
BIOLOGY
Human

NINTH 
EDITION

Daniel D. Chiras
The Evergreen Institute

Gerald, Missouri

© Jones & Bartlett Learning, LLC.  NOT FOR SALE OR DISTRIBUTION.

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION



Jones & Bartlett Learning books and products are available through most bookstores and online booksellers. To contact 
Jones & Bartlett Learning directly, call 800-832-0034, fax 978-443-8000, or visit our website, www.jblearning.com.

Production Credits
VP, Product Management: David D. Cella
Director of Product Management: Matthew Kane
Product Specialist: Audrey Schwinn
Production Manager: Dan Stone
Director of Marketing: Andrea DeFronzo
Production Services Manager: Colleen Lamy
Manufacturing and Inventory Control Supervisor: Amy Bacus
Composition: Source HOV
Cover Design: Kristin E. Parker

Director of Rights & Media: Joanna Gallant 
Rights & Media Specialist: Wes DeShano
Media Development Editor: Troy Liston
Cover Image (Half-Title Page, Title Page): © Dimitri Otis/ 

Photographer’s Choice/Getty Images
Part Opener Images: © Jens Schwarz/EyeEm/Getty Images
Printing and Binding: LSC Communications
Cover Printing: LSC Communications

World Headquarters
Jones & Bartlett Learning
5 Wall Street
Burlington, MA 01803
978-443-5000
info@jblearning.com
www.jblearning.com

Substantial discounts on bulk quantities of Jones & Bartlett Learning publications are available to corporations, professional 
associations, and other qualified organizations. For details and specific discount information, contact the special sales 
department at Jones & Bartlett Learning via the above contact information or send an email to specialsales@jblearning.com.

Copyright © 2019 by Jones & Bartlett Learning, LLC, an Ascend Learning Company

All rights reserved. No part of the material protected by this copyright may be reproduced or utilized in any form, electronic 
or mechanical, including photocopying, recording, or by any information storage and retrieval system, without written 
permission from the copyright owner.

The content, statements, views, and opinions herein are the sole expression of the respective authors and not that of Jones & 
Bartlett Learning, LLC. Reference herein to any specific commercial product, process, or service by trade name, trademark, 
manufacturer, or otherwise does not constitute or imply its endorsement or recommendation by Jones & Bartlett Learning, 
LLC and such reference shall not be used for advertising or product endorsement purposes. All trademarks displayed are 
the trademarks of the parties noted herein. Human Biology, Ninth Edition is an independent publication and has not been 
authorized, sponsored, or otherwise approved by the owners of the trademarks or service marks referenced in this product.

There may be images in this book that feature models; these models do not necessarily endorse, represent, or participate in 
the activities represented in the images. Any screenshots in this product are for educational and instructive purposes only. 
Any individuals and scenarios featured in the case studies throughout this product may be real or fictitious, but are used 
for instructional purposes only.

12869-7

Library of Congress Cataloging-in-Publication Data Unavailable at Time of Printing

6048

Printed in the United States of America
22 21 20 19 18    10 9 8 7 6 5 4 3 2 1

© Jones & Bartlett Learning, LLC.  NOT FOR SALE OR DISTRIBUTION.

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION



Dedicated to my two sons, Skyler and Forrest, 
who continue to amaze me with their love, talent, and wisdom.

© Jones & Bartlett Learning, LLC.  NOT FOR SALE OR DISTRIBUTION.

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION



vi  

Brief Contents
PART 1  Organization of Life: From Molecules  

to Humankind

 1 Principles of Human Biology, Science,  
and Critical Thinking.  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .2

 2 An Introduction to the Chemistry of Life  . . . . . . . . . . . 23

 3 The Life of the Cell .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 38

PART 2 Human Body Systems: Homeostasis and Health

 4 Principles of Structure and Function . . . . . . . . . . . . . 72

 5 The Circulatory System . . . . . . . . . . . . . . . . . . . . 97

 6 The Blood  . . . . . . . . . . . . . . . . . . . . . . . . . . 119

 7 Nutrition and the Digestive System . . . . . . . . . . . . . 137

 8 The Integumentary System . . . . . . . . . . . . . . . . . 177

 9 The Respiratory System .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  193

 10 The Urinary System . . . . . . . . . . . . . . . . . . . . . 214

 11 The Skeletal System .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  233

 12 The Muscular System . . . . . . . . . . . . . . . . . . . . 253

 13 The Nervous System.  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  269

 14 The Senses.  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  300

 15 The Endocrine System.  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  326

 16 The Immune System .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  352

A Closer Look: Acquired Immunodeficiency Syndrome . . . . . . . . . . 377

 17 Human Reproduction . . . . . . . . . . . . . . . . . . . . 388

A Closer Look: Sexually Transmitted Diseases . . . . . . . . . . . . . . . 415

 18 Human Development and Aging .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  421

PART 3 Cell Division and Human Heredity

 19 Chromosomes, Cell Division, and the Cell Cycle . . . . . . 450

 20 Principles of Human Heredity .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  463

 21 How Genes Work.  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  491

 22 Genetic Engineering and Biotechnology . . . . . . . . . . 509

A Closer Look: Cancer: A Closer Look.  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  525

PART 4 Infectious Disease, Evolution, and Ecology*

 23 Infectious Diseases*  . . . . . . . . . . . . . . . . . . . . 538

 24 Evolution* . . . . . . . . . . . . . . . . . . . . . . . . . . 563

 25 Ecology and the Environment* . . . . . . . . . . . . . . . 587

Appendix A: Periodic Table of Elements.  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . A-1

Appendix B: The Metric System . . . . . . . . . . . . . . . . . . . . . . . B-1

Appendix C: Analysis of Critical Thinking Scenarios  
from Each Chapter.  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . C-1

Glossary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . G-1

Index .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .I-1

*eBook only

© Jens Schwarz/EyeEm/Getty Images.

© Jones & Bartlett Learning, LLC.  NOT FOR SALE OR DISTRIBUTION.

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION



Preface xvi
The Student Experience xviii
Teaching Tools xxi
Acknowledgments xxii
About the Author xxiii
Study Skills xxiv

PART 1  Organization of Life: From Molecules  
to Humankind

 1 Principles of Human Biology, Science,  
and Critical Thinking.  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .2
1-1 Health and Homeostasis . . . . . . . . . . . . . . . . . . . . . 4

What Is Homeostasis? 4
Healthy Environments 5
Dimensions of Health 5
Health and Homeostasis 7

1-2  Evolution and the Characteristics of Life . . . . . . . . . . . . 7
HealthNote 1-1 Maintaining Balance:  

Reducing Stress in Your Life 7
Common Characteristics of Organisms 10
What Is Evolution? 11
What Makes Humans Unique? 11

1-3 Understanding Science  . . . . . . . . . . . . . . . . . . . . 12
The Scientific Method 12
What Is a Theory? 15
Inductive and Deductive Reasoning 15
Science and Human Values 16

1-4 Critical Thinking . . . . . . . . . . . . . . . . . . . . . . . . 16
Scientific Discoveries that Changed the World 

 Debunking the Theory of Spontaneous Generation 18

 2 An Introduction to the Chemistry of Life  . . . . . . . . . . . 23
2-1  Atoms and Subatomic Particles . . . . . . . . . . . . . . . . . . 24

Atoms 24
The Elements 25
Isotopes 26
Scientific Discoveries that Changed the World  

 The Discovery of Radioactive Chemical Markers  27
2-2 The Making of a Molecule . . . . . . . . . . . . . . . . . . . 27

Chemical Bonds 27
Ionic Bonds 28
Covalent Bonds 28
Polar Covalent Bonds 29
Hydrogen Bonds 30
Organic and Inorganic Compounds 31

