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Ten Respected, Successful Editions

As we produce the tenth edition of this text, it is appropriate to
celebrate its success and reflect on how the field has changed
over the past two decades. Since Environmental Science: A Study
of Interrelationships was first published in 1983, it has been
translated into Chinese and Korean, and we estimate that nearly
a million students have used the text. Over the 10 editions, we
have seen the field of environmental science change significantly.
Initially, most of the courses were designed to raise awareness
“about environmental issues. Today, the field of environmental
science has become a major discipline at many colleges and uni-
versities. Students who enroll in an introductory environmental
science course may move in several directions that were not pres-
ent over 20 years ago. Fields such as environmental law and en-
vironmental engineering are new disciplines. In addition, other
traditional disciplines such as landscape planning, urban plan-
ning, agriculture, and industrial engineering now pay significant
attention to environmental concerns.

It has been an interesting intellectual exercise to keep up-to-
date in this rapidly changing field. For example, in the early
1980s, air and water pollution by industry was a key issue in the
developed countries. Today, however, most industries have made
major improvements in controlling pollution and are no longer
the main sources of air and water pollution. The actions of
individual citizens now have become major sources of pollution.
Automobile use is responsible for much of the air pollution that
affects cities, and runoff from lawns, city streets, and farms is an
important source of water pollution. Many new environmental
problems have also arisen. Climate change, the AIDS pandemic,
genetically modified crops, and concerns about the 165s 0f bio-
diversity have become core issues. Over time, as these issues have
assumed greater importance, they have been incorporated into the
text.

Why “a Study of Interrelationships”?

Environmental science is an interdisciplinary field. Because en-
vironmental disharmonies occur as a result of the interaction be-
tween humans and the natural world, we must include both when
seeking solutions to environmental problems. It is important to
have a historical perspective, appreciate economic and political

realities, recognize the role of different social experiences and
ethical backgrounds, and integrate these with the science that de-
scribes the natural world and how we affect it. Environmental
Science: A Study of Interrelationships incorporates all of these
sources of information when discussing any environmental issue.
This text is written for a one-semester, introductory course taken
by students with a wide variety of career goals. The central theme
of the book is interrelatedness. No text of this nature can cover all
issues in depth. Although many facts are presented in charts,
graphs, and figures to help illustrate the scope of environmental
issues, the text’s main focus is on identifying major issues and
giving appropriate examples to illustrate the complex interactions
that are characteristic of all environmental preblems. The facts
are provided for the person who wants them, but they do not ob-
scure the general concepts and principles being described. The
authors have endeavored to present a balanced view of issues,
diligently avoiding personal biases and fashionable philosophies.
It is not the purpose of this textbook to tell you what to think.
Rather, our goal is to provide access to information and the con-
ceptual framework needed to understand complex issues so that
you can comprehend the nature of environmental problems and
formulate your own views.

New to this Anniversary Edition!

New Author Brings Expertise and Unique Perspective

A special contributing author, Anne Todd Bockarie, updated chap-
ters 2 and 16 for the tenth edition. She is an Assistant Professor of
Biology at Philadelphia University and teaches Ecology, Biodi-
versity, Environmental Science, Introductory Biology, and Special
Topics: Tropical Conservation. She helped develop the Environ-
mental Science program at the university as well as a new major
in Environmental and Conservation Biology. She has created new
courses in ecological field methods, coral reef assessment. in Ja-
maica, and wildlife management in Yellowstone National Park.
She holds a Research Associate position at Yale University and
has supervised graduate research on the ecological and social im-
pacts of large-scale park restoration for the past six years. Dr.
Bockarie’s M.S. and Ph.D. degrees in reforestation and forestry
extension are from the University of Florida. She has extensive in-
ternational consulting and training experience in agriculture,
forestry, and parks management in Africa and the Caribbean.



New Biodiversity Chapter

Chapter 12, “Biodiversity Issues,” discusses how population -

growth and the ability of people to exploit resources led to
current concerns about biodiversity. This important topic is
examined at the genetic, species, and ecosystem levels, and
the value of biodiversity is described from several points of
view: ethics, direct economic values, and services provided by
organisms in functioning ecosystems. A discussion of the threats
to biodiversity looks at habitat loss, overexploitation, introduc-
tion of exotic species, and control of pest organisms. The chapter
ends with an overview of efforts to protect biodiversity and in-
cludes a discussion of legal protection and steps being taken to
ensure that sustainable management practices are used to pre-
serve biodiversity.

