


 cengage.com/mindtap 

Fit your coursework  
into your hectic life.
 
Make the most of your time by learning  
your way. Access the resources you need to 
succeed wherever, whenever.

Study with digital flashcards, listen to audio 
textbooks, and take quizzes.

Review your current course grade and compare 
your progress with your peers.

Get the free MindTap Mobile App and learn 
wherever you are.

Break Limitations. Create your  
own potential, and be unstoppable  
with MindTap.

 MINDTAP. POWERED BY YOU.

Copyright 2019 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s).
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it.



i

15TH EDITION

The Unity and Diversity of Life

STARR   

TAGGART   

EVERS  

STARR

Australia • Brazil • Mexico • Singapore • United Kingdom • United States

Copyright 2019 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s).
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it.



This is an electronic version of the print textbook. Due to electronic rights restrictions,
some third party content may be suppressed. Editorial review has deemed that any suppressed 
content does not materially affect the overall learning experience. The publisher reserves the right 
to remove content from this title at any time if subsequent rights restrictions require it. For
valuable information on pricing, previous editions, changes to current editions, and alternate 
formats, please visit www.cengage.com/highered to search by ISBN#, author, title, or keyword for 
materials in your areas of interest.

Important Notice: Media content referenced within the product description or the product 
text may not be available in the eBook version.

Copyright 2019 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s).
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it.

Copyright 2019 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s).
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it.



Biology: The Unity and Diversity of Life,  
Fifteenth Edition

© 2019, 2016, 2013 Cengage Learning, Inc.

Unless otherwise noted, all content is © Cengage.

Product Director: Dawn Giovanniello

Product Team Manager: Kelsey Churchman 

Senior Content Developer: Jake Warde

Product Team Assistant: Vanessa Desiato

Executive Marketing Manager: Tom Ziolkowski

Senior Designer: Helen Bruno

Manufacturing Planner: Karen Hunt

Content Project Manager: Hal Humphrey

Content Digitization Project Manager: Maya 
Whelan

Project Managers: Michael McGranaghan, 
Matthew Fox & Phil Scott, SPi Global

Intellectual Property Project Manager: Erika 
Mugavin

Intellectual Property Analyst: Christine 
Myaskovsky

Photo Researcher: Cheryl DuBois, Lumina 
Datamatics

Text Researcher: Rameshkumar P.M., Lumina 
Datamatics

Illustrators: Lisa Starr, Gary Head, ScEYEnce 
Studios, SPi Global

Compositor: SPi Global

Text Designer: Liz Harasymczuk

Cover Designer: Helen Bruno

Cover and Title Page Image: 
TIM LAMAN/National Geographic Creative

A male satin bowerbird decorates his “bower” 
by painting its component twigs with berry 
juice. Building and decorating the bower is 
an essential aspect of his courtship behavior. 
Female satin bowerbirds preferentially mate 
with males who have the best built and 
decorated bowers.

Cecie Starr, Ralph Taggart, Christine Evers, 
Lisa Starr

Cengage
20 Channel Center Street 
Boston, MA 02210
USA

ALL RIGHTS RESERVED. No part of this work covered by the copyright herein 
may be reproduced or distributed in any form or by any means, except as 
permitted by U.S. copyright law, without the prior written permission of the 
copyright owner.

For permission to use material from this text or product, submit all  
requests online at www.cengage.com/permissions.

Further permissions questions can be e-mailed to  
permissionrequest@cengage.com.

For product information and technology assistance, contact us at  
Cengage Customer & Sales Support, 1-800-354-9706.

Library of Congress Control Number: 2017955998

Student Edition ISBN: 978-1-337-40833-2
Loose-leaf Edition ISBN: 978-1-337-40841-7

Cengage is a leading provider of customized learning solutions with 
employees residing in nearly 40 different countries and sales in more than 
125 countries around the world. Find your local representative at  
www.cengage.com.

Cengage products are represented in Canada by Nelson Education, Ltd.

To learn more about Cengage platforms and services, visit www.cengage.com

Purchase any of our products at your local college store or at our preferred 
online store www.cengagebrain.com

Printed in the United States of America
Print Number: 01	 Print Year: 2017

Copyright 2019 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s).
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it.

WCN: 02-300



INTRODUCTION

	 1	 Invitation to Biology

UNIT I    PRINCIPLES OF CELLULAR LIFE

	 2	 Life’s Chemical Basis
	 3	 Molecules of Life
	 4	 Cell Structure
	 5	 Ground Rules of Metabolism
	 6	 Where It Starts—Photosynthesis
	 7	 Releasing Chemical Energy

UNIT II    GENETICS

	 8	 DNA Structure and Function
	 9	 From DNA to Protein
	10	 Control of Gene Expression
	11	 How Cells Reproduce
	12	 Meiosis and Sexual Reproduction
	13	 Observing Patterns in Inherited Traits
	14	 Chromosomes and Human Inheritance
	15	 Studying and Manipulating Genomes

UNIT III    PRINCIPLES OF EVOLUTION

	16	 Evidence of Evolution
	17	 Processes of Evolution
	18	 Organizing Information About Species
	19	 Life’s Origin and Early Evolution

UNIT IV    EVOLUTION AND BIODIVERSITY

	20	 Viruses, Bacteria, and Archaea
	21	 Protists—The Simplest Eukaryotes
	22	 The Land Plants
	23	 Fungi
	24	 Animal Evolution—The Invertebrates
	25	 Animal Evolution—The Vertebrates
	26	 Human Evolution

UNIT V    HOW PLANTS WORK

	27	 Plant Tissues
	28	 Plant Nutrition and Transport
	29	 Life Cycles of Flowering Plants
	30	 Communication Strategies in Plants 

UNIT VI    HOW ANIMALS WORK

	31	 Animal Tissues and Organ Systems
	32	 Neural Control
	33	 Sensory Perception
	34	 Endocrine Control
	35	 Structural Support and Movement
	36	 Circulation
	37	 Immunity
	38	 Respiration
	39	 Digestion and Nutrition
	40	 Maintaining the Internal Environment
	41	 Animal Reproduction
	42	 Animal Development
	43	 Animal Behavior

UNIT VII    PRINCIPLES OF ECOLOGY

	44	 Population Ecology
	45	 Community Ecology
	46	 Ecosystems
	47	 The Biosphere
	48	 Human Impacts on the Biosphere

Contents in Brief

Copyright 2019 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s).
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it.



iv

INTRODUCTION

1	 Invitation to Biology

1.1   	 Secret Life of Earth  3, 19

1.2	 Life Is More Than the Sum of Its Parts  4

Life’s Organization  4

1.3	 How Living Things Are Alike  6

Organisms Require Energy and Nutrients  6

Homeostasis  7

DNA Is Hereditary Material  7

1.4	� How Living Things Differ  8

1.5	� Organizing Information About Species  9

A Rose by Any Other Name . . .  9

Distinguishing Species  9

1.6	 The Science of Nature  11

Thinking About  Thinking  11

The Scientific Method  11

Research in the Real World  12

1.7	 Analyzing Experimental Results  15

Sampling Error  15

Bias in Interpreting Results  16

1.8	 The Nature of Science  17

What Science Is  17

What Is Not Science  18

What Science Is Not  19

iv

Detailed Contents

Copyright 2019 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s).
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it.



UNIT I    PRINCIPLES OF CELLULAR LIFE

2	 Life’s Chemical Basis

2.1	 Mercury Rising  23, 33

2.2	 Building Blocks of Matter  24

Atoms and Elements  24

Isotopes and Radioisotopes  24

2.3	 Why Electrons Matter  26

2.4	 Chemical Bonds  27

2.5	 Hydrogen Bonding and Water  30

Hydrogen Bonds  30

Water's Special Properties  30

2.6	 Acids and Bases  31

3	 Molecules of Life

3.1	 Fear of Frying  37, 49

3.2	 The Chemistry of Biology  38

The Carbon Backbone  38

Functional Groups  39

Modeling Organic Compounds  40

Metabolic Reactions  40

3.3	 Carbohydrates  41

Simple Sugars  41

Oligosaccharides  42

Polysaccharides  42

3.4	 Lipids  43

Lipids in Biological Systems  43

3.5	 Proteins  46

From Structure to Function  46

The Importance of Protein Structure  48

3.6	 Nucleic Acids  49

4	 Cell Structure

4.1	 Food for Thought  53, 71

4.2	 What Is a Cell?  54

Components of All Cells  54

Visualizing Cells  55

Why Cells Are So Small  56

Properties of All Cells  57

4.3	 Introducing the Prokaryotes  57

Structural Features  58

Biofilms  59

4.4	 Introducing the Eukaryotic Cell  59

The Nucleus  60

4.5	 The Endomembrane System  62

4.6	 Mitochondria  64

4.7	 Chloroplasts and Other Plastids  65

4.8	 The Cytoskeleton  66

Cytoskeletal Elements  66

Cellular Movement  66

Detailed Contents

vTA B L E  O F  C O NT E NT S

Copyright 2019 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s).
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it.



vi

4.9	 Cell Surface Specializations  68

Extracellular Matrices  68

Cell Junctions  69

4.10	 The Nature of Life  70

5	 Ground Rules of Metabolism

5.1	 A Toast to Alcohol Dehydrogenase  77, 95

5.2	 Energy in the World of Life  78

5.3	 Energy in the Molecules of Life  80

Chemical Bond Energy  80

Why Earth Does Not Go Up in Flames  80

Energy In, Energy Out  81

5.4	 How Enzymes Work  82

The  Transition State  82

Environmental Influences  83

5.5	 Metabolic Pathways  84

Controls Over Metabolism  84

Electron Transfers  85

5.6	 Cofactors  86

ATP: A Special Coenzyme  87

5.7	 A Closer Look at Cell Membranes  88

The Fluid Mosaic Model  88

Proteins Add Function  89

5.8	 Diffusion Across Membranes  90

Factors That Affect Diffusion  90

Osmosis  90

Turgor  91

5.9	 Membrane Transport Mechanisms  92

Passive Transport  92

Active Transport  93

5.10	 Membrane Trafficking  94

Recycling Membrane  95

6	 Where It Starts—Photosynthesis

6.1	 Biofuels  99, 111

6.2	 Overview of Photosynthesis  100

Two Stages of Reactions  101

6.3	 Sunlight as an Energy Source  102

To Catch a Rainbow  103

6.4	 The Light-Dependent Reactions  104

The Cyclic Pathway  105

The Noncyclic Pathway  106

Evolution of the  Two Pathways  106

6.5	 The Light-Independent Reactions  108

The Calvin–Benson Cycle  108

Photorespiration  108

Alternative Pathways in Plants  109

7	 Releasing Chemical Energy

7.1	 Risky Business  115, 127

7.2	 Introduction to Carbohydrate  
	 Breakdown Pathways  116

Reaction Pathways  117

Glycolysis: Sugar Breakdown Begins  118

Comparing Other Pathways  119

Detailed Contents (continued)

vi TA B L E  O F  C O NT E NT S

Copyright 2019 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s).
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it.



