GNVIRONMENTAL CIENCE

Second Edition ;

i

AR

B

i¥

i




FNVIRONMENTAL
SCIENCE

EARTH AS A LIVING PLANET

Second Edition

iel B. Botkin

Director, Program on Global Change
George Mason University, Fairfax, Virginia

President,
The Center for the Study of the Environment
Santa Barbara, California

d A. Keller

University of California, Santa Barbara

with assistance from:
Dorothy B. Rosenthal
Nicholas Pinter

Mel S. Manalis
Harold Ward

Marc J. McGinnes

Harold Morowitz

JOHN WILEY & SONs, INC.
N&w Yok ¢ Chichester » Weinheim
Brisbline ¢ Singapore ¢ Toronto




ACQUISITION EpITOR  David Harris

ASSOCIATE MARKETING MANAGER ~ Catherine Beckham

SENIOR PrODUCTION EDITOR  Elizabeth Swain

DESIGNER  Laura Boucher

PHoTO EDITOR  Mary Ann Price

PHOTO RESEARCHER Ramon Rivera Moret

I1LUSTRATION COORDINATOR Anna Melhorn

ILLUSTRATOR  1st edition: Carlyn Iverson, Network Graphics; 2nd edition: updated by Stan Maddock
Cover PHoto  Moose in Wonder Lake, Alaska; John Warden/Tony Stone Images

This book was set in 10/12 ITC Garamond Light by Ruttle,

Shaw & Wetherill, Inc. and printed and bound by Von
Hoffmann Press. The cover was printed by Lehigh Press.

John Wiley & Sons, Inc., places great value on the environment and is actively involved in efforts to
preserve it. Currently, paper of high enough quality to reproduce full-color art effectively contains a
maximum of 10% recovered and recycled post-consumer fiber. Wherever possible, Wiley uses paper
containing the maximum amount of recycled fibers. In addition, the paper in this book was manufac-
tured by a mill whose forest management programs include sustained yield harvesting of its timber-
lands. Sustained yield harvesting principles ensure that the number of trees cut each year does not
exceed the amount of new growth.

TOTAL 10% RECYCLED PAPER
ALL POST-CONSUMER WASTE

Copyright © 1995, 1998 by John Wiley & Sons, Inc.
All rights reserved. Published simultaneously in Canada.

Reproduction or translation of any part of this work beyond that
permitted by Sections 107 and 108 of the 1976 United States
Copyright Act without the permission of the copyright owner is
unlawful. Requests for permission or further information should be
addressed to the Permissions Department, John Witey & Sons, Inc.

Library of Congress Cataloging in-Publicatign Data
Botkin, Daniel B.
Environmental science / Damel B Botkin, Edward A Keller with
assistance from Dorothy B Rosenthal [etal] — 2nd ed
p. cm.
Includes bibliographical references and index
ISBN 0-471-15782-1 (cloth alk paper)
1. Environmental sciences 2 Environmental sctences—Case
studies. 3. Human ecology 4 Biological diversity
5. Sustainable development I Keller, Edward A , 1942~
II. Title.
GE105.B68 1997
363.7—dc21 97-1742

CIp

Printed in the United States of America

109876543




[L EDICATIONS

FOR VALERY
who contributed so much to this book

AND

FOR ERENE,
who gave and cared so much



ABOUT THE AUTHORS

Daniel B. Botkin is Presi-
dent of The Center for the
Study of Environment and
Professor of Biology at
George Mason University.
From 1978 to 1993, he was
Professor of Biology and
Environmental Studies at
the University of Califor-
nia, Santa Barbara, serving
as Chairman of the Envi-
ronmental Studies Pro-
gram from 1978 to 1985.
For more than two decades, Professor Botkin has been
active in the application of ecological science to envi-
ronmental management. He is the winner of the Mitchell
International Prize for Sustainable Development and the
Ferrlon Prize for International Forestry, and he has been
elected to the California Environmental Hall of Fame.
Trained in physics and biology, Professor Botkin
is a leader in the application of advanced technology to
the study of the environment. The originator of widely
used forest gap-models, his research is focused on en-
dangered species, characteristics of natural wilderness
areas, the study of the biosphere, and attempts to deal

