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As we head into the new millennium, understanding the
concepts of biology and their connections to our lives is
more important than ever. Whether we’re concerned with
our own health or the health of our planet, a familiarity
with biology is essential. This basic knowledge and an ap-
preciation for how science works have become elements of
good citizenship in an era when informed evaluations
of health issues, environmental problems, and applications
of new technology are critical.

The “connections” to which the title of this book refers
go beyond the practical applications of biology. Biology
has important connections with the other natural sciences
and with the humanities and social sciences as well. And
the study of life has no coherence without an understand-
ing of the connections among the different areas of biol-
ogy and an appreciation of the grand unifying theme of
evolution. From its first edition, the hallmarks of this book
have included an emphasis on connections within biology
and between biology and other fields, and a focus on en-
gaging students from a wide variety of majors.

We could not have hoped to meet our ambitious goals
for this book without extensive discussions with teaching
colleagues throughout the world and feedback from many
of the hundreds of instructors and hundreds of thousands
of students who have used our earlier editions. We have
been gratified by their enthusiastic responses and have paid
close attention to their thoughtful suggestions for improve-
ment. For this third edition, we set out to create a book that
would be an even more effective tool for learning biology.
In addition, we worked to ensure that the new book would
integrate smoothly with an exciting new program of sup-
porting materials in electronic media.

TEACHING STRATEGIES OF BIOLOGY: CONCEPTS &
CONNECTIONS, 3RD EDITION

How can we help students learn—and enjoy—biology?
How can we help instructors teach biology? Our responses
to these questions are reflected in the teaching strategies
we bring to the book. In this new edition, we build on the
approach that has been so successful in earlier editions.
Below we describe our five main teaching strategies as they
are embodied in the third edition of Biology: Concepts ¢
Connections.

This book brings the main concepts of biology into
sharp focus—and now makes their organizing frame-
work more explicit

Biology is a vast subject that gets bigger every year, but a
general biology course is still only one or two terms long.
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In that brief time, we explore all of life, from molecules to
ecosystems, while also trying to share the excitement of im-
portant research breakthroughs. For beginning biology
students confronting this avalanche of information, it can
seem as important to memorize all the scientific terms and
facts as it is to master and apply the major ideas. This situ-
ation changes, however, when students can acquire a
framework of key biological concepts into which they can
fit the many new things they learn. It is this framework of
concepts that will serve them long after they have forgot-
ten specific facts and terms.

Biology: Concepts ¢ Connections was the first introduc-
tory biology textbook to use concept modules to help stu-
dents recognize and focus on the main ideas of each chap-
ter. The heading of each module is not simply a topic but a
carefully crafted statement of a biological concept. Printed
in large type, each concept serves as a focal point for a
module, and all of the module’s text and illustrations con-
verge on that concept with explanation and, often, evi-
dence. For example, “Sensory receptor cells convert stim-
uli into electrical energy” announces a key concept in
Chapter 29 (Module 29.2). The text and illustrations intro-
duce the general principles of sensory reception and trans-
duction, using the human sense of taste as an example. In
this and other modules, we integrate the words and pic-
tures to an unprecedented degree: The text “walks” the stu-
dent through the illustrations, just as an instructor would
do in class. In teaching a sequential process, such as the
functioning of the receptor cells of the taste buds (Figure
29.2A), we number the steps in the text to correspond to
numbered steps in the figure. The synergy between a mod-
ule’s verbal and graphic components transforms the con-
cept heading into an idea with meaning to the student.

In this new edition, we make the framework that con-
nects a chapter’s concepts more explicit by grouping the
concept modules under prominent general headings. For
example, the concept modules in Chapter 4 that describe
the structures and functions of the nuclear envelope, en-
doplasmic reticulum, Golgi apparatus, lysosomes, and vac-
uoles are grouped under the general heading “Organelles
of the Endomembrane System.” Students first see the
framework of general headings and subordinated concepts
in the outline that now opens each chapter, and the general
headings are displayed on maroon bars where they fall
within the chapter. They are also used to organize the
Chapter Summary at the end of the chapter.