vii

7.3	 Aerobic Respiration Continues  119

Acetyl–CoA Formation  120

The Citric Acid Cycle  120

7.4	 Aerobic Respiration Ends  121

7.5	 Fermentation  123

7.6	 Alternative Energy Sources in Food  125

UNIT II    GENETICS

8	 DNA Structure and Function

8.1	 A Hero Dog’s Golden Clones  131, 143

8.2	 Discovery of DNA’s Function  132

8.3	 Discovery of DNA’s Structure  134

Building Blocks of DNA  134

Fame and Glory  134

The Anatomy of DNA  136

8.4	 Eukaryotic Chromosomes  137

Chromosome Number and Type  138

8.5	 DNA Replication  138

Semiconservative Replication  139

Directional Synthesis  140

8.6	 Mutations: Cause and Effect  140

8.7	 Cloning Adult Animals  142

9	 From DNA to Protein

9.1	 Ricin, RIP  147, 157

9.2	 DNA, RNA, and Gene Expression  148

9.3	 Transcription: DNA to RNA  150

Post-Transcriptional Modifications  151

9.4	 RNA and the Genetic Code  152

rRNA and tRNA  153

vii

Copyright 2019 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s).
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it.



viii

9.5	 Translation: RNA to Protein  154

9.6	 Consequences of Mutations  155

10	 Control of Gene Expression

10.1	 Between You and Eternity  161, 171

10.2	 Regulating Gene Expression  162

Switching Genes On and Off  162

10.3	 Regulating Gene Expression in Development  164

How Genes Direct Embryonic Development  164

Examples of Developmental Outcomes  166

10.4	 Regulating Gene Expression  
	 to Adjust Metabolism  168

Circadian Rhythms  168

Lactose Metabolism in Bacteria  168

Lactose Metabolism in Humans  169

10.5	 Epigenetics  170

11	 How Cells Reproduce

11.1	 Henrietta’s Immortal Cells  175, 183

11.2	 Multiplication by Division  176

Mitoses Maintains the Chromosome Number  177

Controlling the Cell Cycle  177

Why Cells Divide by Mitosis  177

11.3	 A Closer Look at Mitosis  179

11.4	 Cytoplasmic Division  180

11.5	 Marking Time with Telomeres  181

11.6	 When Mitosis Is Dangerous  182

12	 Meiosis and Sexual Reproduction

12.1	 Why Sex?  187, 195

12.2	 Meiosis in Sexual Reproduction  188

Introducing Alleles  188

Meiosis Halves the Chromosome Number  188

Fertilization Restores the Chromosome Number  189

12.3	 Visual Tour of Meiosis  190

12.4	 Meiosis Fosters Genetic Diversity  192

Crossing Over  192

Chromosome Segregation  192

12.5	 An Ancestral Connection  194

13	 Observing Patterns in Inherited Traits

13.1	 Menacing Mucus  199, 211

13.2	 Mendel, Pea Plants, and Inheritance Patterns  200

Mendel’s Experiments  200

Inheritance in Modern Terms  201

13.3	 Mendel’s Law of Segregation  202

13.4	� Mendel’s Law of Independent Assortment  204

The Contribution of Crossovers  205

13.5	 Non-Mendelian Inheritance  206

Codominance  206

Incomplete Dominance  206

Polygenic Inheritance  207

Pleiotropy  207

Detailed Contents (continued)

TA B L E  O F  C O NT E NT S

Copyright 2019 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s).
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it.



ix

13.6	 Nature and Nurture  208

Examples of Environmental Effects  208

13.7	 Complex Variation in Traits  209

Continuous Variation  210

14	 Chromosomes and Human Inheritance

14.1	 Shades of Skin  215, 227

14.2	 Human Chromosomes  216

Studying Human Genetics  216

14.3	 Autosomal Inheritance  218

The Autosomal Dominant Pattern  218

The Autosomal Recessive Pattern  219

14.4	 X-Linked Inheritance  220

14.5	 Changes in Chromosome Structure  222

Types of Chromosomal Change  222

Chromosome Changes in Evolution  223

14.6	 Changes in Chromosome Number  224

Down Syndrome  224

Sex Chromosome Aneuploidy  225

14.7	 Genetic Screening  226

15	 Studying and Manipulating Genomes

15.1	 Personal Genetic Testing  231, 245

15.2	 DNA Cloning  232

Why Clone DNA?  233

15.3	 Isolating Genes  234

DNA Libraries  234

PCR  235

15.4	 DNA Sequencing  236

The Human Genome Project  236

15.5	 Genomics  238

DNA Profiling  238

15.6	 Genetic Engineering  240

Genetically Modified Organisms  240

Safety Issues  240

15.7	 Designer Plants  241

15.8	 Biotech Barnyards  242

15.9	 Editing Genomes  243

CRISPR  244

TA B L E  O F  C O NT E NT S

Copyright 2019 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s).
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it.



x

Detailed Contents (continued)

UNIT III    PRINCIPLES OF EVOLUTION

16	 Evidence of Evolution

16.1	 Reflections of a Distant Past  249, 263

16.2	 Old Beliefs and New Discoveries  250

16.3	 Evolution by Natural Selection  252

16.4	 Fossils: Evidence of Ancient Life  255

The Fossil Record  256

Missing Links in the Fossil Record  256

16.5	 Changes in the History of Earth  258

Plate Tectonics  258

The Geologic Time Scale  259

Radiometric Dating  262

17	 Processes of Evolution

17.1	 Superbug Farms  267, 287

17.2	 Alleles in Populations  268

Variation in Shared Traits  268

An Evolutionary View of Mutations  268

Allele Frequency  269

17.3	 Genetic Equilibrium  270

17.4	 Patterns of Natural Selection  272

Directional Selection  272

Stabilizing Selection  274

Disruptive Selection  275

17.5	 Natural Selection and Diversity  276

Survival of the Sexiest  276

Maintaining Multiple Alleles    277

17.6	 Nonselective Evolution  278

Factors  That Reduce Genetic Diversity  278

Gene Flow  279

17.7	 Reproductive Isolation  280

17.8	 Models of Speciation  282

Allopatric Speciation  282

Sympatric Speciation  283

Parapatric Speciation  285

17.9	 Macroevolution  285

Evolutionary Theory  287

18	 Organizing Information About Species

18.1	 Bye Bye Birdie  291, 299

18.2	 Phylogeny  292

18.3	 Comparing Form and Function  293

Divergent Evolution  293

Convergent Evolution  294

18.4	 Comparing Molecules  295

DNA and Protein Sequence Comparisons  296

18.5	� Comparing Development  297

18.6	 Phylogeny Research  298

TA B L E  O F  C O NT E NT S

Copyright 2019 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s).
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it.



xi

Detailed Contents (continued)

19	 Life’s Origin and Early Evolution

19.1	 Looking for Life  303, 313

19.2	 The Early Earth  304

Origin of the Universe and Earth  304

Conditions on the Early Earth  304

19.3	 Organic Monomers Form  305

Organic Molecules from Inorganic Precursors  305

Sources of Life’s First Building Blocks  305

19.4	 From Polymers to Protocells  306

Properties of Cells  306

Origin of Metabolism  306

Origin of the Genome  307

Origin of the Plasma Membrane  307

19.5	 The Age of Prokaryotes  308

The Last Common Ancestor of All Life  308

Fossil Evidence of Early Life  308

Fossils of Early Cells  309

19.6	 A Rise in Oxygen  310

The Cause of Oxygenation  310

Effects of Oxygenation  310

19.7	 Origin and Evolution of Eukaryotes  310

Eukaryotic Traits and Traces  310

A Mixed Heritage  311

Origin of the Nucleus  311

The Endosymbiont Hypothesis  311

Diversification of Eukaryotes  313

UNIT IV    EVOLUTION AND BIODIVERSITY

20	 Viruses, Bacteria, and Archaea

20.1	 The Human Microbiota  317, 333

20.2	 Virus Structure and Function  318

20.3	 Viral Replication  319

Steps in Viral Replication  319

Bacteriophage Replication  320

Replication of HIV  320

20.4	 Viruses and Human Health  321

The Threat of Infectious Disease  321

Common Viral Diseases  321

Emerging Viral Diseases  322

Viral Mutation and Reassortment  322

20.5	 Prokaryotic Structure and Function  324

Copyright 2019 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s).
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it.



xii

Structural  Traits  324

Reproduction  325

Gene  Transfers  325

20.6	� Metabolic Diversity in Prokaryotes  326

Diverse Modes of Nutrition  326

Aerobes and Anaerobes  327

Nitrogen Fixation  327

Dormant Resting Structures  327

20.7	 Major Bacterial Lineages  328

Gram-Positive Bacteria  328

Cyanobacteria  328

Proteobacteria  328

Spirochetes and Chlamydias  329

20.8	 Bacteria as Pathogens  330

Bacterial Toxins  330

Antibiotics  330

Antibiotic Resistance  331

20.9	 Archaea  331

Discovery of the Third Domain  331

Here, There, Everywhere  332

21	 Protists—The Simplest Eukaryotes

21.1	 Malaria: A Protistan Disease  337, 351

21.2	 A Diverse Collection of Lineages  338

Classification and Phylogeny  338

Level of Organization  338

Cell Structure  339

Metabolic Diversity  340

Habitats    340

Life Cycles  340

21.3	 Excavates  340

Metamonads  340

Euglenozoans  341

21.4	 Stramenopiles  342

Diatoms  342

Brown Algae  343

Water Molds  343

21.5	 Alveolates  344

Ciliates  344

Dinoflagellates  345

Apicomplexans  345

21.6	 Rhizarians  347

21.7	 Archaeplastids  348

Red Algae  348

Green Algae  349

21.8	 Amoebozoans and Opisthokonts  350

Opisthokonts  350

22	 The Land Plants

22.1	 Saving Seeds  355, 371

22.2	 Plant Ancestry and Diversity  356

From Algal Ancestors to Embryophytes  356

An Adaptive Radiation on Land  356

22.3	� Evolutionary Trends Among Plants  358

From Haploid to Diploid Dominance  358

Structural Adaptations  358

Pollen and Seeds  359

22.4	 Bryophytes  359

Mosses  360

Liverworts  361

Hornworts  362

22.5	 Seedless Vascular Plants  362

Detailed Contents (continued)

TA B L E  O F  C O NT E NT S

Copyright 2019 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s).
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it.



xiii

Ferns  362

Whisk Ferns and Horsetails  363

Club Mosses  363

22.6	 History of the Vascular Plants  364

From Tiny Branches to Coal Forests  364

Rise of the Seed Plants  365

22.7	 Gymnosperms  366

Gymnosperm Diversity  366

Gymnosperm Life Cycle  367

22.8	 Angiosperm Traits  368

The Angiosperm Life Cycle  369

22.9	 Angiosperm Diversity  369

Factors Contributing to Angiosperm Success  369

Angiosperm Lineages  370

Ecological and Economic Importance  370

23	 Fungi

23.1	 High-Flying Fungi  375, 385

23.2	 Fungal Traits and Diversity  376

Fungus Structure  376

Fungus Life Cycles  377

23.3	 Flagellated Fungi  378

23.4	 Zygote Fungi and Relatives  378

Zygote Fungi  378

Microsporidia—Intracellular Parasites  379

Glomeromycetes  379

23.5	 Sac Fungi  380

Sac Fungal Yeasts  380

Multicelled Sac Fungi  380

23.6	 Club Fungi  381

Life Cycle  381

Club Fungus Diversity  381

23.7	 Biological Roles of Fungi  382

Nature’s Recyclers  382

Fungal Partnerships  382

Parasites and Pathogens  383

Human Uses of Fungi  384

24	 Animal Evolution—The Invertebrates

24.1	 Medicines from the Sea  389, 411

24.2	 Animal Traits and Body Plans  390

What Is an Animal?  390

Variation in Animal Body Plans  390

24.3	� Animal Origins and Diversification  392

Colonial Origins  392

Early Animals  392

The Cambrian Explosion  392

24.4	 Sponges  393

24.5	� Cnidarians  394

Body Plans  394

Diversity and Life Cycles  394

24.6	� Flatworms  396

Flatworm Traits  396

Free-Living Flatworms  396

Parasitic Flatworms  397

24.7	 Annelids  398

Polychaetes  398

Leeches  398

Oligochaetes  399

24.8	 Mollusks  400

Mollusk Diversity  400

24.9	� Roundworms  402

24.10	� Arthropods  403

Key Arthropod 
Adaptations  403

Arthropod 
Diversity  404

Insect Traits and 
Diversity  407

Importance of Insects  408

Detailed Contents (continued)

