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To Rochelle and Allison, with love

ABOUT THE AUTHOR

BIOLOGY is the product of 27 years of teaching experience and many years of inten-
sive writing and revision by Dr. Neil A. Campbell. This textbook is a natural outgrowth
of Dr. Campbell’s broad interest in his science. He earned his M.A. in Zoology from
UCLA, where he studied the control of protein synthesis during animal development,
and went on to the University of California, Riverside, where he earned a Ph.D. in
plant biology. Dr. Campbell’s research efforts on salt transport in plants and the cel-
lular basis of leaf movements have resulted in publications in Science, The Proceed-
ings of the National Academy of Sciences, and Plant Physiology, among other journals.

In addition to his accomplishments as a research scientist, Dr. Campbell has earned
a reputation as an outstanding classroom teacher with a strong commitment to im-
proving undergraduate education. After 10 years of teaching general biology and cell
biology at San Bernardino Valley College, he took an academic leave and accepted a
faculty position at Cornell University, where he reorganized a two-semester general
biology course. After three successful years at Cornell, Dr. Campbell returned to
California to reassume his teaching position at San Bernardino Valley College, where
in 1986 he received the college’s first Outstanding Professor Award for excellence in
classroom instruction. He frequently returned to Cornell to teach the summer gen-
eral biology course to advanced-placement high school students and Cornell under-
graduates on a six-week schedule. In 1988, Dr. Campbell accepted an invitation to
teach a one-semester general biology course at Pomona College.

During his many years of teaching general biology—most frequently as the sole lec-
turer—Dr. Campbell’s teaching sensibilities have been honed in both large lecture
and small classroom environments and with a diverse group of students. His text-
books have helped introduce biology to another million students. Dr. Campbell is
currently a Visiting Scholar in the Department of Plant Sciences at the University of
California, Riverside.



PREFACE

his fourth edition of BIOLOGY is true to the ear-
lier versions’ dual objectives: to explain the key
concepts of biology clearly and accurately within a
context of unifying themes, and to help students de-
velop positive and realistic impressions of science as a
human activity. These two teaching values evolved in the
classroom, and I am pleased that the book’s conceptual ap-
proach and its emphasis on science as a process have
appealed to the educators and students who have made
BIOLOGY the most widely used textbook in its field. With
that acceptance, however, comes the responsibility to serve
the biology community even better. Thus, in 1993, as I began
to plan this new edition, I visited dozens of campuses to lis-
ten to what students and their professors had to say about
their biology courses and textbooks. The most common crit-
icism of biology texts, including this one, was that the most
important concepts in each chapter did not pop out enough
from the background of supporting details. Those conversa-
tions with faculty and students inspired the fourth edition’s
most visible and pervasive improvement.

B The major improvement in this new
edition of BIOLOGY is a much sharper
focus on key concepts

Classroom experience convinces me that when students
seem overwhelmed by the amount of biological informa-
tion, it is usually because they are having difficulty struc-
turing what they learn into a hierarchical scheme in which
the main ideas rise above the supporting details, examples,
and terminology. For instance, one key concept in the
study of photosynthesis can be phrased like this: “The light
reactions of photosynthesis transform light energy to
chemical energy.” But a beginning student trying to under-
stand photosynthesis may have difficulty distilling this
concept from a sea of details such as the names of electron
carriers. And a student who is frustrated with what seems
like a formless flood of information too often resorts to
rote memorization as a substitute for conceptual com-
prehension. In trying to help students construct a frame-
work of concepts, many colleagues share my experience
that oversimplifying photosynthesis or any other topic
is counterproductive; without sufficient depth, key con-
cepts themselves collapse into meaningless factual state-
ments to be memorized instead of organizing principles to
be investigated.
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My mentors are biology teachers who keep the spotlight
on a topic's starring concepts, even as they introduce a
supporting cast of carefully chosen details, useful terms, re-
inforcing examples, and validating evidence. That is the
teaching philosophy that has always been at the heart of
BIOLOGY, and my vision for this edition was to do an even
better job of keeping each chapter’s key concepts in the
limelight. Just as every classroom presentation has its main
take-home lessons, so does every chapter in this new edi-
tion of BIOLOGY.

