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Preface

stages to the final touches still being made as the

book went off to press. This joy stems from the fact
that all four authors find biology to be a gripping sub-
ject, one that is simultaneously intensely interesting and
critically important. Because scientific understanding of
many fundamental principles is growing by leaps and
bounds, this an exciting time to write, teach, and learn
about all areas of the biological sciences.

For example, researchers are beginning to unlock the
secrets of the human genome, allowing us to explore in
unprecedented detail both the causes of and potential
treatments for a host of human genetic disorders. And
ecologists have begun to make real progress in under-
standing and predicting events that affect all of the
world’s ecosystems, such as the occurrence of El Nifio
events and the contribution of human activities to glo-
bal warming.

Discoveries such as these, along with a host of others,
mean that biology is a subject of news stories on an
almost daily basis. In recent weeks, for example, the
news has focused on the dangers of bioterrorism; on a
remarkably simple and inexpensive procedure—bub-
bling nitrogen into ballast water to deplete the water of
oxygen—that may reduce the billions of dollars lost each
year when pest species are inadvertently spread from
port to port in the ballast water released by cargo and
cruise ships; and on biomedical developments that may
allow doctors to transplant the organs of other species,
such as pigs, into humans without danger of immune
system rejection. These and other aspects of biology in
the news open up a world of applied issues with impor-
tant ramifications not only for individuals but for all
human societies. Biology touches our lives every day,
and its rapid progress ensures that we will hear more,
not less, about biology in the years ahead.

It was a joy to write this book, from the first planning

The Philosophy of this Book Remains
“Less Is More"”

Unfortunately, the very things that make biology so
interesting—the rapid pace of new discoveries and the

critical uses and applications of these discoveries by
human societies—can make it a difficult subject to teach
and to learn. When we set out to write the Second Edi-
tion of Discover Biology, we asked ourselves, How can
we convey biology’s excitement, breadth, and relevance
to students without burying them in facts and defini-
tions? We have achieved this goal by writing clear,
streamlined chapters that focus on essential concepts.

Over years of teaching, we have found that students
learn best from short, focused chapters. We think this
book’s audience—introductory students who are not sci-
ence majors—does not need to be overwhelmed with a
mass of detail that is hard to sort through and place in
context, nor do these students need to temporarily mem-
orize exhaustive lists of new terms and vocabulary. We
firmly believe that less is more: Students learn more when
presented with less material (a belief well supported
by the education literature).

As described in detail below, to put our “less is more”
view into practice, we begin all our chapters with a sin-
gle main message and a small set of key concepts. We
develop the main message to a depth that only slightly
exceeds what can be covered in one class period. We
make heavy use of applied topics to illustrate key con-
cepts while maintaining a focus on the overarching the-
oretical nature of biology, without which practical appli-
cations would not emerge.

Changes in the Second Edition: A Labor of Love

As we began to revise the successful First Edition of Dis-
cover Biology, we listened carefully to comments from
students and instructors who were using the book. They
provided invaluable help in both describing the book’s
strengths and pointing out places where there was room
for improvement. Students were particularly helpful in
identifying sentences and examples that could use a bit
more elaboration to make the meaning crystal clear.
Instructors helped us tackle the challenge of selecting
the best possible examples with which to illustrate a
wide range of concepts. During the long hours spent
carefully revising each chapter, the guidance and encour-
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agement we received from these comments served us
extremely well. We also benefited greatly from the
thoughtful responses to survey questions that dozens of
instructors provided us. These instructors took the time
to examine the book closely and provided us with exten-
sive feedback on all of its features.

The message from all these comments was loud and
clear: stay with the existing model of short, focused
chapters that emphasize key concepts, applied exam-
ples, and breaking news stories, while adding more
human examples and more of the sidebars on “Biology
in Our Lives” and “The Scientific Process.”

