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William P Cunningham

William P. Cunningham is an emer-
itus professor at the University of
Minnesota. In his 38-year career at
the university, he taught a variety
of biology courses, including Envi-
ronmental Science, Conservation
Biology, Environmental Health,
Environmental Ethics, Plant Physi-
ology, and Cell Biology. He is a
member of the Academy of Distin-
guished Teachers, the highest teach-
ing award granted at the University
of Minnesota. He was a member of a number of interdisciplinary
programs for international students, teachers, and nontraditional
students. He also carried out research or taught in Sweden, Nor-
way, Brazil, New Zealand, China, and Indonesia.

Professor Cunningham has participated in a number of gov-
ernmental and nongovernmental organizations over the past 40
years. He was chair of the Minnesota chapter of the Sierra Club, a
member of the Sierra Club national committee on energy policy,
vice president of the Friends of the Boundary Waters Canoe Area,
chair of the Minnesota governor’s task force on energy policy, and
a citizen member of the Minnesota Legislative Commission on
Energy.

In addition to environmental science textbooks, Cunningham
was managing editor for three editions of an Environmental Ency-
clopedia published by Thompson-Gale Press. He has also au-
thored or co-authored about 50 scientific articles, mostly in the
fields of cell biology and conservation biology as well as several
invited chapters or reports in the areas of energy policy and envi-
ronmental health. His Ph.D. from the University of Texas was in
botany.

Professor Cunningham’s hobbies include backpacking, canoe
and kayak building (and paddling,) birding, hiking, gardening, and
traveling. He lives in St. Paul, Minnesota with his wife, Mary. He
has three children (one of whom is co-author of this book) and six
grandchildren.

MMary finn Cunningham

Mary Ann Cunningham is an Assis-
tant Professor of Geography at Vassar
College, in New York’s Hudson Val-
ley. A biogeographer with interests in
landscape ecology, geographic infor-
mation systems (GIS), and remote
sensing, she teaches environmental
science, natural resource conserva-
tion, and land-use planning, as well
as GIS and remote sensing. Field
research methods, statistical meth-
ods, and scientific methods in data
analysis are regular components of her teaching. As a scientist and
educator, Mary Ann enjoys teaching and conducting research with
both science students and non-science liberal arts students. As a ge-
ographer, she likes to engage students with the ways their physical
surroundings and social context shape their world experience. In ad-
dition to teaching at a liberal arts college, she has taught at commu-
nity colleges and research universities.

Mary Ann has been writing in environmental science for over
a decade, and she has been co-author of this book since its seventh
edition. She is also co-author of Principles of Environmental Science
(now in its fourth edition), and an editor of the Environmental Ency-
clopedia (third edition, Thompson-Gale Press). She has published
work on pedagogy in cartography, as well as instructional and test-
ing materials in environmental science. With colleagues at Vassar,
she has published a GIS lab manual, Exploring Environmental Sci-
ence with GIS, designed to provide students with an easy, inexpen-
sive introduction to spatial and environmental analysis with GIS.

In addition to environmental science, Mary Ann’s primary re-
search activities focus on land-cover change, habitat fragmenta-
tion, and distributions of bird populations. This work allows her to
conduct field studies in the grasslands of the Great Plains as well
as in the woodlands of the Hudson Valley. In her spare time she
loves to travel, hike, and watch birds.

Mary Ann holds a bachelor’s degree from Carleton College, a
master’s degree from the University of Oregon, and a Ph.D. from
the University of Minnesota.
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ENVIRONMENTAL SCIENCE IN
A (HANGING WORLD

Our world is changing rapidly. Our physical environment is being
degraded by global climate change, species extinctions, habitat
loss, pollution, and other human-caused disruptions. Our social
or cultural environment is stressed by unsustainable population
growth, increasing gaps between the rich and poor, and sudden
social, political, and economic shifts. Pollution drifts between con-
tinents. Diseases spread rapidly between countries. The coal
burned in China, the nuclear waste dumped in the ocean by the
former USSR, or the pesticides used on farms in Central America
affect us all. Increasingly, we compete with people in far-away
places for the same scarce energy, food, and water resources.

At the same time, we are seeing unparalleled innovations in
environmental management and ecological design. Many cities
and industries are developing ingenious strategies for ecological
efficiency and sustainability. Rapid information exchange allows
unprecedented opportunities for creating sustainable economies.
To understand these changes, we all need to learn about our global
environment—both natural and cultural—in order to find ways to
live sustainably in this transformed world.

