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For the Student, we hope this book helps you discover the thrill of exploring life and helps you
recognize the important role biology plays in your everyday life.

To Margaret, Jan, and Patsy, who kept loving us even when we were at our most unlovable.
To our children, Jennifer, Julia, Christopher, and Matthew, whose fascination with exploring life

inspires us all. And especially to Jenny—-we all wish you were here to share the excitement
of this special time in life.



Preface to the Instructor

Biology: Exploring Life, Second Edition is devoted to the
process of investigation and discovery. The challenge and
thrill of understanding how nature works ignites biologists’
quests for knowledge and instills a desire to share their
insights and discoveries. The satisfactions of knowing that
the principles of nature can be understood and sharing this
knowledge are why we teach. These are also the reasons
why we created this book.

Capturing and holding student interest challenges
even the best of teachers. To help meet this challenge, we
have endeavored to create a book that makes biology rele-
vant and appealing, that reveals biology as a dynamic pro-
cess of exploration and discovery, and that emphasizes the
widening influence of biologists in shaping and protecting
our world and in helping secure our futures. We direct the
reader’s attention toward principles and concepts to dispel
the misconception of many undergraduates that biology is
nothing more than a very long list of facts and jargon. Facts
and principles form the core of the course, but we have
attempted to show the significance of each fact and princi-
ple and to reveal the important role biology plays in modern
society.

From our own experiences in the introductory biology
classroom, we have discovered that

®  emphasizing principles, applications, and scientific ex-
ploration invigorates the teaching and learning process
of biology and helps students make the significant con-
nections needed for full understanding and apprecia-
tion of the importance of biology; and

e students learn more if a book is devoted to telling the

story of biology rather than a recitation of facts and
details.

Guided by these insights, we have tried to create a process-
oriented book that still retains the facts, structures, and
terminology needed for a fundamental understanding of
biology. With these goals in mind, we have interwoven into
the text

1. an emphasis on the ways that science works,
2. the underlying adventure of exploration,
3. five fundamental biological themes, and
4. balanced attention to the human perspective.

This book should challenge your students to think criti-
cally, to formulate their own hypotheses as possible expla-
nations to unanswered questions, and to apply the ap-
proaches learned in the study of biology to understanding
(and perhaps helping to solve) the serious problems that
affect every person, indeed every organism, on this planet.

THE DEVELOPMENT STORY

The second edition of Biology: Exploring Life builds effec-
tively on the strengths of the First Edition by Gil Brum and
Larry McKane. For this edition, we added a third author,
Gerry Karp, a cell and molecular biologist. Our comple-
mentary areas of expertise (genetics, zoology, botany, ecol-
ogy, microbiology, and cell and molecular biology) as well as
awards for teaching and writing have helped us form a
balanced team. Together, we exhaustively revised and re-
fined each chapter until all three of us, each with our differ-
ent likes and dislikes, sincerely believed in the result. What
evolved from this process was a satisfying synergism and a
close friendship.

THE APPROACH

The elements of this new approach are described in the
upcoming section “To the Student: A User’s Guide.” These
pedagogical features are embedded in a book that is written
in an informal, accessible style that invites the reader to
explore the process of biology. In addition, we have tried to
keep the narrative focused on processes, rather than on
static facts, while creating an underlying foundation that
helps students make the connections needed to tie together
the information into a greater understanding than that
which comes from memorizing facts alone. One way to help
students make these connections is to relate the fundamen-
tals of biology to humans, revealing the human perspective
in each biological principle, from biochemicals to ecosys-
tems. With each such insight, students take a substantial
step toward becoming the informed citizens that make up
responsible voting public.

We hope that, through this textbook, we can become
partners with the instructor and the student. The biology



teacher’s greatest asset is the basic desire of students to
understand themselves and the world around them. Unfor-
tunately, many students have grown detached from this
natural curiosity. Our overriding objective in creating this
book was to arouse the students’ fascination with exploring
life, building knowledge and insight that will enable them to
make real-life judgments as modern biology takes on
greater significance in everyday life.

THE ART PROGRAM

The diligence and refinement that went into creating the
text of Biology: Exploring Life, Second Edition character-
izes the art program as well. Each photo was picked specifi-
cally for its relevance to the topic at hand and for its aes-
thetic and instructive value in illustrating the narrative
concepts. The illustrations were carefully crafted under the
guidance of the authors for accuracy and utility as well as
aesthetics. The value of illustrations cannot be overlooked
in a discipline as filled with images and processes as biology.
Through the use of cell icons, labeled illustrations of path-
ways and processes, and detailed legends, the student is
taken through the world of biology, from its microscopic
chemical components to the macroscopic organisms and
the environments that they inhabit.

SUPPLEMENTARY MATERIALS

In our continuing effort to meet all of your individual needs,
Wiley is pleased to offer the various topics covered in this

Preface ® Vil

text in customized paperback “splits.” For more details,
please contact your local Wiley sales representative. We
have also developed an integrated supplements package
that helps the instructor bring the study of biology to life in
the classroom and that will maximize the students’ use and
understanding of the text.

