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Preface

o0 one who teaches biology today can fail to appreciate
how important a subject it has become for our modern
; world. As a teacher, 1 have stood in front of classrooms
for over 25 years and attempted to explain biology to puzzled
and sometimes uninterested students, an experience that has
been both fun and frustrating: fun because biology is a joy to
teach, rich in ideas and interesting concepts, and increasingly
key to many important public issues; frustrating because in ev-
ery biology class there are always some students who will not
pay attention, who not only miss out on the fun but also fail to
acquire a tool that will be essential to their futures.

This book, The Living World, is my attempt to address
that problem. It is short enough to use in one semester, without
a lot of added material to intimidate wary students. I have tried
to write it in an informal, friendly way, to engage as well as to
teach. The focus of the book is on the biology each student
ought to know to live as an informed citizen in the twenty-first
century. I have at every stage addressed ideas and concepts,
rather than detailed information, trying to teach how things
work and why things happen the way they do rather than
merely naming parts or giving definitions.

My first step in creating this text was to attack the tradi-
tional table of contents (usually a formidable list of chapters cov-
ering every subject imaginable). The number of chapters in
biology textbooks has grown over the years, until today the most
widely used short texts have as many as 38 chapters. I have cut
back ruthlessly on this overwhelming amount of information, re-
ducing the number of chapters in The Living World to 28. 1 think
it matches closely what is actually being taught in classrooms
and, as you will see, all that is really important is preserved.

I have deliberately combined photosynthesis and cel-
lular respiration into a single general chapter in The Living
World, not because metabolism is unimportant but because the
basic principles a student needs to understand are simple and
easy to explain, while the details of chemical reactions only get
in the way of many students’ ability to see concepts. Details
are sacrificed, but the basic concepts are presented clearly
enough for nonmajors students to grasp.

Another key step in designing The Living World was
to combine the teaching of evolution and diversity into a single
story line. Traditionally, students are exposed to weeks of evo-
lution before tackling animal diversity, struggling past the
Hardy-Weinberg equilibrium and population growth equations

(microevolution) and on through Darwin’s discoveries (macro-
evolution). Then, when that is all done, they are dragged
through a detailed tour of the phyla, followed by a long excur-
sion into botany. In large measure, the three areas are presented
as if unrelated to each other. In The Living World 1 have cho-
sen instead to combine all three of these areas into one treat-
ment, presenting biological diversity as an evolutionary
journey. It is a lot more fun to teach this way, and I find that
my students learn a great deal more, too.

I have also chosen to present ecology in a novel way.
Rather than taking a levels-of-organization approach (that is,
population ecology, community ecology, ecosystems, and
biomes), I focus on the basic unit of ecology, the ecosystem—
also the most relevant to the world’s problems today. After de-
scribing what ecosystems are and how they function, I discuss
how the architecture of ecosystems has been shaped by coevolu-
tion, how ecosystems respond to disruption, and what factors
make some ecosystems more stable to disruption than others. Fi-
nally, I present a picture of the kinds of disruptions going on to-
day. The approach throughout is positive and solution-oriented.

Forgive me if you find some favorite topic omitted or
treated more lightly than you would wish—keeping this book
brief and approachable has limited the amount of material that
could be included. But I feel the benefit far outweighs the cost,
for this is a book students can learn from.

As you page through the book, you will notice that
major topics begin at the start of a page. This is no accident but
rather the result of careful planning. Unlike most texts, the
pages of The Living World were laid out by the author, so that I
was able to create a very user-friendly organization of material.

In an effort to make the book more fun for students
and at the same time increase its power as a learning tool, I
have incorporated interactive CD-ROM Explorations into 16 of
the chapters. The publisher has also opened a web site on the
Internet for each chapter, which students can use to investigate
further topics. Although students can use the text perfectly well
without these new technological features, they add to the rich-
ness of the experience. I hope you will be tempted to try them
with your class.

While it is not the first book I have written and prob-
ably will not be the last, The Living World has been one of the
most challenging and rewarding. I hope that you like it—and
that you find it an effective teaching tool.
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Learning Aids

In the Text

Each chapter of The Living World provides the student with
several features designed to facilitate study and learning.

Chapter Opener
A “Far Side” cartoon at the beginning of each chapter captures
student interest and shows that science can be fun.

