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Chapter Review  285

d. The center of each lung contains a large hollow area in which 
most of the gas exchange occurs.

8. Choose the incorrect statement about the production of sound 
called the voice:
a. Speaking sounds are produced when the epiglottis vibrates.
b. Thicker vocal cords produce deeper voice sounds.
c. Laryngitis results when the vocal cords become swollen and 

thick and cannot vibrate easily.
d. There are only two true vocal cords.

9. When you swallow food, why does it not usually enter the respi-
ratory system?
a. The Heimlich maneuver prevents it from doing so.
b. The bronchioles produce mucus.
c. The diaphragm contracts.
d. The epiglottis covers the opening to the respiratory system.
e. The vocal cords block the opening to the respiratory system.

10. In a healthy person, most of the particles that are inhaled into 
the respiratory system
a. are trapped in the mucus and moved by cilia to the pharynx 

(toward the digestive system).
b. pass through the alveoli into the circulatory system, where 

they are engulfed by white blood cells.
c. are caught on the vocal cords.
d. are trapped in the sinuses.

11. In emphysema,
a. the number of alveoli is reduced.
b. cartilage rings in the trachea break down.
c. the diaphragm is paralyzed.
d. the epiglottis becomes less mobile.

12. The ___________ is the flap that covers the trachea to prevent 
food from entering during swallowing.

13. The enzyme in red blood cells that reversibly converts carbonic 
acid to bicarbonate ions and hydrogen ions is ___________.

3. Which structure is specialized to produce the sound of your 
voice?
a. trachea
b. larynx
c. bronchiole
d. epiglottis

4. As a molecule of oxygen enters the body and is delivered to the 
cells, it passes through many structures. Which sequence shows 
the correct pathway?
a. nose, pharynx, larynx, alveolus, bronchus, trachea
b. pharynx, bronchiole, larynx, alveolus, bronchus,  

trachea
c. larynx, pharynx, alveolus, trachea, bronchus
d. nose, pharynx, trachea, bronchus, bronchiole, alveolus

5. What is the most important cue that prompts you to breathe 
again after holding your breath?
a. the decrease in carbon dioxide levels
b. the increase in carbon dioxide levels
c. the increase in oxygen levels
d. the decrease in oxygen levels

6. What is the reason why we must breathe oxygen?
a. Oxygen is broken down to yield energy.
b. Oxygen allows us to get more energy (in the form of ATP) out 

of the food molecules we break down for energy.
c. Oxygen stimulates enzyme activity.
d. Oxygen is the chemical detected by chemoreceptors that 

keeps us breathing.
7. Choose the correct statement:

a. Cartilage rings keep the alveoli open.
b. The temperature and humidity of the air are adjusted as the 

air flows through the nasal cavities.
c. The larynx changes shape as we speak, creating resonance 

chambers of different sizes.

1. Tatyana is a young woman with iron-deficiency anemia, so her blood 
does not carry enough oxygen. Would you expect this condition to 
affect her breathing rate or tidal volume? Why or why not?

2. Cigarette smoke destroys the cilia in the respiratory system. 
Explain why the loss of these cilia is a reason that cigarette 

smokers tend to lose more workdays because of illness than do 
nonsmokers.

3. Vincent is having an asthma attack. During such an attack, the 
bronchioles constrict (get narrower in diameter). Does Vincent 
have more difficulty inhaling or exhaling? Why?

Applying the Concepts

E-cigarettes are becoming increasingly popular in the United States, 
including among children and teens. We have seen that the cells of 
the linings of the air tubules are the first cells exposed to environ-
mental substances. They protect us against harmful substances we 
may inhale. For this reason, researchers wanted to determine the 
effect of vapor from the liquid in e-cigarettes on cells of the air tubule 
lining of young people. Using tissue cultures from deceased children 
who had donated their bodies to research, they exposed epithelial 
cells from air tubules to vapors from e-cigarettes. After 10 minutes of 
exposure to the vapors, the cells were damaged and were more sus-
ceptible to rhinoviruses, which cause the common cold. The damage 
occurred whether or not the liquid contained nicotine.

The authors concluded:

“This is the first study to demonstrate the adverse effects of  
e-cigarettes on primary airway epithelial functions from young 
people. Our data suggest that even nicotine-free e-liquid promotes  

pro-inflammatory response and HRV infection. Moreover, both 
e-liquid without nicotine and with nicotine inhibits lung innate 
immunity (e.g., SPLUNC1) that is involved in lung defense against 
HRV [human rhinovirus] infection.”

You can read the entire study at: Q. Wu et al., “Electronic cigarette 
liquid increases inflammation and virus infection in primary human 
airway epithelial cells,” PLoS ONE 9(9) [2014]: e108342. doi:10.1371/
journal.pone.0108342

1. What problems might there be with applying data from cells in 
tissue cultures to living people?

2. How would you design the experiment to confirm these data on 
living people?

3. Use reliable sources to investigate the evidence for and against 
adverse health effects of e-cigarettes.

Finding and Evaluating Information
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348  CHAPTER 17 Reproductive Systems

cally. An added benefit of mammograms 
is that they can detect tumors small 
enough to be removed by a type of sur-
gery called lumpectomy, which elimi-
nates the lump but spares the breast. At 
later stages of breast cancer, the entire 
breast may have to be removed in a type 
of surgery called mastectomy.

Risk Factors
Many of the factors that increase the risk 
of breast cancer cannot be altered. The 
most important factor is gender. Although 
men can develop breast cancer, it is 
much more common in women. The 
genes a woman inherited from her  
parents also alter breast cancer risk. 
Mutations in at least two known genes, 
BRCA1 and BRCA2, increase a woman’s 
risk of breast cancer. Although only 5%  
to 10% of all breast cancers are related  
to these genes, the women who inherit 
either of them have up to an 85% chance 
of developing breast cancer at some 
point in life.

Exposure to estrogen is a common 
thread running through the tapestry of risk 
factors associated with breast cancer. 
During each menstrual cycle, estrogen 
stimulates breast cells to begin dividing in 
preparation for milk production, in case 
the egg is fertilized. Excessive estrogen 
exposure, therefore, may be a factor that 
pushes cell division to a rate characteristic 
of cancer.

The number of times a woman ovu-
lates during her lifetime alters breast can-
cer risk, because estrogen is produced by 
both the maturing ovarian follicle and the 
corpus luteum. The number of times a 

woman ovulates is, in turn, affected by 
factors such as the following:
1.  Age when menstruation begins. Ovu-

lation usually occurs in each menstrual 
cycle. Thus, the younger a woman is 
when menstruation begins, the more 
opportunities there are for ovulation and 
the greater her exposure to estrogen.

2.  Menopause after age 55. The older a 
woman is at menopause, the more 
menstrual cycles she is likely to have 
experienced. Estrogen levels are low 
and ovulation ceases after menopause.

3.  Childlessness and late age at first preg-
nancy. Ovulation does not occur dur-
ing pregnancy. Thus, pregnancy gives 
the ovaries a rest. Furthermore, the hor-
monal patterns of pregnancy appear  
to transform breast tissue in a way that 
protects against cancer. As a result, 
delaying pregnancy until after age 30 
or remaining childless increases a wom-
an’s risk of developing breast cancer 
later in life.

4.  Breast-feeding. Nursing may guard 
against breast cancer by blocking  
ovulation and, therefore, the monthly 
changes in estrogen level. Another  
possible reason is that during breast-
feeding, the breast tissue is differen-
tiated and is not undergoing mitosis. 
Women who breast-feed their infants 
have a 20% lower risk of developing 
breast cancer at a young age—before 
they reach menopause—than do 
women who bottle-feed their infants.

5.  Exercise. Even moderate exercise can 
suppress ovulation (and thus estrogen 
levels) in adolescents and women in 
their twenties (but, unfortunately, exercise 

Breast Cancer
Breast cancer usually begins with 
abnormal growth of the cells lining 
the milk ducts of the breast, but it sometimes 
begins in the milk glands themselves. 
Some types of breast cancer aggressively 
invade surrounding tissues. Typically, can-
cerous cells begin to spread when the 
tumor is about 20 mm (about 3/4 in.) in 
diameter. At this point, they break through 
the membranes of the ducts or glands 
where they initially formed and move into 
the connective tissue of the breast. They 
may then move into the lymphatic vessels 
or blood vessels permeating the breast or 
into both; the vessels may transport the 
cells throughout the body.