The Instructor’s Manual, developed by Michael
Leboffe and Gary Wisehart of San Diego City College,
contains lecture outlines, transparency references, sug-
gested lecture activities, sample concept maps, section con-
cept map masters (to be used as overhead transparencies),
and answers to study guide questions.

Gary Wisehart and Mark Mandell developed the test
bank, which consists of four types of questions: fill-in ques-
tions, matching questions, multiple-choice questions, and
critical thinking questions. A computerized test bank is also
available.

A comprehensive visual ancillary package includes
four-color transparencies (200 figures from the text), Pro-
cess of Science transparency overlays that break down
various biological processes into progressive steps, a video
library consisting of tapes from Coronet MTI, and the Bio
Sci videodisk series from Videodiscovery, covering topics in
biochemistry, botany, vertebrate biology, reproduction,
ecology, animal behavior, and genetics. Suggestions for in-
tegrating the videodisk material in your classroom discus-
sions are available in the instructor’s manual.

A comprehensive study guide and lab manual are also
available and are described in more detail in the User’s
Guide section of the preface.
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A Thematic Approach i

M any students are overwhelmed by the diversity of living
organisms and the multitude of seemingly unrelated facts
that they are forced to learn in an introductory biology
course. Most aspects of biology, however, can be thought of
as examples of a small number of recurrent themes. Using
the thematic approach, the details and principles of biology
can be assembled into a body of knowledge that makes
sense, and is not just a collection of disconnected facts.
Facts become ideas, and details become parts of concepts as
you make connections between seemingly unrelated areas
of biology, forging a deeper understanding.

All areas of biology are bound together by evolution,
the central theme in the study of life. Every organism is the
product of evolution, which has generated the diversity of

biological features that distinguish organisms from one an-
other and the similarities that all organisms share. From this
basic evolutionary theme emerge several other themes that
recur throughout the book:

Ii Relationship between Form and Function

) Biological Order, Regulation, and Homeostatis
@ Acquiring and Using Energy

/e\ Unity Within Diversity

mp Evolution and Adaptation

We have highlighted the prevalent recurrence of each
theme throughout the text with an icon, shown above. The
icons can be used to activate higher thought processes by
inviting you to explore how the fact or concept being dis-
cussed fits the indicated theme.
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Biolines

The “Biolines” are boxed essays t}latihighhght fascinating stories that reveal nature to be as surprising and interesting
facts, applications, and real-life lessons, enlivening the ~ as any novelist could imagine.
mainstream of biological information. Many are remarkable .
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ﬁ Bioethics Essays . ; xxvii

, S everal ethi ali ISSUBS are dlsm;lssed in the Bloe, hics essays
“which add provocative pauses throughout the text. Biologi-
cal Science does not operate in a  vacuum but has profound
consequences on the generai community. Because biolo-
gists study 11fe the science i pepperéd with ethical consid-

erations. The moral issues discussed in these essays are
neither simple nor easy to resolve, and we do not claim to
have any certain answers. Our goal is to encourage you to
‘consider the bioethical issues that you will face now and in
the future.

Coordinating the Organism: The Role of the Nervous System / CHAPTER 23 » 489

Theresa Ann Campo Pearson didn't have a knew all this. But rather than abort the
very long life. When she died in 1992,

One obvious solution is to change the

was only 10 days old. Despite her short life,
she became the center of a very strange.
sad, and wrenching ethical controversy
Theresa died because her brain had failed
to form. She had

anencephaly, a condition
in which only the brainstem, located at the
top of the spinal cord, is pre:

ent. Her par-
ents wanted to donate Theresa's organs:
the courts said no. Some people found it
strange that Theresa's parents, Laura
Campo and Justin Pearson, did not get
their way. Why not allow donation, when
every day in North America a baby dies
because there is no heart, lung, or liver
available for transplantation?
Anencephaly is best described as
completely “unabling,” not disabling
Children born with anencephaly cannot
think, feel, sense, or be aware of the world.
Many are stillborn: the majority of the rest
die within days of birth. A mere handful
live for a few weeks. There

Vs parents

she pregnancy, they chose to have their baby law so that states could de

In fact, the baby was born by Caesarean
section, at least partly in the hope that it
would be born alive, thereby making organ
donation possible. When Theresa died at
Broward General Medical Center in Fort
Lauderdale, Florida, however, no organs
were taken. Two Florida courts ruled that
the baby could not be used as a source of
organs unless she was brain-dead, and

Theresa Ann Campo was never pro-
nounced brain-dead.