Chapter Outline

At the beginning of each chapter, an outline of the main
chapter headings introduces the student to the topics about
to be discussed.

End-of Chapter Highlights

This concise, visual summary highlights the main headings and
key illustrations within the chapter. It recaps the concepts that
relate to each main topic and links them to the most important
key terms with page references.

Concept Review

Objective questions (multiple-choice and fill-in-the-blank) pro-
vide a built-in study guide, enabling students to quiz them-
selves on the material just read.

Challenge Yourself
Critical thinking questions challenge students to apply the con-
cepts presented in the chapter.

For Further Reading

A list of sources points students and instructors toward addi-
tional related material and provides a brief overview of each
book or article.

Technology Links

Icons indicate multimedia sources, including The Living
World's own web site, where students can obtain supplemen-
tary material or practice applying the chapter concepts.

In addition, at the end of the book, students will find:

Appendix A: The Classification of Life
Ilustrations and narrative explain the six-kingdom classifica-
tion system used in The Living World.

Appendix B: Answers to Concept Reviews

Answers to the objective questions at the end of each chapter
are provided so that students can get immediate reinforcement
as they quiz themselves on the material.

Glossary of Key Terms and Concepts
This glossary contains definitions and derivations of the most
important key terms used in biology and in The Living World.

Index
A comprehensive index is provided.
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Ancillaries

Instructor’s Manual/Test Item File

Prepared by Jennifer Carr Burtwistle of Northeast Commu-
nity College, the Instructor's Manual provides the following
instructor aids for each chapter of The Living World: chapter
overview, learning objectives, student activities, discussion
ideas, and a list of audiovisual materials. The test item file of-
fers approximately 35 questions per chapter (multiple-choice,
fill-in-the-blank, and essay) as well as answers for all.

Computerized Testing Software
The test item file is also available on disk with a test generator
program in either Macintosh or Windows.

Transparencies
Two hundred full-color illustrations from the book are avail-
able as transparency acetates and provided free to adopters.

Student Study Guide

The Student Study Guide, by Lisa Shimeld of Crafton Hills
College, contains chapter concepts, objective questions
(multiple-choice, completion, and matching), drawings for
students to label, key word searches, crossword puzzles, and
a list of related web sites. An appendix provides the answers
to all questions and activities.

How to Study Science

How to Study Science, second edition, by Fred Drewes of Suf-
folk County Community College, contains helpful tips and
practical exercises to help students achieve success in biology
and other science courses.

Basic Chemistry for Biology

Basic Chemistry for Biology, by Carolyn Chapman of
Suffolk County Community College, is a self-paced book
that leads students through basic concepts of inorganic
chemistry.

How Scientists Think

How Scientists Think, by The Living World author George
Johnson, is a paperbound text describing 21 experiments that have
shaped our understanding of genetics and molecular biology. It
fosters critical thinking and reinforces the scientific method.

Biology Study Cards

This boxed set of 300 two-sided study cards provides a quick
yet thorough visual synopsis of all key biological terms and
concepts in the general biology curriculum. Each card features
a masterful illustration pronunciation guide, definition, and de-
scription in context.

The Internet Primer:

Getting Started on Internet

This primer, by Fritz J. Erickson and John A. Vonk, gives you
just enough knowledge for getting started on the Internet, in-
cluding the basics of how to access and use some of the
Internet’s most common features.



Multimedia Learning Aids

It is an exciting time for learning, as technology presents us with
new tools that are both powerful and fun. The following multime-
dia products can be used with The Living World:

Explorations in Cell
Biology & Genetics
CD-ROM

*Keyed to the text

EogatiEssucues
EXPLORATIONS IN

CELL BIOLOGY
y & GENETICS

o

Explorations in Human
Biology CD-ROM

*Keyed to the text

Human ﬁiolng‘y

CO-ROM WINDOWS

Developed by The Living World author George Johnson,
these two CDs contain a total of 33 full-color, interactive ex-
ercises covering key biological concepts. Screen captures
from appropriate modules are used as illustrations in se-
lected chapters of The Living World, and the modules are
also referenced at the ends of the chapters. Explorations can
be used by students to enhance learning or by an instructor
in lecture and/or a lab or resource center. They operate on
either Macintosh or Windows platforms.

