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West's Commitment to the Environment

In 1906, West Publishing Company began to recycle gold shavings, sheepskin scraps,
and paper trimmings left over from the production of books. This began a tradition of
efficient and responsible use of resources that has continued longer than most print-
ers and publishers have been in existence.

Today, West Publishing’s operation is environmentally conscious in almost every
aspect of its operation. West was one of the first publishers to use recycled paper in
books. Today, up to 95% of our legal books and 65 to 70% of our college texts are
printed on recycled, acid-free stock. In addition, West recycles virtually all scrap
paper left over from production. In the production plant, over 22 million pounds of
scrap paper is recycled annually—the equivalent of 182,000 trees.

Being a responsible publisher and printer goes beyond paper. Since the 1960s,
West has also recycled steel, sheet metal, and other metals. We have devised ways to
capture and recycle waste inks, solvents, oils, and vapors created in the printing
process and have eliminated the use of styrofoam book packaging. Today, we also
recycle plastics of all kinds, wood, glass, corrugated cardboard, and batteries.

Employees at West’s home office and production plant are provided with contain-
ers for recycling aluminum, glass, and paper. Employees are encouraged not only to
recycle, but also to suggest additional ways to use our resources more efficiently. It is
employee initiative and involvement that has contributed to West's long-standing
tradition of environmental responsibility.

When you order a West book, you get more than a token commitment to a clean
environment. We thought you would appreciate knowing this.
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Human Biology: Health, Homeostasis, and the Environment is
written for the introductory human biology course in biology.
This book explores the biology of human beings. It examines
the marvelous architecture of cells, tissues, and organs that
make up our bodies. And, it examines how these components
function. The central theme of this book is homeostasis—a
kind of internal balancing act that is vital for our survival.
Through numerous examples, I show that human health is
dependent on properly functioning homeostatic mechanisms.
These, in turn, are dependent on living in a “healthy” envi-
ronment.

Organization

Human Biology is divided into five parts. Part I outlines basic
biological and chemical principles vital to your understanding
of the human organism. Part I closes with a discussion of sci-
ence and the scientific method and introduces critical think-
ing skills that are applied throughout the book.

Part II lays additional groundwork for understanding life as
we journey through the world of the cell. The chapters in this
section describe the structure and function of cells and show
how cells divide and how they acquire energy. Basic principles
of genetics and the fascinating, but controversial, topic of
genetic engineering are also described.

Part Il outlines the structure and function of human
beings. The chapters in this section describe how the major
organ systems operate. Homeostasis is emphasized in these
chapters as a unifying principle of biology.

Part IV discusses reproduction and development. These
chapters outline the evolution, structure, and function of
reproductive systems in animals and portray the dramatic
events that lead to the formation of new individuals.

Finally, Part V focuses on the big picture. It looks at evolu-
tion—how we got here—and basic principles of ecology, the
study of ecosystems. The final chapter surveys the problems
modern society has created in the natural world and offers
solutions for redirecting human society onto a sustainable
course—one that ensures well-functioning homeostatic mech-

anisms.

Special Features

Human Biology is a user-friendly book. The material is pre-
sented in a friendly style. Complex subjects are simplified

REFACE

somewhat, and numerous analogies are used to make material
more meaningful. For the most part, this book concentrates
on basic information—key facts and concepts essential to stu-
dents of human biology. You will find numerous examples that
are not only relevant, but also fascinating. I've attempted to
hold terminology down wherever possible and provided pro-
nunciations for virtually all terms. This book is enhanced by
numerous features listed below.

Study Skills

Immediately following the preface is a brief list of study
skills—tips on ways students can improve their memory, get
more out of what they read, take better notes, and improve
their test-taking abilities. The study skills are designed to help
you become more efficient and more successful in this and
every other course students will take. Many of the tips will be
extremely useful later in life as well. A more detailed coverage
of this subject is available in Study Skills for Science Students,
also published by West.

Scientific Discoveries That Changed the World

Science is as much a body of facts as it is a process of discov-
ery. Many great discoveries have been made over the years.
I've included numerous essays that highlight important break-
throughs such as the discovery of the structure of DNA.
These features highlight the work of some of the world’s most
important scientists. These essays help illustrate how scientific
discoveries have changed our view of the world and help fur-
ther students’ understanding of the scientific method. Finally,
these case studies illustrate the fact that scientific advances
usually require the work of many scientists, sometimes work-
ing in seemingly unrelated areas.