Detecting Breast Cancer
Early detection is a woman’s best defense 
against breast cancer. A monthly breast 
self-exam (BSE) is helpful in detecting a 
lump early (Figure 17.A). If a woman 
begins doing regular breast self-exams in 
early adulthood, she becomes familiar 
with the consistency of her breast tissue. 
With this experience, it is easier to notice 
changes that might be signs of breast 
cancer. Mammograms, which are x-ray 
exams of breast tissue, can also help 
detect early breast cancer because they 
can reveal a tumor too small to be felt as 
a lump. A tumor large enough to be felt 
contains a billion or more cells—a few of 
which may already have spread from the 
tumor to other tissues of the body. After 
cancer cells spread, the woman’s 
chance of survival decreases dramati-

HEALTH ISSUE

neurotransmitter in the brain (Chapter 7)—are administered. 
Some women with milder symptoms are helped by changes in 
diet. Caffeine, alcohol, fat, and sodium should be avoided.

Conversely, women should increase their consumption of 
foods high in calcium, potassium, manganese, and magnesium. 
Aerobic exercise for at least half an hour a day stimulates the 
release of enkephalins and endorphins (brain chemicals that 
produce pleasure), which may provide some relief.

Prostaglandins, chemicals used in communication between 
cells in many parts of the body, are the primary cause of men-
strual cramps. Endometrial cells produce prostaglandins that, 
among other things, make the smooth muscle cells of the 
uterus contract, causing cramps. High levels of prostaglandins 
can cause sustained contractions, called muscle spasms, of the 

uterus. These muscle spasms may cut down blood flow—and 
therefore, the oxygen supply to the uterine muscles—and result 
in pain.

Endometriosis is a condition in which tissue from the lining 
of the uterus is found outside the uterine cavity—commonly 
in the oviducts, on the ovaries, or on the outside surface of the 
uterus, the bladder, or the rectum. In these cases, the endome-
trial tissue has moved out the open ends of the oviducts to the 
abdominal cavity. Endometrial tissue, wherever it is, grows and 
breaks down with the hormonal changes that occur during 
each menstrual cycle. These cyclic changes can cause extreme 
pain. Moreover, women with endometriosis often have diffi-
culty becoming pregnant because endometrial tissue may block 
the oviduct or coat the ovary.

M23_GOOD6678_06_SE_C17.indd   348 08/10/15   10:28 AM

Three categories of Special Interest 
Essays use the basic scientific content 

of the chapters to explore issues 

having broader impact on individual 

health, society, and the environment.

Questions to Consider conclude each box and ask students to 

think about the ethical implications of certain behaviors (such 

as taking anabolic steroids) or medical procedures (such as 

generating extra embryos as part of infertility treatments).

A01_GOOD6678_06_SE_FM.indd   5 03/11/15   6:44 PM



SUPPORT FOR YOUR STUDENTS ANYTIME, ANYWHERE

BEFORE  
CLASS

AFTER  
CLASS

DURING  
CLASS

is an online homework, tutorial, and 

assessment program that helps you 

quickly master biology concepts and 

skills. Self-paced tutorials provide 

immediate wrong-answer feedback 

and hints to help keep you on track to 

succeed in the course.

NEW!  eText 2.0  Allow your students to access 

their text anytime, anywhere.

• 	Now available on Smartphones and Tablets.

• 	Seamlessly integrated digital and media 

resources.

• 	Fully accessible (screen-reader ready).

• 	Configurable reading settings, including resiz-

able type and night reading mode.

• 	Instructor and student note-taking, highlighting, 

bookmarking and search.

BEFORE CLASS

NEW!  Dynamic Study Modules help students 

acquire, retain, and recall information faster 

and more efficiently than ever before. These 

convenient practice questions and detailed 

review explanations can be accessed using a 

smartphone, tablet, or computer.  

eText 2.0 Dynamic Study Modules

A01_GOOD6678_06_SE_FM.indd   6 03/11/15   6:44 PM



NEW!  Learning Catalytics is an assessment and 

classroom activity system that works with any web- 

enabled device and facilitates collaboration with 

your classmates. Your MasteringBiology subscription 

with eText includes access to Learning Catalytics.

AFTER CLASS

DURING  
CLASS

DURING CLASS

NEW!  Everyday Biology Videos briefly explore 

interesting and relevant biology topics that relate 

to concepts in the course. These videos, pro-

duced by the BBC, can be shown in class or 

assigned as homework in MasteringBiology.

A wide range of question types and activities are 

available for homework assignments, including the 

following NEWassignment options for the Sixth Edition:

• 	Interactive Physiology 2.0 help students advance 

beyond memorization to a genuine understanding 

of complex physiological processes. Full-color 

animations and videos demonstrate difficult 

concepts to reinforce the material. IP 2.0 features 

brand new graphics, quicker navigation, and more 

robust mobile-ready interactivities where students 

can explore, experiment, and predict.

• 	Evaluating Science in the Media challenge you to 

evaluate various information from websites, articles, 

and videos.

A01_GOOD6678_06_SE_FM.indd   7 03/11/15   6:44 PM



M00_LINI4360_FM_pi-xvi.indd   4 31/05/14   9:57 AM

This page intentionally left blank



Sixth Edition

Concepts, 
Applications,  
and Issues

6th Edition

Judith Goodenough
University of Massachusetts, Amherst

Betty McGuire
Cornell University

BIOLOGY 

of Humans

A01_GOOD6678_06_SE_FM.indd   9 03/11/15   6:44 PM



ISBN 10: 0-134-04544-0; ISBN 13: 978-0-134-04544-3 (Student Edition)
ISBN 10: 0-134-32487-0; ISBN 13: 978-0-134-32487-6 (Books a la Carte Edition)

Copyright © 2017, 2014, 2012 Pearson Education, Inc. All Rights Reserved. Printed in the United States of America. This publication is protected 
by copyright, and permission should be obtained from the publisher prior to any prohibited reproduction, storage in a retrieval system, or 
transmission in any form or by any means, electronic, mechanical, photocopying, recording, or otherwise. For information regarding permis-
sions, request forms and the appropriate contacts within the Pearson Education Global Rights & Permissions department, please visit 
www.pearsoned.com/permissions/.

Acknowledgements of third party content appear on page CR-1, which constitutes an extension of this copyright page.

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

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

Library of Congress Cataloging-in-Publication Data is available upon request. 
Names: Goodenough, Judith, author. | McGuire, Betty, author.
Title: Biology of humans : concepts, applications, and issues / Judith Goodenough, University of Massachusetts, Amherst,  
  Betty McGuire, Cornell University.
Description: Sixth edition. | Hoboken, N.J. : Pearson, [2017]
Identifiers: LCCN 2015038005| ISBN 9780134045443 (student edition : alk. paper) | ISBN 9780134324876 (Books a la Carte edition)
Subjects: LCSH: Human biology--Textbooks.
Classification: LCCQP34.5.G658 2017 | DDC 612--dc23 LC record available at http://lccn.loc.gov/2015038005

Vice President, Editor-in-Chief: Beth Wilbur
Senior Acquisitions Editor: Star MacKenzie Burruto
Executive Editorial Manager: Ginnie Simione Jutson
Development Editor: Nicole George-O’Brien
Editorial Assistant: Maja Sidzinska
Director, Product Management Services: Erin Gregg
Program Management Team Lead: Michael Early
Program Manager: Anna Amato
Project Management Team Lead: David Zielonka
Project Manager: Lori Newman
Production Management and Composition: Cenveo Publisher Services®
Illustrations: Imagineeringart.com Inc.
Design Manager: Mark Ong
Cover and Text Design: TT Eye
Rights & Permissions Manager: Rachel Youdelman
Art/Text/Photo Permissions Project Manager: William Opaluch
Photo Researcher: QBS Learning
Art/Text/ Photos Permissions Specialist: QBS Learning
Content Media Producer: Lucinda Bingham
Director of Content Development, MasteringBiology®: Tania Mlawer
Executive Mastering® Media Producer: Katie Foley
Assistant Mastering® Media Producer: Charles Hall
Project Manager, Instructor Media: Chelsea Logan
Director of Marketing: Christy Lesko
Executive Marketing Manager: Lauren Harp
Manufacturing Buyer: Stacey Weinberger
Text Printer: RR Donnelley/Menasha
Cover Printer: Phoenix Color/Hagerstown
Cover Photo Credit: Erik Isakson/Tetra Images/Corbis

1 2 3 4 5 6 7 8 9 10—V003—20 19 18 17 16

www.pearsonhighered.com

A01_GOOD6678_06_SE_FM.indd   10 03/11/15   6:44 PM

http://www.pearsoned.com/permissions/
http://lccn.loc.gov/2015038005
http://www.pearsonhighered.com