There are many excellent general biology textbooks, and I
am familiar with those that accent key concepts by listing
them at the beginning of a chapter or highlighting them as
sidebars within a chapter. But that is not what I had in
mind for this edition of BIOLOGY. The mission was to com-
pletely rebuild each chapter around a manageable number
of key concepts, usually about ten, which serve as the titles
and focal points of the chapter’s major sections. That
meant: first, deciding which concepts are most impor-
tant to teach and then phrasing those concepts as clear,
concise, accurate sentences; second, arranging those key
concepts so that they build in a logical sequence and inter-
lock into a cohesive chapter; and third, rethinking the text
and figures for each section so that their function is to ex-
plain and reinforce the key concept stated at the beginning
of that section.

With this sharper focus on concepts, it then made sense to
use the key concept statements to help students both pre-
view and review the chapter. Thus, on the first page of each
chapter, you will find a list of key concepts as a preview of
the chapter’s main ideas. The second time a student sees
one of those conceptual statements, it will be in the body of
the chapter as the banner for a section that blends text and
illustrations to teach that concept. These main ideas appear
for a third time at the end of the chapter, their encore in the
Review of Key Concepts section. A blue square (=) marks the
key concepts in all three locations, making it easier for stu-
dents to relate the sections of a chapter to the overall con-
ceptual framework.

After students study a chapter, they should be able to take
one more pass through the list of key concepts and explain
them in their own words. Understanding biology through its
key concepts will stick with students even as the knowledge
explosion refines our view of life. BIOLOGY should continue
to serve students as a general reference after they succeed in
their introductory course and continue their education.



m The spotlight on key concepts
complements BIOLOGYs
other hallmarks

By reconstructing each chapter of BIOLOGY to enable stu-
dents to keep the key concepts in clear view, I have built on
the pedagogical foundation of the first three editions.

Unifying Themes. A thematic approach continues to dis-
tinguish BIOLOGY from an “encyclopedia of life science.”
Chapter 1 introduces twelve themes that resurface through-
out the text to help students synthesize connections in their
study of life. The themes complement the key concepts in
giving form to the vastness of biology: the key concepts apply
at the chapter level as that subject’s most important ideas;
the themes cut across all fifty chapters as unifying features of
life. For example, “The light reactions of photosynthesis
transform light energy to chemical energy” is a key concept
in the subject area of photosynthesis. But “Organisms are
open systems that interact continuously with their environ-
ments” is a theme that unifies diverse biological concepts,
including the idea that plants and other photosynthetic or-
ganisms are open systems that depend on transfusions of
solar energy to make sugar. In the fourth edition of BIOLOGY,
the focus on key concepts gives form to each chapter; the ap-
plication of unifying themes gives form to the whole book.

Evolution as the Core Theme of BIOLOGY. If the function
of BIOLOGY's themes is to help students integrate their
study of life, then evolution is the theme of all themes—the
thread that ties together the other unifying features of biol-
ogy. For example, evolution accounts for the unity and di-
versity of life (one of BIOLOGY’s themes) and lends meaning
to the correlation of biological structure and function (an-
other theme). As the overarching theme of BIOLOGY, evolu-
tion is built into every chapter.

Science as a Process. Chapter 1 includes a thorough intro-
duction to the power and limitations of science as one of the
book’s themes, but BIOLOGY’s commitment to showcasing
science as a human activity does not end there. Case studies,
each announced by the subtitle “science as a process” follow-
ing the concept statement it supports, enrich many chapters
throughout the book by balancing “what we know” with
“how we know” and “what we don’t yet know.”

BIOLOGY also features many Methods Boxes, which de-
mystify science by explaining laboratory and field methods
in the context of experiments. For example, a new Meth-
ods Box in Chapter 49 (“Ecosystems”) describes how paleo-
ecologists are studying fossil pollen to reconstruct how past
climate changes affected biological communities and to
make predictions about the future consequences of global
warming. And eight new interviews with influential biolo-
gists, which introduce the eight units of the book, personal-
ize science and portray it as a social activity of creative men
and women, rather than an impersonal collection of facts.