Health Notes

The Health Notes included in many of the chapters present
some of the more exciting developments in health and medi-
cine. These essays describe advances in medicine—for exam-
ple, new procedures or discoveries that could revolutionize
modern medicine. They also offer practical advice on prevent-
ing diseases through stress management, exercise, and proper
diet.
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Point/Counterpoints

Many discoveries in biology have had profound impacts on
our lives. Today, however, new discoveries often result in
controversial applications such as genetic engineering or
fetal cell transplantation. This book presents a number of
modern-day controversies in the Point/Counterpoint sec-
tions. Some debate social and political issues that require a
good biological background and others focus on scientific
debates.

Each Point/Counterpoint consists of two brief essays writ-
ten by distinguished writers and thinkers. These essays present
opposing views on such important issues of our times as
genetic engineering, fetal cell transplantation, cancer, and
global warming. Point/Counterpoints also offer students a
chance to practice critical thinking skills.

Critical Thinking Skills

As noted earlier, Chapter 1 presents a number of “rules” for
improving critical thinking skills. These guidelines will help
students become more discerning thinkers, a skill that could
prove useful in this and many other college courses—not to
mention the benefit it will have in later life.

Additional emphasis is placed on critical thinking through-
out the text. Each chapter, for example, contains a Thinking
Critically exercise. This exercise at the beginning of the chap-
ter outlines a problem or presents the results of a study and
asks students to apply their critical thinking skills. A brief
solution is offered at the end of the chapter.

As in the last edition, I've also included an Exercising Your
Critical Thinking Skills at the end of each chapter. These
exercises also call on students to use their critical thinking
skills and include case studies, hypothetical scenarios, or sum-
maries of news or scientific reports. Each exercise emphasizes
one or two of the critical thinking rules presented in the first
chapter. Critical thinking questions are also included after
each Point/Counterpoint.

Health, Homeostasis, and the Environment
Sections

The health of the Earth’s organisms and the environment in
which they live are closely connected. To illustrate these con-
nections, each chapter concludes with a Health, Homeostasis,
and the Environment section. These describe the importance
of homeostasis and demonstrate some of the ways in which
the physical and chemical environments affect our health by
upsetting homeostasis.

In-Text Summaries

To help students learn key concepts, virtually all chapter sec-
tion heads are written as summary statements. These state-
ments capture key concepts presented in the material that fol-
lows. These in-text summaries provide students a way to
review major concepts in preparation for exams.

XX [ ’n’ﬁu‘u

Concept Maps

This edition hosts yet another feature designed to help stu-
dents grasp the major concepts of biology: Concept Maps.
These diagrams illustrate key concepts and how they are
linked to one another. Most chapters contain 1-2 concept
maps. Students are encouraged to make their own maps as
they study to increase their understanding of the material.

End-of-Chapter Summaries

At the end of each chapter is a fairly detailed summary of the
material covered in the chapter. Students can use the chapter
headings to glean key concepts and the summary to review the
most important factual information presented in the chapter.
The in-text summaries, detailed end-of-chapter summaries,
and extensive questions (discussed below) should provide an
excellent study guide.

Summary Tables

To help students summarize key concepts, processes, and sys-
tems, | have included summary tables in many chapters. Stu-
dents can use these tables to prepare for exams or to review
material after reading the chapter.

Test of Terms

To help students review key terminology in each chapter, a
test of terms has been included at the end of the book in the
Study Supplement. Tests of terms contain fill-in-the-blank
questions and can be used to assess one's understanding of the
material presented in the chapter. Students can fill in the
blanks immediately after reading the chapter or after they
have spent some time studying the material. Students may
find it useful to review the questions before tests.

Test of Concepts

Each chapter also contains a number of brief essay questions
that enable students to assess their understanding of the
material. These questions go beyond the regurgitation of facts
in the test of terms.

Art Program

This book contains a remarkable collection of drawings and
photographs. These colorful illustrations supplement the text
and make the more complex concepts and processes under-
standable.