2-3  Water, Acids, Bases, and Buffers . . . . . . . . . . . . . . . 31
Water 31
The Dissociation of Water 32
Acids 32
Maintaining pH: Buffers 33

2-4  Overview of Other Biologically Important Molecules . . . . . 33
2-5 Health and Homeostasis . . . . . . . . . . . . . . . . . . . . 34

 3 The Life of the Cell .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 38
3-1  Microscopes: Illuminating the Structure of Cells . . . . . . . 39

Scientific Discoveries that Changed the World  
 The Discovery of Cells  40

3-2 An Overview of Cell Structure . . . . . . . . . . . . . . . . . 41
The Nuclear and Cytoplasmic  

Compartments 41

3-3  The Structure and Function of the Plasma 
 Membrane .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 43

The Structure of the Plasma  
Membrane 43

Maintaining Homeostasis 45
Membrane Transport 47
Diffusion 47
Carrier Proteins and Diffusion 48
Active Transport 48
Endocytosis 48
Exocytosis 49
Osmosis 50

3-4  Cellular Compartmentalization: Organelles . . . . . . . . . . 51
The Nucleus 51
Mitochondria 52
Protein Production 53
Endoplasmic Reticulum 53
Ribosomes 54
The Golgi Complex 54
Lysosomes 55
Flagella 56
Cilia 57
Primary Cilia 58
Ameboid Movement 59

3-5 Energy and Metabolism . . . . . . . . . . . . . . . . . . . . 59
Energy Production in Cells 60
Cellular Respiration 62
Glycolysis 62
The Transition Reaction 62
The Citric Acid Cycle 62
The Electron Transport System 64
Enzymes 64

3-6 Fermentation .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 66

Contents

Nucleus

Cytoplasm

Plasma membrane

Organism

Vesicle

(a) Phagocytosis

©
 Jones & Bartlett Learning, LLC

© Jens Schwarz/EyeEm/Getty Images.

  v i i

© Jones & Bartlett Learning, LLC.  NOT FOR SALE OR DISTRIBUTION.

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION



PART 2 Human Body Systems: Homeostasis and Health

 4 Principles of Structure and Function . . . . . . . . . . . . . 72
4-1 From Cells to Organ Systems . . . . . . . . . . . . . . . . . 73

Primary Tissues 73
Epithelium 73
The Marriage of Structure and Function 75
Connective Tissue 75
Connective Tissue Proper 75
Adipose Tissue 76
Specialized Connective Tissue 79
Muscle Tissue 81
Nervous Tissue 83
Organs and Organ Systems 85

4-2 Principles of Homeostasis .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 87
Negative Feedback 88
Sensors and Effectors 89
Upsetting Homeostasis 89
Control of Homeostasis 89
The Link between Health and Homeostasis 90

4-3 Biological Rhythms.  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 90
Understanding Biological Rhythms 90
Control of Biological Rhythms 90
HealthNote 4-1 The Truth about  

Herbal Remedies 92
HealthNote 4-2 Wide Awake at 3 am:  

Causes and Cures of Insomnia 93
4-4 Health and Homeostasis . . . . . . . . . . . . . . . . . . . . 94

 5 The Circulatory System . . . . . . . . . . . . . . . . . . . . 97
5-1  The Circulatory System’s Function: An Overview . . . . . . . 98
5-2 The Heart . . . . . . . . . . . . . . . . . . . . . . . . . . . . 98

The Pulmonary and Systemic Circuits 99
Heart Valves 100
Heart Sounds 101
The Heart’s Pacemaker 102
Controlling Heart Rate 103
Measuring the Heart’s Electrical Activity 103

5-3 The Blood Vessels . . . . . . . . . . . . . . . . . . . . . . 104
Arteries and Arterioles 104
Scientific Discoveries that Changed the World  

 The Circulation of Blood in Animals  105
Capillaries 108
Veins and Venules 108
HealthNote 5-1 Modern Medicine Turns  

to Leeches 110
5-4 The Lymphatic System .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  110
5-5  Cardiovascular Diseases: Causes and Cures . . . . . . . . 111

Myocardial Infarction 111
Preventing Heart Attacks 112
Treating Heart Attacks 112
Cardiac Arrest 113
High Blood Pressure, Hypertension 114
Atherosclerosis 114
Aneurysm 114

5-6 Health and Homeostasis . . . . . . . . . . . . . . . . . . . 116

 6 The Blood  . . . . . . . . . . . . . . . . . . . . . . . . . . 119
6-1 Blood: An Overview.  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  120
6-2 Blood Plasma.  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  121

Blood as a Transport Medium 121
Regulating pH and Osmotic Pressure 122
Transport Molecules 122

6-3 Red Blood Cells.  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  123
Structure of RBCs 123
Making New RBCs 125
Oxygen Transport 125
Anemia 126

6-4 White Blood Cells.  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  126
Function of WBCs 126
Neutrophils 126
Monocytes 127
Lymphocytes 127
Leukemia 128
Infectious Mononucleosis 128

6-5 Blood Clotting.  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  129
Platelets 129
Hemophilia 131

6-6 Blood Types.  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  131
The Four Blood Types 131
Blood Transfusion 133

6-7 Health and Homeostasis . . . . . . . . . . . . . . . . . . . 134

 7 Nutrition and the Digestive System . . . . . . . . . . . . . 137
7-1 An Introduction to Nutrition  . . . . . . . . . . . . . . . . . 138

Macronutrients 138
Carbohydrates 139
Lipids 141
HealthNote 7-1 Lowering Your Cholesterol 144
Amino Acids and Protein 145
Overnutrition 146
Eating Disorders 148
Micronutrients 148
Vitamins 148
Minerals 151
Functional Foods 152

©
 D

r. 
Ly

le
 C

on
ra

d/
CD

C.

v i i i  Contents

© Jens Schwarz/EyeEm/Getty Images.

© Jones & Bartlett Learning, LLC.  NOT FOR SALE OR DISTRIBUTION.

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION



A Healthy You 153
Stay Away from Fat Diets and Weight-Loss  

Products 155
HealthNote 7-2 Twelve Weeks to a  

Healthy Diet 156
7-2 The Digestive System  . . . . . . . . . . . . . . . . . . . . 157

The Mouth 157
The Teeth 159
The Tongue 159
Epiglottis 159
The Esophagus 161
The Stomach 162
The Small Intestine 164
Digestive Enzymes 164
The Liver and Gall Bladder 165
The Intestinal Epithelium 166
The Large Intestine 168

7-3 Controlling Digestion .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  170
Saliva and Salivation 170
The Gastric Glands 170
Scientific Discoveries that Changed the World 

 Discovering the Nature of Digestion  171
Control of Pancreatic Secretions 171

7-4 Controlling Hunger .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  172
7-5 Health and Homeostasis . . . . . . . . . . . . . . . . . . . 173

 8 The Integumentary System . . . . . . . . . . . . . . . . . 177
8-1  The Skin: Epidermis and Dermis.  .  .  .  .  .  .  .  .  .  .  .  .  .  .  178

Epidermis 178
Dermis 179
Skin Pigmentation 180
Age Spots 181

8-2 Sunburns and Skin Cancer  . . . . . . . . . . . . . . . . . 182
Preventing Skin Cancer 183
Treating Skin Cancer  183

8-3 Accessory Structures . . . . . . . . . . . . . . . . . . . . 184
Nails 184
Hairs and Hair Follicles 185
Sweat Glands 187
Sebaceous Glands and Follicles 187
Acne and Testosterone 188

8-4 Health and Homeostasis . . . . . . . . . . . . . . . . . . . 189

 9 The Respiratory System .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  193
9-1  Structure of the Human Respiratory System . . . . . . . . 194