TA B L E  O F  C O NT E NT S

Copyright 2019 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s).
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it.



xiv

24.11	 The Spiny-Skinned Echinoderms  409

The Protostome–Deuterostome Split  409

Echinoderm Characteristics and Body Plan  410

Echinoderm Diversity  410

25	 Animal Evolution—The Vertebrates

25.1	 Very Early Birds  415, 431

25.2	� Chordate Traits and Evolutionary Trends  416

Chordate Characteristics  416

Invertebrate Chordates  416

Overview of Chordate Evolution  416

25.3	 Fishes  418

Jawless Fishes  418

Evolution of Jawed Fishes  418

Jawed Fishes  420

25.4	 Amphibians  422

Adapting to Life on Land  422

Modern Amphibians  422

Declining Diversity  423

25.5	 Amniote Evolution  424

25.6	 Reptiles  425

Lizards and Snakes  425

Turtles  425

Crocodilians  425

25.7	 Birds  426

Adaptations to Flight  426

Reproduction and Development  427

Avian Diversity  427

25.8	 Mammals  428

Mammalian Origins and Diversification  428

Monotremes—Egg-Laying Mammals  429

Marsupials—Pouched Mammals  430

Placental Mammals  430

26	 Human Evolution

26.1	 A Bit of a Neanderthal  435, 445

26.2	 Primates: Our Order  436

Primate Characteristics  436

Origins and Lineages  437

26.3	 Hominoids  438

Hominoid Origins and Divergences  438

Modern Apes  438

A Human–Great Ape Comparison  439

26.4	 Early Hominins  440

Australopiths  440

Factors Favoring Bipedalism  441

26.5	 Early Humans  441

Classifying Fossils—Lumpers and Splitters  441

Homo habilis  442

Homo erectus  442

Early Culture  442

26.6	 Recent Human Lineages  443

Neanderthals  443

Denisovans  443

Flores Hominins  443

Homo naledi  444

Homo sapiens  444

The Leaky Replacement Model  445

UNIT V    HOW PLANTS WORK

27	 Plant Tissues

27.1	 Sequestering Carbon in Forests  449, 463

27.2	 The Plant Body  450

27.3	 Plant Tissues  451

Simple Tissues  452

Complex Tissues  452

Detailed Contents (continued)

TA B L E  O F  C O NT E NT S

Copyright 2019 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s).
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it.



xv

27.4	 Stems  453

Internal Structure  453

Stem Specializations  454

27.5	 Leaves  455

27.6	 Roots  457

External Structure  457

Internal Structure  458

27.7	 Patterns of Growth  458

Primary Growth  458

Secondary Growth  460

28	 Plant Nutrition and Transport

28.1	 Leafy Cleanup  467, 477

28.2	 Plant Nutrients  468

Properties of Soil  468

How Soils Change  469

28.3	 Root Adaptations for Nutrient Uptake  470

The Function of Endodermis  470

Beneficial Microorganisms  471

28.4	 Movement of Water in Plants  472

Cohesion–Tension Theory  473

Water-Conserving Adaptations  474

28.5	 Movement of Organic Compounds in Plants  475

Pressure Flow Theory  476

29	 Life Cycles of Flowering Plants

29.1	 Plight of the Honeybee  481, 495

29.2	 Floral Structure and Function  482

Pollination  483

29.3	 A New Generation Begins  486

29.4	 Flower Sex  488

29.5	 Seed Formation  489

29.6	 Fruits  490

29.7	 Early Development  492

Breaking Dormancy  492

After Germination  492

29.8	 Asexual Reproduction of Flowering Plants  494

Agricultural Applications  494

30	 Communication Strategies in Plants

30.1	 Prescription: Chocolate  499, 513

30.2	 Chemical Signaling in Plants  500

30.3	 Auxin and Cytokinin  501

Auxin  501

Cytokinin  502

30.4	 Gibberellin  503

30.5	 Abscisic Acid and Ethylene  505

Abscisic Acid  505

Ethylene  506

30.6	 Movement  507

Environmental Triggers  507

30.7	 Responses to Recurring Environmental Change  509

Daily Change  509

Seasonal Change  509

Detailed Contents (continued)

TA B L E  O F  C O NT E NT S

Copyright 2019 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s).
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it.



xvi

30.8	 Responses to Stress  511

Defenses Against Disease  511

Defenses Against Herbivory  512

UNIT VI    HOW ANIMALS WORK

31	 Animal Tissues and Organ Systems

31.1	 Making Replacement Cells  517, 531

31.2	 Animal Body Plans  518

Levels of Organization  518

Body Fluids  518

Evolution of Animal Body Plans  518

31.3	 Epithelial Tissue  520

Types of Epithelia  520

Carcinomas—Epithelial Cell Cancers  521

31.4	 Connective Tissues  521

Loose and Dense Connective Tissues  522

Specialized Connective Tissues  522

31.5	 Muscle Tissue  524

31.6	 Nervous Tissue  525

31.7	 Organ Systems  526

31.8	 Human Skin  528

Structure of Skin  528

Sunlight and the Skin  529

31.9	� Maintaining Homeostasis Through Negative 
Feedback  530

32	 Neural Control

32.1	 Impacts of Concussions  535, 555

32.2	 Animal Nervous Systems  536

Invertebrate Nervous Systems  536

The Vertebrate Nervous System  537

32.3	 Cells of the Nervous System  538

Three Types of Neurons  538

Glial Cells  538

32.4	 Electrical Signaling in Neurons  539

Resting Potential  539

The Action Potential  539

32.5	 Chemical Signalling by Neurons  542

The Synapse  542

Synaptic Integration  543

32.6	 Neurotransmitter Function  543

Discovery of Neurotransmitters  543

Receptor Diversity  544

Neurotransmitter Diversity  544

Effects of Psychoactive Drugs  544

32.7	 The Peripheral Nervous System  546

Somatic Nervous System  546

Autonomic Nervous System  546

32.8	 Cells and Tissues of the Central Nervous System  548

Meninges and the Cerebrospinal Fluid  548

Gray Matter and White Matter  548

Glia of the Central Nervous System  548

32.9	 The Spinal Cord  549

Structure of the Spinal Cord  549

Interrupted Spinal Signaling  550

Detailed Contents (continued)

TA B L E  O F  C O NT E NT S

Copyright 2019 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s).
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it.



xvii

32.10	 The Vertebrate Brain  550

The Vertebrate Brain  550

Functional Anatomy of the Human Brain  550

32.11	 The Human Cerebral Cortex  552

32.12	 Emotion and Memory  553

The Emotional Brain  553

Making Memories  553

32.13	 Studying Brain Function  554

Observing Electrical Activity  554

Monitoring Metabolism  554

Examining Brain Tissue  555

33	 Sensory Perception

33.1	 Neuroprostheses  559, 575

33.2	 Overview of Sensory Pathways  560

Sensory Diversity  560

From Sensing to Sensation to Perception  561

33.3	 General Senses  562

The Somatosensory Cortex  562

Pain  563

33.4	 Chemical Senses  564

Sense of Smell  564

Sense of  Taste  565

Pheromones—Chemical Messages  565

33.5	 Hearing  566

Properties of Sound  566

The Vertebrate Ear  566

Range of Hearing  568

33.6	 Balance and Equilibrium  569

Dynamic Equilibrium  569

Static Equilibrium  569

33.7	 Vision  570

Invertebrate Eyes  570

Vertebrate Eyes  571

33.8	 Human Vision  571

Anatomy of the Human Eye  571

Focusing Mechanisms  573

The Photoreceptors  574

Signal Transduction to Visual Processing  574

34	 Endocrine Control

34.1	 Endocrine Disruptors  579, 593

34.2	 The Vertebrate Endocrine System  580

Signals That Travel in the Blood  580

Discovery of Hormones  580

34.3	 The Nature of Hormone Action  582

Hormones Derived from Amino Acids  582

Steroid Hormones  582

Hormone Receptors  582

34.4	� The Hypothalamus and Pituitary Gland  584

Posterior Pituitary Function  584

Anterior Pituitary Function  585

Hormonal Growth Disorders  585

34.5	 The Pineal Gland  586

34.6	 Thyroid and Parathyroid Glands  586

Feedback Control of Thyroid Hormone  586

Thyroid Disorders and Disrupters  587

Hormonal Control of Blood Calcium  587

34.7	 Pancreatic Hormones  588

Regulation of Blood Sugar  588

Diabetes  588

34.8	 The Adrenal Glands  590

The Adrenal Cortex  590

The Adrenal Medulla  590

Stress, Elevated Cortisol, and Health  591

Cortisol Deficiency  591

34.9	 The Gonads  591

34.10	 Invertebrate Hormones  592

Detailed Contents (continued)

TA B L E  O F  C O NT E NT S

Copyright 2019 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s).
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it.



xviii

35	 Structural Support and Movement

35.1	 Bulking Up  597, 611

35.2	 Animal Movement  598

Locomotion in Water  598

Locomotion on Land  598

Flight  598

35.3	 Types of Skeletons  600

Invertebrate Skeletons  600

The Vertebrate Endoskeleton  600

35.4	 Bone Structure and Function  602

Bone Anatomy  602

Bone Development, Remodeling, and Repair  602

35.5	 Joint Structure and Function  604

35.6	 Skeletal Muscle Function  605

35.7	 How Muscle Contracts  606

Structure of Skeletal Muscle  606

The Sliding-Filament Model  606

35.8	� Nervous Control of Muscle Contraction  608

Initiating Muscle Contraction  608

Motor Units and Muscle Tension  609

Disrupted Control of Skeletal Muscle  609

35.9	 Muscle Metabolism  609

Energy-Releasing Pathways  609

Types of Muscle Fibers  610

Effects of Exercise and Inactivity  610

36	 Circulation

36.1	 A Shocking Save  615, 631

36.2	 Circulatory Systems  616

Open and Closed Circulatory Systems  616

Evolution of Vertebrate Circulation  616

36.3	 Human Cardiovascular System  618

The Pulmonary Circuit  618

The Systemic Circuit  618

36.4	 The Human Heart  620

The Cardiac Cycle  620

Setting the Pace for Contraction  621

36.5	 Vertebrate Blood  622

Plasma  622

Cellular Components  622

36.6	 Arteries and Arterioles  624

Rapid Transport in Arteries  624

Adjusting Flow at Arterioles  624

36.7	 Blood Pressure  625

36.8	 Exchanges at Capillaries  626

Slow Flow in Capillaries  626

Mechanisms of Capillary Exchange  626

36.9	 Back to the Heart  627

36.10	� Blood and Cardiovascular Disorders  627

Altered Blood Cell Count  627

Cardiovascular Disorders  628

36.11	� Interactions with the Lymphatic System  630

Lymph Vascular System  630

Lymphoid Organs and Tissues  631

37	 Immunity

37.1	 Community Immunity  635, 657

37.2	 Integrated Responses to Threats  636

Three Lines of Defense  636

The Defenders  637

37.3	 Surface Barriers  638

Biological Barriers  638

Physiological and Anatomical Barriers  639

37.4	 Mechanisms of Innate Immunity  640

Complement  640

Phagocytosis  641

Inflammation  642

Fever  642

TA B L E  O F  C O NT E NT S

Detailed Contents (continued)