Science, Technology, and Society. Biology and its applica-
tions have a profound impact on culture—on our per-
spective of nature, on our environmental awareness, and on
our health and quality of life. It is important for students to
appreciate that ethics has a place in science, even in basic
research, and that technology brings with it the need to
examine values and make choices. This interrelatedness of
science, technology, and society is one of the themes
of BIOLOGY. For example, environmental problems, such
as the destruction of tropical rain forests, are presented
as complex issues with cultural, political, and economic
considerations as well as biological ones. At the end of each
chapter, Science, Technology, and Society questions encour-
age students to incorporate the biological concepts they
have learned into their broader view of the world.

A Marriage of Text and Illustrations. Biology is a visual sci-
ence, and many students are visual learners. As a teacher
trying to help students learn biological concepts, I have al-
ways authored the illustration program of BIOLOGY side-
by-side with the text. Beginning with the first draft of each
edition, the artists, photo researchers, editors, and I begin
working together to embed the illustrations and their self-
contained legends into the story line of each chapter.

With this commitment to a marriage of words and pictures,
BIOLOGY has pioneered many breakthroughs that enhance
the pedagogy of textbooks. For example, many chapters of
BIOLOGY use a sequence of orientation diagrams as road
signs to help students keep track of where they are going as
they navigate through a biological process such as photo-
synthesis. In figures that illustrate stepwise processes, cir-
cled numbers in the text or figure legends match the num-
bered steps in the diagrams in order to walk students
through the process. Another important navigation aid is
the consistent use of color coding and icons to help students
connect concepts as they move from chapter to chapter. For
example, proteins are always color-coded purple, and ATP
always appears in illustrations as a yellow sunburst. In this
new edition, text and illustrations have continued to co-
evolve, and most of the figures have been refined to improve
their teaching effectiveness.

An “Overview-Closer Look” Teaching Style. BIOLOGY
begins the development of many complex topics such as
cellular respiration (Chapter 9) and protein synthesis
(Chapter 16) with a panoramic view—an overview—of what
the overall process accomplishes. Text and figures then in-
vite the student inside the process for a closer look at how it
works. The orientation diagrams, miniature versions of the
overview illustration with appropriate parts highlighted,
help students keep the larger process in sight even as they
dissect it for a closer look. The “overview-closer look”
teaching strategy is another example of how the hallmarks
of BIOLOGY complement this new edition’s sharper focus
on key concepts to help students find their way through the
multidisciplinary landscape of biology.
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M [ have thoroughly updated the content
of each chapter while preserving
BIOLOGY's versatile organization

BIOLOGY makes no pretense that there is one “correct” se-
quence for the major topics in a general biology course: the
individuality of biology professors is one of the strengths of
science education. Therefore, I built BIOLOGY to be versa-
tile enough to support instructors’ diverse courses, whether
they choose to start with molecules or ecosystems, or some-
where in between. The eight units of the book are self-
contained, and most of the chapters can be assigned in a dif-
ferent sequence without substantial loss of continuity. For
example, professors who integrate plant and animal physi-
ology can merge chapters from Units Six and Seven to fit
their courses. And instructors who begin their courses with
ecology can assign Unit Eight (“Ecology”) right after stu-
dents have read Chapter 1, which introduces the themes
that give each unit of chapters a general context.

Although specific updates and pedagogical improvements
in this new edition of BIOLOGY are too numerous to list
here, a brief survey of the eight units is a useful roadmap to
the book’s content.

Unit One: The Chemistry of Life. Many students struggle
in general biology courses because they are uncomfortable
with basic chemistry. Chapters 2-4 help those students by
developing, in carefully paced steps, the concepts of chem-
istry that are essential for success in biology. I designed the
chapters so that students of diverse backgrounds can use
them for self-study, reducing the amount of valuable class
time instructors need to spend on chemical review before
they can get on to biology. However, Chapter 5 (“The Struc-
ture and Function of Macromolecules”) and Chapter 6 (“An
Introduction to Metabolism”) provide important orientation
even for those students with solid chemistry backgrounds.
The role of chaperones in the building of proteins (Chap-
ter 5) is one specific example of what is new in this edition.