Anatomy of the Respiratory System 194
HealthNote 9-1 First Aid for Choking That May  

Save Someone’s Life 197
Filtering Incoming Air 198
Warming and Moistening Incoming Air 199
The Alveoli 199

9-2  Breathing and the Control of Respiration . . . . . . . . . . 202
Inspiration and Expiration 202
Measuring Air Flow in the Lungs 203
Control of Breathing 204

9-3 Gas Exchange in the Lungs  . . . . . . . . . . . . . . . . . 205
Function of the Alveoli 205

9-4  Diseases of the Respiratory System .  .  .  .  .  .  .  .  .  .  .  .  .  206
Bacterial and Viral Infections 206
Asthma 208
Chronic Bronchitis and Emphysema 208

9-5 Health and Homeostasis . . . . . . . . . . . . . . . . . . . 209
HealthNote 9-2 Smoking and Health:  

The Deadly Connection 210

 10 The Urinary System . . . . . . . . . . . . . . . . . . . . . 214
10-1 Organs of Excretion .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  215
10-2 The Urinary System .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  216

The Anatomy of the Urinary System 216
The Anatomy of the Kidney 218
The Nephron 218

10-3  Function of the Urinary System.  .  .  .  .  .  .  .  .  .  .  .  .  .  .  220
Blood Filtration in the Kidney 220

©
 Carolina K. Sm

ith MD/Shutterstock.
©

 S
or

bi
s/

Sh
ut

te
rs

to
ck

.

 Contents ix

© Jens Schwarz/EyeEm/Getty Images.

© Jones & Bartlett Learning, LLC.  NOT FOR SALE OR DISTRIBUTION.

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION



Glomerular Filtration 220
Tubular Reabsorption 221
Tubular Secretion 222

10-4 Controlling Urination . . . . . . . . . . . . . . . . . . . . 222
10-5  Controlling Kidney Function and Maintaining 
 Homeostasis.  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  224

ADH 224
Aldosterone 225
Caffeine 226
Ethanol 226

10-6  Diseases of the Urinary System  . . . . . . . . . . . . . . 226
Kidney Stones 227
Renal Failure 228
Diabetes Insipidus 229

10-7 Health and Homeostasis . . . . . . . . . . . . . . . . . . 229

 11 The Skeletal System .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  233
11-1  Structure and Function of the Human Skeleton . . . . . . 234

Axial Skeleton 235
The Appendicular Skeleton 235

11-2 Anatomy of a Bone . . . . . . . . . . . . . . . . . . . . . 238
11-3 Bone Formation .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  240

Maintaining Calcium Levels 241

11-4 Repairing Bone Fractures  . . . . . . . . . . . . . . . . . 242
11-5  How Bones Meet New Stresses.  .  .  .  .  .  .  .  .  .  .  .  .  .  .  243
11-6 Osteoporosis . . . . . . . . . . . . . . . . . . . . . . . . 243

HealthNote 11-1 Preventing Osteoporosis:  
A Prescription for Healthy Bones 244

11-7 The Joints . . . . . . . . . . . . . . . . . . . . . . . . . . 245
Repairing Damaged Joints 247

11-8 Joint Diseases.  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  248
Arthritis 248
Rheumatoid Arthritis 248

11-9 Health and Homeostasis . . . . . . . . . . . . . . . . . . 250

 12 The Muscular System . . . . . . . . . . . . . . . . . . . . 253
12-1 The Muscular System.  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  254

Skeletal Muscles 254

12-2  Structure of Skeletal Muscle . . . . . . . . . . . . . . . . 254
12-3  Muscle Fibers .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  257
12-4  Muscle Contraction . . . . . . . . . . . . . . . . . . . . . 258
12-5  ATP and Muscle Contraction . . . . . . . . . . . . . . . . 260
12-6  Recruitment .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  261
12-7  Muscle Tone.  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  262

12-8  Slow- and Fast-Twitch Fibers . . . . . . . . . . . . . . . 262
12-9  Increasing Muscle Size 
 and Endurance   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  263
12-10  Injuries and Diseases of Muscles .  .  .  .  .  .  .  .  .  .  .  .  .  264

Muscle Spasms and Cramps 264
Muscle Injuries: Strains and Tears 264

12-11 Health and Homeostasis.  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  266

 13 The Nervous System.  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  269
13-1  An Overview of the Nervous System . . . . . . . . . . . . 270

The Central and Peripheral Nervous 
 Systems 270

Somatic and Autonomic Divisions of the 
PNS 271

The Autonomic Nervous System 271

13-2  Structure and Function 
 of the Neuron . . . . . . . . . . . . . . . . . . . . . . . 273

The Structure of the Neuron 273
The Myelin Sheath 274
Nerve Cell Repair 274
Oxygen Sensitivity of Nerve Cells 275
Nerve Cell Impulses 275
The Action Potential 276
Nerve Cell Transmission 277
Synaptic Transmission 277
Excitation and Inhibition 277
Limiting a Neuronal Response 277
Altering Synaptic Transmission 278
HealthNote 13-1 Feeling Blue: Understanding  

and Treating Depression 279
HealthNote 13-2 Recreational Drug Use:  

Is It a Good Idea? 280
13-3  The Spinal Cord and Nerves  . . . . . . . . . . . . . . . . 282

Spinal Nerves 282
Sensory and Motor Nerves 282
Interneurons 284
Damage to the Spinal Cord 284

13-4  The Brain . . . . . . . . . . . . . . . . . . . . . . . . . . 285
Cranial Nerves 286
The Cerebrum 286
The Primary Motor Cortex 287
The Primary Sensory Cortex 287
The Association Cortex 288
Unconscious Functions 288
The Cerebellum 289
The Thalamus 289
The Hypothalamus 289
Limbic System 289
The Brain Stem  290
Cerebrospinal Fluid 291
Measuring Electrical Activity of the Brain 291

13-5  Learning and Memory  . . . . . . . . . . . . . . . . . . . 292
Where Are Memories Stored? 292
How Are Memories Stored? 292
Maintaining Mental Acuity in Old Age 293

13-6  Diseases of the Brain . . . . . . . . . . . . . . . . . . . . 293
Headaches 293
Sciatica 294
Alzheimer’s Disease 294

©
 C

RE
AT

IS
TA

/S
hu

tte
rs

to
ck

.

x  Contents

© Jens Schwarz/EyeEm/Getty Images.

© Jones & Bartlett Learning, LLC.  NOT FOR SALE OR DISTRIBUTION.

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION



Parkinson’s Disease 295
Multiple Sclerosis 295
Brain Tumors 296

13-7  Health and Homeostasis . . . . . . . . . . . . . . . . . . 296

 14 The Senses.  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  300
14-1  The General and Special Senses . . . . . . . . . . . . . . 301
14-2 The General Senses.  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  301

Naked Nerve Endings 301
HealthNote 14-1 Old and New Treatments  

for Pain 303
Encapsulated Receptors 304
Adaptation 305

14-3 Taste and Smell .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  305
Taste Buds 305
Primary Flavors 305
The Olfactory Epithelium 307
Smell and Taste 308

14-4 The Visual Sense: The Eye . . . . . . . . . . . . . . . . . 308
Anatomy of the Eye 308
Focusing Light on the Retina 311
Visual Problems 312

14-5  Hearing and Balance: The Cochlea and Middle Ear . . . . 315
The Anatomy of the Ear 315
The Eustachian Tube 316
Structure and Function of the Cochlea 316
Hearing Loss 318
The Vestibular Apparatus 320

14-6 Health and Homeostasis . . . . . . . . . . . . . . . . . . 322

 15 The Endocrine System.  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  326
15-1 Principles of Endocrinology  . . . . . . . . . . . . . . . . 327

