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Preface

This is an exciting time to be a biologist: our knowledge of living systems is
expanding rapidly and our technologies for research improve daily. This
fifth edition of Life: The Science of Biology has been an opportunity for us to
communicate to students the excitement of modern biology by expanding
and refining our coverage, by finding new ways to make important concepts
more understandable and memorable, and by conveying the sense of adven-
ture in biological research.

Our overriding goal continues to be to stimulate students’ interests in bi-
ology. We have tried to do this by making underlying concepts clear and
easy to grasp and showing their relevance to medical, agricultural, and envi-
ronmental issues. Also, we want students to appreciate how we know rather
than just what we know. To that end, we discuss scientific methods and show
how experiments, field observations, and comparative methods help biolo-
gists formulate and test hypotheses. In the preparation of this edition, we
have tried to introduce opportunities for students to think about concepts
rather than just learning facts.

Themes and approaches that characterize the new edition

Throughout the book, we use several themes to link chapters and provide
continuity. These themes, which are introduced in Chapter 1, include evolu-
tion, the experimental foundations of our knowledge, the flow of energy in
the living world, the application and influence of molecular techniques, and
human health considerations

One of our approaches is to show how basic principles presented in ear-
lier chapters apply in later chapters. For example, programmed cell death,
also called apoptosis, has been a major focus of biological research in the
past few years. This process is first presented in the context of cell reproduc-
tion (Chapter 9). Then we show its applications in development (Chapter
15), cancer (Chapter 17), and the immune system (Chapter 18). Another ex-
ample is cladistics, introduced first in Chapter 22, and applied in subsequent
chapters to show how evolutionary relationships help us understand a wide
variety of biological problems.

A new organization enhances accessibility

In chapter after chapter, we have concentrated on making the descriptions,
explanations, and applications more accessible to student readers. We have
rewritten obscure or difficult passages, deleted some details, simplified the
writing and illustrations, and shortened both paragraphs and sections. We
have tried to tighten connections, improve transitions, and sharpen the
focus. Many changes have been made in how information is distributed
among the text, captions, figure labels, and a new feature of the illustra-
tions—"balloon captions.”



We have also taken a new approach to headings. We have tried to offer
the reader more guidance in identifying, understanding, and interrelating
key topics. We use two levels of heads (although occasionally a third level is
introduced). Major heads divide the chapters into discrete topics, and sec-
ond-level heads, now full sentences, identify the explicit focus of each sub-
section. In addition to providing a clear outline and introduction to covered
topics, these “sentence heads” are useful to students for study and review.

To further guide the reader, we have provided explicit forecasts of con-
cepts about to be discussed, both as part of the introduction to each chapter
and as part of the introductions to most of the major sections within each
chapter. This forecasting allows students to read with expectation and direc-
tion, better equipped to appreciate the implications of early topics and to see
relationships among topics across the entire chapter.

Different students have different learning styles: some are more image-fo-
cused, others more text-focused. Line drawings and photographs have the ad-
vantages of directness, emphasis, and drama; on the other hand, text explana-
tions provide explicit information and better describe events that occur
through time. We have combined the strengths of both text and graphics
through the abundant use of what we’re calling “balloon captions.” These
brief statements are incorporated directly into the graphics and go beyond
mere labeling to describe, define, or explain graphic elements. Thus, text be-
comes more intimately related to graphic representations and the graphics
take on more significance. Balloon captions, sometimes numbered to clarify a
sequence, guide the reader through the inevitable complexities of some fig-
ures; in other figures, balloons emphasize the most important features. This
new feature has drawn extensive praise during the development of this edi-
tion, and we believe that students will find them highly effective aids to
their learning.

A new format for the chapter summaries emphasizes the chapter outline,
using major heads to distinguish and identify summary statements. The
summary emphasizes major points but also includes specific references to
key figures and tables where supporting details are found.

The seven parts: Content, changes, and themes

Each section of the book has undergone important changes. In Part One, The
Cell, we eliminated some details and advanced topics, notably in Chapter 6
(Energy, Enzymes, and Metabolism), allowing us to develop certain key con-
cepts such as allostery and cooperativity more clearly. New developments in
such areas as protein folding are now introduced in a broad context so the
student can relate them to other topics. When appropriate, we have tried to
link biochemical and cellular phenomena to specific conditions and diseases
that affect human health and well-being.

In Part Two, Information and Heredity, the first six chapters (Chapters
9-14) describe what we know and how we have gained some of this knowl-
edge, and the final four (Chapters 15-18) describe its biological applications.
The expression of DNA is dealt with separately in prokaryotes (Chapter 13)
and eukaryotes (Chapter 14), and these principles are then used to describe
the molecular analysis of development (Chapter 15), the manufacture of use-
ful products via biotechnology (Chapter 16), the diagnosis and treatment of
human genetic diseases (Chapter 17), and the production of antibodies (18).
Because of its centrality to genetics and molecular biology, we now devote
separate chapters to the structure and the role of DNA (Chapters 11 and 12,
respectively).