A Note to Instructors: Supplements

To help you teach this course, West Publishing Company, Pro-
fessor Robert Hollenbeck at Metropolitan State College, and 1
have developed a supplement package that includes an
instructor’s guide, a computer test bank, study skills book, a



collection of readings, transparencies, transparency masters,
slides, and videos.

Instructor’s guide. An instructor’s guide is available from
West Publishing Company. The instructor’s guide contains a
summary of each chapter in the text. It also includes teaching
tips, food for thought, key terms, and suggested films and
videos. We've also included multiple-choice, fill-in-the-blank,
matching, and essay questions.

Computerized testing. The test bank is also available on
computer disk. Contact your West sales representative for
details.

Study Skills book. West recently published Study Skills for
Science Students by Dr. Chiras. This book offers a wealth of
ideas on ways to improve study habits and skills. Study Skills
offers practical tips on note-taking, test-taking, reading effi-
ciency, and concept-mapping, using computer software (tuto-
rials), and much more. It’s a must for every college student.
This book is available free of charge to adopters. Contact your
West sales representative for details.

Readings. West offers free of charge Readings in Human Biol-
0gy, a collection of articles from Science News, Discover, Scien-
tific American, and other magazines. These articles cover new
scientific findings and in-depth looks at important topics such
as breast cancer, genetics and cancer, heart disease, and nutri-
tion. This collection, edited by Dr. Chiras, is annotated and
cross-referenced to the text. Critical thinking questions are
also included.

Acetates and slides. A set of acetates of key full-color art
pieces and a slide set with other important pieces of art and
photographs from the text are available from the publisher for
adopters.

Videos. West Publishing offers a video library of films that
adopters of the text may wish to use in their classes. Contact
your local West sales representative for further information.

[t should be noted that rather than publishing an accompa-
nying study guide, we have integrated the materials typically
found in a study guide into the book itself. This not only saves
students time and money, but also makes the book a better
learning tool.
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College is a demanding time in the lives of many students.
Term papers, tests, reading assignments, and classes require a
new level of commitment and intellectual activity. The work
load can become overwhelming and frustrating. Fortunately,
there are ways to lighten the load, to manage your time effi-
ciently, to increase your chances of getting good grades, and
to improve your knowledge and understanding.

In this section I offer some suggestions to help you manage
your studies and improve your mastery of the subjects you
study. If you already are adept and efficient at studying and
taking tests, you may still benefit from reading this section.
Every suggestion you can use to your advantage will help.

To begin, read over the suggestions listed below. Pick a few
that seem right for you under each category, then put them
into action. Applying these ideas could pay huge dividends—
not just in college, but throughout your entire life. Learning is
a lifetime endeavor, and those that learn fastest seem to get
the most out of life.

Mastering basic study skills will require some work at first
and may require you to break some bad habits. In the long
run, the additional time investment could save you lots of
time, help you get better grades, and make you a more efficient
learner. Most important, it could help you improve your
knowledge and understanding.

General Study Skills

Study in a quiet, well-lighted space.

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

Let your friends and family know when you study and ask
them to respect that time.

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 an ice cream cone
or a mental pat on the back.

+ 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 that are unclear to you in the
glossaries in your textbooks or in a dictionary.

TUDY SKILLS

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, and (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. Elimi-
nate distractions when you study. Review what you
already know and 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.

Making information memorable means finding ways to
help you retain information in your memory. Repeti-
tion, mnemonics, and rhymes are three examples.

Step 2.

Repetition can help you remember things. The more you
hear or read something, the more likely you are to remem-
ber it. Scribble notes while you read or study.

You can also use learning tools, such as mnemonics to
remember lists. For example, keep piling chocolate on for
goodness sakes helps you remember the taxonomic classifi-
cation scheme: kingdom, phylum, class, order, family, genus,
and species.

Rhymes and sayings are also helpful. If you are having trou-
ble remembering a list of facts, try making up a rhyme.

If you're having trouble remembering key terms, look up
their roots in the dictionary. This fixes them in your mem-
ory. Use the list of prefixes, suffixes, and roots on the back
endsheets of this book.

Draw pictures and diagrams of processes.