Reinforcing the message of every module in this edition
is a checkpoint question. Located at the end of each mod-
ule, these questions encourage students to test themselves
repeatedly as they proceed through a chapter. The ques-
tions vary in approach. Some questions directly test the
student’s understanding of the main concept or part of it;
others test understanding of the supporting evidence or
ask the student to connect the concept to another concept



in the book; still others require the student to carry out a
calculation using information in the module. Feedback is
provided on the spot: The answer is printed upside down
beneath the question. These questions are intended to
make students think about the material they are studying
and to build confidence; opportunities for more compre-
hensive self-testing are provided at the end of the chapter
and in the materials that accompany the book.

Application modules relate biological concepts to
students’lives

Students are more motivated to study biological concepts
that they can connect to their own lives and interests—
concepts associated with health issues, economic problems,
environmental quality, ethical controversies, and social re-
sponsibility. In this edition, heading statements in green
type with a red shading in the background distinguish the
numerous application modules that go beyond the core bi-
ological concepts. We have also reorganized Unit II, Cel-
lular Reproduction and Genetics, placing more modules
dealing with human biology and medicine closer to related
core concepts. At the end of each chapter in the book, “Sci-
ence, Technology, and Society” questions encourage stu-
dents to apply the concepts they have learned to various
social and environmental issues.

Organisms and biological diversity remain center
stage throughout the book

Students are more familiar with animals, plants, and other
organisms than they are with molecules, cells, or even
ecosystems. Biology: Concepts ¢ Connections builds on that
interest by keeping the spotlight on organisms in every
chapter. The illustrated essay that begins each chapter usu-
ally portrays a natural scene featuring a biological species
and how it is adapted to its environment. The biology of
that organism and others is woven through the chapter,
even when the chapter takes students inside organisms for
a look at cells or stands back for a view of populations,
communities, or ecosystems. Our hope is that the chapter-
opening essays will help nurture students’, and thus soci-
ety’s, appreciation for biological diversity.

This edition ends with a new, capstone chapter on con-
servation biology, Chapter 38, which further highlights the
importance of biological diversity and scientific efforts to
sustain it.

The many connections to whole organisms also con-
tribute to the book’s versatility in serving a variety of syl-
labi. Whether a course begins with biological chemistry,
with ecology, or somewhere in between, instructors can
customize the chapter sequence without having students

lose their orientation; whatever the topic, students can con-
nect the concepts to whole organisms.

The theme of evolution unifies the book

Organisms are this book’s stars, and evolution provides its
story line. The history of life on Earth goes back more than
three and a half billion years, and this past is the key to the
present diversity of organisms. As the unifying theme of
this textbook, evolution elevates biology from a bewilder-
ing collection of facts to a coherent study of changing life
on a changing planet. In Biology: Concepts & Connections,
students will study the structure, function, and behavior of
organisms in an evolutionary context. And throughout the
book, students will view the unity and diversity of life—
the similarities and differences among organisms—as the
dual consequences of descent with modification. Our up-
dated and enhanced coverage of evolution in Chapter 1
and Unit III, including the new Chapter 19 on human evo-
lution, strengthen the unifying theme of the book.

The process of science continues to be prominent in
this new edition

A biology course should make students familiar with the
scientific process of posing and testing hypotheses. With
an improved introduction to the process of science in
Chapter 1, students will be better equipped to appreciate
the many examples throughout the book of how scientific
concepts emerge from observations and experimental evi-
dence. The book also puts human faces on science with
“Talking About Science” modules. A number of these pro-
files of interesting scientists are new to this edition.

In the review material that concludes each chapter,
questions called “Thinking as a Scientist” give students
some personal practice with science as a process. Other
ways of connecting to the process of science are provided
to users of this book via electronic media. Activities on the
Student Interactive Study Partner CD-ROM that comes
with each new book, as well as activities available at the
book’s web site, provide further exposure to the scientific
process. In fact, this book will work best for students who
participate actively in learning about biological concepts
and their applications.