Our purpose in writing this book is to introduce a global con-
cern into the field of environmental science, as well as to link the
science of our environmental change to the human dimensions of
problem solving and decision making. Globalizing economies
require attention to the environmental problems and opportuni-
ties we all share. Ecology, evolution, biogeography, and other
natural sciences form a core in the study of our environment, but
we need to understand the human dimensions of environmental
problems as well, if we hope to find lasting solutions to the dilem-
mas we face. To accomplish this goal, we have expanded the field
of environmental science to include a discussion of ethics and phi-
losophy, health, economics, policy and planning, urban studies,
law, and political science. We hope this interdisciplinary approach
will give students a broad base for examining an array of impor-
tant issues.

WHAT SETS THIS BOOK APART?

Although several environmental science books already exist in the
market, a variety of features make this text different from the rest.

Global perspective

We provide a global perspective. We live in an interconnected
world and, increasingly, colleges and universities promote interna-

tional studies. To remain competitive in a global economy, it is
critical that we understand foreign countries and cultures. We hope
that this international perspective will contribute to that educa-
tional initiative. Our case studies and examples show the integra-
tion between environmental, social, and economic conditions in
the United States and abroad. At the same time, we provide familiar
examples that demonstrate here at home the urgency of the issues we
discuss.

Emphasis on science

Science helps us understand environmental change. The under-
lying principles and methods of science help us understand the
processes of environmental change. The examples and explanations
found in the text will help students appreciate why scientific inquiry
is such an important and exciting approach for modern society. Our
“Exploring Science” essays give examples of how scientists work,
how we observe and understand the practical details of science.

(ritical thinking

Critical thinking is a central theme. Environmental science is a
complex field, one in which special interests, contradictory data, and
conflicting interpretations battle for our attention. How can we
decide what to believe when different experts hold contradictory
opinions on controversial topics? Perhaps the most valuable skill
any student can gain from the study of environmental science is the
ability to think purposively, analytically, and clearly about evidence.
In brief “Think About It” boxes and in longer “What Do You
Think?” essays, we encourage students to reflect on readings and to
practice open-mindedness, skepticism, independence, and an ability
to empathize with others. We discuss all these skills in the unique in-
troductory chapter of this book titled, “Learning to Learn,” and then
model their application throughout the text and questions at the end
of each chapter.

Balanced presentation

A balanced, optimistic view keeps students engaged. We en-
courage students to form their own opinions. Environmental
science has many dilemmas, and we present multiple views on
complex debates. While acknowledging dilemmas, we also are
careful to describe good news, progress toward solutions, and the
many ways individuals can make positive contributions toward
environmental protection. We also recognize that there are multiple
ways to interpret data, and we attempt to find a balance between
competing views.

Xiii



(HANGES TO THE NINTH EDITION

The ninth edition of Environmental Science: A Global Concern is
the result of extensive analysis of the text and evaluation of input
from instructors who constructively reviewed chapters during vari-
ous stages of this revision. Listed first are general changes that have
been made to the entire text, followed by more specific changes to

various chapters. Visit http://www.mhhe.com/cunningham9e to ac-
cess a detailed list of changes for each chapter.

Global changes

* A new lively and colorful design presents information that
will capture and hold student attention.

Current, global case studies with accompanying graphs,
maps, and photos now introduce each chapter. The concepts
presented are then expanded throughout the chapter to help
students appreciate and understand how environmental issues
impact our lives on a daily basis. Forty-five additional case
studies can also be found on the textbook’s website
(http://www.mhhe.com/cunningham9%e).

» Two hundred twenty-five figures and photos are new or
revised, providing students with more realistic images that
reflect current data and illustrate changing topics.

» New “Think About It” boxes provide several opportunities in
each chapter for students to review material, practice critical
thinking, or apply principles they have just read.

« Twelve new or updated “Exploring Science” boxed readings
throughout the text allow students to focus on the underlying
principles and methods of science.

» Each chapter has an updated “Further Readings” list.

A NEW Subject and Internet Index allows the reader to quickly
scan the subject Index to identify correlating content located on
the website (http://www.mhhe.com/cunningham9e). Supporting

Web content for Environmental Science: A Global Concern
features a NEW Index for quick and efficient search capabilities.