Step 3. Correlating with things you know means typing facts
together or making sense of the bits and pieces of
information you are learning and have learned previ-
ously.

Instead of filling your mind with disjointed facts and figures,
try to see how they relate to previous information you have
learned. Stop and scan your memory for similar facts. Cor-
relating facts with previous knowledge enables you to com-
prehend the big picture. The end-of-chapter questions in
this and other textbooks will assist you in this function.

After studying your notes or reading a chapter in your text-
book, determine the main points. How does the new infor-

Study Skills xxiii



mation you have learned fit into your view of life or the gen-
eral subject under discussion? How can you use the infor-
mation’

Becoming a Better Note Taker

Spend 5-10 minutes before each lecture reviewing the
material you learned in the previous lecture. This is
extremely important for learning.

Know the topic of each lecture before you enter the class.
Spend a few minutes before each class reflecting on facts you
already know about the subject that is 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
sentences, and look over the figures.

Develop a shorthand system of your own. Symbols such as =
(equals), w/o (without), w (with), > (greater than), < (less
than), T (increase), and | (decrease) can save you time and
prevent you from missing important information in a lecture.
Develop special abbreviations. For example, if you find your-
self writing the word human over and over again in your
notes, abbreviate it to “H.” Muscle could be abbreviated as
“m” or “mm.” Species is sometimes abbreviated “sp.”

Omit vowels and abbreviate words to decrease writing time
(for example: omt vwls shrten wrtng tme). This takes some
practice.

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

Watch for signals from your professor indicating important
material (“This is an extremely important point...”).

If possible, sit near the front of the class to avoid distrac-
tions.

Review your notes soon after lecture while they're still fresh
in your mind. Be sure to leave room in your notes during
class to add material you missed. Recopy your notes if you
have the time.

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

Attend lectures regularly.

Use a tape recorder, if necessary and if it's acceptable to
your professor, if you have trouble catching all the points.

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 too shy, go
up after 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, pre-
view 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 or two about
each main heading.

XXiV Study Skills

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.

Don’t skip terms that are confusing to you. Look them up
in the glossary in the back of your textbook or in a dictio-
nary. Make sure you understand each term before you move
on.

Use the study aids in your textbook, including end-of-
chapter questions and summaries. 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 ques-
tions that test your understanding of the terms, concepts,
and processes. Critical thinking questions are also included
to help you sharpen your critical thinking skills.

Preparing for Tests

Don’t fall behind on your reading assignments. Review lec-
ture notes as frequently as possible during the semester.

If you have the time, you may want to outline your notes
and your assigned readings. Try to prepare the outline with
your book and notes closed. Determine weak areas, then go
back to your text or class notes to study those areas.

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. Study again for a couple of days. Take
another day off, 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 one-time event,
spacing will help you retain information for the test and for
the rest of your life.

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

Draw key structures over and over until they stick in your
memory.

You may find it useful to prepare 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. Study before the review session and go to
the session with questions.

See your professor or class teaching assistant with questions
as they arise.

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 way behind. 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 missed
some important previous 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.

© Study tests from previous years, if they are available legally.
Determine how much of a test will come from notes and
how much will come from the textbook.

Concept Mapping

Study Concept Maps presented in the reading material.
Prepare your own Concept Maps of lecture notes as well as
reading material.

Consult Concept Maps in study guides or textbooks after
you've finished yours to compare your organization with the
author’s and to see if you've omitted any important con-
cepts, facts, or relationships.

In designing your own Concept Maps, begin with the more
general concepts at the top of the map. More specific con-
cepts are listed below. Concepts of equal weight are listed
on the same line.

Enclose all concepts in boxes or circles and connect them
with lines that indicate the relationship. Horizontal lines
show the relation of concepts on the same level. Vertical

lines connect general to specific concepts. Include a few
words to explain the linkage.

As you make Concept Maps, you'll find that you can make
very simple ones that grasp key concepts, and that these
maps can then be refined by adding more detail.

Taking Tests

Eat well and get plenty of exercise and sleep before tests.
Remain calm during the test by deep breathing.

Arrive at the exam early or on time.

If you have questions about the wording of a test question,
ask your professor. Don’t be shy.