NEW CONCEPTS AND CONNECTIONS IN THIS EDITION

Chapter 1, “Introduction: The Scientific Study of Life,”
includes a modern introduction to the diversity of organ-
isms and their classification, focusing on the three do-
mains—DBacteria, Archaea, and Eukarya. The chapter now
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features ongoing studies of rainforest epiphytes as an ex-
tended example of how the process of science works. Mod-
ule 1.5 presents life’s fundamental features more explicitly
than in previous editions.

In Unit I, The Life of the Cell, our introduction to the
basic chemistry, structure, and energetics of cells, we have
fine-tuned a number of modules to help clarify topics that
students find difficult. Topics that have been updated in-
clude the functions of the cytoskeleton (Module 4.17) and
the extracellular matrix (Module 4.19). Among the im-
proved figures is Figure 7.6B, showing the interaction of
light with chloroplasts; the same module has new informa-
tion about the functions of carotenoids in plant cells. A
new Talking-About-Science module (7.14) features Nobel
laureate Mario Molina, who discusses his research on the
Earth’s ozone layer.

In reorganizing Unit II, Cellular Reproduction and Ge-
netics, we have integrated topics in human genetics that
were formerly in the last chapter of the unit into earlier
chapters to support the core genetic concepts where they
are first presented. The result is a unit that will be more ac-
cessible and appealing to students. Other highlights of the
revision of Unit II include clearer diagrams of mitosis and
meiosis (Modules 8.6 and 8.14), a new emphasis on human
pedigrees in Module 9.8, updated coverage of animal
cloning (Module 11.3), and a more focused account of the
regulation of gene expression in eukaryotes (see especially
Module 11.6). To our already strong coverage of the ge-
netic basis of cancer (Modules 11.13-11.15), we have
added an interview with leading breast-cancer researcher
Mary-Claire King. The final chapter in the unit, Chapter
12, is now titled “DNA Technology and the Human
Genome,” highlighting the book’s updated description of
human DNA and the progress of the Human Genome
Project (Modules 12.13-12.15). The verbal and graphic ex-
planations of the major methods of DNA technology and
their applications to law, industry, medicine, and agricul-
ture have been improved. Two modules on the risks and
ethical questions arising from the use of the technology
conclude the chapter and the unit.

Major new features in this edition’s Unit III, Concepts
of Evolution, include a discussion of alternative species
concepts (Module 14.2) and a new interview with popular
author and educator Richard Dawkins (Module 14.9).
Also, in Chapter 15, we have added new material on evolu-
tionary trends in horses (Module 15.8) and have exten-
sively revised our coverage of DNA and RNA sequence
analysis in evolutionary research (Module 15.12). The new
Module 15.14 provides a step-by-step illustration of cladis-
tic analysis.

Unit IV, The Evolution of Biological Diversity, includes
a modern treatment of archaea (Modules 16.8 and 16.12)
and recent hypotheses about the origins of metabolism
(Module 16.11). In Module 16.15, on pathogenic bacteria,
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we explain how certain strains of E. coli can cause life-
threatening illness. Module 17.9 now includes a discussion
of the loss of biological diversity in harvested forests and
includes some thoughts on forest management by Michael
Dombeck, Chief of the U.S. Forest Service. Several new
photos enhance our coverage of animal diversity in Chap-
ter 18. We also have added a section on incomplete and
complete metamorphosis (Module 18.13), and updated
our discussion of the evolutionary relationships between
annelids and arthropods (Module 18.12), lungfishes and
amphibians (Module 18.19), and dinosaurs and birds
(Module 18.21). Module 18.23 includes a discussion of the
current controversy about the origins of segmentation.
Opening with an illustrated essay on the Tyrolean Ice Man,
Chapter 19, Human Evolution, now completes this unit.

Our revision of Unit V, Animals: Form and Function,
includes new information on the hormonal control of fat
metabolism (Module 21.15), more attention to the health
hazards of tobacco and smoking (Module 22.7), updated
applications of monoclonal antibodies (Module 24.12),
and a clearer account of the roles of T cells in immunity
(Module 24.13). The introduction to Chapter 26 has an
updated discussion of the hormone melatonin. Reflecting
the rapid pace of research in neurobiology, our revision of
Chapter 28, Nervous Systems, was the most extensive in
this unit. New art and added text enhance our survey of
nervous-system structure in Modules 28.10 and 28.11. In
Modules 28.14 and 28.15, a new figure and a table illustrate
human brain development and adult structure. The chap-
ter ends with a new module on cellular changes in long-
term potentiation and long-term depression.