Edward A. Keller was
chair of the Environmen-
tal Studies and Hydrologic
Sciences Programs from
1993 to 1997 and is Pro-
fessor of Geological Sci-
ences at the University of
California, Santa Barbara,
where he teaches geo-
morphology, environmen-
tal geology, environmen-
tal science, river proces-
ses, and engineering geol-
ogy. Prior to joining the faculty at Santa Barbara, he
taught geomorphology, environmental studies, and
earth science at the University of North Carolina, Char-
lotte. He was the 1982-1983 Hartley Visiting Professor
at the University of Southampton, England.

Vi

with global environmental problems. In recent years,
Professor Botkin has advised the World Bank about
tropical forests, biological diversity, and sustainability;
the Rockefeller Foundation about global environmental
issues; the government of Taiwan about approaches to
solving environmental problems; and the state of Cali-
fornia on the environmental effects of water diversion
on Mono Lake. He served as the primary advisor to the
National Geographic Society for their centennial edition
map on “The Endangered Earth.” He recently directed
a study for the states of Oregon and California con-
cerning salmon and their forested habitats.

He has published many articles and books about
environmental issues. His latest books are Our Natural
History: The Lessons of Lewis and Clark (Putnam), Dis-
cordant Harmonies: A New Ecology for the 21st Century
(Oxford University Press), and Forest Dynamics: An
Ecological Model (Oxford University Press).

Professor Botkin was on the faculty of the Yale
School of Forestry and Environmental Studies (1968
1974) and was a member of the staff of the Ecosystems
Center at the Marine Biological Laboratory, Woods
Hole, MA (1975-1977). He received a B.A. from the
University of Rochester, an M.A. from the University of
Wisconsin, and a Ph.D. from Rutgers University.

Professor Keller has focused his research efforts
into three areas: studies of Quaternary stratigraphy and
tectonics as they relate to earthquakes, active folding,
and mountain building processes; hydrologic process
and wildfire in the chaparral environment of southern
California; and the role of fluid pressure in the earth-
quake cycle of active fold-and-thrust belts. He is the re-
cipient of various Water Resources Research Center
grants to study fluvial processes and U.S. Geological
Survey and Southern California Earthquake Center
grants to study earthquake hazards.

Professor Keller has published numerous papers,
and is the author of the textbooks Environmental Geol-
ogy and (with Nicholas Pinter), Active Tectonics (Pren-
tice-HalD). He holds bachelors degrees in both geology
and mathematics from California State University,
Fresno; an M.S. in geology from the University of Cali-
fornia; and a Ph.D. in geology from Purdue University.



f]pREFACE

A study of the environment on the cusp of the
twenty-first century is an exciting endeavor as we at-
tempt to move from confrontation to cooperative
problem-solving and place the study of the environ-
ment on a sound scientific basis. The enthusiasts of
the 1960s have matured into today’s environmental
professionals: executives in alternative energy cor-
porations, applied scientists who work on interna-
tional projects to spread appropriate technologies to
our inner cities and to developing nations, econo-
mists who calculate cost and benefits of pollution
controls, environmental lawyers who mediate prob-
lems and help write laws to promote wise use of our
resources, and other people in many related fields.

In recent years our understanding of many as-
pects of the environment has greatly increased. This
has ranged from our understanding of the transport
and fate of pollutants and toxins in the air and
water, to appreciation of what is really necessary to
save endangered species, to understanding how the
Earth as a system operates.

Study of our environment has undergone
tremendous change during the past four decades. In
the 1960s and 1970s a grass roots movement to pro-
tect the environment began with the recognition of
potential and real adverse effects of modern civiliza-
tion on our environment. Views became polarized.
Some environmentalists argued that everything
about the environment was good and should be
protected without change—that is, all development
of natural resources was bad. Some environmental-
ists believed that the world would be destroyed if
we did not change our approach to the environ-
ment. Opponents argued that these extreme “envi-
ronmentalists” were opposed to progress and possi-
bly to everything good stemming from civilization
and technology. Nevertheless, during this period
progress was made in dealing with environmental is-
sues and problems. Enthusiasm for the environment
remained high.