The chapter on development (Chapter 15) in Part Two now concentrates
entirely on molecular and genetic aspects of development; the cellular and tis-



sue aspects of embryology are presented in Chapter 40. In addition to apply-
ing the principles of molecular biology to recombinant DNA technologies,
Chapter 16 emphasizes how these technologies are being used in agriculture
and medicine. The “molecular revolution” that is just beginning in medicine,
including the Human Genome Project, is the subject of an extensively updated
chapter (Chapter 17).

In Part Three, Evolutionary Processes, we have expanded the treatment of
cladistic methods to assess evolutionary relationships and show how clado-
grams are constructed and why knowing evolutionary relationships helps
us better understand a wide array of biological problems, including human
health problems. With this background, we are able to use phylogenetic
trees in subsequent chapters to illustrate evolutionary patterns that range
from individual molecules to phyla.

Part Three also includes an entirely new chapter (Chapter 23) on molecu-
lar evolution, one of the most exciting and vigorous fields in contemporary
biology. Contributed by Peg Riley of Yale University, this chapter empha-
sizes both detailed molecular comparisons among species and their implica-
tions as to why and how molecules change over evolutionary time as organ-
isms encounter and survive environmental challenges.

The results of molecular evolutionary studies have led us to a new empha-
sis on lineages in Part Four, The Evolution of Diversity, especially in our treat-
ment of bacteria, archaea, and protists. Systematics is in ferment, and we try to
impart some sense of current controversies in the field in Chapters 25 and 26.
We explicitly treat today’s diversity of organisms as the product of evolution.

In Part Five of the fourth edition, we introduced a new chapter, The
Biology of Flowering Plants, on plant responses to environmental chal-
lenges. It was so well received that we have enriched it with an up-to-date
treatment of plant-pathogen interactions. This topic and others continue to
emphasize the theme of evolution. Part Five also includes new findings on
multiple phytochromes and on developmental mutants in Arabidopsis.

In response to requests from instructors, Part Six, The Biology of Animals,
now features a chapter (Chapter 40) on animal embryology, which follows
the chapter on animal reproduction. The coverage of neurobiology (Chapters
41-44) has been redesigned and expanded to include a new chapter (Chapter
43) on the organization and higher functions of the mammalian brain.

Our theme of human health concerns is manifest throughout Part Six.
Chapter 47, on animal nutrition, includes new material on environmental
toxicology, an emerging discipline we feel will be of increasing importance
to the well-being of our planet.

In Part Seven, Ecology and Biogeography, we have further expanded our
coverage of the role of experiments in helping biologists understand the
complex interactions among organisms that structure ecological systems.
New materials illustrate the role of phylogenetic analyses in behavioral ecol-
ogy and biogeography. In Chapter 54 we have designed an original graphic
method of displaying material on Earth’s biomes. This new and striking pre-
sentation enables students to visualize and quantify the differences and sim-
ilarities in the dominant features of Earth’s major biomes.

We wish to thank a lot of people

We were all students and teachers long before we were textbook authors,
and we want to help students in every way possible. In the next section, “To
the Student,” we offer some advice that many of our own students have told
us they found helpful.

Again, we have been fortunate to receive cogent and significant advice
from the more than 60 colleagues who reviewed chapters or whole sections of



the book. Their names are listed after this Preface. Their reviews helped to
shape many of the changes described above, ranging from the addition of new
chapters to the many ways in which we worked to sharpen our story. We
thank them all, and hope this new edition measures up to their expectations.

We were already indebted to J/B Woolsey Associates for the elegance and
effectiveness of the art programs they developed for the third and fourth
editions of this textbook. They have, of course, produced many new illustra-
tions for this edition. However, rather than limiting ourselves to incremental
changes in the existing art program, we have taken a major step forward this
time with the introduction of the balloon captions. The success of this ap-
proach is the result of many factors. James Funston worked with authors
and illustrators, offering input to virtually every pixel in the entire art pro-
gram. John Woolsey and a dedicated team of artists led by Michael Demaray
turned our ideas and suggestions into exciting new art.

James Funston, the developmental editor we chose to work with us on
this edition, paid close attention to clarity and pedagogical focus. Stephanie
Hiebert provided rigorous copy editing from beginning to end. Her sharp
eye extended to the illustrations, and her polishing of and additions to the
balloon copy often enhanced the clarity of the presentation. Carol Wigg once
again coordinated and checked every change made by editors, artists and
authors—indeed, she coordinated the entire preproduction process, and she
applied her knowledge and talent to writing captions that tightly link the il-
lustations to key points in the text. We owe her more than we can say for her
patience, persistence, and skill. Jane Potter, as photo researcher, found many
new and exciting photographs to enhance the learning experience and en-
liven the appearance of the book as a whole.

We wish to thank the dedicated professionals in W. H. Freeman’s market-
ing and sales group. Their efficiency and enthusiasm has helped bring Life to
a wider audience. We appreciate their constant support and valuable mar-
keting feedback. A large share of Life’s success is due to their efforts in this
publishing partnership.