Reflecting exciting new discoveries in plant biology, the
most extensively revised chapter of Unit VI, Plants: Form
and Function, is Chapter 33, Control Systems in Plants.
New to this chapter are an updated discussion of biological
clocks in plants (33.10), an interview with leading Ara-
bidopsis researcher Gloria Coruzzi (33.13), and an up-to-
date account of the defenses against herbivores and
pathogens that have evolved in plants (33.14).

A significant new feature of Unit VII, Ecology, is a
greater emphasis on disturbance and environmental
change, both natural and human-caused. We make the
connection between habitat alteration and the current high
rate of species loss early in the unit (Module 34.9). Module
36.6 elaborates on the pivotal roles of disturbance in com-
munities, providing the necessary background for a de-
tailed look at ecosystem alteration and its effects in our new
conservation biology chapter (Chapter 38). New topics in
this capstone chapter include the value of biodiversity,
human impacts on habitats in developed and developing
nations, biodiversity hotspots and endemic species, popu-
lation fragmentation, source and sink habitats, population
viability analysis, landscape ecology, gap analysis, move-
ment corridors, and restoration ecology. Other highlights



of the revision of our ecology unit include the addition of
temperate rainforests in our biome survey (34.10), an up-
dated section on cognition and cognitive maps (37.11), a
heavily revised and updated module on age structures of
human populations in developed and developing nations
(35.9), and a timely interview with climate-change re-
searcher Camille Parmesan of the University of Texas at
Austin.

* * *

Introductory biology is the only science course that
many students will take during their college years. Long
after today’s students have forgotten most of the specific
content of their biology course, they will be left with gen-
eral impressions and attitudes about science and scientists.
We hope this new edition of Biology: Concepts & Connec-
tions helps make those impressions positive and supports
the instructor’s goals for sharing the fun of biology. To help
us produce an even better text in the next edition, please
send your comments and suggestions to any member of
the author team.

Neil Campbell

Department of Botany and Plant Sciences
University of California

Riverside, CA 92521

Larry Mitchell
540 Lower River Road
Heron, MT 59844

Jane Reece

Benjamin/Cummings Publishing
1301 Sansome Street

San Francisco, CA 94111
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How to Use This Book

To the Student

Like the world it describes, Biology: Concepts and Connections is a system of
connected and complementary elements. This section shows you how to use
the text and its media partners to make studying easier.

After reviewing this guide, read Chapter One,“Introduction: The Scientific
Study of Life.” Chapter One gives you a framework for the process of science
and the scope of biology as a science. Attention to the concepts and connec-
tions in this chapter will pay dividends throughout your course.

<

IAPTER OPENERS

¢ Most chapters begin with a story about an organism—its way of life,
its unique characteristics, its interactions with its environment, and
how biologists study it. This story highlights the chapter’s main subject
and often relates the process of science to the topics at hand.

Qutline

An outline, showing the chapter’s main topics and their underlying
concepts, offers a preview to the chapter.

The Scope of Biology
L1 Life'slevels of organization define the

scope of biology

The Process of Science

1.2 Scientists pose and test hypotheses to
answer questions about nature

1.3 The process of sciece: A case study n a
tropical rain forest

he canopies, or treetops, of forests
are one of nature’s great showplaces of
different kinds of living organisms. Biol-
ogists estimate that fully half of the 5
million to 50 million species on Earth
spend all or much of their time here, yet
canopies ‘were virtually unexplored
until about 15 years ago. The canopies
of tropical rain forests, areas near the
equator where yearly rainfall often ex-
ceeds 200 centimeters (80 inches), har-
bor the greatest number of species.
Equally wet forests in the coastal re-
gions of western Canada and the
northwestern United States also are
home to remarkable numbers, The
dominant trees in many northern rain
forests are centuries-old firs, hemlocks,
and spruces, Extending into northern
California are remnants of truly ancient
rain forests dominated by redwoods
and giant sequoia trees that are thou-
sands of years old.