Copyright 2019 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s).
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it.



xix

37.5	 Antigen Receptors  643

Antigen Receptor Diversity  645

37.6	 Overview of Adaptive Immunity  645

Two Arms of Adaptive Immunity  645

Antigen Processing  646

37.7	� Adaptive Immunity I: An Antibody-Mediated 
Response  648

Immunization  649

Antibodies in ABO Blood Typing  650

37.8	� Adaptive Immunity II: The Cell-Mediated 
Response  650

Cytotoxic T Cells: Activation and Action  650

The Role of Natural Killer (NK) Cells  652

37.9	 When Immunity Goes Wrong  652

Overly Vigorous Responses  652

Immune Evasion  654

Immune Deficiency  654

AIDS    654

38	 Respiration

38.1	 Carbon Monoxide—A Stealthy Poison  661, 675

38.2	 The Nature of Respiration  662

Sites of Gas Exchange  662

Factors Affecting Gas Exchange  662

Respiratory Medium—Air or Water?  662

38.3	 Invertebrate Respiration  663

Gilled Invertebrates  664

Air-Breathing Invertebrates  664

38.4	 Vertebrate Respiration  665

Respiration in Fishes  665

Paired Lungs of Tetrapods  665

38.5	 Human Respiratory System  666

The Respiratory Tract  667

The Lungs  668

Pulmonary Blood Vessels  668

Muscles of Respiration  668

38.6	 How We Breathe  668

The Respiratory Cycle  668

Respiratory Volumes  669

Control of Breathing  669

Choking—A Blocked Airway  670

Detailed Contents (continued)

Copyright 2019 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s).
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it.



xx

38.7	 Gas Exchange and Transport  670

The Respiratory Membrane  670

Oxygen Transport  670

Carbon Dioxide Transport  672

38.8	 Respiratory Adaptations  672

High Climbers  672

Deep Divers  673

38.9	� Respiratory Diseases and Disorders  674

Interrupted Breathing    674

Lung Diseases and Disorders  674

Smoking and Vaping    674

39	 Digestion and Nutrition

39.1	 Breaking It Down  679, 695

39.2	 Animal Digestive Systems  680

Intracellular Digestion in Sponges  680

Extracellular Digestion  680

Sac or Tube?  680

Regional Specializations  681

39.3	� Human Digestive Tract  682

39.4	 Chewing and Swallowing  683

39.5	 The Stomach  684

Stomach Structure  684

Components and Function of Gastric Fluid  685

Gastric Hormones  685

Stomach Ulcers and Reflux  685

39.6	 The Small Intestine  686

An Enormous Surface Area  686

Interactions with Accessory Organs  686

Hormones of the Small Intestine  687

Digestion and Absorption  688

39.7	 The Large Intestine  689

Concentrating and Expelling Waste  689

Beneficial Microbes  689

39.8	 Nutritional Requirements  690

Macronutrients  690

Vitamins  692

Minerals  693

39.9	 Maintaining a Healthy Weight  694

What Is a Healthy Weight?  694

Why Is Obesity Unhealthy?  694

Causes of Obesity  695

40	 Maintaining the Internal Environment

40.1	 Urine Tests  699, 711

40.2	 Fluid Volume and Composition  700

Water Gains and Losses  700

Metabolic Wastes  700

40.3	 Excretory Organs  700

Planarian Protonephridia  701

Earthworm Nephridia  701

Arthropod Malpighian Tubules  701

Vertebrate Kidneys  701

40.4	 The Human Urinary System  702

Organs of the Urinary System  702

Tubular Structure of the Kidneys  702

Blood Vessels of the Kidneys    703

40.5	 How Urine Forms  704

Glomerular Filtration  704

Tubular Reabsorption  704

Tubular Secretion  705

Concentrating the Filtrate  705

40.6	 Regulating Solute Levels  705

Fluid Volume and Tonicity  705

Acid–Base Balance  707

40.7	 Impaired Kidney Function  707

Detailed Contents (continued)

TA B L E  O F  C O NT E NT S

Copyright 2019 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s).
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it.



40.8	 Excretory Adaptations  708

Fluid Regulation in Bony Fishes  708

Kangaroo Rats and Water Scarcity  709

40.9	 Heat Gains and Losses  709

How the Core Temperature Can Change  709

Modes of Thermoregulation  710

40.10	 Responses to Cold and Heat  710

Responses to Cold  710

Responses to Heat  711

41	 Animal Reproduction

41.1	 Assisted Reproduction  715, 731

41.2	 Modes of Animal Reproduction  716

Asexual Versus Sexual Reproduction  716

Variations on Sexual Reproduction  717

41.3	 Organs of Sexual Reproduction  718

Gonads, Ducts, and Glands  718

How Gametes Form  718

41.4	� Sex Organs of Human Females  720

Ovaries—Female Gonads  720

Reproductive Ducts and Accessory Glands  720

41.5	 Female Reproductive Cycles  721

Human Ovarian Cycle  721

Human Menstrual Cycle  722

Hormonal Control of Monthly Cycles  722

Animal Estrous Cycles  722

Detailed Contents (continued)

41.6	 Sex Organs of Human Males  724

Testes—Male Gonads  724

Reproductive Ducts and Accessory Glands  724

Germ Cells to Sperm Cells  725

41.7	 Bringing Gametes Together  726

Copulation  726

The Sperm’s Journey  726

Fertilization  726

41.8	 Contraception and Infertility  728

Birth Control Options  728

Infertility  729

41.9	 Sexually Transmitted Diseases  730

Trichomoniasis  730

Bacterial STDs  730

Viral STDs  730

42	 Animal Development

42.1	 Prenatal Problems  735, 750

42.2	 Stages of Animal Development  736

A General Model for Animal Development  736

42.3	 From Zygote to Gastrula  738

Components of Eggs and Sperm  738

Cleavage—Onset of Multicellularity  738

Gastrulation  739

42.4	 Tissue and Organ Formation  739

Cell Differentiation  740

Embryonic Induction  740

Apoptosis  740

Cell Migrations  741

xxiTA B L E  O F  C O NT E NT S

Copyright 2019 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s).
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it.



xxii

42.5	 Evolutionary Developmental Biology  742

Constraints on Body Plans  742

Developmental Mutations  742

42.6	 Overview of Human Development  743

42.7	 Early Human Development  744

Cleavage and Blastocyst Formation  744

Implantation and Formation of the 
Extra-Embryonic Membranes  744

Gastrulation and Onset of Organ Formation  745

42.8	 Emergence of Distinctly Human Features  746

42.9	 Structure and Function of the Placenta  748

42.10	 Labor, Birth, and Lactation  749

Vaginal Birth  749

Surgical Delivery  749

Milk Production and Components  749

43	 Animal Behavior

43.1	 Can You Hear Me Now?  755, 767

43.2	 Factors Affecting Behavior  756

Genetic Variation Within a Species  756

Genetic Differences Between Species  756

Environmental Effects  757

43.3	 Instinct and Learning  758

Instinctive Behavior  758

Time-Sensitive Learning  758

Conditioned Responses  758

Other Types of Learned Behavior  759

43.4	 Movements and Navigation  760

Taxis and Kinesis  760

Migration  760

43.5	 Communication Signals  761

Evolution of Animal Communication  761

Types of Signals  761

Eavesdroppers and Counterfeiters  762

43.6	� Mating and Parental Behavior  763

Mating Systems  763

Female Choice and Male-Male Competition  763

Parental Care  764

43.7	 Group Living  764

Benefits of Grouping  764

Costs of Grouping  765

43.8	 Altruism and Eusociality  766

Evolution of Altruism  766

Eusocial Animals  766

UNIT VII    PRINCIPLES OF ECOLOGY

44	 Population Ecology

44.1	 Managing Canada Geese  771, 785

44.2	 Population Demographics  772

Population Size  772

Population Density and Distribution  773

Age Structure  774

Effects of Scale and Timing  774

Using Demographic Data  774

Detailed Contents (continued)

TA B L E  O F  C O NT E NT S

Copyright 2019 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s).
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it.



xxiii

44.3	 Modeling Population Growth  774

Zero to Exponential Growth  774

Biotic Potential  775

44.4	 Limits on Population Growth  776

Density-Dependent Limiting Factors  776

Logistic Growth  776

Density-Independent Factors  777

44.5	 Life History Patterns  778

Quantifying Life History Traits  778

Environmental Effects on Life History  779

44.6	 Predation Effects on Life History  780

An Experimental Study  780

Effects of Humans as Predators  781

44.7	 Human Population Growth  782

Expansions and Innovations  782

Fertility and Age Structure  783

Demographic Transitions  784

Resource Consumption  784

45	 Community Ecology

45.1	 Fighting Foreign Fire Ants  789, 803

45.2	� What Factors Shape Community Structure?  790

45.3	 Mutualism  791

45.4	 Competitive Interactions  792

Effects of Competition  792

Resource Partitioning  793

45.5	 Predator–Prey Interactions  794

Functional Response to Prey Abundance  794

Cyclic Changes in Abundance  794

Detailed Contents (continued)

45.6	 Evolutionary Arms Races  795

Predator–Prey Evolutionary Arms Race  795

Coevolution of Herbivores and Plants  796

45.7	 Parasites and Parasitoids  796

Parasitism  796

Brood Parasites—Strangers in the Nest  797

Parasitoids  797

Biological Pest Controls  797

45.8	 How Communities Change  798

Ecological Succession  798

Effects of Disturbance  799

The Role of Keystone Species  800

Species Introductions  800

45.9	 Biogeographic Patterns in Community Structure  802

Latitudinal Patterns  802

Island Patterns  802

46	 Ecosystems

46.1		  Too Much of a Good Thing  807, 823

46.2	 The Nature of Ecosystems  808

Overview of the Participants  808

Trophic Structure of Ecosystems  808

46.3	 The Nature of Food Webs  810

How Many Transfers?  811

46.4	 Measuring Ecosystem Properties  811

Primary Production  811

Ecological Pyramids  812

Ecological Efficiency  812

46.5	 Biogeochemical Cycles  814

A Biogeochemical Cycle  814

46.6	 The Water Cycle  814

Reservoirs and Transfers  814

Limited Freshwater  815

xxiiiTA B L E  O F  C O NT E NT S

Copyright 2019 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s).
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it.



