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Publisher’s Note to the Instructor

Full-Color Customization

Your options are unlimited! You can now create the ideal
text for your course. Take a look at the contents of Biology.
Are there some chapters you don’t address in your course?
If so, select just those chapters that you do cover. Then let
Wm. C. Brown Publishers professionally print and bind
the full-color general biology text that is right for your
classroom.

Of course, you can still select the standard, full-color
text. It’s your choice. Contact your Wm. C. Brown Pub-
lishers sales representative or call 800-228-0634 for more
information.

Recycled Paper

Biology is printed on recycled paper stock. All of its ancil-
laries, as well as all advertising pieces, will also be printed
on recycled paper. In addition, when possible, the inks
used in printing are soy based.

Our goal in using these materials for Biology and its
ancillary package is to minimize the environmental impact
of our products.




The Biology L earning System

Chapter Outline and Objectives

ach chapter opens with-apage-referenced Chapter Outline and
a list of Objectivesfat introduce the student to important top-
ics within t hapter and provide quick access to the material.

jrefoductory features are followed by a prologue, which

§ the chapter material to everyday life.

Chapter Outline

Objectives

From Environment to Perception 468 In this chapter, you will leam
Receiving Information 468 ~how senses adapt an animal to its
Transduction 468 particular way of lifc;
Recepuor Cells 468 ~the way in which an cye detects

Decoding Information 469
Pathway of Newrons 469
Pauern of Electrical
Signals 469 ~how an car detects sounds and
Perceiving Information 470 changes in body position;
The Special Senses 471 ~how the skin, muscles, and joints alert
Vision 471 an animal to touch, pain,
Photoreceptors: Rods and temperature, and position of body
Cones 471 parts.
The Retina 473
Accessory Structures 474
Taste 475
Smell 476
Hearing 477
Mechanoreceptors: Hair
Cells 477
The Outer and Middle
Ear 478
The Inner Ear 478
The Sense of Equilibrium 479
Receptor Cells 480
The Sense Organs 480
The Semicircular Canals 481
The Urricle and Saccule 482
The Somatic Scnses 483
Touch 483
Pain 483
Skin Temperature 484

Mo i Chapter-by-Chapter Customization

in the nose and mouth

A separate set of chapter page numbers appears at the top of the
page for the benefit of adopters who wish to customize Biology.

An animal’s senses provide
information about the environment

Cross References

Exploring Tlhemes

Within the narrative, cross references to founda-
tional material presented in earlier chapters are
identified with an icon ({2 see page 62) followed
by a page number.

A eukaryotic cell has a variety of organelles—specialized Theme 1
compartments that contain the biochemical pathways The fundamental unit of life is the cell.

’ An animal i formed by any cells {chaptec 17),
(T see page 51) (enzymes, substrates, and other i ?

. : . . . m
materials) for performing a particular task. In this way, S
All cells carry out the same basic processes.

Al animal cells synthesize molecules, import and export materials,

acquire energy from organic molecules, reproduce, and synthesize
proteins according to instructions within their genes (chapter 17).

Theme 3

The cells of a multicellular organism produce
4 : il hiiiclogical and bebivi

the cell’s biochemical pathways are organized according

to function and kept separate from one another. The
breakdown of glucose (to provide energy), for example,
is isolated from the synthesis of polysaccharides.

P P!
traits that promote survival and reproduction.
Eachcell of an aimal is specialived for a particular funiction: cells of
the digestive tract process food (chaprer 18); red blood cells transport

oxygen (chapter 19); lung cells import oxygen and export carbon
dioxide (chapter 20); kidney eells excrere wastes (chapter 21); white

Throughout the text. four biological themes are blood cells kill disease microbes (chapter 22); endocrine cells secrete
b

hormones (chapter 23); nerve cells convey information (chapters 24

Thematic Presentation

act , 3 P & g and 25); muscle cells change length (chapter 26); endocrine, nerve,
emphasued, and each of the five parts opens aril iniicle cells coordinate behaviors (chagter 21): sl eclls of the
PO I 13 . ” : A ovary and testes produce eggs and sperm, which carry genetic
with “Exploring Themes,” an overview present- Lo L

ing one or more of these concepts that relate to
the chapters within that part.