In-Depth Coverage on Sustainability

Sustainability is a core concept in this text and is covered in sev-
eral chapters. In chapter 2, sustainability is discussed in the con-
text of ethical considerations. Chapter 3 expands on the idea by
looking at the topic from an economic point of view. Sustainabil-
ity is also discussed in the chapters on energy use, biodiversity,
water management, agriculture, and at many other points in the
text.

New Feature Examines Environmental Change

When we look at environmental issues in general, we find that
the same basic issues exist today as in 1983. Although significant
progress has been made toward solving some environmental
problems, progress in others has been slow, and new threats or
concerns have emerged. To help the reader evaluate progress and
recognize how difficult some problems are, we have instituted a
new feature with this edition. Each chapter begins with a “Past,
Present, Future” feature that shows how specific topics discussed
in the chapter have changed over more than 20 years.

New Art Adds Depth and Realism

There are over 40 new figures and tables in this tenth edition,
many of which have been drawn in a more realistic, three-
dimensional style. Numerous other pieces have been revised to
reflect updated data or content.

“Risk and Cost” Chapter Completely Rewritten

Chapter 3, “Risk and Cost: Elements of Decision Making,” has a
new introduction to the topics of risk and economics, a new sec-
tion on how risk is characterized, and a new table on the causes
of accidental death. The chapter now describes renewable and
nonrenewable resources, and includes a major section on assign-
ing value to natural resources. There are also greatly expanded
sections on deferred costs, external costs, and subsidies.

All New “Issues—Analysis” Case Studies

Every chapter in the tenth edition features a new “Issues—
Analysis” reading, written to reflect current issues and/or
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new data pertaining to the chapter subject matter. In addition,
there are 10 other new readings chosen to complement new text
content.

New Foldout World Map

This unique, oversized foldout piece features full-color ecologi-
cal regions and political world maps and allows students to refer
to either map while reading, helping them to better understand
and appreciate global environmental issues.

Special Introduction to Critical Thinking

In preparation for the critical thinking questions found at the end
of every chapter, this important preface to Chapter 1 explains the
value of correctly evaluating available information to make in-
formed decisions. Six key characteristics of critical thinking are
examined.

Guest Essays Provide Regional Examples

In this tenth edition, each part opens with a new guest author’s
essay highlighting an environmental issue close to their home.
These articles offer expert insight into problems similar to those
in students’ own backyards.

* Part I opens with an essay entitled “Can We Save Both
Blue Crabs and Watermen?” which describes the regula-
tion of the blue crab fishery in Chesapeake Bay by looking
at a specific problem and the ramifications of regulatory ac-
tion. Author: Jennifer Rhode, Georgia College and State
University

* The Part II opening composition, “Imitating Mother
Nature in a Florida Lake,” examines the cleanup of a lake
in central Florida and its effects on ecosystems and busi-
nesses downstream. This essay is an excellent transition
to the chapters in this unit, which provide an understand-
ing of the ecological principles that are basic to organism
interactions and the flow of matter and energy in eco-
systems. Authors: Blase Maffia and Lisa Ganser, University
of Miami

*  Part III focuses on energy, beginning with its opening arti-
cle, “Winds of Change,” which follows the events that led
an electric utility that relies on nuclear power to invest in
wind power in Minnesota. Author: John C. Cronn, St. Cloud
State University

e Part IV begins with the essay, “Natural Community Con-
servation Planning,” which describes a California policy
designed to preserve biodiversity. Author: Morgan Barrows,
Saddleback College

* The Part V essay, “Lake Champlain: It Isn’t Easy Stayin’
Clean,” introduces the topic of pollution by tracing the
effects of human activities on the Lake Champlain eco-
system and provides a good introduction to the conflict be-
tween human impacts on the environment and efforts to
reduce damage. Author: Alan Mclntosh, University of
Vermont

PREFACE



Significant Revision

As with previous editions, reviewers’ suggestions have been in-
corporated into the text. Some of these suggestions required
small changes in text or figures to improve clarity and accuracy.
Others required major revisions in the content of certain chapters.
Specific changes include:

* Chapter 1 has two new boxed readings: Environmental
Close-Up: “Traditional Resource Use and Conflict Manage-
ment in Keoladeo National Park, India—Science Versus Pol-
icy” and Global Perspective: “Biodiversity, Human Welfare,
and Economic Development.”