xxiv

46.7	 The Carbon Cycle  816

Terrestrial Carbon Cycle  816

Marine Carbon Cycle  817

Carbon in Fossil Fuels  817

46.8	� Greenhouse Gases and Climate Change  817

The Greenhouse Effect  817

Increasing Atmospheric Carbon Dioxide  818

Causes of the Atmospheric Increase in CO2  818

Changing Climate  819 

46.9	 Nitrogen Cycle  820

Reactions That Drive the Nitrogen Cycle  821

Human Effects on the Nitrogen Cycle  822

46.10	 The Phosphorus Cycle  822

47	 The Biosphere

47.1	 Going with the Flow  827, 847

47.2	 Global Air Circulation Patterns  828

Seasonal Effects  828

Air Circulation and Rainfall  828

Surface Wind Patterns  829

47.3	� Oceans, Landforms, and Climate  830

Ocean Currents  830

Proximity to the Ocean  830

Effects of Land Features  831

47.4	 The El Niño Southern Oscillation  832

Widespread Effects  832

Effects on Human Health  833

Monitoring and Predicting  833

47.5	 Biomes  834

Differences Between Biomes  834

Similarities Within a Biome  834

47.6	 Deserts  836

Desert Locations and Conditions  836

Adaptations to Desert LIfe  836

The Crust Community  836

47.7	 Grasslands and Dry Shrublands  837

Grasslands  837

Tropical Savannas  838

Dry Shrublands  838

47.8	 Broadleaf Forests  838

Temperate Deciduous Forests  838

Tropical Rain Forests  839

47.9	 Coniferous Forests  840

47.10	 Tundra  841

Arctic Tundra  841

Alpine Tundra  841

47.11	 Freshwater Ecosystems  842

Lakes  842

Streams and Rivers  843

Dissolved Oxygen Content  843

47.12	 Coastal Ecosystems  844

Estuaries—Freshwater and Saltwater Mix  844

Rocky and Sandy Coasts  844

47.13	 Coral Reefs  845

Detailed Contents (continued)

TA B L E  O F  C O NT E NT S

Copyright 2019 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s).
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it.



xxv

47.14	 The Open Ocean  846

Pelagic Ecosystems  846

The Seafloor  846

48	 Human Impacts on the Biosphere

48.1	 Life in the Anthropocene  851, 863

48.2	 The Extinction Crisis  852

Mass Extinction  852

The Sixth Great Mass Extinction  852

Causes of Declining Biodiversity  853

48.3	 Harmful Land Use Practices  854

Desertification  854

Deforestation  855

48.4	 Effects of Pollutants  856

Atmospheric Deposition  856

Biological Accumulation and Magnification  857

Talking Trash  858

48.5	 Ozone Depletion and Pollution  858

Depletion of the Ozone Layer  858

Near-Ground Ozone Pollution  859

48.6	 Effects of Global Climate Change  859

48.7	 Conservation Biology  860

The Value of Biodiversity  860

Setting Priorities  861

Preservation and Restoration  862

48.8	 Reducing Negative Impacts  862

Appendices
Appendix I	 Periodic Table of the 		
		  Elements  866

Appendix II	 The Amino Acids  867

Appendix III	� A Closer Look at Some Major 
Metabolic Pathways  868

Appendix IV	� A Plain English Map of the 
Human Chromosomes  871

Appendix V	� Restless Earth—Life’s Changing 
Geologic Stage  872

Appendix VI	 Units of Measure  874

Appendix VII	� Answers to Self-Quizzes and 
Genetics Problems  875

Glossary  880

Detailed Contents (continued)

Copyright 2019 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s).
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it.



xxvi

A revolution in the way information is shared has 
fundamentally changed the nature of biological inquiry. 
Interdisciplinary collaborations facilitated by instant, global 
access to data and ideas have fostered entirely new areas of 
research, both theoretical and practical. New discoveries and 
new technologies emerging from these collaborations are 
altering the way biologists think about their work—and the 
field in general. 

Realizing that a traditional life science education would 
not adequately prepare students for the changing field, the 
American Association for the Advancement of Science and 
the National Science Foundation initiated a series of national 
conversations among leading life scientists, policymakers, 
educators, and students. The result was a document, “Vision 
and Change in Undergraduate Biology Education,” that calls 
for a fundamental change in the way life sciences are taught to 
undergraduate students. A broad consensus recommends that 
science education become much more active, because personal 
experience with the process and limits of science better prepares 
students to evaluate scientific content and differentiate it from 
other information. A more concept-oriented approach that uses 
fundamental biological principles as a context for information 
(rather than the reverse) better prepares students to understand 
the rapidly changing field. Our future citizens and leaders will 
need this understanding to confront urgent societal problems 
such as climate change, threats to biodiversity, and the global 
spread of disease. 

This book has been revised in alignment with “Vision and 
Change” recommendations. As always, recent discoveries are 
integrated in an accessible and appealing introduction to the 
study of life. This edition also includes tools to explore core 
biological concepts from a variety of perspectives (molecular, 
cellular, organismal, ecological, and so on). 

Features of  This Edition
Setting the Stage 
Each chapter opens with a dramatic photo. A brief Links to 
Earlier Concepts paragraph reminds students of relevant 
information in previous chapters. A summary of chapter 
content is organized and presented in terms of Core 
Concepts: evolution; information flow; systems; pathways of 
transformation; structure/function; or the process of science. 

Section-Based Learning Objectives 
The content of every chapter is organized as a series of sections. 
Learning Objectives associated with each section are phrased as 
activities that the student should be able to carry out after read-
ing the text. 

On-Page Glossary
An On-Page Glossary includes boldface key terms introduced 
in each section. This section-by-section glossary offers pronun-
ciations, definitions in alternate wording, and it can be used as 
a quick study aid. All glossary terms also appear in boldface in 
the Chapter Summary. 

Emphasis on Relevance
We continue to focus on real-world applications, including 
social issues arising from new research and developments—
particularly the many ways in which human activities continue 
to alter the environment and threaten both human health 
and Earth’s biodiversity. Each chapter begins and ends with 
a section that explains a current topic in light of the chapter 
content.

Self-Assessment Tools 
Many figure captions include a Figure-It-Out question designed 
to engage students in an active learning process; an upside-down 
answer allows a quick check of understanding. At the end of 
each chapter, Self-Quiz and Critical Thinking Questions provide 
additional self-assessment material. Another active-learning 
feature, the in-text Data Analysis Activity, sharpens analytical 
skills by asking the student to interpret data presented in graphic 
or tabular form. The data is presented with relevant chapter 
content, and is from a published scientific study in most cases. 

Some Updates in This Revision

1  Invitation to Biology  Expanded section “The Nature of 
Science” includes new, detailed coverage of pseudoscience and 
how it differs from science. 

2  Life’s Chemical Basis  New table compares elemental 
composition of the human body with Earth’s crust, seawater, and 
the universe. Updated art more clearly demonstrates vacancies. 
New art illustrates and compares bond polarity.

3  Molecules of Life  Revised text further emphasizes levels of 
protein structure as related to protein function. New art illustrates 
patterns of secondary structure; new content reflects current 
research elucidating misfolded prion structure and pathogenesis 
of amyloid diseases.

4  Cell Structure  New, major art depicts interactions among 
components of the endomembrane system. New art reveals 
ultrastructural details of cell junctions per recent discoveries. 
New photos illustrate a beneficial biofilm, cuticle, and basement 
membrane. Expanded section on the nature of life now includes 
theory of living systems.

5  Ground Rules of Metabolism  New photos and art 
use firefly luciferase to illustrate energy flow in metabolism. 
Updated art clarifies selective permeability of cell membranes and 
tonicity, and directional orientation of membrane proteins during 
exocytosis. Expanded coverage of ATP as a coenzyme.

6  Where It Starts—Photosynthesis  Chapter has been 
reorganized for a better introductory sequence. New art 
illustrates a special pair, light-harvesting complex, and cyclic 
photophosphorylation. Expanded discussion of the cyclic 
pathway emphasizes the interplay between both versions of light 
reactions, and the evolutionary significance of dual pathways. 
Expanded discussion of photorespiration incorporates new 
research on its adaptive value. 
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7  Releasing Chemical Energy  Art updated throughout. 
New introductory table and art in each section detail inputs and 
outputs linking steps in aerobic respiration. Revised diagram 
better illustrates dual PGAL breakdown in glycolysis. New Data 
Analysis Activity concerns reprogramming of mitochondria in 
brown fat by dietary fat overload.

8  DNA Structure and Function  Nucleotide structure art 
revised to better illustrate composition and two-dimensional 
accuracy. Updated art including model of a pyrimidine dimer 
clarifies how replication errors become mutations.

9  From DNA to Protein  New art illustrates the overall 
structure of a gene and its relationship to RNA translated from 
it. New table compares DNA and RNA. Revised art better 
illustrates post-transcriptional modification; major translation 
figure updated to clarify elongation and polysomes. Expanded 
section on mutations includes material on a beneficial hemoglobin 
mutation (E6K, HbC) that offers resistance to malaria without 
the health consequences of HbS; and how a mutation in a 
regulatory site (an intron) can affect gene expression (resulting in 
hairlessness in cats).

10  Control of Gene Expression  Updated art better 
illustrates points of control in eukaryotic gene expression. 
New flow chart shows gene expression cascade in Drosophila 
development; new art illustrates random nature of X chromosome 
inactivation. Added coverage of circadian cycles of gene 
expression; expanded discussion reflects current understanding 
of epigenetic mechanisms.

11  How Cells Reproduce  New ultra-high resolution confocal 
live-cell images better illustrate mitosis and the spindle. Cell 
cycle illustration now correlated with illustration of ploidy 
changes in mitosis. Revised text and art showing cytokinesis 
include ultrastructural details/processes per current research 
and paradigms. Expanded material on telomeres now includes 
telomere-associated triggering and consequences of senescence.

12  Meiosis and Sexual Reproduction  New figure 
illustrates how fertilization restores the chromosome number. 
Newly discovered mechanism of gene acquisition by individual 
rotifers added to revisited section.

13  Observing Patterns in Inherited Traits  Marfan 
syndrome discussion updated to reflect change in life expectancy 
due to increased awareness, accompanied by new photo of former 
Baylor University basketball star Isaiah Austin.

14 Chromosomes and Human Inheritance  Molecular 
pathogenesis of Huntington’s and DMD updated to reflect current 
research. Table of genetic abnormalities now broken by section. 
Updated art better depicts chromosome structural changes. 

15  Studying and Manipulating Genomes  Art depicting 
recombinant DNA production and reverse transcription revised 
for clarity. Art and text revised to include structure and utility of 
eukaryotic expression vectors. New figure illustrates exponential 
amplification of DNA by PCR. New table lists human genome 
statistics. Gene therapy section revised to include mechanism, 
application, and social implications of CRISPR-Cas9 gene editing.

16  Evidence of Evolution  Cetacean evolutionary sequence 
updated to reflect currently accepted narrative. Current research 
informed revisions of plate tectonics art. Paleogeography art 
revised to show Mercatur projections.

17  Processes of Evolution  Updated material on antibiotic 
resistance and overuse of antibiotics in livestock. Illustration 
of HbS allele frequency vs. incidence of malaria updated to 
reflect recent data in Gabon. New photo of bumblebee on white 
sage flower added to mechanical isolation figure. Discussion of 
sympatric speciation in wheat revised to reflect current research.

18  Organizing Information About Species  Phylogeny 
section and parsimony analysis figure revised for clarity. 
Convergent and divergent evolution terminology introduced. 
New photo of stem reptile fossil added to divergent evolution 
figure. New close-up of saguaro cactus spines juxtaposed with 
Euphorbia spines for better illustration of convergent evolution. 