Look over the entire test first so you can budget your time.
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 understand its
full meaning before you answer it.

For essay questions and definitions, organize your ideas on a
piece of scrap paper or 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. Good luck!

Study Skills XXV



RIEF CONTENTS

Preface  xix

Study Skills

XXiil

PArT 1
FrROM MOLECULES TO HUMANKIND

1 Life in the Balance: An Introduction to Human
Biology 1

2 The Chemistry of Life 24

PART 11

CELLS, CHROMOSOMES, AND HEREDITY
3 The Life of the Cell 52

4 Chromosomes, Cell Division, and Cancer

5 Principles of Human Heredity 107

6 Molecular Genetics: How Genes Work and How Genes Are
Controlled 134

7 Genetic Engineering and Biotechnology: Science, Ethics,
and Society 160

85

ParT 111

THE HUMAN ORGANISM: STRUCTURE AND
FUNCTION OF THE HUMAN BODY

8 Principles of Structure and Function 174

201
232

9 Nutrition and Digestion
10 The Circulatory System
11 The Blood 256
12 The Vital Exchange: Respiration
13 292
14

269
The Immune System
The Urinary System: Ridding the Body of Wastes and
Maintaining Homeostasis 325

The Nervous System: Integration, Coordination, and
Control 345

The Senses 376

The Skeleton and Muscles
The Endocrine System 431

15

16
17
18

407

PART IV
REPRODUCTION AND DEVELOPMENT

19 Human Reproduction 455
20 Human Development and Aging

487

PART V
EvoLuTioN, ECOLOGY, AND BEHAVIOR

21 Evolution: Five Billion Years of Change 511

22 Tracing Our Roots: The Story of Human Evolution 539

23 Principles of Ecology: Understanding the Economy of
Nature 554

24 Environmental Issues: Population, Pollution, and

580

Resources

Study Supplement: Tests of Terms  S-1

APPENDIX A A Closer Look  A-1

APPENDIX B Periodic Table of the Elements  B-1
APPENDIX C The Metric System  C-1

Glossary  G-1

Index -1

Credits CR-1

Vil



ONTENTS

Preface  xix
Study Skills ~ xxiii

PArT I

N A A A A A AT T A AT AT AT AT AT AT A A A AT AT AT A AT AT AT AT AT AT AT AT

FrOM MOLECULES TO HUMANKIND

1 LiFE IN THE BALANCE: AN INTRODUCTION TO 2 THE CHEMISTRY OF LIFE 24

Human BioLoGy 1 Atoms and Subatomic Particles 25

Health and Homeostasis: Life’s Essential Balancing The Structure of Atoms 25
Act 4 What Are Elements? 26
What Is Homeostasis! 5 What Are Isotopes? 26
Human Health and Environmental Health 6 Scientific Discoveries That Changed the World 2—1: The Dis-
What Is Health? 7 covery of Radioactive Markers 28
Health and Homeostasis 8 The Making of a Molecule 28
Homeostasis and Stress 8 Chemical Bonds 29
Evolution: The Unity and Diversity of Life 9 lonic Bonds 29
The Characteristics of Life 9 Covalent Bonds 29
Health Note 1-1: Maintaining Balance: Reducing Stress in Point/Counterpoint: Controversy over Food Irradiation 30
Your Life 10 Polar Covalent Bonds 32
What Makes Us Different? 12 Hydrogen Bonds 32
Science, Critical Thinking, and Social Responsibility 13 Organic and Inorganic Compounds 33
Science and the Scientific Method 13 Water, Acids, Bases, and Buffers 33
Science and Social Values 14 The Importance of Water to Life 33
Critical Thinking 14 The Dissociation of Water 34
Scientific Discoveries That Changed the World 1-1: Debunk- Acids and Bases 34
ing the Theory of Spontaneous Generation 16 Buffers: Maintaining Chemical Balance 35
Point/Counterpoint: Controversy over the Use of Animals in More Biologically Important Molecules 35
Laboratory Research 20 - Carbohydrates 36

Lipids 38
Health Note 2—1: Liposomes: Chemistry Comes to the Rescue
of People 42
Amino Acids, Peptides, and Proteins 42
Nucleic Acids 46
Health, Homeostasis, and the Environment: Tracking a