Research on forest canopies blos-
somed in the 1970s when scientists
began using mountain climbers' roping
techniques to reach the treetops, In the
large photograph at the left, Humboldt
State University researcher Steve Sillett
is roping his way into the 90-meter-
high canopy of a 2000-year-old giant

Evolution, Unity, and Diversity

L4 The diversity of e can be arranged into
three domains

15 Unityin diversity: Allforms of lfe have
common features

1.6  Evolution explains the unity and
diversity of life

1.7 Living organisms and their
environments form interconnecting
webs

sequoia tree in northern California.

Roping techniques allow researchers
to move from one area of forest to
another, but they are not the only way
to get into a canopy. For projects that
can be done in a limited area, some
researchers prefer large construction
cranes with horizontal booms that
rotate over the canopy. More perma-
nent are platforms, walkways, and tow-
ers built into the treetops. In the small
photograph on the facing page, a
researcher from the University of
Washington stands on a tower set up
to collect samples of mist, part of a
long-term study of how water cir-
culates between the forest and the
atmosphere,

Canopy research is not for everyone.
Researchers often spend a week or
more in treetops, sleeping in ham-
mocks strung between branches high-
er than a 20-story skyscraper, Their
rewards include sights, sounds, and
smells found nowhere else. Pioneer
forest researcher Dr. Jerry Franklin
expresses his enthusiasm for canopy
research this way: “Trees are one of
Earth's main points of contact with the
air. This is our chance to learn about
the dialogue between trees and the

Connections to Everyday Life

1.8 Biology Is connected to our lives in
many ways
atmosphere.”

A summer evening
is a good time to
experience a canopy’s
rich array of life. In a
rain forest in the
northwestern  US,,
brown and greenish
fungi, lichens, and
earthy mats of moss
cling to the high
branches. Your eye
might catch the split-
second shadow of a
flying squirrel across a
bright moon, Rarely
seen because they are
active only at night,
these foot-long ro-
dents speed-glide be-
tween the big trees
Insects are especially
abundant in the can-
opy twilight, and bats
flit about, often eat-  Aflying squirrel
ing close to their own
body weight in insects in a single night
Owls, another group of nocturnal
hunters, are silent on the wing, but
each species has its own distinctive
hoot

The enormous variety of living
organisms in forest canopies and the
science of canopy research set the
stage for this chapter's introduction to
biology, the scientific study of life. s
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A few main headihgs organize each chapter into groups of
concept modules. The main headings appear in maroon bars
across the page.

gh=affart to permit pop-
ulations to ¢ “But close enough to allow
occasional digpeestths to occur, they are effectively out-
doo; Ttories of evolution. Located west of Ecuador,
€ Galdpagos Archipelago is one of the world's great show-
‘ach island was born naked from un-

cases of evolution.

Islands are living laboratories of speciation

14.5

derwater volcanoes and was gradually clothed by plants, y
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animals, and microorganisms derived from strays that rode | SBUATLAS il o WW
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the ocean currents and winds from other islands and con- 17866 i W""‘“’mhw

tinents. Organisms can also be carried to islands by other
organisms, such as sea birds that travel long distances with
seeds clinging to their feathers (Figure 14.5A).

The species on the Galipagos Islands today, most of
which occur nowhere else, descended from stragglers that
floated, flew, or were blown over the sea from the South
American mainland. For instance, the Galdpagos island
chain has a total of 13 species of closely related birds called
Galapagos finches (also known as Darwin’s finches because
Darwin wrote about them). These birds have many simi
larities but differ in their feeding habits and their beak
type, which is correlated with what they eat. The three ex-
amples shown in Figure 14.58 illustrate the range of beak
shape and size. (Also see Figure 15.9.)