The Dynamic Human CD-ROM and Videodisc

*Keyed to the text

This guide to anatomy and
physiology interactively illus-
trates the complex relationships
between anatomical structures
and their functions in the hu-
man body. Realistic, three-
dimensional visuals are the
premier feature of this learning
tool. The program covers every
body system, demonstrating to
the viewer the anatomy, physi-
ology, histology, and clinical
applications of each.

Microbes in Motion CD-ROM

*Keyed to the text

i Bt i et dis o s miabians ol o Wi pubisbogy pein gl

Microbiological topics come
to life in this easy-to-use Win-
dows tutorial by Gloria Delisle
and Lewis Tomalty. The CD
features interactive screens,
animations, video, audio, and
hyperlinked questions.

10

\
. L]
e I Mol
<oy !
Life Science Animations Videotapes
*Keyed to the text
Sixty-six animations of key Urcsomee  hesomee  ‘restence
ANIMATIONS ANIMATIONS ANIMATIONS

physiological processes are
available on this set of six
videotapes:

CuemSTRY, THETELL,  CELL DIVISION, HEREDITY,  AMMAL BIOLOGY PART 1
ANO ENERGETICS

BN

Video | Chemistry, the Cell, S
and Energetics S R

Wm. C. BROWN WM.C. BROWN  pryei010GICAL
" . y "
Video 2 Cell Division/ CON PORNCE". - LiE SomcE Conceprs oF
Heredity/Genetics/ LB PATE. evoion s Bodkoar

i
Reproduction and **’ l\,"‘\\\‘//’ &

Development
Video 3 Animal Biology 1
Video 4 Animal Biology 2
Video 5 Plant Biology/Evolution/Ecology

Video 6 Physiological Concepts of Life Science

A Life Science Living Lexicon CD-ROM

A Life Science Living Lexicon CD-ROM, by William Marchuk
of Red Deer College, contains a comprehensive collection of
life science terms, including definitions of their roots, prefixes,
and suffixes as well as audio pronunciations and illustrations.
The Lexicon is student-interactive, providing quizzing and
notetaking capabilities. It contains 4,500 terms, which can be
broken down for study into the following categories: anatomy
and physiology, botany, cell and molecular biology, genetics,
ecology and evolution, and zoology.

BioSource Videodisc

BioSource Videodisc, by Wm. C. Brown Publishers and Sand-
piper Multimedia, Inc., features 20 minutes of animations and
nearly 10,000 full-color illustrations and photos, many from
leading WCB biology textbooks.

Biology Startup

Biology Startup, by Myles Robinson and Kathleen Pace of Grays
Harbor College, is a five-disk Macintosh tutorial that helps
nonmajors students master challenging biological concepts such
as basic chemistry, photosynthesis, and cellular respiration.
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Technology and
The Living World

Two new technology tools play an integral part in your explo-
ration of biology with this text: the Internet and interactive
CD-ROMs.

What Is the Internet?

Few innovations have had as dramatic an impact on our lives
as the Internet. Starting in the late 1960s, a significant num-
ber of scientists began to link their computers for the pur-
poses of sharing data. In the late 1980s, universities and
government agencies started joining this network of net-
works. Soon, average people of all ages, backgrounds, and
occupations began to connect as well until by 1995, 5 million
different computers were linked to the Internet worldwide. By
means of telephone lines, direct wires, fiber optics, and satel-
lite links, the Internet allows instantaneous communication
between individuals and gives them unrestricted access to
vast amounts of information.

Two of the most popular features of the Internet are
e-mail and the World Wide Web. E-mail (short for electronic
mail) allows direct communication via the Internet, usually
within minutes, no matter what the actual distance. Busi-
nesses, educational institutions, and private individuals are
finding e-mail an inexpensive and convenient way to send
memos, letters, and
documents.  The
World Wide Web
(often abbreviated
WWW) is a mega-
network created in
1992 that is capable
of transferring text, graphics, audio, and video. Its informa-
tion is presented in the form of a home page, also known as a
web site or web page. Through WWW, you can access infor-
mation as diverse as scientific data and other educational ma-
terial, your daily newspaper, your favorite mail order catalog,
interactive games, and the personal home pages of other
Internet users.