* Chapter 2 has a new table that lists the accomplishments of
selected international treaties and a new Environmental
Close-Up: “What’s in Your Backyard?” that allows students
to assess the level of pollution in their neighborhood. The
sections dealing with the CERES principles, environmental
Justice issues and international trade in endangered species
have all been expanded.

* Chapter 3 has been completely revised and includes major
new sections dealing with renewable and nonrenewable re-
sources, environmental costs and pollution, and subsidies.
These changes are supported with new tables and figures.

* Chapter 5 features a new Environmental Close-Up entitled
“Human Health and Exotic Species.”

* Chapter 6 includes a new Environmental Close-Up on “Non-
native Invasive Aquatic Plants.”

* Chapter 7 provides new material on lemming cycles in the
Arctic and the concept of cultural carrying capacity.

¢ Chapter 8 has been updated with recent information on
human population.

* Chapter 9 features a major new section on the politics and
economics of energy use, which incorporates fuel efficiency
standards and OPEC, and many new and revised figures.

* Chapter 10 now includes expanded coverage on renewable
energy as well as energy efficiency and conservation.

* Chapter 11 has a new section explaining the politics of
nuclear power and additional material on world demand for
nuclear power.

* Chapter 12 has been completely rewritten to emphasize bio-
diversity issues. Its new Global Perspective, “Biodiversity
‘Hot Spots,” has an extensive table and a map detailing the
characteristics and locations of these important ecosystems.
The chapter also includes new material on the genetic,
species, and ecosystem diversity aspects of biodiversity; in-
formation on the value of biodiversity; a major new section
on threats to biodiversity that focuses on habitat loss, over-
exploitation, introduction of exotic species, and control of
pest organisms; and a new section on legal protection of en-
dangered species.

* Chapter 13 contains a new Environmental Close-Up entitled
“Farmland Preservation in Pennsylvania.” The chapter also
includes additional coverage on urban sprawl and sustain-
able growth.

PREFACE

* Chapter 14 features two new Environmental Close-Ups:
“Desertification and Global Security” and “The Conserva-
tion Security Program.”

* Chapter 15 has a new example and table showing the devel-
opment of pesticide resistance by insects and a new figure on
the amount of pesticide used on agricultural land.

* Chapter 16 offers updated information on efforts to save the
Aral Sea, the long-term impact of the Exxon Valdez oil spill,
and water use throughout the world.

* Chapter 17 was updated throughout and modified to allow
for a better flow of content. The chapter includes new infor-
mation on the deaths in Europe due to the 2003 heat wave.

* Chapter 18 has a much-expanded section on mining waste
and includes an Environmental Close-Up entitled “Mountain
Top Removal.”

* Chapter 19 has been updated throughout and includes a
new pie graph that shows industries responsible for toxic
releases.

* Chapter 20 has expanded coverage on the societal benefits of
environmental compliance and a new section explaining the
difference between governance and government. There are
also two new tables and a new Global Perspective on “ISO
Standards for Environmental Management Systems” in this
chapter.
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Eldon D. Enger is an emeritus professor
of biology at Delta College, a community college
near Saginaw, Michigan. He received his B.A. and
M.S. degrees from the University of Michigan. Pro-
fessor Enger has over 30 years of teaching experi-
ence, during which he has taught biology, zoology,
environmental science, and several other courses. He
has been very active in curriculum and course devel-
opment. A major contribution to the curriculum was
the development of an environmental technician cur-
riculum and the courses that support it. He was also
involved in the development of learning community
courses in stream ecology, winter ecology, and plant
identification. Each of these courses involved stu-
dents in weekend-long experiences in the outdoors
that paired environmental education with physical activity—stream ecology and canoe-
ing, winter ecology and cross-country skiing, and plant identification with backpacking.