Target Cells 327
Scientific Discoveries that Changed the World  

Pancreatic Function: Is It Controlled by Nerves  
or Hormones? 328

Tropic and Nontropic Hormones 329
Negative Feedback Control 330

15-2  The Pituitary and Hypothalamus . . . . . . . . . . . . . . 330
The Anterior Pituitary 332
Growth Hormone 332
Control of Growth Hormone Section 333
Thyroid-Stimulating Hormone 333
Adrenocorticotropic Hormone 334
The Gonadotropins 336
Prolactin 336
The Posterior Pituitary 336
Antidiuretic Hormone 336
Oxytocin 338

15-3 The Thyroid Gland.  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  338
Actions of Thyroxine  

and Triiodothyronine 339
Calcitonin 340

15-4 The Parathyroid Glands .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  340
15-5 The Pancreas . . . . . . . . . . . . . . . . . . . . . . . . 340

Insulin 340
Glucagon 341
Diabetes Mellitus 342
Treating Diabetes 343

15-6 The Adrenal Glands . . . . . . . . . . . . . . . . . . . . . 344
Adrenal Medulla 344
Adrenal Cortex 345

15-7 The Pineal Gland  . . . . . . . . . . . . . . . . . . . . . . 346
15-8  Other Hormone-Producing Cells, Tissues, and Organs .  .  .  . 347
15-9 Health and Homeostasis . . . . . . . . . . . . . . . . . . 347

 16 The Immune System .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  352
16-1  Viruses and Bacteria: An Introduction . . . . . . . . . . . 353

Viruses 353
Bacteria 354
Treating Bacterial and Viral Infections 354
HealthNote 16-1 Maggots: The Latest  

in Medical Care? 355
16-2  The First and Second 
 Lines of Defense.  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  356

The First Line of Defense 356
The Second Line of Defense 356
The Inflammatory Response 357
Pyrogens, Interferons, and Complement 358

16-3  The Third Line of Defense: The Immune System .  .  .  .  .  .  359
Antigens 360
Immunocompetence 360
B Cells and Antibodies 361
Primary Response 361
Secondary Response 362
How Antibodies Work 363
T Cells 364
Macrophages, Dendritic Cells,  

and Immunity 366
Active and Passive Immunity 366
HealthNote 16-2 Bringing Baby Up Right:  

The Immunological and Nutritional Benefits  
of Breast Milk 368

Developing a Strong Immune System 369
Tissue Transplantation 369
Immunotherapy 370

16-4  Diseases of the Immune System . . . . . . . . . . . . . . 370
Allergies 370
Autoimmune Diseases 372
Lymphoma 372

16-5 Health and Homeostasis . . . . . . . . . . . . . . . . . . 373

©
 Steve Gschm

eissner/Science Photo Library/Getty Im
ages.

 Contents x i

© Jens Schwarz/EyeEm/Getty Images.

© Jones & Bartlett Learning, LLC.  NOT FOR SALE OR DISTRIBUTION.

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION



A Closer Look: Acquired Immunodeficiency Syndrome .  .  .  .  .  .  .  .  377
The Human Immunodeficiency Virus 377
Where Did HIV Come From? 377
The Rising Incidence of AIDS 378
Stages of AIDS 379
Cancer, Brain Deterioration, Tuberculosis, and 

HIV 382
HIV Transmission 382
Preventing the Spread of AIDS 384
Promising Developments 385
Global Progress Combatting HIV 385
HIV Vaccine 385

 17 Human Reproduction . . . . . . . . . . . . . . . . . . . . 388
17-1  The Male Reproductive System.  .  .  .  .  .  .  .  .  .  .  .  .  .  .  389

The Testes 389
The Sex Accessory Glands 390
Prostate Diseases 391
Sperm Formation 392
Interstitial Cells 393
Testosterone 393
The Penis 393
Ejaculation 395
Hormonal Control of Male Reproduction 395

17-2  The Female Reproductive System . . . . . . . . . . . . . 396
Anatomy of the Female Reproductive  

System 397
The External Genitalia 397
Sexual Arousal and Orgasm 397
The Ovaries 398
The Menstrual Cycle 399
Hormonal Control of Female  

Reproduction 400
Uterine Changes 401
Effects of Fertilization 401
Estrogen 402
Progesterone 402
Premenstrual Syndrome 402
Menopause 403
Diseases of the Female Reproductive 

 System 403

17-3 Birth Control.  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  404
Contraception 404
Abstinence and Surgical Sterilization 404
Hormonal Implants, IUDs, and Birth Control 

Pills 406
HealthNote 17-1 Breast Cancer: Early Detection Is the Key 

to Survival 407
Barrier Methods: Cervical Caps, Condoms, 

 Diaphragms, and Vaginal Sponges 408
Withdrawal and the Rhythm Method 409
Male Contraceptives 409
Abortion 410

17-4 Infertility  . . . . . . . . . . . . . . . . . . . . . . . . . . 410
17-5 Health and Homeostasis . . . . . . . . . . . . . . . . . . 411

A Closer Look: Sexually Transmitted Diseases  . . . . . . . . . . . . 415
Chlamydia 415
Gonorrhea 416
Syphilis 416

Genital Herpes 417
Genital Warts 418
Trichomoniasis 419
Genetically Resistant STDs 419
Preventing STDs 419

 18 Human Development and Aging .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  421
18-1 Fertilization . . . . . . . . . . . . . . . . . . . . . . . . . 422

Passage through the Female Reproductive 
Tract 422

Sperm Mobility 422
Sperm Penetration 422
The Block to Polyspermy 423
Zygote Formation 424

18-2 Pre-Embryonic Development  . . . . . . . . . . . . . . . 424
Implantation 424
Ectopic Pregnancy 426
Placental Hormones 427
The Amnion 428

18-3 Embryonic Development . . . . . . . . . . . . . . . . . . 428
18-4 Fetal Development . . . . . . . . . . . . . . . . . . . . . 430

The Fetal Circulatory System 430

18-5 Birth Defects  . . . . . . . . . . . . . . . . . . . . . . . . 433
18-6 Childbirth and Lactation  . . . . . . . . . . . . . . . . . . 434

Stages of Childbirth 436
Lactation 437
HealthNote 18-1 Breast Augmentation: Balancing  

the Benefits and Risks 438
18-7  Changes in a Woman’s Body During Pregnancy .  .  .  .  .  .  440
18-8 Aging and Death.  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  440

Decline in Cell Number and Cell Function 442
Healthy Aging 442
Preventing Diseases of Old Age 443
HealthNote 18-2 Can We Reverse the Process  

of Aging? 443
Death 444

18-9 Health and Homeostasis . . . . . . . . . . . . . . . . . . 444

Courtesy of Dr. N.J. Flum
ara and Dr. Gavin Hart/CDC.

x i i  Contents

© Jens Schwarz/EyeEm/Getty Images.

© Jones & Bartlett Learning, LLC.  NOT FOR SALE OR DISTRIBUTION.