Brief Contents

	 1	 Humans in the World of Biology    1

	  1a	 SPECIAL TOPIC:  Becoming a Patient: A Major 
Decision    14

	 2	 Chemistry Comes to Life    21

	 3	 The Cell    43

	 4	 Body Organization and Homeostasis    65

	 5	 The Skeletal System    86

	 6	 The Muscular System    101

	 7	 Neurons: The Matter of the Mind    115

	 8	 The Nervous System    127

    	8a	 SPECIAL TOPIC:  Drugs and the Mind    143

	 9	 Sensory Systems    151

	10	 The Endocrine System    171

	  10a	 SPECIAL TOPIC:  Diabetes Mellitus    190

The Organization of the Body 

Control and Coordination of the Body 

Maintenance of the Body 

 Reproduction and Development 

Genes and DNA 

Evolution and Ecology 

	11	 Blood    198

	12	 The Cardiovascular and Lymphatic Systems    213

	  12a	 SPECIAL TOPIC:  Cardiovascular Disease    232

	13	 Body Defense Mechanisms    239

	  13a	 SPECIAL TOPIC:  Infectious Disease    259

	14	 The Respiratory System    268

	15	 The Digestive System and Nutrition    286

	  15a	 SPECIAL TOPIC:  The Obesity Epidemic    312

	16	 The Urinary System    317

	17	 Reproductive Systems    336

	  17a	 SPECIAL TOPIC:  Sexually Transmitted Diseases 
and AIDS    356

	18	 Development throughout Life    366

	  18a	 SPECIAL TOPIC:  Autism Spectrum  
Disorder    387

	19	 Chromosomes and Cell Division    394

	  19a	 SPECIAL TOPIC:  Stem Cells—A Repair Kit  
for the Body    412

	20	 Genetics and Human Inheritance    419

	21	 DNA and Biotechnology    436

	  21a	 SPECIAL TOPIC:  Cancer    458

	22	 Evolution and Our Heritage    470

	23	 Ecology, the Environment, and Us    491

	24	 Human Population, Limited Resources,  
and Pollution    508

PART I 

PART II

PART III

PART IV

PART V 

PART VI. 

Initial tumor cell: One cell
acquires mutations, causing 
loss of control of cell division.

Cells of the tumor release
growth factors to attract a
blood supply.

Carcinoma in situ: Tumor 
remains at its site of origin.

Cells of malignant tumor:
• Attract a blood supply
• Gain the ability to leave 
   the other cells
• Spread to distant sites
   (metastasize)

Cell divides more frequently
than others.

A01_GOOD6678_06_SE_FM.indd   11 03/11/15   6:44 PM



M00_LINI4360_FM_pi-xvi.indd   4 31/05/14   9:57 AM

This page intentionally left blank



Detailed Contents

About the Authors    xxiii

Preface    xviii

The Organization of The Body  

1	 Humans in the World of Biology    1
	 1.1  �Basic Characteristics of All Living Things    1

ENVIRONMENTAL ISSUE
Medicinal Plants and the Shrinking Rain Forest    2

	 1.2  �Evolution: A Unifying Theme in Biology    4
	 1.3  �Levels of Biological Organization    5
	 1.4  �Scientific Method    6

	 Inductive and Deductive Reasoning    8
	 Clinical Trials    8
	 Epidemiological Studies    9

	 1.5  �Critical Thinking to Evaluate Scientific 
Claims    10

1a	� SPECIAL TOPIC:  Becoming a Patient:  
A Major Decision    14

	 1a.1  �Young Adults and Health Care    14
	 1a.2  �Selecting a Primary Care Physician    15

	    Responsibilities of Primary Care Physicians    15
	    Primary Care Physician Settings    15
	    Evaluating Primary Care Physicians    15

	 1a.3  �Getting the Most Out of an Appointment with 
Your Doctor    16

	    Preparing for an Appointment    16
	    What to Expect during an Appointment    16
	    Understanding Medications    17

	 1a.4  �Finding a Specialist and Getting a Second 
Opinion    17

	 1a.5  �Appointing a Health Care Agent    18
	 1a.6  �Selecting a Hospital and Staying Safe    18

	    Accreditation Status    19
	    Extent of Experience and Treatment Success    19
	    Preventing Medical Errors    19

	 1a.7  �Researching Health Conditions on Your 
Own    20

2	 Chemistry Comes to Life    21
	 2.1  �The Nature of Atoms    21

	 Elements    22
	 Isotopes and Radioisotopes    22

	 2.2  �Chemical Bonds and Compounds    24
	 Covalent Bonds    24
	 Ionic Bonds    25

	 2.3  �The Role of Water in Life    26
	 Polarity and Hydrogen Bonds    27

ENVIRONMENTAL ISSUE
Radon Gas: A Killer That Can Be Stopped    28

	 Properties of Water    28
	 Acids and Bases    29
	 The pH Scale    29
	 Buffers    30

	 2.4  �Major Molecules of Life    31
	 Carbohydrates    31
	 Lipids    33
	 Proteins    35

ENVIRONMENTAL ISSUE
Toilet to Tap    36

	 Nucleic Acids and Nucleotides    38

3	 The Cell    43
	 3.1  �Eukaryotic Cells Compared with Prokaryotic 

Cells    43
	 3.2  �Cell Size and Microscopy    45
	 3.3  �Cell Structure and Function    46
	 3.4  �Plasma Membrane    46

	 Plasma Membrane Structure    46
	 Plasma Membrane Functions    47
	 Movement across the Plasma Membrane    48

	 3.5  �Organelles    51
	 Nucleus    51
	 Endoplasmic Reticulum    52
	 Golgi Complex    52
	 Lysosomes    54
	 Mitochondria    55

ENVIRONMENTAL ISSUE
The Deadly Interaction between Asbestos and Lysosomes    56

	 3.6  �Cytoskeleton    56
	 3.7  �Cellular Respiration and Fermentation in the 

Generation of ATP    57
	 Cellular Respiration    58
	 Fermentation    60

HEALTH ISSUE
Mitochondrial Diseases    62

PART I 

4	 Body Organization and Homeostasis    65
	 4.1  �From Cells to Organ Systems    65

	 Tissues    65
	 Cell Junctions    71

A01_GOOD6678_06_SE_FM.indd   13 03/11/15   6:44 PM



xiv    Detailed Contents

7	 Neurons: The Matter of the Mind    115
	 7.1  �Cells of the Nervous System    115

	 Neuroglial Cells    115
	 Neurons    116

	 7.2  �Structure of Neurons    116
	 Axons and Dendrites    116
	 Myelin Sheath    116

	 7.3  �Nerve Impulses    118
	 Plasma Membrane of a Neuron    118
	 Resting Potential    118
	 Action Potential    118

	 7.4  �Synaptic Transmission    120
	� Release of the Neurotransmitter and the Opening of 

Ion Channels    120
	� Summation of Input from Excitatory and Inhibitory 

Synapses    121
	 Removal of Neurotransmitter    121
	 Roles of Different Neurotransmitters    122

HEALTH ISSUE
Neurotransmitters and Disease    123

8	 The Nervous System    127
	 8.1  �Organization of the Nervous System    127
	 8.2  �The Central Nervous System    128

	 Protection of the Central Nervous System    128
	 Brain: Command Center    129
	� Spinal Cord: Message Transmission and Reflex 

Center    135

HEALTH ISSUE
Brain Injury: A Silent Epidemic    136

	 8.3  �The Peripheral Nervous System    137
	 Somatic Nervous System    137
	 Autonomic Nervous System    137

	 8.4  �Disorders of the Nervous System    139
	 Headaches    139
	 Strokes    139
	 Coma    139
	 Spinal Cord Injury    139

8a	 SPECIAL TOPIC:  Drugs and the Mind    143
	 8a.1  �Psychoactive Drugs and Communication 

between Neurons    143
	 8a.2  �Drug Dependence    144
	 8a.3  �Alcohol    144

	    Absorption and Distribution    145
	    Rate of Elimination    145
	    Health-Related Effects    146

	 8a.4  �Marijuana    147
	    THC Receptors in the Brain    147
	    Health-Related Effects of Long-Term Use    147
	    Legalized Marijuana    148

	 Organs and Organ Systems    71
	 Body Cavities Lined with Membranes    71

	 4.2  �Skin: An Organ System    73
	 Skin Functions    73
	 Skin Layers    73
	 Skin Color    77
	 Hair, Nails, and Glands    77

HEALTH ISSUE
Fun in the Sun?    78

HEALTH ISSUE
Acne: The Miseries and Myths    79

	 4.3  �Homeostasis    79
	 Negative Feedback Mechanisms    80
	 Hypothalamus and Body Temperature    81

Control and Coordination of the Body  
PART II.