Chemical Killer 48




PART 11

B A e e o P D e - - - e ot ot oo ot ot o o o o o oo ot o o o o o o o o o e e o O o o o o o o o o o o o

CELLS, CHROMOSOMES, AND HEREDITY

3 TuEe LiFe oF THE CELL 52

Cellular Evolution and Homeostasis 53
Cell Types 53

Health Note 3—1: Fetal Cell Transplants: The Allure of a Real
Cure 54
Multicellularity and Specialization 54

Microscopes: Illuminating the Structure of Cells 56

Scientific Discoveries That Changed the World 3—1: The Dis-
covery of Cells 57

Point/Counterpoint: Fetal Cell Transplantation 58

An Overview of Cell Structure 60
Cell Compartmentalization 60

The Structure and Function of the Plasma Membrane 61
Plasma Membrane Structure 62
Overview of Plasma Membrane Functions 63
Controlling Molecular Trafhc Across Plasma

Membranes 65

Osmosis 67

Cellular Compartmentalization: Organelles 68 4 CHROMOSOMES, CELL DIVISION, AND CANCER 85
The Cell's Command Center: The Nucleus 68 The Cell Cycle 86
Energy Production in the Cell: The Mitochondrion 69 Interphase 87
Manufacturing in the Cell: Endoplasmic Reticulum, Cell Division 87
Ribosomes, and the Golgi Complex 70 Point/Counterpoint: The Controversy over Magnetic
Cellular Digestion: Lysosomes 72 Fields 88
Flagella 73 The Chromosome 90
Cilia 73 Chromatid Number 92
Amoeboid Movement 75 Structure of Chromosomes 92
Energy and Metabolism 75 Cell Division: Mitosis and Cytokinesis 95
Cellular Respiration 76 Mitosis 95
Enzymes 78 Scientific Discoveries That Changed the World 4—1: Unravel-
Fermentation: Tired Muscles, Cheese, and Wine 79 ing the Structure and Function of DNA 96
Health, Homeostasis, and the Environment: Parkinson’s and Cytokinesis 98
Pollution? 81 Control of the Cell Cycle 98

Cancer: Understanding a Deadly Disease 99
Benign and Malignant Tumors 99
Formation of Tumors 100
Epigenetic Carcinogens 101
Latent Period 101
Physical and Biological Carcinogens 101
Health, Homeostasis, and the Environment: Depleting the
Ozone Layer 101
Health Note 4-1: Cancer: Ultimately, You May Hold the Key
toaCure 102

5 PriNcIPLES OF HUMAN HEREDITY 107

Meiosis and Gamete Formation 108
An Overview of Meiosis 108
First Meiotic Division 108
Second Meiotic Division 110
Gamete Formation 110

The Life Cycle of Animals 110

X Contents



Principles of Heredity: Mendelian Genetics 111
Do Traits Blend? 111
Do Parents Contribute Equally to the Traits of Their Off-
spring? 112
Dominant and Recessive Genes 112
Genotypes and Phenotypes 113
Tracking Genotypes and Phenotypes: The Punnett
Square 113
The Principle of Independent Assortment 114
Mendelian Genetics in Humans 116
Autosomal-Recessive Traits 116
Autosomal-Dominant Traits 117
Variations in Mendelian Genetics 118
Incomplete Dominance 118
Multiple Alleles and Codominance 119
Polygenic Inheritance 120
Linkage 120
Sex-Linked Genes 122
Recessive X-Linked Genes 123
Dominant X-Linked Genes 124
Y-Linked Genes 124
Sex-Influenced Genes 124
Chromosomal Abnormalities and Genetic
Counseling 125
Abnormal Chromosome Numbers 125
Variations in Chromosome Structure 128
Genetic Screening and Genetic Counseling 129
DNA Abnormalities in Mitochondria 130
Health, Homeostasis, and the Environment: Nature Versus
Nurture 130