Professor Enger is an advocate for variety in teaching methodology. He feels that if
students are provided with varied experiences, they are more likely to learn. In addition
to the standard textbook assignments, lectures, and laboratory activities, his classes in-
cluded writing assignments, student presentation of lecture material, debates by students
on controversial issues, field experiences, individual student projects, and discussions of
local examples and relevant current events. Textbooks are very valuable for presenting
content, especially if they contain accurate, informative drawings and visual examples.
Lectures are best used to help students see themes and make connections, and laboratory
activities provide important hands-on activities.

Professor Enger received the Bergstein Award for Teaching Excellence and the
Scholarly Achievement Award from Delta College and was selected as a Fulbright Ex-
change Teacher twice—to Australia and Scotland. He has participated as a volunteer in
several Earthwatch Research Programs. These include: studying the behavior of a bird
known as the long-tailed manakin in Costa Rica, participating in a study to reintroduce
endangered marsupials from islands to mainland Australia, and efforts to protect the
leatherback turtle in Costa Rica. He also served as a participant in a People to People
program which allowed for an exchange of ideas between U.S. and South African envi-
ronmental professionals. While traveling he has spent considerable time visiting coral
reefs, ocean coasts, mangrove swamps, alpine tundra, prairies, tropical rainforests, cloud
forests, deserts, temperate rainforests, coniferous forests, deciduous forests, and many
other special ecosystems. This extensive experience provides the background to look at
environmental issues from a broad perspective.

Professor Enger is married, has two grown sons, and enjoys a variety of outdoor
pursuits such as cross-country skiing, hiking, hunting, fishing, camping and gardening.
Other interests include reading a wide variety of periodicals, beekeeping, singing in a
church choir, and preserving garden produce.

xvii



g5

‘ Bradley F. Smith s the Dean of Huxley
College of Environmental Studies at Western Wash-
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- Conceptual Study Aids
A bnef hsl; of objectives and an outline open each chapter, giving the reader a broad overview of the in-

involved in the material to be discussed. Students are encouraged to refer to these re-
S Wi le reading and reviewing the chapter.

New! “Past, Present, Future” Charts
b > ]

‘When we look at environmental concerns in general, we find that the same basic issues ex-
ist today as in 1983, when this book was first published. Although there has been signifi- @’ o
cant progress in addressing some environmental problems, improvement in others has been
“slow, and new threats or worries have emerged. To help the reader evaluate progress in
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1883 World proved oll reserves were about 2003 Worlct proved oll reserves were about
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i~ e ko U o Sots 528 e i ot solving environmental problems and also to understand the complexity of these issues, a
850 percent decrease).

1083 W cnrgyconmumoton woo ot 2008 ekl rsy conmplon vas _new feature entitled, Past, Present, Future appears at the beginning of each chapter. These
nilion metric tons.

aquant. Bt a4} percid . charts show how specific topics discussed in the pages to come have changed over the past

1983 World per capita energy consumption. 2003 wwdweopuam consumption
gﬂﬂ.‘@ﬂ%lmudoﬂ was about 1,50 metric tona of oil
‘equivalent (about a 5 parcent
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Protozou, ds , in- ished, bul they seem (o act as par-
sects, algae, bacteria, and fungi are typical — asites and predators on other forms of
inhabitants of soil. (See figure 14.8) The  soil organisms and, therefore, help 1o reg-
role of protozoa in the soil is not finnly  ulate the populations of those organisms,

Alr space Soil particles

Film of water Film of water

(@ L]
Figure 14.7 Pore Spaces and Particle 8ize (2) Soll that s compased of particles of vari-
ous sizes has spaces fof bofh waler and air. The particles have water bound to their surfaces (repre-
sentec by the colored halo around each particle), but some of the spaces are so large that an air space
Is presant. (b) Soll composed of Uniformly small particles has less space for air, Since roots require both
air and water, the soll In (a) would be better able to support crops than would the soil in ().



“Sec It in Motion"’ Videos

For those of you who want more coverage on oceans in your envi-
ronmental science course, a special collection of live underwater
videos is included in the Digital Content Manager. “See It in Motion™
video clips display mterestmg hab;tats and behav:ors for many .

animals in the dcean.