XVviii



Dramatic Visuals Program Tied to Animations

Colorful, informative photographs and illustrations enhance
the learning program of this text. This icon ( [ ) identifies
figures that are depicted in the Life Science Animadgns video-
tape series, which is made up of 53 animations. The i
clude:

Chloroplast Phorosynthesis

Table 6.2

The Light-Dependent Reactions:
Inputs and Outputs

Inputs Outputs Fate of Outputs.

Thylakoid outer < :
membrane Sunlight Energy in ATP

and NADPH

Energy in glucose

Thylakoid - i
b b 44 - Electrons Electrons in Part of hydrogen
Energy. from water  NADPH atoms in glucose
AR
Inner fluid of N Protons Protons in Part of hydrogen
chloroplast & j from water  NADPH and atoms in glucose
@ HE ) QQ ione protons (H*)
: e Oxygen Oxygen gas Released from cell
el from water or used in cellular
Electron transport chain respiration

Tape 1
Tape 2

Chemistry, the Cell, and Energetics
Cell Division/Heredity/Genetics/Reproduction and

Development

Tape 3
Tape 4
Tape 5

In-Text Line Art

Simple line art placed within the narrative keeps the reader fo-
cused and typifies the drawings created by instructors as they
lecture.

Vaccinations

T he scene is familiar to physicians:
an infectious disease spreads
rapidly across campus, charac-
terized by a runny nose, watery eyes,
cough, and fever—as high as 40.6°C
{105° F). After a few days, a skin rash
appears. Some students develop
pneumonia, have seizures, or become
deaf or biind. A few enter into comas
and die. Is this disease caused by
some new kind of virus? No, the dis-
ease is measles.

No American should get measles,
for we have an effective vaccine
against this disease (fig. 22 A). The
vaccine was introduced in 1963 and

Animal Biology |
Animal Biology 11
Plant Biology/Evolution/Ecology

Weliness Report

Figure 22.A A vaccination against
measles.

since then the incidence of measles
has declined rapidly, as shown in fig-
ure 22.B. As measles became rare,
parents began 1o view it as no longer
a threat to their children’s heaith. Con-
sequently, many children did not get
vaccinated and this has caused an in-
crease in the incidence of measles, as
shown in figure 22.8. What many par-
ents have failed to understand is that
measles is rare because most children
are vaccinated. All viruses (except
smallpox) that cause infectious dis-
eases, howsver rare, are still around—
many are on you right now. If your im-
mune system has never encountered
one of these microbes, you are likely
10 get the disease.

500
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Figure 22.B The effects of vaccinations on the
incidence of measles in the United States. (3 Since
introduction of the measles vaccine in 1963, the incidence

scale on the Y axis, the recent increase in measles can be
seen more clearly. Measles is becoming more common
because some children are not vaccinated and some

Thylakoid outer

membrane

Thylakoid
whidd
e Energy
Inner fiuid of “¥
chioroplast >
®) . ATP

[ Figure 6.9 The proton gradient. (a) Energy released
tron transport chain is used by oteins
to pump protons (H*) across a membrane, from th ide to
the inside of a thylakoid. (b) As the protons diffuse through a
channel protein in the membrane, they release energy that is
transferred to ATP.

from the el

formation of NADPH, which provides chemical energy, an
electron, and a hydrogen atom for buildin,
over, some of the oxy that forms is u
in cellular respiration. The rest diffuses out of the cell and
nt, where it is available for
nisms. The materials that

into the surrounding environn
use by animals and other or

enter and leave the light-dependent reactions are summa

rized in table 6.2

The Light-Independent
Reactions

The light-independent reactions do not require light; they
build sugar from carbon dioxide, using the ATP and
NADPH formed during the light-dependent reactions. En-
ergy within molecules of ATP and NADPH is used to build
covalent bonds within a sugar molecule. Hydrogen atoms
and electrons (which join with protons to form more hy-

drogen atoms) within molecules of NADPH become incor-
porated into the structure of a sugar molecule:

naiAd
. Energy
PR
€0 ——————— % Sugar

Electrons } H /

Protons

Sugar is built by a biochemical pathway called the
Calvin-Benson cycle, which is located within the inner
fluid (cytosol) of a photosynthetic bacterium or within the
inner fluid (stroma) of a chloroplast (sce fig. 6.2)