19  Life’s Origin and Early Evolution  Expanded coverage 
of the Precambrian, including timeline. Updated information 
about the possibility of an RNA world, the earliest proposed fossil 
life, and the archaeal and bacterial ancestors of eukaryotes. New 
Data Analysis Activity about the effect of some antibiotics on 
mitochondria. 

20 Viruses, Bacteria, and Archaea  New opening essay 
about the human microbiota. Improved art comparing viral 
structures. Updated information about Ebola, AIDS, and Zika 
virus. Updated figure showing binary fission. New figure 
illustrating mechanisms of horizontal gene transfer in prokaryotes. 
New section about bacteria as pathogens. New Data Analysis 
Activity about antibiotics inspired by the study of bacteriophages.

21 The Protists  Chapter reorganized to reflect our current 
understanding of the major eukaryotic supergroups. New 
overview of protist cell structure. 

22  Plant Evolution  Revised life cycle graphics throughout the 
chapter; improved figure illustrating generalized process of seed 
production.

23  Fungi  Added photos of athlete’s foot and ringworm. 
Updated information about white nose syndrome. Increased 
coverage of the use of fungi in food production, research, 
biotechnology, and as sources of medicine.

24 Animals I: Major Invertebrate Groups  Added 
information about sponge regeneration. New figure showing 
schistosomes. Coverage of placozoans, rotifers, and tardigrades 
deleted. 

25 Animals II: The Chordates  New information about bone 
loss in the evolution of cartilaginous fishes.

26  Human Evolution  Updated information about fossil 
hominids, including discussion of Denisovans and Homo naledi. 

27  Plant Tissues  New art includes illustration of stem 
structure and location of the vascular cylinder in a root.
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28  Plant Nutrition and Transport  Added information 
about use of phytoremediation at Fukushima. New micrographs 
and associated art detail the flow of water through xylem cells. 
Updated translocation art coordinates with new art illustrating 
sieve tube structure. 

29  Life Cycles of Flowering Plants  Detail added to plant 
life cycle art for accuracy. New photo illustrates root suckers.

30  Communication Strategies in Plants  Current research 
informed updates to mechanisms of hormonal action. Table 
summarizing plant hormones has been broken by section. Added 
material includes the role of ABA in stress-related stomata 
closure; nastic movements and accompanying new photos; and 
explanation of Phylloxera resistance in American grapevines based 
on enhanced hypersensitive response involving resveratrol. 

31 Animal Tissues and Organ Systems  New summary 
table describing tissue types. Improved graphic illustrating 
relative volumes of the fluid components of a human body. 
New information about brown fat versus white fat and white 
matter and gray matter. Updated information about research 
on and clinical use of induced pluripotent stem cells (IPSCs) 
and about transdifferentiation as an alternative source of 
replacement cells.

32  Neural Control  Updated information about brain damage 
among professional football players. New opening overview 
of intracellular signaling mechanisms. Revised/reorganized 
coverage of the peripheral nervous system. New subsection 
covers tissues and fluid of the CNS; information about neuroglia 
moved here.  

33  Sensory Perception  Updated illustration/discussion of 
retina anatomy to include light-channeling neuroglia. 

34  Endocrine Control  Added information about sites 
of human steroid hormone production (gonads/adrenals). 
Consolidated information about hormones in a single table. 
Moved discussion of pineal gland to follow discussion of 
pituitary/hypothalamus. Deleted coverage of the thymus. New 
Data Analysis Activity covers the disruptive effect of BPA on 
insulin secretion.

35  Structural Support and Movement  Improved figures 
depicting locomotion of fly and earthworm. Revised figure 
showing the structure of skeletal muscle.

36  Circulation  Updated photo depicting measurement of 
blood pressure. Expanded coverage of venule function. New 
art depicting atherosclerosis. Added discussion of heart attack 
symptoms and of causes and symptoms of stroke. New Data 
Analysis Activity on how hypertension affects the risk of stroke 
and heart attack.

37  Immunity  New application section that details vaccination 
and benefits of herd immunity features a narrative about an 
unvaccinated child with permanent health consequences of 
contracting measles. New photos illustrate microbial sectors of a 
dental plaque biofilm, agglutination, and anaphylaxis. Revised art 
better illustrates specificity of antigen binding sites in antibodies. 
New content includes role of keratinocytes as immune cells in 
contact allergies. 
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38  Respiration  Improved photo of insect tracheal system. 
Increased emphasis on evolutionary trends in vertebrate lung 
structure. Added information about the risks of vaping. New 
Data Analysis Activity addresses effects of tobacco and marijuana 
smoke on the lungs.

39  Digestion and Human Nutrition  New opening essay 
about the role of human digestive enzymes and genetic variations 
in these enzymes. Added coverage of sponge digestion with 
new graphic. New figure compares length of digestive tract 
regions in a mammalian carnivore and herbivore. New graphics 
depict peristalsis and segmentation. Coverage of beneficial gut 
microflora moved to the section about the large intestine. 

40  Maintaining the Internal Environment  Material 
reorganized with separate sections describing formation and 
types of wastes and types of excretory organs. Variations on 
kidney structure in fish and desert rat kidneys now covered in 
a separate section after discussion of human kidney structure. 
Added information about human body hair as a temperature-
related adaptation. Deleted coverage of human variation in 
sodium reabsorption.

41 Animal Reproduction  Updated information about 
STDs, including new discussion of Mycoplasma genitalium 
infection.

42 Animal Development  Morphogens now discussed in the 
context of embryonic induction. Added information about the 
teratogenic effects of the Zika virus.

43 Animal Behavior  New information about epigenetic effects 
in a variety of contexts. Improved honeybee dance language 
figure. New information about tent caterpillars, a pre-social 
species. Added information about reciprocal altruism.

44  Population Ecology  New information about research 
indicating that human hunting altered the life-history traits of 
wooly mammoths. Updated human population statistics. 

45  Community Ecology  Added coverage and photos of 
sundews and spiders that complete for insect prey. Updated 
photo of Surtsey.

46  Ecosystems  Updated information about the increasing 
level of atmospheric carbon dioxide and the evidence that human 
activities are responsible for this increase.

47 The Biosphere  Updated information about the movement 
of radioactive compounds released at Fukushima. Figure 
depicting seasonal overturn in a lake revised. Increased coverage 
of the importance of dissolved oxygen in aquatic habitats. New 
coverage of ocean acidification as a threat to reefs. 

48  Human Effects on the Biosphere  New opening 
section about the proposal to recognize human effects by naming 
a new geological epoch—the Anthropocene. New Data Analysis 
Activity about bioaccumulation of radioactive materials in 
tuna. Revised, updated coverage of biodiversity hotspots. New 
closing section about how citizen science can help document the 
distribution and decline of biodiversity. 
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• �Student Study Card  For each section in every chapter, 
students read a brief summary, complete answers to learning 
objective “quick-checks” and get immediate feedback on their 
responses. Direct links to media related to the section content 
are included for many sections. 

• �Study Guide  For student practice only; this set of detailed 
questions provides students further practice on the topics in 
each section. 

MindTap is fully customizable to meet your course goals. 
Easily assign students the content you want them to learn, in the 
order you want them to learn it.

Make it your own. Insert your own materials—slides, videos, 
and lecture notes—wherever you want your students to see them.

MindTap Course Development
Effectively introducing digital solutions into your classroom—
online or on-ground—is now easier than ever. We’re with you 
every step of the way.

Our Digital Course Support Team
When you adopt from Cengage Learning, you have a dedicated 
team of Digital Course Support professionals, who will provide 
hands-on start to-finish support, making digital course delivery a 
success for you and your students.

Instructor Companion Site 
Everything you need for your course in one place! This 
collection of book-specific lecture and class tools is available 
online via www.cengagebrain.com/login. Access and download 
PowerPoint presentations, images, instructor’s manuals, videos, 
test banks, and more.

Student and Instructor Resources

MindTap 
MindTap is an outcome-driven application that propels students 
from memorization to mastery. MindTap is the only platform 
that gives you complete ownership of your course—to provide 
engaging content, to challenge every individual, and to build 
students’ confidence.

MindTap brings ultimate convenience for students and 
instructors by allowing you to access everything in one place. 
In addition, the MindTap Mobile App gives students complete 
flexibility to read, listen, and study anytime, anywhere on their 
phones—and learn on their terms.

MindTap for Biology: The Unity and Diversity 
of Life 15e
The MindTap Learning Path includes these engaging learning 
opportunities in every chapter, and more!

Make It Relevant
Based on the chapter core applications, the popular How Would 
You Vote? feature provides scenarios for further research and 
critical thinking on topics that show the relevance of biology 
to student lives. After reading the chapter, students can revisit 
their original vote in a follow-up activity called How Would You 
Vote Now? 

Assign and Grade Content that Matters
The following activities are included and can be set to auto-
graded using a simple button-click. 
• �Data Analysis Activities are fully assignable in MindTap! 

Ensure your students are sharpening their analytical skills by 
assigning these engaging activities. The data is related to the 
chapter material, and is taken from a published scientific study 
in most cases. Other assignable and gradable activities in every 
chapter include:

• �Conceptual Learning Assignments

• �Critical Thinking Questions

• �Chapter Test

Data Analysis activities in every chapter…assigned in MindTap.

“The technical support provided by 
Cengage staff in using MindTap 
was superb. The Digital Support 
Team was proactive in training and 
prompt in answering follow-up 
questions.” —K. Sata Sathasivan,  
The University of Texas at Austin

Just for Students: Study and Practice
The new MindTap features two sets of activities to ensure 
students are not only doing the reading but are also engaging 
and learning the topics. 

ST U D E NT  A N D  I N ST R U C TO R  R E S O U R C E S
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CORE CONCEPTS

C R E D I T S : © Sergei Krupnov, www.flickr.com/photos/7969319@N03; (1) Tim Laman/National 
Geographic Creative.

biology  The scientific study of life.
species  (SPEE-sheez) A unique type of organism.

Links to Earlier Concepts
Whether or not you have studied biology, 
you already have an intuitive understanding 
of life on Earth because you are part of 
it. Every one of your experiences with the 
natural world—from the warmth of the 
sun on your skin to the love of your pet—
contributes to that understanding. 

Systems
Complex properties arise from interactions 
among components of a biological system.
We can understand life by studying it at 
increasingly inclusive levels, starting with atoms 
that compose matter, and extending to the 
biosphere. Each level is a biological system 
composed of interacting parts. Interactions among 
the components of a system give rise to complex 
properties not found in any of the components. 
The movement of matter and energy through 
ecosystems influences interactions among 
organisms and their environment.

Evolution
Evolution underlies the unity and diversity 
of life.
Shared core processes and features that are widely 
distributed among organisms provide evidence 
that all living things are linked by lines of descent 
from common ancestors. All biological systems are 
sustained by the exchange of matter and energy; all 
store, retrieve, transmit, and respond to information 
essential for life.

Process of Science
The field of biology consists of and relies 
upon experimentation and the collection 
and analysis of scientific evidence.
Science addresses only testable ideas about 
observable events and processes. Observation, 
experimentation, quantitative analysis, and critical 
thinking are key aspects of scientific research. 
Carefully designed experiments that yield objective 
data help researchers unravel cause-and-effect 
relationships in complex biological systems. 