Global Base Maps

Frustrated that your students can’t identify cities/states/countries
beyond their immediate surroundings? In support of the authors’
commitment to global environmental concern with the environ-
ment, we’ve developed 22 base maps for all world regions and
major sub-regions. These maps are offered in four versions:
black-and-white and full-color, both with labels and without
labels. All of these choices allow you flexibility in planning
class activities, quizzing opportunities, study tools, and Power-
Point enhancements. Help your students understand that what
happens in Africa or Europe affects all of us.

anll color animations 1llustratmg many different concepts covered in

.the study&f environmental science are available for your use in creating classroom
lectures, testing materials, or online course communications.

PowerPoint Lecture Outline

Don’t have time to create your own classroom presentation? The Digital Content
Manager offers a customized presentation combining art from the text with instructor-
written lecture notes, covering all 20 chapters.

Additional Pheto Library

Over 300 full-color photographs additional to those already in the textbook are also
included in this CD-ROM. Chosen for their specific contribution to topics in
environmental science. these photos are searchable by content and will add interest
and contextual support to your lectures.

&

Active Art

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

Table Library

In addition to hundreds of illustrations and photos, [hlS valuable CD also includes
every table in the textbook, available in ready-to-use digital files.
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e live in an age of information. Computers, e-mail, the

Internet, CD-ROMs, instant news, and fax machines

bring us information more quickly than ever before. A
simple search of the Internet will provide huge amounts of infor-
mation. Some of the information has been subjected to scrutiny
and is quite valid, some is well-informed opinion, some is naive
misinformation, and some is even designed to mislead. How do
we critically evaluate the information we get?

Critical thinking involves a set of skills that helps us to eval-
uate information, arguments, and opinions in a systematic and
thoughtful way. Critical thinking also can help us better under-
stand our own opinions as well as the points of view of others. It
can help us evaluate the quality of evidence, recognize bias, char-
acterize the assumptions behind arguments, identify the implica-
tions of decisions, and avoid jumping to conclusions.

Characteristics of Critical Thinking

Critical thinking involves skills that allow us to sort information
in a meaningful way and discard invalid or useless information
while recognizing that which is valuable. Some key components
of critical thinking are:

Recagm'ze the importance af context.

All information is based on certain assumptions. It is important to
recognize what those assumptions are. Critical thinking involves
looking closely at an argument or opinion by identifying the his-
torical, social, political, economic, and scientific context in
which the argument is being made. It is also important to under-
stand the kinds of bias contained in the argument and the level of
knowledge the presenter has.

Consider alternative views.

A critical thinker must be able to understand and evaluate differ-
ent points of view. Often these points of view may be quite var-
ied. It is important to keep an open mind and to look at all the
information objectively and try to see the value in alternative
points of view. Often people miss obvious solutions to problems
because they focus on a certain avenue of thinking and uncon-
sciously dismiss valid alternative solutions.

xxii

Expect and accept mistakes.

Good critical thinking is exploratory and speculative, tempered
by honesty and a recognition that we may be wrong. It takes
courage to develop an argument, engage in debate with others,
and admit that your thinking contains errors or illogical compo-
nents. By the same token, be willing to point out what you per-
ceive to be shortcomings in the arguments of others. It is always
best to do this with good grace and good humor.

Hawve clear goals.

When analyzing an argument or information, keep your goals
clearly in mind. It is often easy to get sidetracked. A clear goal
will allow you to quickly sort information into that which is per-
tinent and that which may be interesting but not germane to the
particular issue you are exploring.

Evaluate the validity of evidence.

Information comes in many forms and has differing degrees of
validity. When evaluating information, it is important to under-
stand that not all the information from a source may be of equal
quality. Often content about a topic is a mix of solid information
interspersed with less certain speculations or assumptions. Apply
a strong critical attitude to each separate piece of information.
Often what appears to be a minor, insignificant error or misun-
derstanding can cause an entire argument to unravel.

Critical thinking requires practice.

As with most skills, you become better if you practice. At the end
of each chapter in the text, there are a series of questions that al-
low you to practice critical thinking skills. Some of these ques-
tions are straightforward and simply ask you to recall information
from the chapter. Others ask you to apply the information from
the chapter to other similar contexts. Still others ask you to de-
velop arguments that require you to superimpose the knowledge
you have gained from the chapter on quite different social, eco-
nomic, or political contexts from your own.

Practice, practice, practice.
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