteria on a human tongue (14,500×).

CHAPTER CONTENTS
Major Episodes in the History of Life 328
The Origin of Life 330
Prokaryotes 333
Protists 341

CHAPTER THREAD
Human Microbiota
BIOLOGY AND SOCIETY Our Invisible Inhabitants 327

THE PROCESS OF SCIENCE Are Intestinal Microbiota to Blame 
for Obesity? 340

EVOLUTION CONNECTION The Sweet Life of  
Streptococcus mutans 345

327

M15_SIMO2368_05_GE_CH15.indd   327 02/09/15   5:53 PM

A02_SIMO2610_06_GE_FM.indd   17 29/09/15   6:35 PM



 NEW! Important Themes in Biology are introduced in Chapter 1 
to underscore unifying principles that run throughout biology.

 These themes—Evolution, 
Structure/Function, 
Information Flow, Energy 
Transformations, and 
Interconnections within 
Systems—are signaled 
with icons throughout 
the text to help you 
notice the reoccurring 
examples of the major 
themes.

 The role of evolution throughout 
all of biology is further explored in 
depth at the end of each chapter in 
Evolution Connection discussions.

examples of major themes in biology are highlighted 

throughout the text to help you see how overarching biology 

concepts are interconnected. 

Identify “big Picture” themes
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analogies and applications to everyday life make unfamiliar biology 

concepts easier to visualize and understand. 

 NEW analogies and applications have been added throughout 
the prose and the illustrations, making it easier to learn and 
remember key concepts for the first time. Examples include:

 • comparing the significant differences between prokaryotic and 
eukaryotic cells to the differences between a bicycle and an SUV 
(Chapter 4)

 • comparing the process of DNA winding into chromosomes with 
the act of winding yarn into a skein (Chapter 10)

 • comparing a 4,600-mile road trip that describes the scale of 
biological evolution on Earth (Chapter 15)

 • comparing signal transduction to email communication  
(Chapter 27*)

 • comparing how dominoes relate to an action potential moving 
along an axon (Chapter 27*)

* Chapters 21–29 are included in the expanded 
version of the text that includes coverage of animal 
and plant anatomy and physiology. 
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recognize analogies and applications
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 UPDATED! Process of 
Science essays appear 
in every chapter and 
walk through each step 
of the scientific method 
as it applies to a specific 
research question. 

boost Your scientific Literacy

a wide variety of exercises and assignments can help you 

move beyond memorization and think like a scientist. 

NEW! Scientific Thinking 
Activities are designed to help you 
develop an understanding of how 
scientific research is conducted. 

NEW! Evaluating Science in 
the Media Activities challenge 
you to recognize validity, bias, 
purpose, and authority in 
everyday sources of information. 
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Data interpretation is important for understanding 

biology and for making many important decisions in 

everyday life. exercises in the text and online will help 

you develop this important skill.

 NEW! Interpreting Data end-of-chapter 
questions help you learn to use quantitative 
material by analyzing graphs and data.  
This example from Chapter 10 invites you  
to examine historical data of flu mortality.  
Other examples include: 

 • Chapter 13: Learn how markings on 
snail shells affect predation rates in an 
environment

 • Chapter 15: Calculate how quickly bacteria 
can multiply on unrefrigerated food

Learn to Interpret Data

NEW! Interpreting Data 
Activities help you build and 
practice data analysis skills. 
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MasteringBiology provides a wide range 
of activities and study tools to match your 
learning style, including BioFlix animations, 
MP3 audio tutorials, interactive practice 
quizzes, and more. Your instructor can assign 
activities for extra practice to monitor your 
progress in the course.

Maximize Your study time

Campbell Essential Biology and the MasteringBiology 

homework, tutorial, and assessment program work hand-in-

hand to help students succeed in introductory biology. 

 The Chapter Review offers 
a built-in study guide that 
combines words with images 
to help you organize the 
key concepts. The unique 
figures in the Chapter Review 
synthesize information from the 
corresponding chapter, which 
helps you study more efficiently. 

NEW! Essential Biology videos 
introduce you to key concepts 
and vocabulary, and are narrated 
by authors Eric Simon and 
Kelly Hogan. Topics include the 
Scientific Method, Molecules 
of Life, DNA Replication, 
Mechanisms of Evolution, 
Ecological Principles, and more.
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