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION



PART 3 Cell Division and Human Heredity

 19 Chromosomes, Cell Division, and the Cell Cycle . . . . . . 450
19-1 The Cell Cycle .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  451

Interphase 451
Cell Division 453

19-2 The Chromosome . . . . . . . . . . . . . . . . . . . . . . 454
Scientific Discoveries that Changed the World  

 Unraveling the Structure and Function of DNA 454
Chromosomal Condensation 456
Chromatids and Chromosomes 457

19-3  Cell Division: Mitosis and Cytokinesis . . . . . . . . . . . 457
Mitosis 457
Cytokinesis 459

19-4 Control of the Cell Cycle  . . . . . . . . . . . . . . . . . . 460

 20 Principles of Human Heredity .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  463
20-1  Meiosis and Gamete Formation  . . . . . . . . . . . . . . 464

Meiosis I 464
Meiosis II 464
Gamete Production 466

20-2  Principles of Heredity: Mendelian Genetics . . . . . . . . 466
Blending of Traits 467
Principle of Segregation 467
Dominant and Recessive Genes 468
Genotype and Phenotype 468
Determining Genotypes and Phenotypes 468
The Principle of Independent Assortment 470

20-3  Mendelian Genetics in Humans.  .  .  .  .  .  .  .  .  .  .  .  .  .  .  470
Autosomal-Recessive Traits 470
Autosomal-Dominant Traits 472

20-4  Variations in Mendelian Genetics  . . . . . . . . . . . . . 473
Incomplete Dominance 473
Multiple Alleles and Codominance 474
Polygenic Inheritance 475
Crossing-Over 476
The Human Genome Project 477

20-5 Sex-Linked Genes . . . . . . . . . . . . . . . . . . . . . 477
Determination of Sex 478
Recessive X-Linked Genes 478

Dominant X-Linked Genes 479
Y-Linked Genes 479
Sex-Influenced Genes 480
HealthNote 20-1 The Causes and Cures of Baldness  

in Men and Women 481
20-6  Chromosomal Abnormalities and Genetic Counseling.  .  .  482

Defects in Chromosome Structure 485
Genetic Screening 485
Mitochondrial DNA Abnormalities 486

20-7 Health and Homeostasis . . . . . . . . . . . . . . . . . . 486

 21 How Genes Work.  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  491
21-1  DNA and RNA: Macromolecules with a Mission . . . . . . 492

DNA Replication 494
RNA 495
RNA Synthesis 496

21-2  How Genes Work: Protein Synthesis . . . . . . . . . . . . 497
21-3 Controlling Gene Expression . . . . . . . . . . . . . . . . 501

Scientific Discoveries that Changed the World  
Unraveling the Mechanism of Gene Control 502

21-4  Epigenetic Control of Gene Expression.  .  .  .  .  .  .  .  .  .  .  504
21-5 Health and Homeostasis . . . . . . . . . . . . . . . . . . 505

 22 Genetic Engineering and Biotechnology . . . . . . . . . . 509
22-1  Genetic Manipulation: An Overview  . . . . . . . . . . . . 510
22-2 Cloning . . . . . . . . . . . . . . . . . . . . . . . . . . . 511
22-3  Recombinant DNA Technology . . . . . . . . . . . . . . . 512

Removing Genes 512
Mass Producing Genes 513
Producing Genes on mRNA 513
The Polymerase Chain Reaction 513

22-4  Applications of Recombinant DNA Technology.  .  .  .  .  .  .  515
Treating Diseases 515
Vaccines 516
Transgenic Organisms 516
Transgenic Plants 518
Transgenic Microorganisms 519
Gene Therapy 520
Mapping the Human Genome 521

22-5  Controversies Over Genetic Engineering—Ethics 
 and Safety Concerns  . . . . . . . . . . . . . . . . . . . 522

©
 F

ra
nk

 A
nu

se
w

ic
z/

Sh
ut

te
rS

to
ck

.

©
 Keith V. W

ood/Science VU/Visuals Unlim
ited.

 Contents x i i i

© Jens Schwarz/EyeEm/Getty Images.

© Jones & Bartlett Learning, LLC.  NOT FOR SALE OR DISTRIBUTION.

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION



A Closer Look: Cancer: A Closer Look . . . . . . . . . . . . . . . . . 525
What Is Cancer? 525
Metastasis 526
How Cancers Form 526
Cancer Treatments 529
New Treatments for Cancer 531

PART 4 Infectious Disease, Evolution, and Ecology

Chapters 23, 24, and 25 are available online with access code.

 23 Infectious Diseases . . . . . . . . . . . . . . . . . . . . . 538
23-1  The Infectious Agents of Human Disease  . . . . . . . . . 539

Disease-Causing Agents 539
Scientific Discoveries that Changed the World  

The Germ Theory of Infectious Disease 540
Viruses and Bacteria 541
Eukaryotic Pathogens and Parasites 545
HealthNote 23-1 Prions: Virus-Like  

Infectious Agents 548
23-2  The Course of a Human Disease . . . . . . . . . . . . . . 549

Pathogens and Disease 549
The Signs and Symptoms of Human  

Disease 549
The Course of a Disease 550

23-3  How Pathogens Cause Disease.  .  .  .  .  .  .  .  .  .  .  .  .  .  .  551
Enzymes and Toxins 551
HealthNote 23-2 Infectious Disease  

and Biofilms 552
23-4  How Infectious Diseases Are Transmitted . . . . . . . . . 553

Direct Transmission Methods 554
Indirect Transmission 555

23-5  Emerging Infectious Diseases and Bioterrorism  . . . . . 555
Emerging and Reemerging Infectious  

Diseases 555
Why Are New Diseases on the Rise? 557
Bioterrorism 558

23-6  Health and Homeostasis—Staying Healthy . . . . . . . . 559

 24 Evolution .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  563
24-1 The Evolution of Life  . . . . . . . . . . . . . . . . . . . . 564

Chemical Evolution 564
Evidence for Chemical Evolution Theory 564
The Panspermia Hypothesis 565
The First Cells 566
The Emergence of Eukaryotes 567
Evolution of Plants and Animals 567

24-2 How Evolution Works . . . . . . . . . . . . . . . . . . . . 567
Genetic Variation 568
Scientific Discoveries that Changed the World 

 Debunking the Notion of the Inheritance  
of Acquired Characteristics 568

Natural Selection 569
Survival of the Fittest 570
Jumping Genes and Evolution 571

24-3  The Evidence Supporting Evolution  . . . . . . . . . . . . 571
The Fossil Record 571
Homologous Structures 572
Biochemical Similarities 572
Embryologic Development 573
Experimental Evidence 573
Biogeography 574

24-4 Early Primate Evolution .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  574
Fossil Evidence 575

24-5  Evolution of the Australopithecines  . . . . . . . . . . . . 576
24-6 Evolution of the Genus Homo .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  579

Homo Neanderthalensis and Homo Sapiens 579
Human Races 581

24-7 Health and Homeostasis . . . . . . . . . . . . . . . . . . 582
HealthNote 24-1 Well Done, Please: The Controversy  

over Antibiotics in Meat 582

 25 Ecology and the Environment . . . . . . . . . . . . . . . . 587
25-1  An Introduction to Ecosystems .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  588

The Biosphere 588
Biomes and Aquatic Life Zones 588
Ecosystems 589
Habitat 590
Niche 591

25-2 Ecosystem Function  . . . . . . . . . . . . . . . . . . . . 591

Co
ur

te
sy

 o
f L

ia
n 

Br
un

o.

©
 LouLouPhotos/ShutterStock.

x i v  Contents

© Jens Schwarz/EyeEm/Getty Images.

© Jones & Bartlett Learning, LLC.  NOT FOR SALE OR DISTRIBUTION.

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION



Producers 591
Food Chains and Food Webs 592
Energy and Nutrient Flows 592
Trophic Levels 593
Nutrient Cycles 593
Biological Succession 597

25-3  Overshooting the Earth’s Carrying Capacity . . . . . . . . 598
Exceeding the Carrying Capacity 598
Resources 598
Pollution 599

25-4  Overpopulation: Problems and Solutions  . . . . . . . . . 599
Where Is Overpopulation Occurring? 599
Benefits of Reducing Population  

Growth 599

25-5  Resource Depletion: Eroding the Prospects  
of All Organisms.  .  .  .  .  .  .  .  .  600
Forests 600
Soil 601
Water 601
Oil 602

25-6 Pollution .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  603
Global Warming and Climate Change 603
Impacts of Global Warming 603
Solutions to Global Warming 605
Acid Deposition 606
The Ozone Layer 608

25-7 Health and Homeostasis . . . . . . . . . . . . . . . . . . 609

Appendix A: Periodic Table of Elements . . . . . . . . . . . . . . . . A-1

Appendix B: The Metric System  . . . . . . . . . . . . . . . . . . . . B-1

Appendix C: Analysis of Critical Thinking Scenarios  
from Each Chapter . . . . . . . . . . . . . . . . . . . . . . . . . . . C-1

Glossary  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . G-1

Index  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .I-1

CD
C/

Dr
. L

yl
e 

Co
nr

ad
.