In response to this input, we wrote two new, highly
relevant chapters: “Harnessing the Human Genome”
(Chapter 18) and “From Birth to Death” (Chapter 38). In
conjunction with revised material on genome biology in
Chapter 16, the new chapter on the human genome
exposes students to the revolutionary changes brewing
as scientists continue to obtain and analyze the DNA
sequence data of entire genomes. “From Birth to Death”
offers a fresh look at what it means to be human, as it
describes the human life cycle and seeks to explain why
we exist in the form we do.

We applied the same principles that guided the writ-
ing of new chapters to our revision of the existing chap-
ters. We added new boxed essays on topics such as
cyanide poisoning of coral reef organisms (p. 699) and
the recent discovery of a gene that could be used to genet-
ically engineer coffee beans to produce a drink with all
of the taste but none of the “jolt” of caffeinated coffee
(p. 262). As we rewrote each chapter, we constantly
sought new and interesting applied examples to illus-
trate key concepts. For instance, in revising Chapter 45,
“Global Change,” we incorporated the most recent exam-
ples of how people affect global ecosystems and added
anew section on one of the greatest challenges faced by
human societies: How to change our behaviors, laws, and
economies so that the impact of Homo sapiens on our plan-
et becomes sustainable (see p. 749).

Our obsession with incorporating applied examples
was matched only by our obsession that key concepts be
conveyed in a clear and accessible manner. We revised
and polished many aspects of the writing, including the
order in which material is presented within and between
chapters, the figures, and the text prose. To give just one
of many possible examples, in Unit I, “The Diversity of
Life,” we rearranged the material and order of Chapters
2 and 3, including the discussion of the Linnaean clas-
sification system, so that now students learn first how
organisms are classified into groups and how the groups
relate to each other in the new Chapter 2, “Understand-
ing and Organizing the Diversity of Life.” The vast
diversity of life forms is then described in the revised

Chapter 3, “Major Groups of Living Organisms.” To help
students keep the context provided by Chapter 2 in per-
spective, we added small, iconic evolutionary trees to
Chapter 3, to remind students where each group fits in
on the “tree of life.”

Features of the Second Edition: Approaches
and Tools to Improve Learning

A primary goal of the Second Edition is
to improve the biological literacy of our readers

Topics such as genetic engineering, new cancer treat-
ments, the disappearance of rain forests, and global
warming are increasingly in the news. We think it is crit-
ical that students understand the biology behind the
news; only in this way can they make informed choices
when the issues involve biology—as more and more
issues do.

As part of our effort to demonstrate the application
of biology to day-to-day living, each chapter in Discov-
er Biology includes a unique feature called Evaluating
“The News.” These sections offer a brief original article,
editorial, or “letter to the editor,” often based on actual
news stories, and highlight how applications of biology
create issues that confront all citizens. Each chapter’s
Evaluating “The News” includes questions that encour-
age students to think about the social and ethical impli-

“ The Buily Globe

Are Species Trying to Outrun
Global Warming?

A number of years ago scientists
warned that global warming might
force plant and animal species to
migrate north or up the sides of
mountains in search of cooler
conditions. New results show that
these predicted migrations may
have begun: Dozens of plant and
animal species have migrated
north or upward in elevation, in
some cases at rates too slow to
keep up with the changing climate.

The list of species on the move
includes 19 species of butterflies
and 55 species of birds. Land plants
and a variety of sea creatures also
seem (o be feeling the heat. On
land, 10 plant species have migrat-
ed up the sides of the European

Alps; unfortunately, these plants are
migrating at less than half the speed
needed for them to keep up with cli-
male change. Oﬂ‘lhemofau
fomia, reef fish and the mi

Trouble may be brewing for
people as well. Like other organ-
isms, insects that carry human
diseases are on the move. Recent
increases in have al-

mmwhﬁmwlymmoh
ganisms feed also have moved o
new locations. Overall, the new
studies show that many species
have begun to migrate, seemingly
in response to global warming.