Why is the Internet useful to instructors and students
using The Living World? By visiting The Living World' s home
page, students and their instructors may access study ques-
tions specifically correlated to each chapter, the latest devel-
opments on topics covered in the text, other biologically
relevant web sites, and even a message board where issues
may be explored in depth with other students, instructors, and
The Living World author.

How Does the Internet Work?

Communication within the Internet is possible because all the
computers on the network use a common language, known as
a protocol. The addressing system is very simple—an
Internet address, called a URL for “uniform resource locator,”
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%m Netscope' The Living World Home Pa' e

identifies a specific computer linked to the Internet just as a
street address identifies a specific house. For example, the
Internet address for The Living World home page is:

http://www.wcbp.com/biology/tlw

The http stands for Hyper Text Transfer Protocol, the common
language used to communicate between World Wide Web
servers; www stands for World Wide Web; wcbp.com stands
for Wm. C. Brown Publishers, a commercial organization; and
biology/tlw specifically identifies The Living World’s directory
structure and home page apart from those for other textbooks.

How Can I Access the Internet?

In order to use the Internet, you need a computer, a modem, and
two kinds of software. The first type of software is an interface,
a program that determines how the Internet looks to you. Pro-
vided by your host site (for example, a school or business) or by
a commercial server such as America Online or CompuServe,
these programs allow you to access the Internet with either a
Windows or Macintosh computer. The second kind of software
is called a browser, and it enables you to search for and view in-
formation. Many browsers are available, including Netscape,
Mosaic, and those provided by commercial on-line services.

Once your system is installed, it is easy to access the
home page for The Living World. Simply double click on the
icon for Netscape (or whatever browser you use). When you
arrive at a screen
like the one shown
at the left, type the
home page address
in the window pro-
vided after the
words “Go to” or
“Location.” Then’press the “enter” or “return” key on your key-
board. From that point, additional buttons will take you to chap-
ter learning aids, related web sites, and other useful information.
(Occasionally, you may not be able to get into Netscape because
the lines are busy. If this happens, you will be instructed to try
again.) To type in a different address, use your mouse to high-
light the old address and then type the new one on top of it.

If you don’t know a specific address but want to find
out about a certain topic, you may use a search engine. One way
to do this is by clicking on the button labeled “Net Search.” A
window will appear in which you may type a key word or
phrase. Another way to find information on the Web is by using
hyperlinks. These are words or phrases printed in color on the
screen. Clicking on them can lead you deeper into the topic you
are currently investigating or on to other related web sites. Navi-
gating the Internet in this manner is known as surfing. Other
buttons on the tool bar also help you get around on the Internet.
For example, “back™ and “forward” enable you to move back
and forth among pages recently viewed, while “home” will take
you back to your home page. With a little experimentation, you
will quickly learn how to navigate the Internet.



Interactive CD-ROMs

As every teacher knows, hands-on experience is far and away
the most effective way to learn anything. To teach art, let a
student paint; to teach driving, let a student drive a car; to
teach science, let a student do an experiment. Unfortunately,
there is a limit to how much science can be taught “hands on”
in a classroom. This is particularly true of biology, where stu-
dents typically encounter a broad variety of concepts and or-
ganisms and can spend only a limited time in a laboratory—if
any. Thus, it is with genuine excitement that we now present
interactive CD-ROM Explorations in this text.

What do CD-ROM Explorations provide a class-
room that slide collections and laser disc “multimedia™ pre-
sentation managers don’t? In a word, interactivity. Just as
you cannot make a better painting simply by giving the art-
ist more paint, so you cannot make a more hands-on experi-
ence simply by providing the student with more images.
What is needed is a back-and-forth interaction, where true
inquiry and analysis can take place. This is what a CD-ROM
Exploration can provide and why CD-ROM technology
plays such an important part in the learning experience pro-
vided by this text.