 Contents xv

© Jens Schwarz/EyeEm/Getty Images.

© Jones & Bartlett Learning, LLC.  NOT FOR SALE OR DISTRIBUTION.

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION



Human Biology, Ninth Edition, is written specifically with the 
undergraduate, non-science major in mind. The text contains 
an abundance of timely and important information about 
the structure and function of the human body, exploring 
the world from the cellular level, then the level of tissues 
and organs. This book also introduces readers to common 
diseases they are likely to encounter during their lives as well 
as an abundance of information on ways to prevent disease 
and live long, healthy lives.

The central organizing theme of the book—homeostasis—
illustrates the internal balancing act that has evolved over 
the history of humankind, allowing our bodies to regulate 
conditions integral to our survival. For our bodies to achieve 
homeostasis and maintain health, they must regulate their 
temperature, levels of chemicals in the blood, as well as a host 
of cellular functions. Homeostasis and health also depend on 
our bodies’ external environment—the quality of the air we 
breathe, the water we drink, and the foods we eat.

When I began writing this book, many years ago,  
I had several goals in mind. The first was to educate you 
about your body and the ways to take good care of it. The 
more you know about how your body works, the more able 
you are to make healthy decisions now and in the future. The 
book is also meant to teach you about scientific literacy—how 
scientists gather information, analyze it, and come to conclu-
sions about it—which will make you a more informed citi-
zen. When you read about a scientific discovery in the news, 
you will be able to make better decisions about how reliable 
the information might be and how it might affect your life. 
This knowledge will also help you understand difficult and 
controversial political issues, like stem cell research (why 
it’s controversial and why many people feel it is important). 
Finally, this book encourages you to think critically about the 
human body and health, looking at the body as a system—a 
collection of organs and molecules working together, influ-
enced by stimuli inside and out.

Organization
Human Biology is divided into four parts:  

Part 1: Organization of Life
Part 2: Human Body Systems
Part 3: Cell Division and Human Heredity
Part 4: Evolution and Ecology (Available online)

Part 1 outlines the fundamental biological and chemical prin-
ciples you need to know to understand the human body, as 
well as introducing the cell, the unit of all life. You will also 
read about the scientific method and critical thinking, both 
of which are applied throughout the book. I’ve also added 
material to explain the organization of life.

In Part 2, you’ll learn about basic tissues that make 
up the organs of the body. You’ll study all the vital organs 

systems of the human body, including the circulatory 
system, the digestive system, the skin, and the respira-
tory system. You’ll learn about the bones and muscles that 
allow us to move about in our environment and perform 
many important tasks. You’ll study the systems that help 
control these systems, including the endocrine and ner-
vous systems. You’ll learn how the body rids itself of waste 
and protects itself from infectious agents like bacteria and 
viruses. You’ll study reproduction, embryonic develop-
ment, and aging.

In this section, you’ll explore the structure and func-
tion of these systems, especially how they help maintain 
homeostasis. You’ll also learn about diseases that many of 
you will encounter over your lifetime. You’ll also learn a great 
deal about safeguarding your health – living a long healthy, 
disease-free life.

In Part 3, we’ll delve into human heredity. You’ll learn 
how cells divide during development and the production of 
sperm and ova. You’ll study how genes control the structure 
and function of the body and important developments in 
genetic engineering. 

In Part 4, which is available online for all users, we’ll 
explore evolution, ecology, and the environment.

An Integrated Approach to Teaching Chemistry
Human Biology uses a bold method of teaching chemistry: 
rather than discussing all of the chemistry you need to 
know in one chapter early in the book, I introduce the basics 
of chemistry in Chapter 2, with a brief overview of major 
biological molecules. Then, throughout the book, more spe-
cific information on important molecules (carbohydrates, 
lipids, proteins, amino acids, and nucleic acids) is given as 
you need it. For example, you’ll learn about proteins and 
lipids when we discuss the plasma membrane in Chapter 3. 
Later on in that chapter, you’ll learn about carbohydrates 
when we cover energy and metabolism, and we’ll go into 
more detail on  protein, lipids, and carbohydrates in  Chapter 
7, Nutrition and Digestion. Nucleic acids are presented in 
detail in the discussion of molecular genetics in Part 4.

This approach has two chief benefits: (1) It prevents you 
from becoming overwhelmed by a deluge of seemingly uncon-
nected facts that many students find difficult to grasp and 
impossible to remember if not given in proper context, and 
(2) it shows you that the chemistry you are learning is relevant 
to your understanding of human biology.

New to the Ninth Edition
The primary emphasis of this edition, as in previous edi-
tions, is to help you better understand your body and to 
highlight the steps you can take to improve your health 
and fitness. Essential to this goal is the understanding of 
the body’s systems and the many ways in which they are 
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affected by our diets and lifestyle. This edition has under-
gone extensive  revision and updating. With the assistance 
of my dedicated production team, I have added new photo-
graphs and art to better illustrate new and existing mate-
rial. I have revised much of the existing art to make it more 
visually appealing. 

Chapter on the Integumentary System
With urging of perceptive users and reviewers, I have included 
a chapter on the skin and associated structures such as hairs, 
nails, and sweat glands – components of the integumentary 
system. 

Much overlooked in human biology and physiology 
books, the integumentary system serves many important 
purposes. For example, it helps regulate body temperature, 
excrete wastes, and provides multiple protections.

Muscle and Skeleton Systems 
Covered Separately
For years, I have covered the muscular and skeletal systems 
in one chapter. In this edition, however, I elected to create 
separate chapters for each topic. This has allowed me to add 
more important information lacking in previous editions like 
muscle groups and diseases of muscle and bone. 

Online Chapters
Recognizing that certain subjects like human infectious dis-
eases, evolution, and ecology are not covered in many human 
biology courses, and wishing to help hold down the cost of 
this book, I have moved three chapters to the eBook. These 
chapters are available to professors and students who need 
them, but by repositioning these chapters, my publisher and 

I hoped that we could help make college a little more afford-
able – and save a few trees along the way!

New Material
Below is a partial list of some of the new topics I’ve added to 
this edition.

• Organization of life 
• How evolution works 
• Domains and kingdoms
• Cool laser fat removal
• HealthNote: Eating a Healthy Diet
• Bone formation and elongation
• Muscle groups 
• Flexion and extension
• Autonomic nervous system
• Common recreational drug use
• Brachial and cervical plexuses
• Sacral plexus and lumbar plexuses
• Sciatic nerve and sciatica
• Brain diseases
• Hearing loss and ways to prevent it
• Vertigo
• Hormone action at the cellular level
• Additional hormone-producing cells, tissues, and 

organs
• New treatments for cancer
• Immunotherapy
• Prostate cancer
• Hernias and hernia repair
• Erectile dysfunction
• Diseases of male and female reproductive systems 
• Male contraception
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I hope you find this to be a user-friendly book. In this edition, 
as in previous ones, I have tried hard to ensure that the mate-
rial is easy to understand. I’ve simplified complex subjects to 
some degree and have used examples and analogies to make 
some concepts easier to understand. For the most part, Human 
Biology concentrates on basic information, the key facts and 
concepts that you need to know. I’ve clearly defined key terms 
and added pronunciations of some of the more difficult ones. 
Additionally, the following features are here to make your 
learning experience fun, interesting, and memorable.