The Calvin-Benson cycle is a biochemical pathway
that builds a three-carbon sugar from carbon dioxide, hy
drogen atoms, and chemical energy. The pathway is a cycle
in which the molecule that begins the pathway—ribulose
bisphosphate (RuBP)—becomes an end product that be-

gins the same pathway again

RuBP

The cycle, shown in figure 6.10, begins when carbon
dioxide joins with RuBP, which is a five-carbon molecule.
(The enzyme that catalyzes this reaction, called RuBP
carboxylase, is the most plentiful protein on carth.) The

113

Boxed Readings

Three types of boxed readings occur within the narrative:
Research Reports, Wellness Reports, and Environment
Reports. Research Reports present the logic of research
projects; Wellness Reports deal with the biological basis
of fitness and wellness; and Environment Reports moti-
vate student interest in biodiversity and ecology.

Student Study Aids

Each chapter ends with a Summary, page-referenced Key
Terms, Study Questions, Critical Thinking Problems, and
an annotated list of Suggested Readings organized for
both introductory-level and advanced-level students.

of this disease has declined dramatically. (b) Using a larger received an ineffective vaccine.

New Technology CD-ROM

» &% EXPLORATION

References to two new WCB Explorations CD-ROMS are
found at the ends of many of the chapters. When chapter
material relates to the topic of a CD-ROM module on Ex-
plorations in Human Biology or Explorations in Cell Biology,
Metabolism, and Genetics, the student is presented with a
brief topic overview and directed to the interactive CD-

ROM module.

Interactive Software: Diet and Weight Loss

This interactive exercise explores how diet and exercise
interact to determine whether we gain or lose weight. The
program provides a pathway for energy, from food to either
the synthesis of ATP or the storage of fat. The student al-
ters the kinds and amounts of foods eaten as well as the
amount of energy used in exercise. The effects of these
three variables are then determined by measuring changes
in the amount of stored fat.

Xix



Preface

his book is an introduction to general biology
and to how scientific thinking is done. Our
main focus is to present biological informa-
tion in an understandable way that captures
student interest. Our particular approach emerged from our
shared background as both research scientists and teachers
of college freshmen.

Our Experience

As research scientists, we view biology as a series of excit-
ing questions that challenge us to pursue answers. We want
to share this excitement with students and point out the
many interesting questions yet to be answered. We also
view biological phenomena as solutions to problems that
organisms have encountered and then solved by means of
evolved adaptations. All forms of life, for example, have
the problem of moving certain materials into and out of
their cells. The solutions to this problem are found in dif-
ferent parts of the organism—in lungs, digestive tracts,
kidneys, roots, and leaves.

As teachers, we have more than twenty-five years of
experience teaching introductory biology, usually a two-
semester course covering most of the standard topics of bi-
ology, from cells to ecosystems. The experience taught us
how to integrate different aspects of biology in ways that
help students learn. Our students were a special group,
identified by the university as high-risk students because
they were not well prepared for this level of work. Our task
was to bring these students up to university level in terms
of their biological knowledge. Consequently, our classes
involved more pedagogy and more one-on-one interac-
tions than other university courses. Through this experi-
ence, we have come to understand the types of problems
encountered by these students as well as by their teachers.
Over the years, we have developed ways to motivate our
students to think as scientists do and to understand sophis-
ticated biological concepts.

Unifying Concepts and Themes

We have found that it is essential to present the vast quan-
tity of biological information in a conceptual framework.
This framework allows each new topic to build on previous
ones. New information can then enlighten rather than

confuse the student. For example, once the idea of adapta-
tions to particular environments is developed, the details
of plant and animal biology become variations on a famil-
iar concept.