Specific changes

» Chapter 1—new opening case study on climate change in the
Arctic (and effect on Inuit people) that correlates to the image
on the cover; new “What Do You Think?”” box on ecological
footprints; new graphs of ecological footprints by world region.

» Chapter 2—revised to emphasize science and systems
approaches.

 Chapter 4—includes greatly enhanced coverage of evolution
and speciation.

» Chapter 5—maintains and builds coverage of marine
ecosystems as well as adding climate graphs to biome
discussions.

 Chapter 7—updated data on global population trends and
family planning policies.

Xiv Preface

Chapter 9—new opening case study on rapid expansion
of farming in Brazil; added discussions on CAFOs,
desertification, and China’s efforts to stop spread of deserts.

Chapter 10—rewritten section on pesticide history.

Chapter 11—new section on molecular taxonomy.

Chapter 12—new material on the Monteverde cloud forest,
Brazil’s Atlantic rainforest, and the Malpai borderlands;
added extensive section on new methods of fire management.

Chapter 14—new opening case study on the 2004 Indian
Ocean tsunami; new section and table on worst natural
disasters; new discussion on earthquakes and tsunamis.

« Chapter 15—new material of ice core research and
volcanoes; major revision of evidence for climate change;
major revision of section on Kyoto and carbon trading.

» Chapter 16—new opening case study on mercury pollution;
new section on new source review and the 2005 Clean Air
Interstate Rule.

Chapter 18—new opening case study on the Gulf of Mexico
dead zone.

Chapter 19—revised discussions of the history of energy use
and modern energy use; added material on oil exploration
and directional drilling; revised section on natural gas
supplies and use.

Chapter 21—expanded coverage of commercial-scale
recycling programs.

Chapter 22—new opening case study on the BedZED
sustainable living project in London; expanded discussion of
sustainable cities.

Chapter 23—new opening case study on market mechanisms
(cap-and-trade system) for controlling carbon emissions.

Chapter 25—new section on stewardship and environmental
science; increased emphasis on shared interests of minority
groups, businesses, and others in environmental quality.
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ART AND PHOTOS

View the realistic illustrations and
high-quality photos and be as-
sured that your students are get-
ting the highest quality visuals to
support their learning experience.

H. 3. Andrews Forest,
Oregon, USA
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Figure 4.21 Tropical rainforests are complex structurally and
ecologically. Trees form layers, each with a different amount of light
and a unique combination of flora and fauna. Many insects,
arthropods, birds, and mammals spend their entire life in the canopy.
In Brazil's Atlantic Rainforest, a single hectare had 450 tree species
and many times that many insects. With so many species, th
ecological relationships are complex and highly interconnected
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Figure 5.22 Wetlands support astonishing and important biodiversity,
Figure 12.7 Workers move logs into a paper mill in Oregon, part though they are often small. Like most herons and egrets, this great egret
of a $100 billion per year global trade in forest products. subsists mainly on frogs and salamanders it finds in wetlands



Twelve new or updated “Exploring Science” boxed readings
throughout the text allow students to focus on the underlying princi-
ples and methods of science.—*

[NQUIRY AND CRITICAL THINKING

How to convey the excitement and challenge of scientific investi-
gation? These innovative tools provide a framework for “thinking
and acting” like a scientist.

“Exploring Science”, “What Do You Think?”, “What Can You
Do?”, and “Think About It” boxes build upon chapter content
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Too Many Deer? Working Locully for Ecological Diversity

in pre-Columbian times. Some areas have as  however, argue that a heaitier herd and a more

v ological systems are too large of
many as 200 deer per square mile (77/m?) At diverse ecosystem is better for all concerned.

an contribute 10 a complex

century ago, few Americans had ever
P o ot Uneonoted ing
and habitat destruction had reduced the deer
population 1o about 500,000 animais nation-
wide. Some states had o deer at all. To pro-
tect the remaining deer, laws were passed in
the 19205 and 1930s 1o restrct hunting, and
the main deer predators—woives and moun-
tain flons—wers exterminated throughout most
o their former range.