5	 The Skeletal System    86
	 5.1  �Bone Functions    86
	 5.2  �Bone Structure    87
	 5.3  �Bone as a Living Tissue    88

	 Cartilage Model    88
	 Hormones and Bone Growth    88

	 5.4  �The Role of Fibroblasts and Osteoblasts in 
Repairing Bone Fractures    89

	 5.5  �Bone Remodeling    90
	 5.6  �Axial Skeleton    91

HEALTH ISSUE 
Osteoporosis: Fragility and Aging    92

	 Skull    92
	 Vertebral Column    94
	 Rib Cage    94

	 5.7  �Appendicular Skeleton    94
	 Pectoral Girdle    94
	 Pelvic Girdle    95

	 5.8  �Joints    95
	 Synovial Joints    96
	 Damage to Joints    97
	 Arthritis    98

6	 The Muscular System    101
	 6.1  �Function and Characteristics of Muscles    101
	 6.2  �Skeletal Muscles Working in Pairs    102
	 6.3  �Contraction of Muscles    102

	 Sliding Filament Model    104
	 Calcium Ions and Regulatory Proteins    105
	 Role of Nerves    105
	 Muscular Dystrophy    107

	 6.4  �Voluntary Movement    107
	 Motor Units and Recruitment    107
	 Muscle Twitches, Summation, and Tetanus    108

	 6.5  �Energy for Muscle Contraction    108
	 6.6  �Slow-Twitch and Fast-Twitch Muscle Cells    109
	 6.7  �Building Muscle    110

ETHICAL ISSUE
Anabolic Steroid Abuse    111

A01_GOOD6678_06_SE_FM.indd   14 03/11/15   6:44 PM



Detailed Contents    xv

		  Symptoms and Complications    192
		  Diagnosis    193
		  Treatments    194
		�  Lifestyle Changes and Key Recommendations 

after Diagnosis    195
		  Prognoses    195

	 10a.3  �Gestational Diabetes    196

	 8a.5  �Stimulants    148
	    Cocaine    148
	    Amphetamines    149
	    Nicotine    149

	 8a.6  �Hallucinogens    149
	 8a.7  �Opiates    150

	    Prescription Painkillers    150
	    Heroin    150

9	 Sensory Systems    151
	 9.1  �Sensory Receptors    151
	 9.2  �Classes of Receptors    152
	 9.3  �The General Senses    152

	 Touch, Pressure, and Vibration    153
	 Temperature Change    153
	 Body and Limb Position    153
	 Pain    153

	 9.4  �Vision    154
	 Wall of the Eyeball    154
	 Fluid-Filled Chambers    156
	 Focusing and Sharp Vision    156
	 Light and Pigment Molecules    157
	 Rods: Vision in Dim Light    158
	 Cones: Color Vision    158

	 9.5  �Hearing    159
	 Form and Function of the Ear    160
	 Loudness and Pitch of Sound    163
	 Hearing Loss    163
	 Ear Infections    164

	 9.6  �Balance and the Vestibular Apparatus of the 
Inner Ear    164

ENVIRONMENTAL ISSUE
Noise Pollution    166

	 9.7  �Smell and Taste    166

10	 The Endocrine System    171
	 10.1  �Functions and Mechanisms of Hormones    171

	 Hormones as Chemical Messengers    172
	� Feedback Mechanisms and Secretion of Hormones    174
	 Interactions between Hormones    175

	 10.2  �Hypothalamus and Pituitary Gland    175
	 Anterior Lobe    177
	 Posterior Lobe    178

	 10.3  �Thyroid Gland    179

ETHICAL ISSUE
Hormone Therapy    180

	 10.4  �Parathyroid Glands    182
	 10.5  �Adrenal Glands    183

	 Adrenal Cortex    183
	 Adrenal Medulla    184

	 10.6  �Pancreas    185
	 10.7  �Thymus Gland    185
	 10.8  �Pineal Gland    185
	 10.9  �Locally Acting Chemical Messengers    186

10a	SPECIAL TOPIC:  Diabetes Mellitus    190
	 10a.1  �General Characterization and Overall 

Prevalence    190
	 10a.2  �Type 1 and Type 2 Diabetes    191

		  Characterization and Risk Factors    191

�Maintenance of the Body  
PART III

11	 Blood    198
	 11.1  �Functions of Blood    198
	 11.2  �Composition of Blood    199

	   Plasma    199
	   Formed Elements    199

	 11.3  �Blood Cell Disorders    204
	   Disorders of Red Blood Cells    204
	   Disorders of White Blood Cells    204

HEALTH ISSUE
Blood Tests: Important Clues in Diagnosis    205

	 11.4  �Blood Types    206
	   ABO Blood Types    206
	   Rh Factor    207
	   Blood Donation    208

	 11.5  �Blood Clotting    208

12	� The Cardiovascular and Lymphatic 
Systems    213

	 12.1  �Cardiovascular System    213
	 12.2  �Blood Vessels    213

	   Arteries    215
	   Capillaries    216
	   Veins    218

	 12.3  �Heart    219
	   Two Circuits of Blood Flow    219
	   Cardiac Cycle    222
	   Internal Conduction System    223
	   Electrocardiogram    224

	 12.4  �Blood Pressure    224
	 12.5  �Lymphatic System    225

HEALTH ISSUE
Benefits of Cardiovascular Exercise    226

12a	SPECIAL TOPIC:  Cardiovascular Disease    232
	 12a.1  �The Prevalence of Cardiovascular Disease    232
	 12a.2  �Blood Clots    232

A01_GOOD6678_06_SE_FM.indd   15 03/11/15   6:44 PM



xvi    Detailed Contents

	   Larynx    271
	   Trachea    273
	   Bronchial Tree    273
	   Alveoli    273
	   Lungs    274

	 14.2  �Mechanism of Breathing    274
	   Inhalation    274
	   Exhalation    275
	 �  The Volume of Air Moved into or out of the Lungs 

during Breathing    275

	 14.3  �Transport of Gases between the Lungs and the 
Cells    276

	   Oxygen Transport and Hemoglobin    276
	   Carbon Dioxide Transport and Bicarbonate Ions    277

	 14.4  �Respiratory Centers in the Brain    278
	   Basic Breathing Pattern    278
	   Chemoreceptors    279

	 14.5  �Respiratory Disorders    279
	   Common Cold    279

HEALTH ISSUE
Surviving a Common Cold    280

	   Flu    280
	   Pneumonia    280
	   Strep Throat    281
	   Tuberculosis    281
	   Cystic Fibrosis    281
	   Chronic Obstructive Pulmonary Disease (COPD)    281
	   Lung Cancer    282

HEALTH ISSUE
Smoking and Lung Disease    283

15	 The Digestive System and Nutrition    286
	 15.1  �The Gastrointestinal Tract    286
	 15.2  �Specialized Compartments for Food 

Processing    287
	   Mouth    287
	   Pharynx    290
	   Esophagus    290
	   Stomach    290
	   Small Intestine    292
	 �  Accessory Organs: Pancreas, Liver, and 

Gallbladder    294
	   Large Intestine    296

HEALTH ISSUE
Peptic Ulcers    297

	 15.3  �Nerves and Hormones in Digestion    298
	 15.4  �Planning a Healthy Diet    299
	 15.5  �Nutrients    300

	   Lipids    301
	   Carbohydrates    302
	   Proteins    303
	   Vitamins    304
	   Minerals    304
	   Water    304

	 15.6  �Food Labels    306
	 15.7  �Energy Balance    307
	 15.8  �Eating Disorders    307

15a	SPECIAL TOPIC:  The Obesity Epidemic    312
	 15a.1  �What Is Obesity?    312

		  Body Mass Index    312

	 15a.2  �Health Risks of Obesity    313

	 12a.3  �Problems with Blood Vessels    233
		  High Blood Pressure    233
		  Aneurysm    233
		  Atherosclerosis    233

	 12a.4  �Heart Attack and Heart Failure    236
	 12a.5  �Cardiovascular Disease and Cigarette 

Smoking    237
	 12a.6  �Preventing Cardiovascular Disease    238

13	 Body Defense Mechanisms    239
	 13.1  �The Body’s Defense System    239
	 13.2  �Three Lines of Defense    240

	 �  First Line of Innate Defense: Physical and Chemical 
Barriers    240

	 �  Second Line of Innate Defense: Defensive Cells and 
Proteins, Inflammation, and Fever    240

	 �  Third Line of Defense: Adaptive Immune 
Response    244

	 13.3  �Distinguishing Self from Nonself    245
	 13.4  �Antibody-Mediated Responses and Cell-

Mediated Responses    245
	 13.5  �Steps of the Adaptive Immune Response    246
	 13.6  �Active and Passive Immunity    251
	 13.7  �Monoclonal Antibodies    252
	 13.8  �Problems of the Immune System    252