  1.1  Application: Secret Life of Earth 
In this era of cell phone GPS, could there possibly 
be any places left on Earth that humans have not 
yet explored? Actually, there are plenty. Consider a 
2-million-acre cloud forest in the Foja Mountains of 
New Guinea that was not penetrated by humans until 
2005. Since then, about forty new species—unique 
types of organisms—have been discovered there, 
including a rhododendron plant with flowers the 
size of dinner plates, a rat the size of a cat, and a frog 
the size of a pea. Also discovered among the forest’s 
inhabitants were hundreds of species on the brink 
of extinction in other parts of the world, and some 
that supposedly had been extinct for decades. A few 
new or rare species were discovered accidentally, as 
animals that had never learned to be afraid of humans 
wandered casually through campsites (FIGURE 1.1). 

How do we know what species a particular organ-
ism belongs to? What is a species, anyway, and why 
should discovering a new one matter to anyone other 
than a biologist? You will find the answers to such 
questions in this book. They are part of the scientific 
study of life, biology, which is one of many ways we 
humans try to make sense of the world around us. 
Ironically, the more we learn about the natural world, 
the more we realize we have yet to learn. But don’t 
take our word for it. Find out what biologists know, 
and what they do not, and you will have a solid 
foundation upon which to base your own opinions 
about how humans fit into this world. By reading 
this book, you are choosing to learn about the human 
connection—your connection—with all life on Earth. ●

FIGURE 1.1  The Pinocchio frog.  Biologist Paul Oliver discovered this 
tiny tree frog perched on a sack of rice during the first survey of a cloud forest 
in New Guinea. It was named after the Disney character because the male 
frog’s long nose inflates and points upward during times of excitement. 
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Life’s Organization
Biologists view life in increasingly inclusive levels of 
organization (FIGURE 1.3). This organization begins 
with the atom 1, the smallest unit of a substance. 
Atoms and the fundamental particles that compose 
them are the building blocks of all matter. Atoms bond 
together to form molecules 2. There are no atoms 
unique to living things, but there are unique molecules. 
A cell 3, which is the smallest unit of life, consists of 
many of these “molecules of life.” 

Some cells live and reproduce independently. Others 
do so as part of a multicelled organism. An organism 
is an individual that consists of one or more cells 7. 
In most multicelled organisms, cells are organized as 
tissues 4. A tissue consists of specific types of cells 
organized in a particular pattern. The arrangement 
allows the cells to collectively perform a special 
function such as protection from injury (dermal tissue) 
or movement (muscle tissue). 

An organ is a structure composed of tissues that 
collectively carry out a particular task or set of tasks 5. 
An organ system is a set of interacting organs and 
tissues that fulfill one or more body functions 6. 
Examples of organ systems include the aboveground 
parts of a plant (the shoot system), and the heart and 
blood vessels of an animal (the circulatory system). 

A population is a group of interbreeding individuals 
of the same species living in a given area. For example, 
all of the California poppies growing in California’s 
Antelope Valley Poppy Reserve form a population 8. 
A community consists of all populations of all 
species in a given area. The Antelope Valley Reserve 
community includes the California poppy population, 
as well as populations of other plants, animals, 
microorganisms, and so on 9. Communities may be 
large or small, depending on the area defined. 

The next level of organization is the ecosystem, 
which is a community interacting with its physical and 
chemical environment 0. Earth’s largest ecosystem 
is the biosphere, and it encompasses all regions of 
the planet’s crust, waters, and atmosphere in which 
organisms live a.  

TAKE-HOME MESSAGE 1.2

✔✔ Biologists study life by thinking about it at successive levels of 
organization. Emergent properties occur at each level.

✔✔ All matter consists of atoms. Atoms join as molecules, and mol-
ecules make up cells. The cell is the smallest unit of life.

✔✔ Organisms, populations, communities, ecosystems, and  
the biosphere are successively higher levels of life’s organization.

1.2  �Life Is More Than the Sum of  
Its Parts

LEARNING OBJECTIVES
●  ● Describe the successive levels of life’s organization.
●  ● Explain the idea of emergent properties and give an example. 

Biologists study life. What, exactly, is “life?” We may 
never actually come up with a concise definition, 
because living things are too diverse, and they consist 
of the same basic components as nonliving things. 
When we try to define life, we end up with a long list 
of complex properties that differentiate living from 
nonliving things. These properties often emerge from 
the interactions or arrangements of basic components 
(FIGURE 1.2). 

Consider a complex behavior called swarming 
that is characteristic of honeybees. When bees swarm, 
they fly en masse to establish a hive in a new location. 
Each bee is autonomous, but the new hive’s location is 
decided collectively based on an integration of signals 
from hivemates. A characteristic of a system (a swarm’s 
collective intelligence, for example) that does not 
appear in any of the system’s components (individual 
bees) is called an emergent property. 

atom  The smallest unit of a substance; composes matter.
biosphere  (BY-oh-sfeer) All regions of Earth where organisms live.
cell  Smallest unit of life.
community  All populations of all species in a defined area.
ecosystem  A community interacting with its environment.
emergent property  (ee-MERGE-ent) A characteristic of a system that 
does not appear in any of the system’s components.
molecule  (MAUL-ick-yule) Two or more atoms bonded together.
organ  In multicelled organisms, a structure that consists of tissues engaged 
in a collective task.
organism  (ORG-uh-niz-um) An individual that consists of one or more cells.
organ system  In multicelled organisms, a set of interacting organs that 
carry out a particular body function.
population  A group of interbreeding individuals of the same species living 
in a defined area.
tissue  In multicelled organisms, specialized cells organized in a pattern that 
allows them to perform a collective function. 

FIGURE 1.2  The same materials, assembled in different ways, form 
objects with different properties. The property of “roundness” emerges 
when these squares are assembled in a certain way.
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C R E D I T S :  (3) 3, 4: © Umberto Salvagnin; 5: California Poppy, © 2009, Christine M. Welter; 6: Lady Bird Johnson 
Wildflower Center; 7: Michael Szoenyi/Science Source; 8: James Randklev / Exactostock-1672/SuperStock; 9: 
© Sergei Krupnov, www.flickr.com/photos/7969319@N03; 10: © Mark Koberg Photography; 11: NASA.

a Biosphere

The sum of all ecosystems: 
every region of Earth’s 
waters, crust, and 
atmosphere in which  
organisms live. 

0 Ecosystem

A community interacting  
with its physical environment 
through the transfer of energy 
and materials. Sunlight and 
water sustain the community 
in the Antelope Valley.

9 Community

All populations of all  
species in a specified area. 
These plants are part of the 
community in the Antelope 
Valley Poppy Reserve.

8 Population

A group of single-celled 
or multicelled individuals 
of a species in a given 
area. This population of 
California poppy plants is in 
California’s Antelope Valley 
Poppy Reserve.

7Multicelled organism

An individual that consists 
of more than one cell. Cells 
of this California poppy plant 
make up its shoot system and 
root system. 

6 Organ system

A set of interacting organs. 
The shoot system of this 
poppy plant includes its 
aboveground parts: leaves, 
flowers, and stems.

1 Atom

Atoms and the particles 
that compose them 
make up all matter.

2Molecule

Atoms join other atoms in 
molecules. This is a model 
of a water molecule. The 
molecules special to life 
are much larger and more 
complex than water.

3 Cell

The cell is the smallest 
unit of life. Some, like 
these plant cells, live 
and reproduce as part of 
a multicelled organism; 
others do so on their own.

4 Tissue

An organized array of 
cells that interact in a 
collective task. This is 
dermal tissue on the outer 
surface of a flower petal.

5 Organ

A structural unit of 
interacting tissues. 
Flowers are the 
reproductive organs 
of some plants.

FIGURE 1.3  Levels of life’s organization.   
Emergent properties appear at each successive level.

Figure It Out  At which level does the emergent property of 
“life” appear? Answer:The cell
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Zhemchuzhina/Shutterstock.com; bottom consumer, ImageZebra/Shutterstock.com.

1.3  How Living Things Are Alike 
LEARNING OBJECTIVES

●  ● Distinguish producers from consumers.
●  ● Explain why homeostasis is important for sustaining life.
●  ● Explain how DNA is the basis of similarities and differences 
among organisms.

All living things share a particular set of key features. 
You already know one of these features: Because the 
cell is the smallest unit of life, all organisms consist of 
at least one cell. For now, we introduce three more: All 
living things require ongoing inputs of energy and raw 
materials; all sense and respond to change; and all use 
DNA as the carrier of genetic information (TABLE 1.1).

Organisms Require Energy and Nutrients
Not all living things eat, but all require energy and 
nutrients on an ongoing basis. A nutrient is a substance 
that an organism needs for growth and survival but 
cannot make for itself.

Both nutrients and energy are essential to maintain 
the organization of life, so organisms spend a lot of 
time acquiring them. However, the source of energy 
and the type of nutrients required differ among organ-
isms. These differences allow us to classify all living 
things into two categories: producers and consumers 
(FIGURE 1.4). A producer makes its own food using 
energy and simple raw materials it obtains from non-
biological sources 1. Plants are producers. By a pro-
cess called photosynthesis, plants can use the energy 
of sunlight to make sugars from carbon dioxide (a 
gas in air) and water. Consumers, by contrast, cannot 
make their own food. A consumer obtains energy and 
nutrients by feeding on other organisms 2. Animals 
are consumers. So are decomposers, which feed on the 
wastes or remains of other organisms. Leftovers from 
consumers’ meals end up in the environment, where 
they serve as nutrients for producers. Said another way, 
nutrients cycle between producers and consumers 3. 

Unlike nutrients, energy is not cycled. It flows 
through the world of life in one direction: from the 

FIGURE 1.4  The one-way flow of energy and cycling of materials 
through the world of life. 

TABLE 1.1 

Some Key Features of Life 
Cellular basis All living things consist of one or more cells.

Requirement  
for energy and  
nutrients

Life is sustained by ongoing inputs of energy and 
nutrients.

Homeostasis Living things sense and respond to change.

DNA is hereditary 
material

Genetic information in the form of DNA 
is passed to offspring.

environment 4, through organisms, and then back to 
the environment 5. This flow maintains the organiza-
tion of every living cell and body, and it also influences 
how individuals interact with one another and their 
environment. The energy flow is one way, because with 
each transfer, some energy escapes as heat, and cells 

P R O D U C E R S

plants and other self-feeding organisms

E N E R G Y  I N
S U N L I G H T  

C O N S U M E R S
animals, most fungi, many protists, bacteria

2 consumer acquiring energy 
and nutrients by eating a producer

1 producer 
acquiring energy 
and nutrients from 
the environment

4 Producers harvest energy from 
the environment. Some of that energy 
flows from producers to consumers. 

3 Nutrients that get 
incorporated into the cells 

of producers and consumers 
are eventually released back into 
the environment (by decomposi-

tion, for example). Producers 
then take up some of the 

released nutrients. 

5 All of the energy that enters the world 
of life eventually flows out of it, mainly as 
heat released back to the environment. 
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C R E D I T:  (5) iStockphoto.com/gvillani.

cannot use heat as an energy source. Thus, energy that 
enters the world of life eventually leaves it (we return 
to this topic in Chapter 5).

Homeostasis
An organism cannot survive for very long unless it 
responds appropriately to specific stimuli inside and 
outside of itself. For example, humans and some other 
animals normally perspire (sweat) when the body’s 
internal temperature rises above a certain set point 
(FIGURE 1.5). The moisture cools the skin, which in 
turn helps cool the body.  