As an example, imagine introductory-level students
learning in biology class about muscle contraction. Until now,
their learning experience consisted of a text diagram illustrat-
ing actin and myosin filaments and the teacher’s description
of how the filaments interact. Using the CD-ROM Explora-
tion described in figure 19.20 of The Living World (see the
screen capture on this page), the class can watch the diagram
“come alive,” the filaments contracting in a dynamic anima-
tion. Then—and this is the key to the hands-on learning expe-
rience—the students can manipulate variables and see the
effect on the animation. Altering ATP and Ca™ levels, the
students can see the results of the changes they impose, col-
lecting and analyzing data just as if they were in a laboratory.
By exploring the effects of these variables, students learn for
themselves how muscle contraction works, instead of simply
being told. They gain a grasp of the key concepts far more ef-
fectively, and they have fun doing it—the whole interactive
exercise need take up only a few minutes of class time.

Sixteen CD-ROM interactive investigations are in-
tegrated into The Living World, each in a chapter where the
subject of the investigation plays a key role. The sixteen in-
vestigations have been selected from two CD-ROMs (Explo-
rations in Cell Biology & Genetics and Explorations in
Human Biology) that are part of an inexpensive student an-
cillary package. A list of all the topics covered appears at
right; those printed in bold type are specially featured in cer-
tain chapters of The Living World. With the wide range of
CD-ROM interactive Explorations employed in The Living
World, hands-on learning in the classroom has finally be-
come a practical goal.
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Figure 19.20 from The Living World. This is a screen capture from

| Navigation

module 4, “Muscle Contraction,” in Explorations in Human Biology.

Explorations in Cell Biology & Genetics CD-ROM

Hemoglobin, chapter 2

Cell Size, chapter 3

Active Transport, chapter 4
Cell-Cell Interactions

Mitosis

Thermodynamics, chapter 5
Kinetics

Oxidative Respiration
Photosynthesis, chapter 15
Meiosis: Down syndrome
Constructing a Genetic Map
Heredity in Families, chapter 6
Gene Segregation

DNA Fingerprinting, chapter 8
Reading DNA

Gene Regulation, chapter 7
Making a Restriction Map

Explorations in Human Biology CD-ROM
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Cystic Fibrosis

Active Transport, chapter 4

Life Span and Life Style

Muscle Contraction, chapter 19
Evolution of the Heart, chapter 20
Smoking and Cancer

Diet and Weight Loss, chapter 21
Nerve Conduction

Synaptic Transmission

Drug Addiction, chapter 23
Hormone Action, chapter 24
Immune Response, chapter 22
AIDS, chapter 25

Constructing a Genetic Map
Heredity in Families, chapter 6
Pollution of a Freshwater Lake, chapter 28
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Heredity, the passage of traits from one
generation to the next, occurs because
information specifying traits resides in
chromosomes. The way chromosomes are
transmitted determines the pattern of heredity.

136 How Genes Work

Genes are segments of DNA that encode
proteins. Because the actions of proteins
determine what we are like, genes are the
ultimate units of heredity.

154 Gene Technology

It is now possible to transfer specific
genes from one organism to another. This
technology is revolutionizing agriculture
and medicine.
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The core theory upon which the science
of biology is based is the proposition,
advanced by Darwin, that changes in
species are the result of natural selection.
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how organisms are related to one another
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The oldest organisms of which we have
any knowledge are bacteria, the simplest,
smallest, and most numerous creatures
living on earth.
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The Human Body

The human body has the architecture
of a crane, with jointed limbs attached to
a central skeleton, within which is a
protected cavity that contains the

body’s organs.

Humans circulate blood through the body
by pumping it with the heart. The blood
picks up oxygen in the lungs and delivers it
to the tissues, from the tissues, it collects
CO, and carries it back to the lungs.
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tube. As food passes through this tube,
large molecules in the diet are broken
down into smaller bits the body can use.
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hormones to control a wide variety of
organs and processes. Many of these
hormones are secreted by glands under
the direct control of the brain.

Human reproduction involves the fertilization
of a female egg by a male sperm. Hormones
regulate the development of the female's
eggs and prepare the woman’s body to
nourish the developing embryo.
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Ecosystems

Ecology is the study of the way organisms
interact with one another and with their
physical environment. A community of
organisms, and the habitat in which they live,
is called an ecological system, or ecosystem.

Living in Ecosystems

The species living in an ecosystem have
evolved many accommodations to living
together. This coevolution has made the
members of ecosystems interdependent
in many ways.

Planet Under Stress

Our planet faces numerous problems that
threaten its future existence, including
chemical pollution on a global scale and
nonsustainable use of the earth’s nonre-
newable resources.
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