Learning Objectives and Chapter Outlines
Each chapter opens with a list of Learning Objectives and a 
Chapter Outline to help you plan your studying. Material is 
much easier to learn when you know what to expect.

Practical Pointers to Increase Health and Fitness
The HealthTips included in each chapter offer you sound advice 
on some of the many ways you can improve your life, often 
requiring very little change in your daily routine. The tips 
offer nutrition information and suggestions for increasing 
your physical fitness. A brief description of the reasoning 
and scientific evidence behind each tip is also presented. 
All HealthTips have been derived from the latest research 
published in reputable scientific journals.

Learning the Process of Science
When studying science, we explore numerous facts that make 
up our knowledge. But just as important as these facts is the way 
we came to know them. To highlight some of the key discoveries 
that have been made in the field of human biology, I’ve included 
numerous essays called Scientific  Discoveries that Changed the World. They 
discuss breakthroughs such as  Robert Hooke’s first description 

The Student Experience
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Learning How to Think Critically
Chapter 1 of Human Biology presents a number of guidelines 
for improving your critical thinking skills, making you a more 
discerning thinker in all of your classes and a more informed 
citizen. While critical thinking is encouraged throughout the 
text, I emphasize it at the finish of each chapter with a Thinking 
Critically exercise. Each chapter ends with the description of a 
problem or the conclusion of a scientific study to which I ask 
you to apply your critical thinking. In Appendix C, I present 
my own analysis of the subject.

Each of these exercises underscores one or two of the 
critical thinking guidelines outlined in Chapter 1.

of cells in 1665;  William  Harvey’s seventeenth-century studies 
of the circulation of blood; Louis Pasteur,  Robert Koch, and 
the germ theory of disease; and  Watson, Crick, Wilkins, and 
Franklin’s work on the structure and function of DNA. In this 
way, we are able to highlight the work of some of history’s most 
important scientists and to illustrate how scientific discover-
ies can drastically change our view of the world. These essays 
will also illuminate the scientific method and demonstrate the 
fact that scientific advances usually require the efforts of many 
people, sometimes working in what seem like very different 
areas. Cooperation and the exchange of information are key 
to scientific progress.

How to Live a Healthier Life
To help make the study of human biology even more relevant, I 
have included numerous HealthNotes that present information vital 
to your current and future health and wellness. They present 
advice on proper diet, exercise, and stress management—always 
important, and especially while you’re in school!—as well as 
hair loss, heart disease, breast augmentation, cancer preven-
tion, the dangers of recreational drug use, and aging. This is 
a book to hold onto and refer back to throughout your life!
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Understanding Nature’s Balancing Act
Human health depends on homeostasis. Homeostasis, in 
turn, depends on many other factors, which are described 
in the Health and Homeostasis sections at the conclusion of many 
chapters. These passages will help you gain a broader under-
standing of how your diet, stress levels, and level of physi-
cal activity affect your health and your body’s attempts to 
maintain balance.

Summing It All Up
An extensive Study Guide appears at the end of every chapter, 
including a chapter summary, a list of key terms and concepts, 
a numbered review of all key topics covered, a set of review 
questions, and a self-quiz so you can test yourself and see how 
much of the chapter’s contents you’ve retained. An analysis 
of the Thinking Critically exercises for each chapter can be found 
in Appendix C.

Making Each Concept Visible
Human Biology contains a remarkable collection of illustra-
tions and photographs to bring each concept to life before 
your eyes. In this edition, my publisher and I have revised 
many illustrations to enhance the visual and educational 
experience you’ll have with the book.

Boiling It Down to Essentials
Nearly all chapter sections are followed by summary state-
ments that stress the key concepts covered in that section. 
These Key Concepts are a great study tool to review major con-
cepts as you read and prepare for exams.

xx  The Student Experience
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PowerPoint Image Bank. This provides the illustrations, 
 photographs, and tables (to which Jones & Bartlett Learning 
holds the copyright or has permission to reproduce  digitally) 
inserted into PowerPoint slides. With the Microsoft Power-
Point program, instructors can quickly and easily copy indi-
vidual images into their existing lecture slides.

The following online instructor’s resources are available for 
qualified instructors to download from go.jblearning.com/
HumanBiology.

Test Bank. This reserve of over 2200 exam questions is avail-
able in multiple formats.

For Students and Teachers
Case Studies for Understanding the Human Body, Second Edition, by Stanton 
Braude, Deena Goran, and Alexander P. Miceli of  Washington 
University. This supplementary case studies workbook is 
available both in print and as a customizable electronic prod-
uct. It provides exercises that lend themselves to a cooperative 
learning setting where students work together to review and 
solve open-ended questions pertaining to the human body 
in health and disease. The case studies link directly back 
to content covered in Human Biology, Ninth Edition, making 
these two books a truly integrative teaching and learning tool.

Human Biology Lab Manual by Charles Welsh of LaRoche College. 
This laboratory manual contains 18 exercises that may be 
taught in any order, offering instructors flexibility to mold 
the text to the specific needs of their students.

Guide to Infectious Diseases by Body System, Second  Edition, by  Jeffrey C. 
Pommerville of Glendale Community  College. This excellent 
tool guides students through the microbial diseases that affect 
the human body. Each of the 16 units offers a brief introduc-
tion to the human anatomical systems and the bacterial, viral, 
fungal, or parasitic agents that infect each system, as well as 
the diseases they cause and therapies that may be used to 
treat them. Anatomical  illustrations are captioned with the 
diseases’ signs and symptoms.

Human Anatomy Flash Cards: Skeletal and Muscular Systems. This set of flash 
cards is a valuable and convenient tool designed to test and 
reinforce students’ knowledge of the skeletal and muscular 
systems described in the text.

Daniel D. Chiras
Gerald, Missouri

Jones & Bartlett Learning offers an impressive variety of tradi-
tional print and interactive multimedia supplements to assist 
instructors and to aid students in mastering human biology. 
Additional information and review copies of any of the follow-
ing items are available through your Jones & Bartlett Learning 
account specialist.

For Instructors
PowerPoint® Lecture Outline Slides. This ancillary material provides 
lecture notes and images from the text for each chapter of 
Human Biology, Ninth Edition. Instructors with the Microsoft® 
PowerPoint software can customize the outlines, images, and 
order of presentation.

Teaching Tools
Instructor’s Manual. This guide is provided as a text file con-
taining chapter outlines, learning objectives, key terms, 
concept questions, and teaching tips.
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Study Skills
formulate questions about what you are going to learn before 
a lecture or before you read a chapter in the text. Reviewing 
and questioning help prime the mind.

Step 2 Making information memorable means finding ways 
to help you retain information in your memory. Repetition, 
mnemonics, and rhymes are three helpful tools.

• Repetition can help you remember things. The more 
you hear or read something, the more likely you are 
to remember it, especially if you’re paying attention. 
Jot down important ideas and facts while you read or 
study to involve all of the senses.

• Mnemonics are useful learning tools to help remember 
lists of things. I use the mnemonic CARRRP to remem-
ber the biological principles of sustainability: conser-
vation, adaptability, recycling, renewable resources, 
restoration, and population control.

• Rhymes and sayings can also be helpful when trying 
to remember lists of facts.

• If you’re having trouble remembering key terms, look 
up their roots in the dictionary. This often helps you 
remember their meaning.

• You can also draw pictures and diagrams of processes 
to help remember them.

Step 3 Correlating new information with the facts and con-
cepts you already know helps tie facts together, making sense 
out of the bits and pieces you are learning.