Unit Two: The Cell. Chapters 7-11 build the study of cells
around the theme of the correlation between structure and
function. Throughout the unit, for example, I have accented
the role of membranes in ordering cell physiology. Among
the changes in this edition are greater emphasis on the
structure and functions of the extracellular matrix of animal
cells in Chapter 7 and a new section in Chapter 8 introduc-
ing signal-transduction pathways, a topic that is reinforced
in later chapters on plant and animal physiology.

Unit Three: The Gene. Chapters 12-19 trace the history of
genetics, from Mendel to DNA technology, with “science as
a process” as a theme. BIOLOGY’s extensive coverage of
human genetics is not artificially collected into a single chap-
ter; it appears throughout the unit, integrated with general
concepts that are applied to human genetics. New sections
on emerging viruses and prions in Chapter 17 are examples
of how BIOLOGY is keeping pace with current research.
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Unit Four: Mechanisms of Evolution. As the core theme of
BIOLOGY, evolution figures prominently in every unit, but
Chapters 20-23 are where students will learn howlife evolves
and how biologists study evolution and test evolutionary
hypotheses. Chapter 20 (“Descent with Modification: A
Darwinian View of Life”) sets the stage for the unit by ground-
ing evolutionary biology in the process of science. Students
will then find many examples throughout the unit of research
and debate about mechanisms of evolution. New examples
of natural selection in action and a comparison of different
definitions of species are among the improvements in this
edition. Chapter 23 bridges this unit to the survey of bio-
logical diversity in Unit Five by highlighting how modern
methods of systematics, including applications of molecular
biology, are helping biologists trace the history of life.

Unit Five: The Evolutionary History of Biological Diversity.
Chapters 24-30 consider the diversity of life in the context of
key evolutionary junctures, such as the origin of prokary-
otes, the evolution of the eukaryotic cell, the genesis of mul-
ticellular life, and the adaptive radiation of plants, fungi, and
animals. The evolutionary theme of this unit contrasts with
a “parade of phyla” approach. Recent discoveries of impor-
tant fossils, improvements in molecular systematics, and the
growing consensus for cladistic classification are transform-
ing our view of biological history and the diversity of life.
Thus, this is the most extensively revised unit in the fourth
edition of BIOLOGY. A few examples of what is new are phy-
logenetic classification of bacteria, a reevaluation of protis-
tan taxonomy, new hypotheses on the origin of plants, evo-
lutionary relationships of fungi to other kingdoms, and the
ongoing debates about human origins. The rationale for al-
ternatives to the classical five-kingdom system of classifica-
tion is thoroughly evaluated, but the unit is organized so that
it also supports courses that favor the five-kingdom scheme.

Unit Six: Plants: Form and Function. Chapters 31-35 in-
troduce students to plants in the evolutionary context of
adaptation to terrestrial environments. The correlation be-
tween structure and function is also a prominent theme
throughout the unit. The chapters emphasize how plant cell
biologists and molecular biologists are reshaping our under-
standing of the morphology, physiology, and development
of plants. An example of how the unit has been updated is a
new section in Chapter 35 (“Control Systems in Plants”) on
the responses of plants to environmental stress.

Unit Seven: Animals: Form and Function. The interaction
between organisms and their environment is the focus of
Chapters 36-45, which take a comparative approach in ex-
ploring the diverse adaptations that have evolved in differ-
ent animal groups. Humans fit into this comparative format
as an important mammalian example. The connection of
bioenergetics to other animal functions is much more
prevalent in this new edition, beginning with an introduc-
tion that relates bioenergetics to animal form and physiol-
ogy in Chapter 36 (“An Introduction to Animal Structure and
Function”). Chapter 39 (“The Body’s Defenses”) has been



updated to reflect progress in immunology. And Chapter 43
(“Animal Development”) now features invertebrate models
for the study of pattern formation, especially the develop-
mental genetics of Drosophila.