All of the internal fluids that bathe the cells in your 
body are collectively called your internal environment. 
Temperature and many other conditions in that envi-
ronment must be kept within certain ranges, or your 
cells will die (and so will you). By sensing and adjust-
ing to change, all organisms keep conditions in their 
internal environment within ranges that favor cell sur-
vival. Homeostasis is the name for this process, and it 
is one of the defining features of life.

DNA Is Hereditary Material
With little variation, the same types of molecules per-
form the same basic functions in every organism. For 
example, information in an organism’s DNA (deoxy-
ribonucleic acid) guides ongoing cellular activities 
that sustain the individual through its lifetime. Such 
functions include development: the process by which 
the first cell of a new individual gives rise to a multi-
celled adult; growth: increases in cell number, size, and 
volume; and reproduction: processes by which organ-
isms produce offspring. Inheritance, the transmission 
of DNA to offspring, occurs during reproduction. All 
organisms inherit their DNA from one or more parents. 

Individuals of every natural population are alike in 
most aspects of body form and behavior because their 
DNA is very similar: Humans look and act like humans 
and not like poppy plants because they inherited 
human DNA, which differs from poppy plant DNA in 
the information it carries. Individuals of almost every 
natural population also vary—just a bit—from one 
another: One human has blue eyes, the next has brown 
eyes, and so on. Such variation arises from small dif-
ferences in the details of DNA molecules, and herein 
lies the source of life’s diversity. As you will see in later 
chapters, differences among individuals of a species are 
the raw material of evolutionary processes. 

TAKE-HOME MESSAGE 1.3

✔✔ A one-way flow of energy and a cycling of materials maintain 
life’s complex organization. 

✔✔ Organisms sense and respond to conditions inside and outside 
themselves. They make adjustments that keep conditions in their in-
ternal environment within a range that favors cell survival, a process 
called homeostasis.

✔✔ All organisms use information in the DNA they inherited from their 
parent or parents to develop, grow, and reproduce. DNA is the basis 
of similarities and differences among organisms.

consumer  (kun-SUE-murr) An organism that gets energy and nutrients by 
feeding on tissues, wastes, or remains of other organisms.
development  (dih-VELL-up-ment) Processes by which the first cell of a 
multicelled organism gives rise to an adult.
DNA  Deoxyribonucleic (dee-ox-ee-ribe-oh-new-CLAY-ick) acid; molecule that 
carries hereditary information; guides development and other activities. 
growth  Increase in the number, size, and volume of cells.
homeostasis  (home-ee-oh-STAY-sis) Process in which organisms keep 
their internal conditions within tolerable ranges by sensing and responding 
appropriately to change.
inheritance  (in-HAIR-ih-tunce) Transmission of DNA to offspring.
nutrient  (NEW-tree-unt) A substance that an organism acquires from the 
environment to support growth and survival.
photosynthesis  (foe-toe-SIN-thuh-sis) Process by which producers use 
light energy to make sugars from carbon dioxide and water. 
producer  An organism that makes its own food using energy and 
nonbiological raw materials from the environment.
reproduction  (ree-pruh-DUCK-shun) Processes by which organisms 
produce offspring.

FIGURE 1.5  Living things sense and respond to their 
environment.  Sweating is a physiological response to an internal body 
temperature that exceeds the normal set point. The response cools the skin, 
which in turn helps return the internal temperature to the set point.
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1.4  �How Living Things Differ
LEARNING OBJECTIVES

●  ● List two characteristics of prokaryotes.
●  ● Name the four main groups of eukaryotes.

You will see in later chapters how differences in the 
details of DNA molecules are the basis of a tremendous 
range of differences among types of organisms. Various 
classification schemes help us organize what we 
understand about this variation, which is an important 
aspect of Earth’s biodiversity. For example, organisms 
can be grouped on the basis of whether they have a 
nucleus, which is a sac-like structure that contains a 
cell’s DNA. Bacteria (singular, bacterium) and archaea 
(singular, archaeon) are the organisms whose DNA 
is not contained within a nucleus (FIGURE 1.6). All 
bacteria and archaea are single-celled, which means 
each individual consists of one cell. Collectively, these 
organisms are the most diverse representatives of 
life. Different kinds are producers or consumers in 
nearly all regions of Earth. Some inhabit such extreme 

environments as frozen desert rocks, boiling sulfurous 
lakes, and nuclear reactor waste. The first cells on Earth 
may have faced similarly hostile conditions. 

Traditionally, organisms without a nucleus have 
been classified as prokaryotes, but the designation is 
now used only informally. This is because bacteria and 
archaea are less related to one another than we once 
thought, despite their similar appearance. Archaea 
turned out to be more closely related to eukaryotes, 
which are organisms whose DNA is contained within a 
nucleus. Some eukaryotes live as individual cells; oth-
ers are multicelled. Eukaryotic cells are typically larger 
and more complex than prokaryotes. 

There are four main groups of eukaryotes: protists, 
fungi, plants, and animals (FIGURE 1.7). 

Protist is the common term for a collection of 
eukaryote groups that are not plants, animals, or fungi. 
Collectively, they vary dramatically, from single-celled 
consumers to giant, multicelled producers.

Fungi (singular, fungus) are eukaryotic consumers 
that secrete substances to break down food externally, 
then absorb nutrients released by this process. Many 
fungi are decomposers. Most fungi, including those 
that form mushrooms, are multicellular. Fungi that live 
as single cells are called yeasts.

Plants are multicelled eukaryotes, and the vast 
majority of them are photosynthetic producers that live 
on land. Besides feeding themselves, plants also serve 
as food for most other land-based organisms. 

Animals are multicelled consumers that ingest 
other organisms or components of them. Unlike fungi, 
animals break down food inside their body. They also 
develop through a series of stages that lead to the adult 
form. All animals actively move about during at least 
part of their lives. 

animal  A multicelled consumer that develops through a series of stages and 
moves about during part or all of its life.
archaea  (are-KEY-uh) Singular, archaeon. Group of single-celled organisms 
that lack a nucleus but are more closely related to eukaryotes than to bacteria.
bacteria  Singular, bacterium. The most diverse and well-known group of 
single-celled organisms that lack a nucleus.  
eukaryote  (you-CARE-ee-oat) An organism whose cells characteristically 
have a nucleus.
fungus  Plural, fungi. A single-celled or multicelled eukaryotic consumer that 
breaks down material outside itself, then absorbs nutrients released from the 
breakdown.
genus  (JEE-nuss) Plural, genera. A group of species that share a unique set 
of traits.
plant  A multicelled eukaryotic producer; typically photosynthetic.
prokaryote  (pro-CARE-ee-oat) A single-celled organism without a nucleus.
protist  Common term for a eukaryote that is not a plant, animal, or fungus.
specific epithet  Second part of a species name.
taxonomy  (tax-ON-oh-me) The practice of naming and classifying species.
trait  An inherited characteristic of an organism or species.

C R E D I T S :  (6A) top left, Dr. Richard Frankel; top right, Science Source; bottom left, www.zahnarzt-
stuttgart.com; bottom right, © Susan Barnes; (6B) left, Eye of Science/Science Source; right, © Dr. Harald 
Huber, Dr. Michael Hohn, Prof. Dr. K.O. Stetter, University of Regensburg, Germany.

FIGURE 1.6  A few representative prokaryotes.

B  Archaea resemble bacteria, but are more closely related to eukaryotes. 
Left, an archaeon that grows in sulfur hot springs. Right, two types of archaea 
from a seafloor hydrothermal vent.

A  Bacteria are the most numerous organisms on Earth. Clockwise 
from upper left, a bacterium with a row of iron crystals that serves as 
a tiny compass; a common bacterial resident of cat and dog stomachs; 
photosynthetic bacteria; bacteria found in dental plaque.
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C R E D I T:  (7) Protists: top left, Courtesy of Allen W.H. Bé and David A. Caron; bottom left, MI Walker/Science Source; right, 
© worldswildlifewonders/Shutterstock.com; Plants: left, © Jag_cz/Shutterstock.com; right, Martin Ruegner/Radius Images/Getty Images; 
Fungi: left, London Scientific Films / Exactostock-1598/SuperStock; right, Kichigin/Shutterstock.com; Animals: left, Martin Zimmerman, 
Science, 1961, 133:73-79, © AAAS; middle, Thomas Eisner, Cornell University; right, iStockphoto.com/keeweeboy.

TAKE-HOME MESSAGE 1.4

✔✔ Details of appearance and other characteristics vary greatly 
among living things.

✔✔ Bacteria and archaea are organisms whose DNA is not contained 
in a nucleus. All are single-celled.

✔✔ Protists, fungi, plants, and animals are eukaryotes: organisms 
whose DNA is contained in a nucleus. Most are multicelled.

1.5  �Organizing Information About 
Species

LEARNING OBJECTIVES
●  ● Explain how organisms are named in the Linnaean system.
●  ● Describe the way species are classified in taxa. 
●  ● List the taxa from species to domain.
●  ● Describe the “biological species concept” and explain its 
limitations.

A Rose by Any Other Name . . . 
Each time we discover a new species, we name it, a 
practice called taxonomy. Taxonomy began thousands 
of years ago, but naming species in a consistent 
way did not become a priority until the eighteenth 
century. At the time, European explorers who were just 
discovering the scope of life’s diversity started having 
more and more trouble communicating with one 
another because species often had multiple names. For 
example, the dog rose (a plant native to Europe, Africa, 
and Asia) was alternately known as briar rose, witch’s 
briar, herb patience, sweet briar, wild briar, dog briar, 
dog berry, briar hip, eglantine gall, hep tree, hip fruit, 
hip rose, hip tree, hop fruit, and hogseed—and those 
are only the English names! Species often had multiple 
scientific names too, in Latin that was descriptive but 
often cumbersome. The scientific name of the dog 
rose was Rosa sylvestris inodora seu canina (odorless 
woodland dog rose), and also Rosa sylvestris alba cum 
rubore, folio glabro (pinkish white woodland rose with 
smooth leaves). 

An eighteenth-century naturalist, Carolus Linnaeus, 
standardized a naming system that we still use. By 
the Linnaean system, each species is given a unique 
two-part scientific name. The first part of a scientific 
name is the genus (plural, genera), which is defined as 
a group of species that share a unique set of features. 
The second part of the name is the specific epithet. 
Together, the genus name and the specific epithet des-
ignate one species. Thus, the dog rose now has one offi-
cial name, Rosa canina, that is recognized worldwide.

Genus and species names are always italicized. For 
example, Panthera is a genus of big cats. Lions belong 
to the species Panthera leo. Tigers belong to a different 
species in the same genus (Panthera tigris), and so do 
leopards (P. pardus). Note how the genus name may be 
abbreviated after it has been spelled out. 

Distinguishing Species 
The individuals of a species share a unique set of 
inherited characteristics, or traits. For example, giraffes 
normally have very long necks, brown spots on white 

Animals are multicelled eukaryotes that ingest other organisms or their parts, 
and they actively move about during part or all of their life cycle.

Fungi are eukaryotic consumers that secrete substances to break down food 
outside their body. Some are single-celled (left); most are multicelled (right). 

Plants are multicelled eukaryotes, most of which are photo​synthetic. 
Nearly all have roots, stems, and leaves. 

Protists are a group of extremely diverse eukaryotes that range from 
microscopic free-living cells (left) to giant multicelled seaweeds (right).  

FIGURE 1.7  A few representative eukaryotes.

Copyright 2019 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s).
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it.