Evidence accumulated since Darwin's time indicates
that all 13 finch species evolved from a single small popu-
lation of ancestral birds that colonized ane of the islands.
Figure 14.5C illustrates how this might have happened.
Completely isolated on the island after () migrating from
the mainland, the founder population (species A in Figure

(C) may have undergone significant changes in its gene
es, which we'll call species B.
a few individuals of species B may have been
orms to a neighboring island. Isolated on this

Flgure 14.58  Examples of differences in beak shape and size in
Darwin's finches.

distinct. In the case of the
finches, the two species came to rely
on different foods, besides being un.

able to interbreed. In this simplified
model, after species C evolved on the
second island, (@ it colonized a third
island, where it evolved into species
D. ® Species D then dispersed to the
two islands of its ancestors. Actually,
the Galapagos finches colonized and
speciated repeatedly on many sepa-

s

jalipagos

Today, each of the Galipagos Is-
lands has multiple species of finches,
with as many as ten on some islands,
In contrast, the island of Cocos,
about 700 km (420 mi) north of the
Galdpagos, has only one finch
species, found nowhere else. This sin-
gle species was apparently derived

from an ancestral founder popula-
tion in the same way as the Galapa-
gos birds, but Cacos Island is so iso-
lated that there apparently has been
1o opportunity for its finch species
1o colonize other islands, or for other
finches to become established on
Cocos.

The emergence of numerous
species from a common ancestor in-
troduced to new and diverse environ-
ments is called adaptive radiation.
The effects of adaptive radiation of
Darwin’s finches are evident in the
many types of beaks, specialized for different foods.¢ s

?
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species C. (3) Species C
¢ the island from which its founding

ILLUSTRATIONS AND TEXT WORK TOGETHER
« Use both as you study. The illustrations reinforce the message
of the text and vice versa. They are both integral to under-

standing the concepts.

Figure 14.5C  Adaptive radia-
tion on an island chain

« Some figures take you through a sequence of steps labeled
with red-circled numbers. These numbers also appear in the
text, keyed to the explanation of the steps in the process.

Why would allopatric speciation be less common an an
island close to a mainland than on a more isolated (sland
of the same size?
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Figure 14.5A Long-distance dispersal of plant seeds (black spots)
on the feathers of a tern
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Photosynthesis, Solar Radiation, and Ear

7.13

theg h effect; def ion can ify it
The trees in the photograph (Figure 7.13A) form part of an
old-growth forest in the Pacific Northwest. Such a forest is
an ancient one that has never been seriously disturbed by
humans. Many of the trees—mainly Douglas fir here—are
thousands of years old, The forest they dominate is one of a
few remaining undisturbed areas that contain harvestable
timber in the United States.

Old-growth forests are the focus of a long-standing con-
Troversy between the timber industry and conservationists,
“Trees like these contain a lot of marketable lumber, and eco-
nomic arguments can be made for harvesting them, On the
other side of the controversy, conservationists argue that
old-growth forests are home to many species that can sur-
vive nowhere else, and that we should save these remnants
«of our ancient forests for future generations.

The photosynthesis carried out by old-growth forests
has direct bearing on the controversy. At center stage s
€0, the gas that plants use to make sugars in photosyn-
‘thesis and that all organisms give off as waste from cellular
respiration.

Carbon dioxide normally makes up about 0.03% of the
air we breathe. This amount of CO, in the atmosphere pro-
vides plants with plenty of carbon. It also helps moderate
world climates, because CO, retains heat from the sun that
would otherwise radiate from Earth back into space. Warm-
ing induced by CO, is called the greenhouse effect be-
«<ause atmospheric CO, traps heat and warms the air just as
«<lear glass does in a greenhouse (Figure 7.138). The green-
house effect keeps the average temperature on Earth some

10°C warmer than it would be otherwise.

Ironically, planet Earth may now be overheating from
the greenhouse effect. The amount of atmospheric CO, has

ATMOSPHERE

Radiant Heat
trapped by CO,

Figure 7.13B  The greanhouse effect of CO,, in the atmosphere

been on the rise in the past century, mainly bec.
worldwide industrialization and the increased us,
qgas, coal, and wood as fuels. When these substan
burned, the carbon in them is released as CO,. The|
increase in atmospheric CO,, seems to be contribut
rise in global temperatures. Photosynthesis consumy
tending to counteract the greenhouse effect,
global rate of photosynthesis may decline as we cle]
tracts of forest for farming and urban expansion. E;
deforestation continues, especially in the tropics, thy
western and southeastern United States, Canas
Siberia.