	   Autoimmune Disorders    252

HEALTH ISSUE
Rejection of Organ Transplants    253

	   Allergies    254

13a	SPECIAL TOPIC:  Infectious Disease    259
	 13a.1  �Pathogens    259

		  Bacteria    259
		  Viruses    261
		  Protozoans    263
		  Fungi    264
		  Parasitic Worms    264
		  Prions    264

	 13a.2  �Spread of a Disease    264
	 13a.3  �Infectious Diseases as a Continued 

Threat    266
		  Emerging Diseases and Reemerging Diseases    266
		  Global Trends in Emerging Infectious Diseases    267
		  Epidemiology    267

14	 The Respiratory System    268
	 14.1  �Structures of the Respiratory System    268

	   Nose    269
	   Sinuses    270
	   Pharynx    271

A01_GOOD6678_06_SE_FM.indd   16 03/11/15   6:44 PM



Detailed Contents    xvii

	   Spermicidal Preparations    352
	   Fertility Awareness    352
	   Emergency Contraception    352

17a	�SPECIAL TOPIC:  Sexually Transmitted Diseases 
and AIDS    356

	 17a.1  �Long-Lasting Effects of STDs and STIs    356
	 17a.2  �STDs Caused by Bacteria    357

		  Chlamydia and Gonorrhea    357
		  Syphilis    358

	 17a.3  �STDs Caused by Viruses    359
		  Genital Herpes    359
		  HPV and Genital Warts    360

	 17a.4  �HIV/AIDS    361
		  Global Pandemic    361
		  Form of HIV    361
		�  Replication of HIV and Implications for 

Treatment    362
		  Transmission of HIV    362
		  Sites of HIV Infection    363
		  Stages of HIV Infection    363
		  Treatments    364

18	 Development throughout Life    366
	 18.1  �Periods of Development in Human Life    366
	 18.2  �Prenatal Period    366

	   Pre-embryonic Period    367

ETHICAL ISSUE
Making Babies    371

	   Embryonic Period    372
	   Fetal Period    376

	 18.3  �Birth    376
	 18.4  �Birth Defects    378
	 18.5  �Milk Production by Mammary Glands    380
	 18.6  �Postnatal Period    380

	   Possible Causes of Aging    381

HEALTH ISSUE
Disparities in Health and Health Care at All Life Stages    382

	   High-Quality Old Age    383

	 15a.3  �Regulation of Food Intake    314
	 15a.4  �Weight Management    315

16	 The Urinary System    317
	 16.1  �Eliminating Waste    317
	 16.2  �Components of the Urinary System    318
	 16.3  �Kidneys and Homeostasis    318

	   Structure of the Kidneys    318
	   Nephrons    319
	   Acid–Base Balance    324
	   Water Conservation    324
	   Hormones and Kidney Function    324

HEALTH ISSUE
Urinalysis    326

	   Red Blood Cells and Vitamin D    328

	 16.4  �Dialysis and Transplant Surgery    328
	   Dialysis    329
	   Kidney Transplant Surgery    329

	 16.5  �Urination    330
	 16.6  �Urinary Tract Infections    332

ETHICAL ISSUE
Kidney Donation and Trafficking    333

Reproduction and Development  
PART IV�

17	 Reproductive Systems    336
	 17.1  �Gonads    336
	 17.2  �Male and Female Reproductive Roles    336
	 17.3  �Form and Function of the Male Reproductive 

System    337
	   Testes    337
	   Duct System    337
	   Accessory Glands    337
	   Penis    339
	   Sperm Development    340
	   Hormones    341

	 17.4  �Form and Function of the Female 
Reproductive System    342

	   Ovaries    342
	   Oviducts    342
	   Uterus    343
	   External Genitalia    343
	   Breasts    343
	   Ovarian Cycle    343
	 �  Coordination of the Ovarian and Uterine  

Cycles    345
	   Menopause    347

	 17.5  �Disorders of the Female Reproductive 
System    347

HEALTH ISSUE
Breast Cancer    348

	 17.6  �Stages of the Human Sexual Response    349
	 17.7  �Birth Control    350

	   Abstinence    350
	   Sterilization    350
	   Hormonal Contraception    350
	   Intrauterine Devices    351
	   Barrier Methods    351

18a	�SPECIAL TOPIC:  Autism Spectrum 
Disorder    387

	 18a.1  �Characterization and Prevalence    387
	 18a.2  �Diagnosis    389
	 18a.3  �Possible Causes    390
	 18a.4  �Treatment and Therapy    391
	 18a.5  �Fear That Vaccines Cause Autism Spectrum 

Disorder    392

A01_GOOD6678_06_SE_FM.indd   17 03/11/15   6:44 PM



xviii    Detailed Contents

	   Sex-Linked Genes    429
	   Sex-Influenced Genes    429

	 20.2  �Breaks in Chromosomes    430
	 20.3  �Detecting Genetic Disorders    431

	   Prenatal Genetic Testing    431
	   Newborn Genetic Testing    431
	   Adult Genetic Testing    431

ETHICAL ISSUE
Gene Testing    432

21	 DNA and Biotechnology    436
	 21.1  �Form of DNA    436
	 21.2  �Replication of DNA    437
	 21.3  �Gene Expression    438

	   RNA Synthesis    438
	   Protein Synthesis    439

	 21.4  �Mutations    443
	 21.5  �Epigenetics: Regulating Gene Activity    444

	   Gene Activity at the Chromosome Level    444
	   Regulating the Transcription of Genes    444

	 21.6  �Genetic Engineering    444
	   Recombinant DNA    444
	   Applications of Genetic Engineering    447
	   Gene Therapy    448

	 21.7  �Genomics    449
	   Human Genome Project    449

HEALTH ISSUE
Genetically Modified Food    450

ENVIRONMENTAL ISSUE
Environment and Epigenetics    452

	   The Epigenome    452
	   Microarray Analysis    452
	   Comparison of Genomes of Different Species    453

ETHICAL ISSUE
Forensic Science, DNA, and Personal Privacy    454

21a	SPECIAL TOPIC:  Cancer    458
	 21a.1  �Uncontrolled Cell Division    458

		  Benign or Malignant Tumors    458
		  Stages of Cancer Development    459

	 21a.2  �Development of Cancer    460
		  Lack of Restraint on Cell Division    460
		  DNA Damage and Cell Destruction    461
		  Unlimited Cell Division    461
		  Blood Supply to Cancer Cells    462
		  Adherence to Neighboring Cells    462
		  Body Defense Cells    462

	 21a.3  �Multiple Mutations    462
	 21a.4  �Cancer and Epigenomics    463
	 21a.5  �Cancer Stem Cell Hypothesis    464
	 21a.6  �Known Causes of Cancer    464

		  Viruses    464
		  Chemicals    465
		  Radiation    465

	 21a.7  �Reducing the Risk of Cancer    465
	 21a.8  �Diagnosing Cancer    466
	 21a.9  �Treating Cancer    468

		  Surgery    468
		  Radiation    468

�Genes and DNA  
PART V

19	 Chromosomes and Cell Division    394
	 19.1  �Two Types of Cell Division    394
	 19.2  �Form of Chromosomes    395
	 19.3  �The Cell Cycle    395

	   Interphase    396
	   Division of the Nucleus and the Cytoplasm    396

	 19.4  �Mitosis: Creation of Genetically Identical 
Diploid Body Cells    396

	 19.5  �Cytokinesis    398
	 19.6  �Karyotypes    400
	 19.7  �Meiosis: Creation of Haploid Gametes    400

	   Functions of Meiosis    400
	 �  Two Meiotic Cell Divisions: Preparation for Sexual 

Reproduction    400
	 �  Genetic Variability: Crossing Over and Independent 

Assortment    404
	   Extra or Missing Chromosomes    406

ETHICAL ISSUE
Trisomy 21    408

19a	�SPECIAL TOPIC:  Stem Cells—A Repair Kit for 
the Body    412

	 19a.1  �Stem Cells: Unspecialized Cells    412
	 19a.2  �Sources of Human Stem Cells    413

		  Adult Stem Cells: Unipotent and Multipotent    413
		�  Umbilical Cord and Placental Stem Cells: 

Multipotent    413
		  Embryonic Stem Cells: Pluripotent    414
		  Induced Pluripotent Stem Cells    416

	 19a.3  �Potential Uses for Stem Cells    416
		  Replacement for Damaged Cells    416
		  Growing New Organs    416
		  Testing New Drugs    418

20	 Genetics and Human Inheritance    419
	 20.1  �Principles of Inheritance    419

	   Gamete Formation    420
	   Mendelian Genetics    420
	   Pedigrees    423
	   Dominant and Recessive Alleles    425
	   Codominant Alleles    426
	   Incomplete Dominance    426
	   Pleiotropy    427
	   Multiple Alleles    427
	   Polygenic Inheritance    428
	   Genes on the Same Chromosome    429