‘What can we expect from future
movements of species as the cli-
mate continues to warm? Species
that move quickly should be fine,
but species that migrate slowly may
£0 extinet if global warming out-
strips their ability to find a cooler
place to live.

Evaluating “The News”

lowed the mosquitoes that transmit
malaria, dengue fever, and yellow
fever to thrive at higher elevations
than they once could. As these in-
sects spread to new places, they
bring the discases they carry with
them. In the words of Dr. Janet
Malcolm of the United Health Or-
ganization, “If the planet continues
fo warm at current rates, many dis-
cases will spread to new locations,
causing untold human suffering”

1 Alchcspedesmd\asﬂwpohrbmr

may be at particular risk from glob-
al warming: As the climate warms,
they may not have the option of
moving farther north, Docs it mat-
ter whether such species go extinct?
If not, why not? If so, what actions
would you be willing gmuhwpm
vent their extinction|

2. If human actions cause
mate change (see Chapter 45), do
we luve an cﬂ'dnl nwpo:\dbiury

phos to live? w';;, or why not?

3. The most severe effects of global
‘warming may occur in countries
that are not major sources of the

lution that causes

n Whoshou bear the costs asso-
ciated with global w 2 The

country in which a particular effect

occurs, or the countries Lln!unv
most ible for the pollution
ik v b et

Each chapter ends with an Evaluating “The News"”
feature, accompanied by thoughtful questions
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cations of many biological issues, providing a forum for
students to develop critical thinking skills and apply
what they learn in the textbook to very real problems.

Each of the book’s six units ends with a chapter devot-
ed to a significant issue confronting society: biodiversi-
ty, cancer, genomics, human evolution, the human lifes-
pan, and global change. These capstone chapters draw
on the biological concepts introduced earlier in the unit
and give an in-depth consideration of how biology is con-
nected to the rest of our lives.

The illustration program:
An opportunity and a challenge

Biology is certainly the most visual of all academic disci-
plines. In creating the First Edition of Discover Biology, we
were overwhelmed by the vast number of gorgeous pho-
tographic images available to illustrate biological phe-
nomena. The Second Edition provides the opportunity to
improve on an already stunning array of photographs.

The line art in an introductory biology book does
much of the “heavy lifting” of making new and chal-
lenging concepts clear. For the First Edition, we worked
closely with a team of talented biological illustrators.
Employing “balloon” captions that place explanatory
copy directly on the art, we feel we succeeded in creat-
ing illustrations that are simple and effective. For the Sec-
ond Edition, we used the advice from adopters and
reviewers to hone and refine a large number of figures,
making them even clearer.

€3 The ATP produced by photosyn- ‘ € The NADPH produced by

Ihesis s used as an energy source phatosynthesis provides
| forcarbon fixation. | the reducing power
T'Tis enzyme catalyzes | needed for carbon fixation.

the reaction. Unstable 6C

ubiscd) g ggfv

\{@ " ? CARBON FIXATION g&mm

ADP
@

Hiao@

by . R
Ribulos: /\ /7 Glyceraldehyde
p ( 1 5-bisphosphate  xgp 4L aphosphate

@®

© The remaining 10 molecules of €D For every 8 moleculos of CO,

olyceraldehyde 3-phosphate are | consumed in carbon fxation,
processed o yild 6 molecules | 12 molecules of glyceraldehyde
of rbulose bisphosphate. \\“ 3-phosphate are produced.

3 Two molecules of ghycaraidehyde Glucose

3-phosphate are used to make the |___
|_B-carbon sugar glucose. =

“Balloon” captions bring explanations of difficult concepts
right into the art

A unique feature of Discover Biology is its use of fine
art to introduce each chapter. By this device, we intend
to help students connect biology to the rest of the liber-
al arts curriculum. It was so much fun selecting the
paintings and sculptures that adorn the chapters that we
chose many new ones for the Second Edition.