Throughout Biology, our explanations are written as
clearly and precisely as possible, with the intention that
students truly understand the material rather than simply
memorize it. We've used standard biological terms, but
only those essential for communication of the ideas.

Four biological themes are emphasized:

1. The fundamental unit of life is the cell.

2. All cells carry out the same basic processes.

3. The cells of a multicellular organism produce
adaptations: anatomical, physiological, and
behavioral traits that promote survival and
reproduction.

4. Adaptations evolve in response to interactions with
other organisms and with the physical
environment.

The four themes are introduced, one after another, as we
build a framework of biological knowledge. Each theme,
once introduced, continues to function in the chapters
that follow.

The Learning System

Each chapter begins with a brief outline and a list of objec-
tives, written in everyday language (e.g., “In this chapter
you will learn how a cell uses its genes to build proteins”).
This introductory material is followed by a prologue,
which is designed to link the chapter material with every-
day life. Within the chapter, we use three levels of head-
ings to organize and subdivide the material and to focus
the topic information. Each chapter ends with a summary,
list of key terms, and two sets of questions: a set of study
questions, designed to reveal whether the important con-
cepts have been learned, and a set of critical thinking
problems, designed to encourage students to use the con-
cepts in new ways. We've also added a list of suggested
readings arranged according to introductory level (for the
beginning student) and advanced level (for the advanced
student or instructor).

We make extensive use of in-text sketches, similar to
the ones we draw on the blackboard while lecturing. They
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Preface

are particularly useful in explaining the actions of invisible
topics, such as chemical reactions, protein receptors, and
chromosomes. As biologists, we all have many such mental
images to help us remember and understand. We find it
very helpful to students when we communicate these
learning aids.

The Boxed Essays

Throughout Biology, boxed essays are used to show
how science is done and to relate chapter material to
everyday life. We have included three kinds of boxed
essays: Research Reports, Wellness Reports, and Envi-
ronment Reports.

The Research Reports deal with the logic of classical
and ongoing research projects. They are based on hypothe-
sis formation and testing. These real examples of scientific
thought portray the uncertain but exciting feel of re-
search—the frustrations and joys that accompany the
search for truth. In addition, logic trees, introduced in the
first chapter, are used to show where each research project
is positioned within the flow of scientific thought. The re-
ports are designed to stimulate curiosity and critical think-
ing—to encourage the reader to consider alternative hy-
potheses and ways of testing them.

The Wellness Reports deal with the biological basis of
fitness and wellness. Their purpose is to motivate students
to learn about their own bodies through their study of biol-
ogy. We link, for example, the warm-up phase of exercise
with cellular respiration, antibiotics with protein synthesis,
jet lag with hormone secretion, and drug addiction with
neurotransmitters. Wherever possible, these reports involve
the cellular basis of bodily function, a depth of knowledge
students would probably not otherwise acquire.

The Environment Reports are inserted into the chap-
ters on biodiversity and ecology. To our delight, we find
that today’s generation of students is sincerely concerned
about the environment and seeks sophisticated knowledge
about environmental problems. The Environment Reports
are used to meet this need as well as to motivate interest in
the fundamental basis of populations and ecosystems.

Chapter Organization

The introductory chapter sets the stage for the study of bi-
ology as a science. It describes the scientific method and
shows that science, like life itself, is a dynamic process.
This first chapter also introduces fundamental concepts
used in later chapters: the hierarchical organization of life,
the basics of Darwin’s theory of evolution, the nature of
adaptations, and the kingdoms of life.

The chapters then follow a conventional sequence
that begins with cells and ends with ecosystems. Parts |
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and II develop our first two themes: the basic similarity of
all cells with regard to structure, chemical processes, repro-
duction, and gene expression. Parts [II and IV deal with
our third theme: the ways in which the cells of a plant or
animal are organized to form adaptations that promote sur-
vival and reproduction. Part V then develops our fourth
theme: the origin of adaptations and their roles in biodi-
versity and ecology.