A01_GOOD6678_06_SE_FM.indd   18 03/11/15   6:44 PM



Detailed Contents    xix

24	� Human Population, Limited Resources, and 
Pollution    508

	 24.1  �Population Changes    508
	   Population Growth Rate    508
	   Age Structure    510
	   Immigration and Emigration    510

	 24.2  �Patterns of Population Growth    510
	 24.3  �Environmental Factors and Population 

Size    511
	 24.4  �Earth’s Carrying Capacity    512
	 24.5  �Human Impacts on Earth’s Carrying 

Capacity    512
	   Agricultural Advances    512
	   Depletion of Resources    512
	   Pollution    515

	 24.6  �Global Climate Change    516
	   Global Warming and Greenhouse Gases    516
	   Carbon Footprint    517

ENVIRONMENTAL ISSUE
Air Pollution and Human Health    518

	 24.7.  �Looking to the Future    519

Appendix 1 
Answers to Reviewing the Concepts Questions    A-2

Appendix 2 
Hints for Applying the Concepts Questions    A-4

Appendix 3   
Answers to Figure Questions    A-6

Glossary    G-1

Credits    C-1

Index    I-1

		  Chemotherapy    468
		  Targeted Cancer Treatment    468
		  Immunotherapy    469
		  Inhibition of Blood Vessel Formation    469
		  Gene Therapy    469

�

Evolution and Ecology  

PART VI

22	 Evolution and Our Heritage    470
	 22.1  �Evolution of Life on Earth    470

	   Small Organic Molecules    471
	   Macromolecules    471
	   Early Cells    472

	 22.2  �Scale of Evolutionary Change    472
	   Microevolution    472
	   Macroevolution    474

	 22.3  �Evidence of Evolution    476
	   Fossil Record    476
	   Geographic Distributions    478
	   Comparative Molecular Biology    479

ETHICAL ISSUE
Conducting Research on Nonhuman Primates    479

	   Comparative Anatomy and Embryology    480

	 22.4  �Human Evolution    481
	   Primate Characteristics    481
	   Misconceptions    483
	   Trends in Hominin Evolution    483

23	 Ecology, the Environment, and Us    491
	 23.1  �Earth as an Ecosystem    491
	 23.2  �Biosphere    492
	 23.3  �Ecological Succession    492
	 23.4  �Energy Flow    494

	   Food Chains and Food Webs    494
	   Energy Transfer through Trophic Levels    496
	   Ecological Pyramids    496
	 �  Health and Environmental Consequences of 

Ecological Pyramids    496

	 23.5  �Chemical Cycles    498
	   The Water Cycle    498
	   The Carbon Cycle    499
	   The Nitrogen Cycle    501
	   The Phosphorus Cycle    502

	 23.6  �Biodiversity    502

ETHICAL ISSUE
Maintaining Our Remaining Biodiversity    504

	   Causes for Loss of Biodiversity    504
	   The Importance of Biodiversity    505

A01_GOOD6678_06_SE_FM.indd   19 03/11/15   6:44 PM



M00_LINI4360_FM_pi-xvi.indd   4 31/05/14   9:57 AM

This page intentionally left blank



Special Interest Essays

Medicinal Plants and the 
Shrinking Rain Forest    2

Radon Gas: A Killer That Can Be 
Stopped    28

Toilet to Tap    36

The Deadly Interaction between 
Asbestos and Lysosomes    56

Noise Pollution    166

Environment and Epigenetics    452

Air Pollution and Human Health    518

Anabolic Steroid Abuse    111

Hormone Therapy    180

Kidney Donation  
and Trafficking    333

Making Babies    371

Trisomy 21    408

Gene Testing    432

�Forensic Science, DNA,  
and Personal Privacy    454

Conducting Research on Nonhuman Primates    479

Maintaining Our Remaining Biodiversity    504

HEALTH ISSUES
Mitochondrial Diseases    62

Fun in the Sun?    78

Acne: The Miseries  
and Myths    79

Osteoporosis: Fragility  
and Aging    92

�Neurotransmitters and 
Disease    123

Brain Injury: A Silent Epidemic    136

Blood Tests: Important Clues in Diagnosis    205

Benefits of Cardiovascular Exercise    226

Rejection of Organ Transplants    253

Surviving a Common Cold    280

Smoking and Lung Disease    283

Peptic Ulcers    297

Urinalysis    326

Breast Cancer    348

Disparities in Health and Health Care  
at All Life Stages    382

Genetically Modified Food    450

ENVIRONMENTAL ISSUES

ETHICAL ISSUES

A01_GOOD6678_06_SE_FM.indd   21 03/11/15   6:44 PM



M00_LINI4360_FM_pi-xvi.indd   4 31/05/14   9:57 AM

This page intentionally left blank



About the Authors

Judith Goodenough
Judith received her B.S. in biology from Wagner College (Staten Island, NY) and her doctorate 

in biology from New York University. She has more than 35 years of teaching experience at the 

University of Massachusetts, Amherst, until recently specializing in introductory-level courses. 

In 2009, she was selected as a College of Natural Sciences Fellow for Blended Learning 

and developed a hybrid course in introductory physiology. She has experience teaching in 

the classroom, hybrid courses, and online courses. Her insights into student concerns and 

problems—gained from more than 30 years of teaching human biology and 20 years of 

team-teaching the biology of social issues—have helped shape this book. In 1986, Judith was 

honored with a Distinguished Teaching Award from the University of Massachusetts. In addition 

to teaching, she has written articles in peer-reviewed journals, contributed chapters to several 

introductory biology texts, and authored numerous laboratory manuals. With the team of 

McGuire and Jakob, she is also the coauthor of Perspectives on Animal Behavior, Third Edition.

Betty McGuire
Betty received her B.S. in biology from Pennsylvania State University, where she also played 

varsity basketball. She went on to receive an M.S. and Ph.D. in zoology from the University of 

Massachusetts, Amherst, and then spent two happy years as a postdoctoral researcher at 

the University of Illinois, Champaign-Urbana. Her field and laboratory research emphasizes 

the behavior and reproduction of wild and domestic mammals. She has published more than 

60 research papers, coauthored the text Perspectives on Animal Behavior as well as several 

introductory biology study guides and instructor manuals, and served as an associate editor 

for Mammalian Species, a publication of the American Society of Mammalogists. At Smith 

College, Betty taught human biology, introductory biology, vertebrate biology, and animal 

behavior. Now at Cornell University, she teaches vertebrates: structure, function, and evolution 

and vertebrates: advanced topics in morphology, development, and evolution.

Judith Goodenough

Betty McGuire

DEDICATION

To Stephen, my husband,

best friend, personal hero,

and the funniest person I know.

To Aimee and Heather, my daughters,

who fill me with love, wonder, and amazement.

To Betty Levrat, my mother,

an excellent role model

and endless source of support and encouragement.

To “The Group,” friends for more than 40 years,

who help me hold it all together.

	 —J. G.

In loving memory of James Patrick McGuire.

To Willy, Kate, and Owen Bemis,

and to Dora, Kevin, and Cathy McGuire.

	 —B. M.

A01_GOOD6678_06_SE_FM.indd   23 03/11/15   6:44 PM



M00_LINI4360_FM_pi-xvi.indd   4 31/05/14   9:57 AM

This page intentionally left blank



Preface

HUMANS ARE CURIOUS BY NATURE. This book 
was written to stimulate that curiosity, inspiring apprecia-
tion for the intricacy of human biology and the place of 
humans in the biosphere. To satisfy that curiosity with solid 
and current information, we provide students with a concep-
tual framework for understanding how their bodies work and 
for dealing with issues relevant to human health in the mod-
ern world. We sustain the student’s interest by continually 
illustrating the connections between biological concepts and 
issues of current social, ethical, and environmental concern. 
Our central belief is that the application of biological con-
cepts to familiar experiences is the key to helping students 
see the excitement of science and understand its importance 
in their lives.

This edition builds on the Fifth Edition’s strengths of 
clarity, liveliness, consistency, currency, and relevance. The 
writing is engaging, the explanations straightforward, and 
the pedagogical framework meticulously constructed. All 
features are designed to help students identify important 
facts and ideas, understand them, and appreciate why they 
matter.

Application of the material to students’ interests brings 
concepts to life and illustrates the ethical and social relevance of 
human biology. This strategy is especially apparent in the “Spe-
cial Topic” chapters and the dozens of Special Interest Essays 
distributed throughout the other chapters.