Chapters remain short and focused
on a few key concepts

Along with the fine art, each chapter’s main message
appears on the chapter-opening spread. The chapter text
also begins here with a hook—a vignette designed to

chaptprj : DNA Technology

research and in medical applications. A light-pro-
ducing gene from a firefly, for example, can help

B MAIN MESSAGE

[DNA technology makes it possible to
isolate genes, produce many copies of
them, determine their sequence, and
insert them into organisms,

sicken and die. Doctors can use the results of this
test to prescribe an antibiotic to which the bacteria

Glowing Bunnies and Food for Millions

‘ome jellyfish can produce flashes of light that
may serve to ward off attacks from predators
Recently these same lights made the head

lines: The gene that enables fellyfish to produce

light was isolated and transferred to a rabbit, creat-
ing a plece of “living art” meant to confront people
with a creature that was both lovable and alien.

284

To date, the rabbit, whose name is Alba, has never
been shown in an art exhibit because the outery
over her creation caused her to be confined to the
laboratory in which she was made.

While some artists e genes that cause organ-
isms to glow in the dark to create controversial art
exhibits, such genes are usually used in scientific

doctors treat the lung-destroying disease tuberculo-
sis (TBJ, which is caused by a bacterium. To achieve
this, the firefly gene is inserted into T8 bacteria
sampled from a patient. The bacteria are then
screened for resistance to different antibiotics.
When exposed to an antibiotic, resistant bacteria are
able to grow and express their genes, including the
inserted firefly gene. Asa
result, esistant bacteria
ow in the dark, whereas
bacteria that are not resistant

are not resistant.
Techniques similar to those used 1o transfer light-
producing genes are also being used to develop
crop plant varieties that could improve the health
and nutrition of millions of people. The basic princi-
ple is simple: New genes are transferred to crops
such as rice or wheat, enabling them to produce
essential nutrients that they otherwise could not
make. Such genetically altered crops could save the
lives of millions of undemourished children.
The creation of a glowing rabbit and the devel-
opment of crops with improved nutritianal
value were both made possible by new inno-
vations in DNA technology, the set of tech-
niques used to manipulate DNA. These
new techniques have led to many medical
and commercial applications, from the isola-
tian of disease-causing genes to the production
of industrial lubricants. In this chapter we describe
the techniques scientists use to manipulate DNA,
and we discuss the applications and the risks of
those techniques.

Alba, a Genetically Altered White Rabbit
that Glows in the Dark

Each chapter begins
with a two-page
"hook” and includes
a work of fine art
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ing as part of a nutritious break-
fast, provide a wonderful exam-
ple of conflicting selection

T he eggs of birds, when not serv-

M THE SCIENTIFIC PROCESS
For the Extinct Elephant Bird, Was Incubation a Crushing Disaster?

Among living birds, large species
have eggshells that are thin relative
to egg weight. The relatively thinner

at work. The shell of an egg, for exam-
ple, acts both as an external skeleton
and as a filter through which materi-
als enter and leave the egg. The shell
must be weak enough that a tiny chick
can break it open when ready to
hatch, yet strong enough that it can
support the weight of an incubating
adult bird. The shell must be thin and
porous enough to allow in the oxygen
that the developing chick needs, yet it
must resist the loss of water so that
the developing chick does not dry out.

The largest bird in the world, the
450-kilogram elephant bird of Mada-
gascar, laid the biggest eggs in the
world, weighing 9 kilograms. Sadly,
the elephant bird went extinct in the
seventeenth century, leaving almost no
records of its natural history in its
wake. We can use what we know about
the eggs of other bird species, how-

of large eggs appear to
compensate for their smaller surface

10 l ratio as pi
with small eggs. In other words, a
thick shell on a large egg would keep
the developing chick from getting
enough oxygen.

Shell thickness, however, directly
determines how much force an egg
can tolerate before it breaks.