While we find this sequence works best for us, we are
aware that not all biology courses are arranged in this way
and, furthermore, that few courses include all the chapter
topics. Hence, we have attempted to make each unit versa-
tile in terms of sequence. Where material in previous
chapters is essential background, we have used an icon {12
that directs the reader to specific pages where this informa-
tion has been presented.

The Biology Ancillary Package

Whether used by instructor or student, Biology comes
equipped with unique and useful tools to enhance teaching
and learning. You will find many of them correlated di-
rectly to corresponding material throughout the text.

Useful Learning Aids for Students

1. Student Study Guide. This illustrated study guide,
by Mary Vick of Hampton College, focuses students
on important chapter material that is often difficult
to learn without further reinforcement. Each
chapter in the study guide contains a variety of
features designed to help students study wisely,
including: chapter outline, review questions, key
terms, objective self-test (includes true-false,
multiple-choice, matching, and completion), and
critical thinking questions (with answers provided).

2. Laboratory Manual. Written by the faculty,
Department of Biology, Wm. Paterson College, and
coeditors Marty Hahn, Stephen Vail, and Jane
Voos, this manual contains 30 student-tested
laboratory exercises.

3. Biology Study Cards. A set of 200 two-sided study
cards containing definitions of key terms, clearly
labeled illustrations, and pronunciation guides is
handy for student study anytime, anyplace.

Useful Teaching Tools for Instructors

1. Instructor’s Manual/Test [tem File. Prepared by
Linda K. Butler and Stephen W. Taber of the
University of Texas, Austin, the IM/TIF features a
test item file as well as the following elements for
each chapter: objectives, key concepts, key terms



with definitions, chapter outline, answers to study
questions, answers to critical thinking problems,
and a list of audio-visual resources.

2. Microtest II1. A computerized test bank containing
the questions found in the test item file.

3. Extended Lecture Outline Software. An expanded
outline for each chapter is available on Macintosh
and Windows platforms. Instructors can add or
delete material and print out for lecture use or
student handouts.

4. Transparency Acetates. A set of 150 full-color
transparencies of images found in the text is
available to adopters.

5. Transparency Masters. A set of 100 one-color,
labeled line drawings of images in the text is
available to adopters.

New Technology

Explorations CD-ROMs

Learn biological processes—using movement, color, sound,
and interaction. Two new interactive CD-ROMs, Explo-
rations in Human Biology and Explorations in Cell Biology,
Metabolism, and Genetics by George Johnson, include 16
modules each that are either of high student interest, such
as the unit on drug addiction, or are difficult concepts to
understand, such as the unit on active transport.

When an Exploration correlates to topic material in
a chapter in Biology, you'll find the CD-ROM icon (@)
followed by a description of the module at the end of that
particular chapter. A correlation chart that lists the Explo-
ration topics and corresponding chapters in Biology can be
found on page (xvii).

Life Science Lexicon CD-ROM

This new interactive CD-ROM, by Will Marchuk of Red
Deer College, offers students a glossary of over 1,200 key
science terms and definitions; word construction through
the use of prefixes, root words, and suffixes; descriptions of
eponyms; more than 1,000 full-color images for selected
terms; and over 200 questions for student quizzing.

Life Science Animation Videotapes

Tied directly to text figures, these videotapes bring movement
and multi-dimension to over 60 images of often difficult-to-
understand physiological processes that can only be shown in
a limited, step-by-step way in the textbook. However, with

Preface

the use of the animation tapes, these visual moving represen-
tations of key processes assist the instructor and enhance stu-
dent learning.

Figures within the text that are correlated to anima-
tions are easily identified by the videotape icon ( EEH).

BioSource Videodisc

Our new BioSource videodisc features nearly 10,000 full-
color illustrations and photos, many from Wm. C. Brown
Publishers’ general biology textbooks. Approximately
rwenty minutes of life science animations are also included
on the videodisc.

Biology StartUp Software

This set of interactive Macintosh tutorials for students
portrays difficult, biological concepts in a new way, using
definitions, color illustrations and animations, and pro-
nunciations spoken by a human voice. Quizzes are located
at the ends of major sections.
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