Practical Goals and Special 
Features
The principal goals of this textbook are (1) to give a clear presenta-
tion of the fundamental concepts of human anatomy, physiology, 
development, genetics, evolution, and ecology; (2) to apply these 
concepts in ways that will both interest and benefit students; (3) 
to help students develop reasoning skills so they can make use of 
their newly acquired knowledge in the situations they face in 
daily life; (4) to help students evaluate the many sources of infor-
mation available to them and to select those that are reliable and 
accurate; and (5) to give students an understanding of how the 
choices they make can affect society and the planet, as well as their 
own quality of life.

Much of the material covered in human biology has a bear-
ing on ethical, social, and environmental issues that are impor-
tant to us all. Connections between human biology topics and 
ethical, social, and environmental issues help students develop 
a global perspective on their impact on the biosphere and will 
prepare them to be responsible citizens of their country and 
the world. Society is currently immersed in many pressing bio-
logical debates, and students need the tools to understand these 
issues and make informed decisions.

New to This Edition
The Sixth Edition includes new features and information that 
increase application of the material to students’ everyday lives 
and make it more accessible as well as help them build twenty-
first century skills.

■	 A new Consider This Case feature at the end of every 
chapter presents a scenario relating to the chapter content, 
followed by critical thinking questions that ask students to 
apply what they’ve learned in the chapter.

■	 A new Finding and Evaluating Information feature at 
the end of each main chapter presents new research high-
lighted in current media, and asks students to evaluate the 
information and conclusions presented, as well as to find 
other reliable sources of information on the topic.

■	 A new Special Topic chapter, titled The Obesity Epidemic, 
has been added. Focusing on the problem of obesity, this 
chapter covers topics such as (1) health risks associated 
with obesity; (2) regulation of food intake; and (3) weight 
management.

■	 Expanded Did You Know? boxes now open every chapter, 
link directly to the chapter opening photo, and pique stu-
dents’ interest with fascinating and little-known facts about 
the topic that follows.

■	 A new, inviting design makes the Sixth Edition more stu-
dent-friendly, easier to read, and reflective of the course 
level. The new design also helps facilitate an integrated 
reading experience by using step numbers in complex pro-
cess figures to connect the text and art.

■	 The MasteringBiology online homework, tutorial, and 
assessment system replaces the Human Biology Place com-
panion website of previous editions. Each end-of-chapter 
review includes a reminder that directs students to Master-
ingBiology to access related quizzes, activities, and more.

■	 New to this edition are online Dynamic Study Modules, 
which help students study effectively on their own by contin-
uously assessing their activity and performance in real time.

Special Topic Chapters
The text contains 10 Special Topic chapters: Chapter 1a, 
Becoming a Patient: A Major Decision; Chapter 8a, Drugs and 
the Mind; Chapter 10a, Diabetes Mellitus; Chapter 12a, Cardio-
vascular Disease; Chapter 13a, Infectious Disease; Chapter 15a, 
The Obesity Epidemic; Chapter 17a, Sexually Transmitted Dis-
eases and AIDS; Chapter 18a, Autism Spectrum Disorder; Chap-
ter 19a, Stem Cells—A Repair Kit for the Body; and Chapter 21a, 
Cancer. Created to further motivate students to learn, each of 
these short chapters builds on the “pure biology” presented in 
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the immediately preceding chapter to cover issues likely to be 
of personal interest. The discussions these chapters contain are 
more thoroughly developed than would be possible in a boxed 
essay. Even if instructors do not include these special topics in 
their reading assignments, we believe the issues are so pertinent 
to students that they will read the Special Topic chapters of their 
own volition, or at least refer to them occasionally as guides to a 
healthier lifestyle.

Much of the information offered in the text is practical: 
What can be done to prevent the spread of sexually transmitted 
diseases? How can one take steps to prevent or treat obesity? The 
body each of us is born with is a most intricate machine, but it 
does not come equipped with an owner’s manual. In a sense, 
this book can be the students’ owner’s manual. Studying and 
applying the lessons to their individual lifestyles and health 
issues can help students live longer, happier, and more produc-
tive lives.

Special Interest Essays
Three categories of Special Interest Essays use the basic sci-
entific content of the chapters to explore issues having broader 
impact on individual health, society, and the environment.

Environmental Issue essays deal with ways in which 
human activities alter the environment or, conversely (some-
times simultaneously), ways in which the environment 
influences human health. Among the topics discussed in Envi-
ronmental Issue essays are asbestos, genetically modified 
foods, and noise pollution.

Ethical Issue essays explore ethical and social issues 
related to the topics in a chapter. They explore questions con-
cerning such subjects as anabolic steroid use, gene testing, and 
the use of nonhuman primates in research.

Finally, Health Issue essays deal primarily with personal 
health topics. They provide current information on certain 
health problems that students, their families, or their friends 
might encounter. Topics discussed in Health Issue essays 
include acne, osteoporosis, treatments for the common cold, 
and disparities in health and health care.

All of these essays include Questions to Consider, which 
ask students to think about the ethical implications of certain 
behaviors (such as taking anabolic steroids) or medical proce-
dures (such as generating extra embryos as part of infertility 
treatments).

Stop and Think Questions
The Stop and Think questions scattered throughout each 
chapter are intended to promote active learning. They invite 
students to pause in their reading to think about the infor-
mation that was just presented and apply it to a new and 
interesting situation. These periodic checks allow students to 
determine whether they have followed and understood the 
basic chapter content. In the Sixth Edition we have increased 
the number of Stop and Think questions in each of the 
main chapters and added these questions to the Special Topic 
chapters.

What Would You Do? Questions
The What Would You Do? questions, which are also placed 
throughout each chapter, challenge the student to form an 
opinion or to take a stand on a particular issue that society faces 
today, as well as to identify the criteria used in reaching that 
opinion or decision. These questions help students see the rel-
evance of biology to real-life problems and foster the practice of 
thinking through such complicated issues as the use of sperm-
sorting technology by parents to select the gender of their 
offspring and strategies for slowing the growth of human popu-
lations. When the subject of one of these questions is controver-
sial, the text presents examples of arguments from both sides, as 
well as evidence in support of competing arguments.

Enticing Illustration and Design 
Program
Users of previous editions—instructors and students alike—
were unreservedly enthusiastic in praising the illustrations for 
their appeal and helpfulness. The visual program consists of 
simple but elegantly rendered illustrations that have been care-
fully designed for effective pedagogy. Their very beauty stimu-
lates learning. This is particularly true of the many vibrant, 
three-dimensional anatomical figures, whose realistic style 
and appropriate depth and detail make them easy for students 
to interpret and use for review. Micrographs often appear side 
by side with illustrations to aid interpretation and understand-
ing and to give the actual view of a structure or process being 
studied.

Within each category of illustrations—from molecular 
models to depictions of human tissues and organs—the fig-
ures are consistent in plan and style throughout the text. 
Numerous key figures pull concepts together to present the 
“big picture.” Reference figures help students locate par-
ticular structures within the body. Flowcharts walk students 
through a process one step at a time so they can visually fol-
low the progress of a discussion after they have read an expla-
nation in the body of the text. Similarly, step-by-step figures 
break complex concepts down into simpler components. 
Finally, color is used in the visual program as an effective 
means of organizing information and maintaining consis-
tency throughout the text.

Figure Questions
A question accompanies at least one figure in each chapter. This 
feature asks a question prompting students to pause and criti-
cally examine the information in the figure. Answers are pro-
vided in Appendix 3.

Engaging Design
This Sixth Edition of Biology of Humans presents an engaging 
design that was created to complement the vibrancy of the illus-
trations, clarify the organizational structure of the chapters, 
and increase overall readability.
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Organization and Pedagogy
After an introductory chapter on the science of biology, the 
text presents a discussion of the chemistry of life; proceeds 
through cells, tissues, organs, and organ systems; and ends 
with discussions of genetics, evolution, and ecology. As teach-
ers ourselves, we understand the difficulty of covering all the 
topics in a human biology text in one semester. Instructors are 
inevitably forced to make difficult decisions concerning what 
to include and what to leave out. We also know there are many 
equally valid ways of organizing the material. For this reason, 
the chapters in this text are written so as not to depend heav-
ily on material covered in earlier chapters. The independence of 
each chapter allows the instructor to tailor the use of this text to 
his or her particular course. At the same time, we provide cross-
references where they may be helpful to direct students to rel-
evant discussions in other chapters.

The pedagogical features that provide a consistent frame-
work for every chapter have been designed not only to help stu-
dents understand the information presented in their human 
biology course but also to help them study more effectively. 
Some of the most important of these elements are described 
next.