Brain death refers to a situation in
which the brain has irreversibly lost all
function and activity. Babies born with an-
encephaly have some brain function in

their
or feel, they are alive. According to Florida

ainstem so, while they cannot think

law—and the law in more than 40 other
states—only those individuals declared
brain-dead can donate organs. The courts
of Florida had no other option but to deny

the request for organ donation.

ide that organs
can be removed upon parental consent
from either those who are born brain-dead
or from babies who are born with anen-
cephaly. Another solution is to rewrite the
definition of death to say that death occurs
either when the brain has totally ceased to
function or if a baby is born anencephalic
Do you feel that either of these changes
should be made? Some may argue that
medicine will fudge the line between life
and death in order to get organs for trans-
plant. Do you agre
How do you think redefining death will
affect a person’s decision to check off the
donation box on the back of a driver's li-

with this concern?

cense? Do you think people may worry that
if they are known to be potential donors
they won't be aggressively treated at the
hospital? In your opinion, would changing
the definition of death to include anen-
cephaly be beneficial or deleterious?

Like the brain, the spinal cord is composed of white
xons) and gray matter (dendrites and

matter (myelinated

ARCHITECTURE OF THE
PERIPHERAL NERVOU

cell bodies). However, the arrangement of these types of
matter is reversed in the spinal cord, compared to their
arrangement in the brain: The spinal cord’s white matter
surrounds the gray matter (Figure 23-16)

The human central nervous system is the most complex and
highly evolved assembly uf matter. \mung its functions are
the p ing of sensory infi 1l d from both
the e‘term\l and mkemsl vironment; lhe uguldhon of
internal physiol
plex mnkur ivities; and the end of such i ibl
“mental” qualities as emotions, creativil
the ability to think, learn, and remember

language, and
. (See CTQ #6.)

SYSTEM

B The peripheral nervous system provides the neurologi-
cal bridge between the central nervous system and the
various parts of the body. The peripheral nervous system is
made up of paired nerves that extend into the periphery
from the CNS at various levels along the body. Each nerve is
composed of a large bundle of myelinated axons
surrounded by a connective tissue sheath. Twelve pairs of
cranial nerves emerge from the central stalk of the human
brain, and 31 pairs of spinal nerves extend from the spinal
cord out between the vertebrae of humans (Figure

For the most part, the cranial nerves innervate (s
nerves to) tissues and organs of the head and neck, whereas
the spinal nerves innervate the chest, abdomen, and limbs.
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Additional Pedagogical Features

& {’ e have worked to assure that each chapter in this book
is an effective teaching and learning instrument. In addition

KEY POINTS

Key points follow each major section and offer a con-
densation of the relevant facts and details as well as
the concepts discussed. You can use these key points
to reaffirm your understanding of the previous read-
ing or to alert you to misunderstood material before
moving on to the next topic. Each key point is tied to
a Critical Thinking Question found at the end of the
chapter; together, they encourage you to analyze the
information, taking it beyond mere memorization.
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and dying cells v
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N i h plant cell ha
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TABLE 18-1
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to the pedagogical features discussed above, we have in-
cluded some additional tried-and-proven-effective tools.
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The synopsis section offers a convenient summary of
the chapter material in a readable narrative form. The
material is summarized in concise paragraphs that de-
tail the main points of the material, offering a useful

review tool to help reinforce recall and understanding
of the chapter’s information.
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Key Terms

zygote (p. 214)
meiosis (p. 214)

life cycle (p. 214)
germ cell (p. 214)
somatic cell (p. 214)
meiosis I (p. 216)

synapsis (p. 216)
tetrad (p. 216)

reduction division (p. 216)

crossing over (p. 216)
genetic recombination (p. 216)
synaptonemal complex (p. 218)

maternal chromosome (p. 219)
paternal chromosome (p. 219)
independent assortment (p. 219)
meiosis II (p. 219)

Review Questions

1. Match the activity with the phase of meiosis in which it
oceurs.
a
b. crossing over
c. kinetochores split
d. independent assortment
e. homologous chromosomes
arate

. cytokinesis . telophase 11

2. How do crossing over and independent assortment in-
crease the genetic variability of a species?
Why is meiosis I (and not meiosis I1) referred to as the
reduction division?
Suppose that one human sperm contains x amount of
DNA. How much DNA would a cell just entering
meiosis contain? A cell entering meiosis I1? A cell just
completing meiosis 11?7 Which of these three cells
would have a haploid number of chromosomes? A dip-
loid number of chromosomes?

Critical Thinking Questions

1. Why are disord
from at d
by a number of
A gardener’s favorite plant had white flowers and long
seed pods. To add some variety to her garden, she
transplants some plants of the same type, but with pink
flowers and short seed pods from her neighbor’s gar-
den. To her surprise, in a few generations, she grows
plants with white flowers and short seed pods and plants
with pink flowers and long seed pods, as well as the
original combinations. What are two ways in which
these new combinations could have arisen?

such as Down that arise
I od

1 g dian T o

3. Set up the meiosis template in the diagram below on &
large sheet of paper. Then use pieces of colored yarn or
pipe cleaners to simulate chromosomes and make a
model of the phases of meiosis. (See template on oppo-
site page)

‘Would you expect two genes on the same chromosome,
such as yellow flowers and short stems, always to be
exchanged during crossing over? How might they re-
main together in spite of crossing over?

Suppose paternal chromosomes always lined up on the
same side of the metaphase plate of cells in meiosis I.
How would this affect genetic variability of offspring?
Would they all be identical? Why or why not?
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