The greenhouse effect has come up on both side|
old-growth forest controversy. Those who favor sa
old-growth trees argue that these large photosyntl
remove a lot of potentially harmful CO, from thel
sphere. Those favoring harvesting argue that replag
old trees with seedlings would actually increase ph{fl
thesis and reduce atmospheric CO,.

Relative to their size and weight, young, rapidly g
trees do, in fact, take up CO, at a faster rate than ol
However, when old trees are harvested, much less t
their bulk becomes lumber. All the roots and
branches are left behind to decompose. Most of th|
itself is turned into paper, sawdust, or fuel—produ
usually decompose or are burned within a few ye,
composition and burning turn the carbon compoul
were in the tree into CO,, and this puts much more
the atmosphere than young trees can take up.

In the next module, we'll hear more about hari

more people, including politicians, became concerned
about ozone depletion. There was also growing awareness
about the role of UV radiiation in skin cancer and other bio
H ags ccio

view, Dr. Molina explained why the dgone
layer is important.
The ozone layer shields the Earths surface
from powerful ultraviolet radiation that
comes from the sun.This UV radiation is
harmful to organisms, including humans.
For example, UV radiation causes sunburn,
and skin cancer can be a cumulative result
of exposure. There is also evidence that UV
can damage crops. Certain developing an
imals; such as the larvae of fish, seem to be
particularly sensitive.

He described how the ozone forms tic
and how it is destroyed. wi

Figure 7.13A  An old-growth forest in the Pacific Northwest

and women working in the world of science.
Most of these modules feature interviews.

Figure 7.14 Mario Molina

= Other modules relate biological concepts to

fects of human activities on Earth's atmosphere. /8 The ozone forms when high-energy solar radiation breaks wi . . 4
apart O, molecules and frees oxygen atoms These then  CFCs health, social, or environmental issues.
react with unbroken O, molecules. The result is ozone, fuels,

’ which has three oxygen atoms (0,). So ozone is continu: '
Expl e effect. 3

Bipiainithegranriouseefie ously forming by the action of sunlight on the atmosphere. ;"phl‘

eve

This is balanced by continuous destruction of the ozone
molecules when they react with other chemical com-
pounds that are naturally present in the atmosphere. Hu
mans have disrupted that balance by releasing certain in-
dustrial chemicals that hasten this destruction.

The research that won Dr. Molina the Nobel Prize dealt
with the destruction of ozone by one particular class of
chemicals, called chlorofluorocarbons, or CFCs. In 1974,
when Dr. Malina and his colleagues first published their
CFC-o0zone depletion theory, CFCs were used in large
amounts as refrigerants, as propellants in spray cans, as sol-
vents,and in the process for making plastic foams.
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dard of living?

That's an issue, but there is another important element
that I've observed from my own experience. When | was
going to the university in Mexico, no one cared about pol

lution. Dealing with pollution seemed like a luxury. Today,

everybody in Mexico City cares about pollution, 50 solv

ing this problem nio longer seems like something that in

dustrialized countries want to impose upon them. The
costs of pollution are enormous in Mexico City, where |
was born. If only there had been insight about what would
happen to the city, pollution could have been reduced at
amuch lower cost. 1t's much more difficult to repair the
environment now, but | think there is a strong incentive to
do that in developing countries. It's not easy because of
the complications of social and economic issues. Science
and technology are very important components, but not
the only anes, so scientists will have to be humble and re-

alize their limits,

The connections between science, technology, and soci-
ety, so clearly exemplified by the work of Mario Molina, ar
At @ 1 m 1

P S S S O s sl Spreip e
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We predicted that the continuous release of CFCs would
damage the protective ozone layer. CFCs are very stable
compounds, and this stability allows them to make it up to
the ozone layer, which is about 15 miles above the surface
of the Earth. There solar radiation converts them to very
reactive chemicals called free radicals, which then destroy
the ozone.

How did scientists and the general public react to the
q P
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