We know that the eggs of

small birds can supporta
weight many times that
of the parent bird. The
eggs of large birds,
however, are relative-
ly fragile. An egg of
the ostrich, the largest
living bird species, can-
not quite support the
weight of a single adult.
Ostriches deal with this
problem by laying 10 or

Birds as big as the elephant bird,
however, must have faced tremen-
dous problems during incubation. A
single elephant bird egg would break
under a weight 1/200 that of an adult
bird. In other words, an elephant bird
nest would have to contain more than
200 eggs before a parent could safely
settle in. Because the elephant bird
is extinct, we may never know
how this species managed to
incubate its eggs.

320 UNIT4_Ecolution

B KEY CONCEPTS

1. Biological evolution is change in the genetic characteris-
tics of populations of organisms over time. For evolution
10 occur, there must be inherited differences among the
individuals in a population.

2 i individuals with in chi
ters (such as large body size) leave more offspring than
other individuals. The inherited characters of the individu-
als that leave more offspring become more common in the
following generation.

3. Adaptations are features of an organism that improve
its its ions a

3 re prod-
ucts of natural selection, the process in which individuals
with particular

at a higher rate than other individuals because of those
characters.

4.The great diversity of life on Earth has resulted from the
repeated splitting of species into two or more species.

5, When one species splits into two, the two species that
result share many features because they have evolved
& common ancestor.

6. The evidence that evolution has occurred is overwhelm-
ing. One strong line of evidence comes from the fossil
record, which allows biologists to reconstruct the history
of life on Earth and shows how new species arose from

and reproduce

arth teems with organisms, many of which are ex-
Equisxlrl) ‘matched to their environments. The soar-
ing flight of a hawk, the beauty and practicality of
a flower, and the stunning camouflage of a caterpillar
each provide a glimpse into the remarkable designs of
organisms. How did organisms come to be as they are,
scemingly engineered to match their surroundings (Fig-
ure 19,1)? What has caused the amazing diversity of
life? And within this diversity, why do organisms share
50 many characteristics? Scientists who study evolution
seck t0 answer questions such as these.
Evolution is biological change over time. In this

the kinds of species living on Earth. In this chapter we
provide an overview of evolution, the evidence for it,
and its consequences for life on Earth,

(i Biological Evolution:

" The Sum of Genetic Changes
Defined broadly, evolution is descent with modification,
often with an increase in the variety of the descendant

forms. The term can be applied to onganisms, cars, com-
puters, or hats. In each of these cases, new items repre-

ever, to reconstruct some of the selec-  more eggs in a nest, so that each 110 extinct elephant bird of Madagas-
tion pressures that shaped the nesting  egg supports just a fraction of the  car laid eggs weighing about 9 kilo-
grams.

biology of this remarkable bird. parent’s weight.

Boxes throughout the book focus on either the process
of science or how biology affects our lives

capture students’ interest and lead them into the mate-
rial they will be learning about in the chapter. Hook top-
ics range from life in extreme environments to the glo-
bal spread of AIDS to the use of forensic genomics to
determine whether the Russian Grand Duchess Anas-
tasia escaped execution in 1918 (she did not).

Following the hook is an overview of the topics to be
covered and a list of the chapter’s key concepts. Two
levels of heading organize the text in a clear and straight-
forward fashion; second-level headings are usually in
the form of a declarative sentence that conveys a key
point or summarizes an important message. Each chap-
ter closes with a highlight that either explores the
“hook” in more depth or discusses a new topic chosen
to put the chapter’s material in a memorable context.

With the exception of the six capstones, every chap-
ter includes a boxed essay that illuminates an important
biological phenomenon, with either a human-interest
focus (“Biology in Our Lives”) or a glimpse of how sci-
entists work (“The Scientific Process”).

Chapters end with a summary of important points, a
list of key terms, a self-quiz, and a set of review ques-
tions, along with the Evaluating “The News” feature
mentioned earlier. Answers to the self-quizzes and
review questions are in the back of the book, along with
“Suggested Readings” for further exploration, a glos-
sary, and the index.