• Instead of filling your mind with disjointed facts 
and figures, try to see how they relate with what you 
already know. When studying new concepts, spend 
some time tying information together to get a view of 
the big picture.

• After studying your notes or reading your textbook, 
go back and review the main points. Ask yourself how 
this new information affects your view of life or critical 
issues and how you may be able to use it.

Becoming a Better Note Taker
• Spend 5 to 10 minutes before each lecture reviewing 

the material you learned in the previous lecture. This 
is extremely important!

• Know the topic of each lecture before you enter the 
class and spend a few minutes reflecting on facts you 
already know about the subject about to be discussed.

• If possible, read the text before each lecture. If not, at 
least look over the main headings in the chapter, read 
the topic sentence of each paragraph, and study the 
figures. If your chapter has a summary, read it too.

• Develop a shorthand system of your own to facilitate 
note taking. Symbols such as = (equals), > (greater 
than), < (less than), w/ (with), and w/o (without) can 

College is a demanding time. For many students, term papers, 
tests, reading assignments, and classes require a new level of 
commitment to their education. At times, the workload can 
become overwhelming.

Fortunately, there are many ways to lighten the load and 
make time spent in college more fun and fruitful. This sec-
tion offers some helpful tips on ways to enhance your study 
skills. It teaches you how to improve your memory, how to 
become a better note taker, and how to get the most out of 
what you read. It also helps you prepare better for tests and 
become a better test taker.

Mastering these study skills will require some work, 
mostly to break old, inefficient habits. In the long run, though, 
the additional time you spend now learning to become a better 
learner will pay huge dividends. Over the long haul, improved 
study skills will save you lots of time and help you improve 
your knowledge of facts and concepts. That will, no doubt, 
lead to better grades and very likely a more successful life.

General Study Skills
• Study in a quiet, well-lighted space. Avoid noisy, dis-

tracting environments.
• Turn off televisions and radios.
• Turn off your cell phone or return calls and text mes-

sages after your scheduled study time.
• Work at a desk or table. Don’t lie on a couch or bed.
• Establish a specific time each day to study, and stick 

to your schedule.
• Study when you are most alert. Many students find 

that they retain more if they study in the evening a 
few hours before bedtime.

• Take frequent breaks—one every hour or so. Exercise 
or move around during your study breaks to help you 
stay alert.

• Reward yourself after a study session with a mental 
pat on the back or a snack.

• Study each subject every day to avoid cramming for 
tests. Some courses may require more hours than 
 others, so adjust your schedule accordingly.

• Look up new terms or words whose meaning is unclear 
to you in the glossaries in your textbooks or in a 
dictionary.

Improving Your Memory
You can improve your memory by following the PMC method. 
The PMC method involves three simple learning steps: 
(1) paying attention, (2) making information memorable, 
(3) correlating new information with facts you already know.

Step 1 Paying attention means taking an active role in your 
education—taking your mind out of neutral. Eliminate dis-
tractions when you study. Review what you already know and 
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save lots of time so you don’t miss the main points or 
key facts.

• Develop special abbreviations to cut down on writ-
ing time. “M” might stand for “muscle,” “T” might be 
used for “trachea,” and “NI” could be used to signify 
“nerve impulse.”

• Omit vowels and abbreviate words to decrease writing 
time (for example: omt vwls & abbrvte wrds to dcrs 
wrtng tme). This will take some practice.

• Don’t take down every word your professor says, but 
be sure your notes contain the main points, supporting 
information, and important terms.

• Watch for signals from your professor indicating 
important material that might show up on the next 
test (for example, “This is an extremely important 
point . . .”).

• If possible, sit near the front of the class to avoid 
distractions.

• Politely ask your professor to repeat key points you 
didn’t have a chance to jot down in your notes.

• Review your notes soon after the lecture is over while 
they’re still fresh in your mind. Be sure to leave room in 
your notes written during class so you can add  material 
you missed. If you have time, recopy your notes after 
each lecture.

• Compare your notes with those of your classmates to 
be sure you understood everything and did not miss 
any important information.

• Attend all lectures.
• Use a tape recorder if you have trouble keeping up.
• If your professor talks too quickly, politely ask him or 

her to slow down.
• If you are unclear about a point, ask during class. 

Chances are other students are confused as well. If 
you are shy, go up after the lecture and ask, or visit 
your professor during his or her office hours.

How to Get the Most Out of What You Read
• Before you read a chapter or other assigned readings, 

preview the material by reading the main headings or 
chapter outline to see how the material is organized.

• Pause over each heading and ask a question about it.
• Next, read the first sentence of each paragraph. When 

you have finished, turn back to the beginning of the 
chapter and read it thoroughly.

• Take notes in the margin or on a separate sheet of 
paper. Underline or highlight key points. You can save 
a lot of time by simply putting a check mark at the 
beginning of key sentences.

• Don’t skip terms that are confusing to you. Look them 
up in the glossary or in a dictionary. Make sure you 
understand each term before you move on.

• Use the study aids in your textbook, including sum-
maries and end-of-chapter questions. Don’t just look 
over the questions and say, “Yeah, I know that.” Write 
out the answer to each question as if you were turning 

it in for a grade, and save your answers for later study. 
Look up answers to questions that confuse you. This 
book has questions that test your understanding of 
facts and concepts. Critical thinking questions are also 
included to sharpen your skills in this area.

Preparing for Tests
• Don’t fall behind on your reading assignments.
• Review lecture notes as often as possible.
• If you have the time, you may want to outline your 

notes and assigned readings.
• Space your study to avoid cramming. One week before 

your exam, go over all of your notes. Study for two 
nights, then take a day off from that subject. Study again 
for a couple of days. Take another day off from that 
subject. Then make one final push before the exam, 
being sure to study not only the facts and concepts  
but also how the facts are related. Unlike cramming, 
which puts a lot of information into your brain for a 
short time, spacing will help you retain information  
for the test and for the rest of your life.

• Be certain you can define all terms and give examples 
of how they are used.

• You may find it useful to write flash cards to review 
terms and concepts.

• After you have studied your notes and learned the 
material, look at the big picture—the importance of 
the knowledge and how the various parts fit together.

• You may want to form a study group to discuss what 
you are learning and to test one another.

• Attend review sessions offered by your instructor or by 
your teaching assistant, but study before the session 
and go to the session with questions.

• See your professor or class teaching assistant with 
questions that arise during study.

• Take advantage of free or low-cost tutoring offered 
by your school or, if necessary, hire a private tutor to 
help you through difficult material. Get help quickly, 
though. Don’t wait until you are hopelessly lost. 
Remember that learning is a two-way street. A tutor 
won’t help unless you are putting in the time.

• If you are stuck on a concept, it may be that you have 
missed an important point in earlier material. Look 
back over your notes or ask your tutor or professor what 
facts might be missing and causing you to be confused.

• If you have time, write and take your own tests. Include 
all types of questions working with a couple other stu-
dents will increase the value of this experience.

• Study tests from previous years, if they are available 
legally.

• Determine how much of a test will come from lecture 
notes and how much will come from the textbook.

Taking Tests
• Eat well and get plenty of exercise and sleep before 

tests.

 Study Skills xxv
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• Try to remain calm during the test by deep breathing.
• Arrive at the exam on time or early.
• If you have questions about the wording of a question, 

ask your professor.
• Skip questions you can’t answer right away, and come 

back to them at the end of the session if you have time.
• Read each question carefully and be sure you under-

stand its full meaning before answering it.

• For essay questions and definitions, organize your 
thoughts on the back of the test before you start 
writing.

Now take a few moments to go back over the list. Check 
off those things you already do. Then, mark the new ideas you 
want to incorporate into your study habits. Make a separate 
list, if necessary, and post it by your desk or on the wall and 
keep track of your progress.

xxv i  Study Skills
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