Sinauer Associates provided the best publishing environment we can
imagine. Their years of success in publishing biology books at the introduc-
tory, intermediate, and advanced levels result from their ability to envision a
product and to guide, assist, and motivate authors through the long, de-
manding process. Remarkably, Andy Sinauer never ceases to extend helpful,
and, above all, warm support to his authors.

Bill Purves  Gordon Orians Craig Heller ~David Sadava
November, 1997
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To the Student

Welcome to the study of life! In our student days—and ever since—we have
enjoyed studying the fascinating and fast-changing field of biology, and we
hope that you will, too.

There are a few things you can do to help you get the most from this book
and from your course. For openers, read the book actively—don’t just read
passively, but do things that force you to think as you read. If we pose ques-
tions, stop and think about them. If a passage reminds you of something
that has gone before, think about that, or even check back to refresh your
memory. Ask questions of the text as you go. Do you understand what is
being said? Does it relate to something you already know? Is it supported by
experimental or other evidence? Does that evidence convince you? How
does this passage fit into the chapter as a whole? Annotate the book—write
down comments in the margins about things you don’t understand, or
about how one part relates to another, or even when you find an idea partic-
ularly interesting. The point of doing these things is that they will help you
learn. People remember things they think about much better than they re-
member things they have read passively. Highlighting is passive; copying is
drudge work; questioning and commenting are active and well worthwhile.

“Read” the illustrations actively too. You will find the balloon captions in
the illustrations especially useful—they are there to guide you through the
complexities of some topics and to highlight the major points.

The chapter summaries will help you quickly review the high points of
what you have read. A summary identifies particular illustrations that you
should study to help organize the material in your mind. It is essential that
you study the cited illustrations and their captions as you review because
important information that is covered in illustrations has been left out of the
summary statements. Add concepts and details to the framework by review-
ing the text. A way to review the material in slightly more detail after read-
ing the chapter is to go back and look at the boldfaced terms. You can use
the boldfaced terms to pose questions—and see if you can answer those
questions. The boldfacing will probably be more useful on a second reading
than on the first.

Use the self-quizzes and “Applying Concepts” questions at the end of
each chapter. The self-quizzes are meant to help you understand some of the
more detailed material and to help you sort out the information we have laid
before you. Answers to all self-quizzes are in the back of the book. The con-
cept questions, on the other hand, are often fairly open-ended and are in-
tended to cause you to reflect on the material.

Two parts of a textbook that are, unfortunately, often underused or even
ignored are the glossary and the index. Both can help you a great deal.
When you are uncertain of the meaning of a term, check the glossary first—
there are more than 1,500 definitions in it. If you don’t find a term in the



glossary, or if you want a more thorough discussion of the term, use the
index to find where it’s discussed.

What if you'd like to pursue some of the topics in greater detail? At the
end of each chapter there is a short, annotated list of supplemental readings.
We have tried to choose readings from books and magazines, especially
Scientific American, that should be available in your college library.

To provide another kind of help for students, we commissioned a CD-
ROM (Life 5.0) covering the subject matter of Parts One and Two of this text-
book. Life 5.0 introduces and illustrates (often with unique animations) over
1700 key terms and concepts. You can access this information in several
ways: via Life chapter reviews; via minicourses such as “Molecular
Structure,” “The Cell Cycle,” and “DNA Replication”; or via a hyperlinked
index. There are also several hundred self-quiz items and dozens of thought
problems. You may have a copy of the disk inside the front cover of this
book; if not, and if you would like to purchase one, contact www.mona-
group.com. If you use the disk, explore its contents to see which of its tools
best correspond to your needs.

Most students occasionally have difficulty in courses, including biology
courses. If you find that you are slipping behind in the course, or if a partic-
ular topic is giving you an unreasonable amount of trouble, here are some
useful steps you might take. First, the basics: attend class, take careful lec-
ture notes, and read the textbook assignments. Second, note that one of the
most important roles of studying is to discover what you don’t know, so that
you can do something about it. Use the index, the glossary, the chapter sum-
maries, and the text itself to try to answer any questions you have and to
help you organize the material. Make a habit of looking over your lecture
notes within 24 hours of when you take them—find out right away what
points are unclear, and get them straightened out in your mind. The CD-
ROM can help by providing a different perspective.

If none of these self-help remedies does the trick, get help! Other students
are often a good source of help, because they are dealing with the material at
the same level as you are. Study groups can be very useful, as long as the
participants are all committed to learning the material. Tutors are almost al-
ways helpful and useful, as are faculty members. The main thing is to get
help when you need it. It is not a good idea to be strong and silent and drift
into a low grade.

But don’t make the grade the point of this or any other course. You are in
college to learn, to pursue interesting subjects, and to enjoy the subjects you
are pursuing. We hope you'll enjoy the pursuit of biology.

Bill Purves Gordon Orians Craig Heller ~David Sadava
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