Student Website/CD

No textbook about a subject as broad as biology can
stand alone. Some topics require additional information

context, “biological change™ can refer to changes in the
genetic characteristics of populations or to changes in

sent modified versions of previous items, and often sev-
eral varieties arise where only one existed before. But
there is an important and fundamental difference
between biological evolution and, say, the evalution of
hats: Hats change over time because of deliberate deci-
sions made by their designers. As we will see through-
out this chapter, biological evolution is not guided by a
“designer” in nature, though humans can, and do, direct
the course of evolution in some species.

Biological evolution can be defined in several ways.
Here, we define biological evolution as change in the
genetic characteristics of populations of organisms over
time. We take this approach to emphasize how evolu-

Figure 19.1  The Match between an Organism

and Its Environment

The dolphin is a whale species that evolved from a terrestrial
ancestor. Evolution has changed its body form to fit its
marine environment.

More than 200 media icons identify activities and tutori-
als on the Student Website/CD

or hands-on practice. In these cases, alternative media
such as animation and video can be used in activities
designed to help students understand difficult materi-
al. For the Second Edition, Discover Biology offers an
improved and comprehensive student media resource
that is available online at www.discoverbiology.com and
asa CD.

More than 200 concepts that are covered on the Stu-
dent Website/CD are referenced in the book with an
icon that directs the reader to a specific media activity.
A description of the Student Website/CD and a list of
these activities is provided at the front of the book. Of
special interest is the addition of more than 40 new ani-
mated tutorials, including “Anthrax Bacteria Release
Deadly Toxins,” “Sequencing the Human Genome,” “T
Pressure Flow in Plants,” and “The Carbon Cycle.”

This Book is a Work in Progress

Like the field of biology itself, any textbook aiming to
describe it is a work in progress. We hope you will con-
tact us with your comments, questions, and ideas as you
use the book. You can reach any or all of the authors with
an email message to discoverbiology@sinauer.com, or
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by writing to us at Discover Biology, Sinauer Associates,
23 Plumtree Road, Sunderland, MA 01375 U.S.A.

We Thank the Many People Who Helped Us
with this Revision

As we revised Discover Biology, each of us contacted sci-
entists from around the world to ask about their research
or about breaking stories in their field of expertise. We
are grateful for the time they spent answering our many
questions. We are also grateful for the scientific papers,
illustrations, and photos they provided. We have com-
municated with many more scientists than we can thank
individually, but collectively we thank them here. We
are deeply in their debt.

As discussed above, a great many individuals pro-
vided critiques of the First Edition, answered a daunt-
ing questionnaire between editions, and reviewed the
Second Edition manuscript. These colleagues are listed
on the next page, and we thank them all. Thanks also
to Susan McGlew for coordinating all of this invaluable
feedback.

Our copublishers again made writing this book a
stimulating experience. At Sinauer Associates, Andy
Sinauer put together the team and coordinated all the

major decisions. Kerry Falvey, our production editor,
handled that complex task magnificently. Norma Roche
is a gifted manuscript editor and we were most fortu-
nate to have her work on our words. David McIntyre
again served as photo editor and again provided an
abundance of superb images for us to choose from.
Christopher Small coordinated art and production with
authority, and Jeff Johnson again led the team that pro-
duced alluring page spreads. Jason Dirks, with lots of
help from Gayle Sullivan and Mara Silver, put togeth-
er the excellent media and supplements package for the
Second Edition.

At WW. Norton, John Byram and Margaret Barrett
provided the eyes and ears to bring us significant feed-
back from the marketplace. They both participated in the
myriad decisions that go into shaping the publishing plan
for a new edition. Dan Bartell, National Sales Manager,
and Roby Harrington, Director of the College Depart-
ment, provided continuous support and enthusiasm.

MICHAEL L. CAIN
HaNs DAMMAN
ROBERT A. LUE
CAROL KAESUK YOON
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