Chapter Outlines and Introductions
Each chapter begins with a list of the chapter’s main topics 
constructed from the major headings. Because it identifies the 
chapter’s important concepts and the relationships between 
them, this feature provides a conceptual framework on which 
students can mentally organize new information as they read. 
Special Interest Essay boxes are also included in this outline.

Key Terms and Glossary
Because this text is intended for students who are not science 
majors, we have held the use of technical language to a mini-
mum. Important terms are set in bold type where they are for-
mally introduced, and they are listed as key terms at the end of 
each chapter. Other terms of lesser importance are set in italics. 
The Recognizing Key Terms list also provides chapter page 
numbers indicating where each term is defined. The Glossary 
at the end of the book contains definitions for all the key terms 
and many of the terms set in italics.

Looking Ahead (and Back)
It’s widely known that students often compartmentalize chap-
ters and have trouble seeing how one chapter relates to the next. 
To address this issue, we conclude each chapter with a Looking 
Ahead box to show students how the following chapter will 
build on the one they have just finished reading. In addition, we 
begin each chapter with an introductory paragraph that clearly 
explains how the material from the previous chapter relates to 
what they’re about to read in the present chapter. This Look-
ing Ahead (and back) approach draws explicit ties between 
chapters.

End-of-Chapter Questions
The questions provided at the end of each chapter are designed 
in several formats to encourage students to review and under-
stand the relevant material instead of simply memorizing a few 
salient facts. Some, specifically Reviewing the Concepts, 
are intended simply as content review. Others—particularly 
those under the heading Applying the Concepts—require 
critical thinking and challenge students to apply what they 
have learned to new situations. Answers to all Reviewing the 
Concepts questions are provided in Appendix 1, and hints 
for answering the Applying the Concepts questions can be 
found in Appendix 2. These hints, which help students identify 
the information needed to answer each question, are intended 
to guide students in their thinking process instead of simply 
providing a quick answer.

Finding and Evaluating Information
A new Finding and Evaluating Information feature prompts 
students to explore and evaluate resources beyond the text and 
can be used as a starting point for developing research papers or 
reports. Students are presented with a synopsis of (and often an 
excerpt from) new research featured in current media and asked 
key questions to evaluate the information and conclusions and to 
find other reliable sources of information on the topic.

Chapter Updates
All of the material in the book has been carefully reviewed, 
revised, and updated. The latest statistical information and 
medical advances have been incorporated throughout. The fol-
lowing is a list of some of the more significant changes in each 
chapter.

Chapter 1    The discussion of the scientific method has been 
modified to improve clarity, following reviewer suggestions. 
Several figures have been modified. Two additional levels of bio-
logical organization—atom and organelle—have been added to 
Figure 1.3. The figure supporting the experiment described in 
the section on the scientific method has been altered to indicate 
the research begins with a question. A graph of increased use of 
cell phones has been added.

Chapter 1a    A new section specific to young adults and health 
care has been added. Estimates of medical errors have been 
updated. A figure showing the new bedside handoff procedure 
used by nurses has been included. In response to reviewer com-
ments, new secondary headings have been incorporated into 
several sections of text, and examples of reliable health care 
websites are now included.

Chapter 2    The figure of the periodic table has been replaced 
with a simpler version, and an expanded description is now 
included in the figure caption. There is a new Stop and Think 
on atomic number and atomic mass that requires students to 
use the periodic table. The Environmental Issue essays on 
radon exposure in homes and worldwide water shortages have 
been expanded and updated. There is a new figure showing lev-
els of protein structure.
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Chapter 3    The figure of the eukaryotic cell has been enlarged, 
as requested by reviewers. The Environmental Issue essay on 
asbestos has been updated to include global production and use 
of asbestos. The Health Issue essay on mitochondrial diseases 
contains new information on maternal age effects and muta-
tions in mitochondrial DNA. Two new Stop and Think fea-
tures have been added; one concerns water intoxication and the 
other, cellular respiration.

Chapter 4    The discussion of homeostasis has been trimmed 
to avoid overlap with Chapter 2. The drawing of skin is now 
three-dimensional and is combined with a micrograph of skin. 
The micrographs of cell junctions are new.

Chapter 5    The role of calcitonin in bone remodeling has been 
clarified. The discussion of suture joints and synovial joints has 
been enhanced.

Chapter 6    Following reviewer suggestions, several figures were 
modified to increase clarity. The discussion of anabolic steroids 
now includes reference to the alleged use of anabolic steroids 
among professional baseball players. There is a short discussion 
on the new phenomenon “text neck,” which is caused by the 
increased frequency of texting.

Chapter 7    The figure showing the ionic events during an 
action potential and the figure illustrating the changes in volt-
age during an action potential have been made clearer.

Chapter 8    Within the Health Issue essay on traumatic brain 
injury, the focus has shifted from IED injuries to injuries in the 
NFL. The discussion of the brainstem parts has been reorganized 
to enhance clarity. The figure showing the organization of the 
nervous system has been altered so students will understand the 
divisions more readily.

Chapter 8a    The discussion of marijuana, including both 
medical and recreational use, has been updated and expanded. 
The connection between prescription pain medication and her-
oin use is explained.

Chapter 9    The section on noise pollution was trimmed to 
highlight the most important information. The Environmen-
tal Issue essay now includes information on hearing loss in 
young people that is probably caused by loud music. The photo-
graphs illustrating differences in normal vision, farsightedness, 
and nearsightedness have been improved to help the student 
understand these differences. A photograph of a cataract has 
been added.

Chapter 10    A new figure of an exocrine gland has been 
included to highlight the structural differences between exo-
crine and endocrine glands. Two new Stop and Think features 
have been added, one concerning types of hormonal interac-
tions and the other, Addison’s disease. A new figure illustrates 
how the hypothalamus and hormones of the adrenal glands 
regulate stress responses.

Chapter 10a    The figure showing insulin regulation of blood 
glucose levels has been modified to improve clarity and flow of 
information. All statistics regarding prevalence of diabetes and 
all blood glucose values for diagnosing different forms of diabe-
tes have been updated. The section on ways to self-administer 

insulin now includes a discussion of the insulin patch pump; 
this device is shown in a new photograph, which allows com-
parison with the traditional insulin pump, also depicted in a 
new photograph. Emerging treatments, such as the artificial 
pancreas for treating type 1 diabetes, are discussed. A new pho-
tograph shows the excessive growth characteristic of babies 
born to mothers with untreated gestational diabetes.

Chapter 11    The formed elements discussion is reorganized 
so that these elements are covered in the order of the student’s 
familiarity with each. A new Health Issue essay on medical 
blood tests has been included to help students understand this 
common medical procedure. The discussion of intercalated 
discs is expanded.

Chapter 12    The size of several figures has been changed to 
reflect their importance in understanding the concepts. Lym-
phoid tissue is discussed at greater length than in previous 
editions. Multiple-choice questions, two of which involve the 
lymphatic system, were added to the end-of-chapter material.

Chapter 12a    The discussion of HDL- and LDL-cholesterol has 
been expanded, and a new table has been included. In addition, 
references to HDLs and LDLs in other chapters have been added.

Chapter 13    Slight modifications have been made to several 
figures to increase clarity. New photos are intended to stimulate 
interest in the discussion of passive immunity.

Chapter 13a    The material on emerging and reemerging dis-
eases was expanded and updated. A discussion of disease trans-
mission via IV drug use was added, as was a discussion of the role 
played by failure to vaccinate in the reemergence of disease. Sev-
eral figures were slightly modified to enhance understanding.

Chapter 14    A discussion of COPD was added. Several figures 
were modified to increase clarity.

Chapter 15    To enhance clarity, steps were added to the text 
to accompany those in art. A new discussion predicts the 2015 
Dietary Guidelines for Americans based on the recommenda-
tions from the committee.

Chapter 15a    This new Special Topic chapter, The Obesity Epi-
demic, discusses biological issues of obesity. It begins by defining 
the problem and then explains the interrelationships among the 
three major health risks associated with obesity: cardiovascular 
disease, type 2 diabetes, and cancer. It continues by explaining the 
neural, hormonal, and genetic regulation of food intake. The dis-
cussion of genetic regulation of food intake includes the recently 
recognized role of epigenetics, which involves changes in gene 
activity produced by chemicals in the environment, including the 
diet. The chapter ends with suggestions for weight management.

Chapter 16    Discussions of the ways kidneys help regulate 
blood pH and promote the body’s use of calcium and phospho-
rus have been expanded. Statistics on the need for kidney trans-
plants have been updated. Several figures have been modified to 
address reviewer requests. Additional detail has been added to 
the figure showing the organ systems involved in eliminating 
wastes from the body. A new photograph of a patient undergo-
ing dialysis with an artificial kidney machine replaces the line 
drawing in the previous edition. In the section on urinary tract 
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