As Americans have moved from rural
areas 1o urban centers, forests have ragrown,
and deer populations have undergone explo-
sive growih. Maturing at age two, a female
deer can give birth 1o twin fauns every year for
a decade or more, Increasing more than 20
‘percent annually.a deer population can double
in just three years, an excellent example of
imuptive, exponential growth

Wildife biologists estimata that the contigu-

siates now have a population of more
than 30 million white-tailed deer (Odocoileus
virginianus), probably triple the number present

this density, woodland plant diversity is gener-
ally reduced 10 a few species that deer won't
eat Most deer, in such conditions, suffer from
malnourishment, and many die every year of
disease and starvation. Other species are di-
minished as well. Many small mammals and
ground-dwelling birds begin to disappear
‘when eer populations reach 25 animais per
square mile. At 50 deer per square mile, most
‘ecosystems are seriously i

The social costs of large deer populations
are high. In Pennsylvania alone, where deer
numbers are now about 500 times greater
than a century ago, deer destroy about $70
million worth of crops and $75 million worth of
trees annually. Every year some 40,000 coll-
sions with motor venicles cause $80 millon in
property damage. Deer help spread Lyme
disease, and, in many states, chronic wasting
disease Is found in wild deer herds. Some of
the most heated criticisms of current deer
management policies are in the suburbs. Deer
fove 1o browse on the flowers, young trees,
and omamental bushes in suburban yards
Heated disputes often arise betwsen those
who love 10 walch deer and their neighbors
who want 1o exterminate them ail

In remote forest areas, many states have
extended hunting seasons, increased the bag
fimit to four or more animals, and encouraged
hunters 10 shoot does (females) as well as
bucks (males). Some hunters critiize these
changes because they believe that fewer deer

unt

in urban areas, increased sport hunting
usually isn acceptable. Wildille biologsts ar-
gue that the only practicat way o reduce deer
herds is culling by prolessional sharpshoot-
ers. Animal rights aCtivists protest lethal con-
rol methods as cruel and inhumane. They call
instead for fertity controls o trap and transfer
programs. Birth control works in captive popu-
lations but is expensive and impractical with
wild animals. Trapping, also, is expensive, and
there's rarely anyplace willing 10 take surplus
animas.

This case study shows that carrying ca-
pacity can be more complex than the maxi-
mum number of arganisms an ecosystem can
support. While it may be possible for 200 deer
10 survive in a square mile, there's an ecologi-
cal carrying capacity lower than that if we con-
sider the other species dependent on that
same habitat. There's also an ethical carrying
capaciy f we don't want 1o see animals suffer
from mainutrtion and starve to death every
winter. And there's a cultural carrying capacity
f we consider the tolerable rate of depreda-
tion on crops and lawns or an acceptable
number of motor vehicle colisions.

if you were a wikdifle biologist charged
with managing the deer herd in your state,
how would you reconcile the diflerent interests
in this issue? How would you define the opti-
mum deer population, and what methods
would you suggest 1o reach this level? What
social or scmogml ket woukd Yo ook

likely that they'l find a trophy buck. Others,

for
A s i wopnala ever?

“What Do You Think?”’ boxes provide challeng-
ing case studies that offer an opportunity for stu-

A

dents to practice critical thinking skills as well as to

/@ in the inner city. a suburb, or
cats are s very succeestl

pe
o prodators (What Do You Thk? p.92)
Soct

king for environmental Ciubs
bon chapter, or a local Nature:

n the ground, have not

al systems in your area i fotake &
Go with friends and try o idently

area

habitat and reduces ecosystem
‘and animals. Replacing forests

/ay 10 simplity, or efiminate,

“What Can You Do?”” boxes
help students learn that small,
individual steps can make a
real difference in affecting our

environment.

learn about an important current issue.

CASE STUDIES

Case studies are an integral instructional aid that =
utilizes stories to portray real-life issues that affect our
resources, our food, our quality of life, and our future.
Forty-five additional case studies can be found on the

website (http://www.mhhe.com/cunningham9e).

A Billion People and Growing
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TEACHING AND LEARNING SUPPLEMENTS

McGraw-Hill offers various tools and technology products to support Environmental Science: A Global Concern. Students can order supple-
mental study materials by contacting their local bookstore or by calling 800-262-4729. Instructors can obtain teaching aids by calling the
Customer Service Department at 800-338-3987, visiting the McGraw-Hill website at www.mhhe.com, or by contacting their local McGraw-Hill

sales representative.