6 MOLECULAR GENETICS: HOW GENES WORK AND

How GENES ARE CONTROLLED 134

DNA and RNA: Macromolecules with a Mission 135
The Structure of DNA 135
DNA Replication 136
The Structure of RNA 138
RNA Synthesis 139
How Genes Work: Protein Synthesis 141
Controlling Gene Expression 144
Control of Genes in Bacteria 144
Scientific Discoveries That Changed the World 6-1: Unravel-
ing the Mechanism of Gene Control 148
Control of Human Genes 148
Applications of Biology: Oncogenes—The Seeds of Cancer
Within Us 151
Point/Counterpoint: Are Current Procedures for Determining
Carcinogens Valid? 152
Point/Counterpoint: Are We in a Cancer Epidemic? 154
Health, Homeostasis, and the Environment: Hazardous
Wastes and Mutations 156

GENETIC ENGINEERING AND BIOTECHNOLOGY:
SCIENCE, ETHICS, AND SOCIETY 160

Recombinant DNA Technology: Slicing, Splicing, and
Cloning Genes 161
Restriction Endonucleases—Nature’s DNA
Scissors 161
Plasmids and Cloning— Vectors for DNA
Transplants 162
Other Forms of Gene Amplification 162
Applications of Recombinant DNA Technology 164
Mass-Producing Hormones and Other Proteins 164
Creating Transgenic Organisms 165
Gene Therapy 167
DNA Probes, DNA Fingerprinting, and Other Applica-
tions 167
Mapping Human Chromosomes 167
The Human Genome Project 168
Controversies over Genetic Engineering—Ethics and Safety
Concerns 168
Point/Counterpoint: Controversy over Herbicide Resistance
Through Genetic Engineering 170

Contents Xi



8

Xil

ParT 111

PRINCIPLES OF STRUCTURE AND FUNCTION 174

From Cells to Organ Systems 175
From Cells to Tissues 175
Health Note 8-1: Remaking the Human Body 176
The Primary Tissues 176
Epithelium 177
Connective Tissue 179
Specialized Connective Tissue 182
Muscle Tissue 184
Nervous Tissue 186
From Tissues to Organs and Organ Systems 187
Principles of Homeostasis 189
Homeostasis and Feedback Mechanisms 190
Homeostatic Sensors and Effectors 190
Balancing Inputs and Outputs 191
Homeostasis and Health 192
Homeostasis Control 192
Health, Homeostasis, and the Environment 195
Biological Rhythms 196
Natural Rhythms 196
Biological Clocks: Controlling Internal Body
Rhythms 196
Health, Homeostasis, and the Environment: Tinkering with
Our Biological Clocks 197

NUTRITION AND DIGESTION 201

A Primer on Nutrition 202
Macronutrients 203
Micronutrients 207
Health Note 9-1: Lowering Your Cholesterol 208
The Digestive System 213
The Mouth: Physical Breakdown of Food 213
The Esophagus and Peristalsis: Delivering Food to the
Stomach 215
The Stomach: Liquefaction, Storage, and Release
of Food 217
The Small Intestine and Associated Glands: Digestion
and Absorption of Food 219

Contents

The Large Intestine: Water Absorption 222
Controlling Digestion 224
Control of Salivation 224
Scientific Discoveries That Changed the World 91 Discover-
ing the Nature of Digestion 225
Control of Gastric Secretion 226
Control of Pancreatic Secretions 226

Health, Homeostasis, and the Environment: Eating
Right/Living Right 226

10 THE CIRCULATORY SYSTEM 232

The Circulatory System’s Function: An Overview 233
The Heart 233
Pulmonary and Systemic Circulation 234
Heart Valves 235
Heart Sounds 237
Controlling the Heart’s Rate 238
Fibrillation 239
The Electrocardiogram 239
Cardiac Output 240
Heart Attacks: Causes, Cures, and Treatments 240
Myocardial Infarction and Atherosclerosis 240
Prevention and Treatment of Heart Disease 240
The Blood Vessels 241
Scientific Discoveries That Changed the World 10-1:
The Circulation of Blood in Animals 242
Arteries and Arterioles: The Delivery System 243
Capillaries: The Exchange 245
Veins and Venules: The Return System 247
The Lymphatic System 249
Health, Homeostasis, and the Environment: Cadmium and
Hypertension 251
Health Note 10-1: Hypertension, Atherosclerosis, and
Aneurysms—Causes and Cures 252