Unit Eight: Ecology. Chapters 46-50 feature stronger con-
nections to evolution, including an updated section on the
evolution of life histories. The unit also reflects the urgent
need for basic ecological research in an era when the
exploding human population and its technology are tread-
ing blindly and carelessly throughout the biosphere. After
careful consideration, 1 decided not to collect environmen-
tal issues into a separate chapter on human ecology. Given
the relevance of general ecological concepts to our current
environmental crises, 1 opted for thorough examination
of environmental issues throughout the ecology unit so that
students could evaluate those complex problems in the con-
text of the basic concepts that apply. For example, an im-
proved section in Chapter 48 (“Community Ecology”) links
what students have learned about community structure to
strategies for setting up biodiversity preserves. The last
chapter (“Behavior”) is based on the evolutionary perspec-
tive of behavioral ecology, an orientation that fits the chap-
ter into the ecology unit. Chapter 50 also serves as a cap-
stone for the entire book, relating behavior and ecology to
the other fields of biology, to the other natural sciences, and
to the student’s general education.

M Learning tools at the end of each
chapter help students review and
apply BIOLOGY's key concepts

In the spirit of this edition’s major improvement, the earlier
editions’ Study Outline has been replaced with a Review of
Key Concepts. Each entry in the review restates a concept
and provides an abridged explanation of it. Along with the
concept are page numbers to direct students if they need to
return to where that concept is developed in more depth. In
most cases, each entry in the review also refers students to a
particular illustration (or illustrations) in the chapter that
provides the most useful visual summary of the concept.

A Self-Quiz at the end of each chapter helps students test
their comprehension of key concepts, but many of these
questions also require students to apply concepts or solve
problems. Students will find the answers to the Self-Quiz
questions in Appendix One. Challenge Questions encour-
age students to verbalize their interpretations of concepts,
to extrapolate from what they have learned to new situa-
tions, to think critically about complex debates in biology, to
apply quantitative skills in the context of biological prob-
lems, and to generate testable hypotheses of their own. The
Science, Technology, and Society questions ask students to
think about biology’s place in culture and about the conse-
quences of applied biology. A short Further Reading list
completes the tools at the end of each chapter.

Students will also find learning tools at the back of the book,
including an extensive Glossary of biological terms and an
improved Index.

m Carefully developed supplements add

value to the BIOLOGY package
Student Study Guide by Martha Taylor, Cornell University.

Investigating Biology, Second Edition by Judith Morgan,
Emory University, and Eloise Carter, Oxford College of
Emory University. A laboratory manual, with accompanying
Annotated Instructor’s Edition and Preparation Guide.

Instructor’s Guide by Nina Caris and Harold Underwood,
both of Texas A&M University.

Test Bank edited by Daniel Wivagg, Baylor University, with
contributors Richard Duhrkopf, Baylor University; Richard
Storey, Colorado College; Gary Fabris, Red Deer College;
Rebecca Pyles, East Tennessee State University; and Kurt
Redborg, Coe College. This test bank is available on Micro-
test, a microcomputer test-generation program. The test
bank is available to qualified college and university adopters.

Overhead Transparencies A set of 300 color acetates of il-
lustrations and micrographs from BIOLOGY, Fourth Edition,
is available to qualified college and university adopters.

35-mm Slides The same 300 illustrations available as ace-
tates are available in 35-mm slides to qualified college and
university adopters.

Transparency Masters A set of 300 black-and-white trans-
parency masters from BIOLOGY, Fourth Edition, is available
to qualified college and university adopters.

BioShow II: The Videodisc BioShow II is a videodisc of illus-
trations from the text, original animations, and motion se-
quences. Side one accompanies BIOLOGY. Art conversion
from BIOLOGY to still figures, stepped figures, and anima-
tions was developed and executed by Tom Dallman, Ph.D.
BioShow II is available to qualified adopters.

The Art CD-ROM for BIOLOGY, Fourth Edition A new CD-
ROM containing text illustrations for projection during lec-
ture is available to qualified adopters.

Fish Farm: Simulation Software by Robert J. Kosinski,
Clemson University, with accompanying Student Work-
book and Instructor’s Guide.

The real test of any textbook is how well it helps instructors
teach and students learn. I welcome comments from stu-
dents and professors who use BIOLOGY. Please address your
suggestions for improving the next edition directly to me:

Neil A. Campbell

Department of Plant Sciences
University of California
Riverside, California 92521
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