Teaching supplements for instructors

Digital Content Manager (CD ISBN-13: 978-0-07-312796-5;

CD ISBN-10: 0-07-312796-5; DVD ISBN-13: 978-0-07-326211-6;
DVD ISBN-10: 0-07-326211-0)

This easy-to-use multimedia resource allows instructors to utilize artwork
from the text in multiple formats to create customized classroom presen-
tation, visually based tests and quizzes, dynamic course website content,
or attractive printed support materials. The following digital assets are
grouped by chapter on this cross-platform tool.

* Color Art Full-color digital files of ALL illustrations in the text
can be readily incorporated into lecture presentations, exams, or
custom-made classroom materials. These include all of the 3-D
realistic art found in this edition, representing some of the most
important concepts in environmental science.

* Photos Digital files of ALL photographs from the text can be
reproduced for multiple classroom uses.

 Additional Photos 444 full-color bonus photographs are available
in a separate file. These photos are searchable by content and
will add interest and contextual support to your lectures.

» Tables Every table that appears in the text is provided in
electronic format.

 Videos This special collection of 69 underwater video clips displays
interesting habitats and behaviors for many animals in the ocean.

* Animations 100 full-color animations that illustrate many differ-
ent concepts covered in the study of environmental science are
available for use in creating classroom lectures, testing materials,
or online course communication. The visual impact of motion
will enhance classroom presentations and increase comprehension.

 Active Art These special art pieces consist of key environmental
science illustrations that are converted to a format that allows
you to break down the art into core elements, and then group the
various pieces to create customized images. This is especially
helpful with difficult concepts because they can be explained to
students step by step.

* Global Base Maps Eighty-eight base maps for all world regions
and major subregions are offered in four versions: black-and-white
and full-color, both with labels and without labels. These choices
allow instructors the flexibility to plan class activities, quizzing
opportunities, study tools, and PowerPoint enhancements.

* PowerPoint Lecture Outlines Ready-made presentations that
combine art and photos and lecture notes are provided for each of
the 25 chapters of the text. These outlines can be used as they are or
tailored to reflect your preferred lecture topics and sequences.

* PowerPoint Slides For instructors who prefer to create their
lectures from scratch, all illustrations, photos, and tables are prein-
serted by chapter into blank PowerPoint slides for convenience.

Earth and Environmental Science DVD by Discovery
Channel Education (ISBN-13: 978-0-07-352541-9;
ISBN-10: 0-07-352541-3)

Begin your class with a quick peek at science in action.
The exciting NEW DVD by Discovery Channel Education
offers 50 short (3—5 minute) videos on topics ranging from conserva-
tion to volcanoes. Search by topic and download into your PowerPoint
lecture. Available to colleges and universities. See your McGraw-Hill
sales representative for a detailed listing.

McGraw-Hill’s Biology Digitized Videos

(ISBN-13: 978-0-07-312155-0; ISBN-10: 0-07-312155-X)

Licensed from some of the highest quality life-science video producers
in the world, these brief video clips on DVD range in length from 15 sec-
onds to two minutes and cover all areas of general biology, from cells to
ecosystems. Engaging and informative, McGraw-Hill’s digitized biology
videos will help capture students’ interest while illustrating key biologi-
cal concepts, applications, and processes.

Instructor’s Testing Resource CD-ROM

This CD-ROM contains a wealth of cross-platform (Windows and Mac-
intosh) resources for the instructor. Supplements featured on this CD-
ROM include a computerized test bank, which utilizes EZ Test software
to quickly create customized exams. This flexible and user-friendly pro-
gram allows instructors to search for questions by topic, format, or diffi-
culty level, and edit existing questions or add new ones. Multiple versions
of the test can be created, and any test can be exported for use with course
management systems such as WebCT, Blackboard, or PageOut. Word
files of the test bank are included for those instructors who prefer to work
outside of the test-generator software. Other assets on the Instructor’s
Testing and Resource CD-ROM are grouped within easy-to-use folders.

McGraw-Hill’s ARIS—Assessment, Review,
tARl W and Instruction System (http://www.mhhe.com/
cunningham9e) for Environmental Science: A

Global Concern is a complete, online tutorial, electronic homework,
and course management system, designed for greater ease of use than
any other system available. Free upon adoption of Environmental
Science: A Global Concern, instructors can create and share course
materials and assignments with colleagues with a few clicks of the
mouse. All PowerPoint lectures, assignments, quizzes, tutorials, and
interactives are directly tied to text-specific materials in Environmental
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