Environmentalism in the 1980s was character-
ized by a conscious shift from enthusiastic rhetoric
to development of alternative ways to solve environ-
mental problems associated with local, regional, and
global issues such as human population, hazardous
waste, acid precipitation, global warming, and
stratospheric ozone depletion. People and institu-
tions began putting more energy and resources into

solving environmental problems and learning more
about how the earth works as a system.

During the 1990s there has been a return to
considerable confrontation and emotionalism sur-
rounding the environment. Some activists place the
Earth’s life support system, the biosphere, at the top
of the moral pyramid, to be protected at all cost from
adverse human interference. At the other extreme
some people see environmentalists and environmen-
talism as a threat to private property rights and their
“way of life.” Finding solutions to environmental
problems in the twenty-first century will require that
a spectrum of potential solutions be carefully evalu-
ated in light of our values and scientific knowledge,
while at the same time insuring social justice.

GOALS OF BOOK

The purpose of Environmental Science is to provide
an up-to-date introduction to the most important
and useful concepts in the study of the environment.
Information is presented from an analytical and in-
terdisciplinary perspective from which we must view
environmental issues in order to deal successfully
with them.

Critical Thinking

We must do more than simply identify and discuss
environmental problems and solutions. To be effec-
tive, we must think critically about them. Critical
thinking is so important that we have made it the
focus of its own chapter, Chapter 2. With this in
mind we have also developed Environmental Sci-
ence to present the material in a factual, unbiased
format. Our goal is to help you think through the is-
sues, not tell you what to think. To this purpose, at
the end of each chapter, critical thinking exercises,
called “Environmental Issues,” are provided.

Interdisciplinary Approach

The approach of Environmental Science is interdis-
ciplinary in nature. Environmental science integrates
many disciplines and includes some of the most im-
portant topics of modern civilization as well as some
of the oldest philosophical concerns of human be-
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ings—that of the nature of our relationship with our
environment. Applied and basic aspects of environ-
mental sciences require a solid foundation in the
natural sciences, in addition to fields such as anthro-
pology, economics, history, sociology, and philoso-
phy of the environment. Not only do we need the
best ideas and information to deal successfully with
our environmental problems, but we also must be
aware of the cultural and historical context in which
we make decisions about the environment and un-
derstand ways in which choices are made and im-
plemented. Thus, the field of environmental science
integrates the natural sciences with environmental
ethics, environmental economics, environmental
law, environmental impact, and environmental plan-
ning. As a result, Environmental Science provides an
introduction to the entire spectrum of relationships
between people and the environment.

THEMES

Environmental Science is based on the philosophy
that several threads of inquiry are of particular im-
portance to environmental science. These key
themes are woven throughout the book.

Human Population

Underlying nearly all environmental problems is the
rapidly increasing human population. Ultimately, we
cannot expect to solve these other problems unless
we can limit the total number of people on Earth to
an amount the environment can sustain. We believe
that education is important to solving the population
problem. As people become more educated, and as
the rate of literacy increases, population growth
tends to decrease.

Sustainability

Sustainability is a term that has gained much popu-
larity recently. Speaking generally, it means that a
resource is used in such a way that it continues to
be available. However, the term is used vaguely and
it is something we are struggling to clarify. Some
would define it as insuring that future generations
have equal opportunities to the resources that our
planet offers. Others would argue that sustainability
refers to types of developments that are economi-
cally viable, do not harm the environment, and are
socially just. We all agree that we must learn how to
sustain our environmental resources so they con-
tinue to provide benefits for people and other living
things on our planet.

A Global Perspective

Until recently we generally believed that human ac-
tivity caused only local, or at most regional, environ-
mental change. We now know that effects of human
activity on Earth are of such an extent that we are
involved in a series of unplanned planetary experi-
ments. The main goal of the emerging science
known as Earth System Science is to obtain basic un-
derstanding of how our planet works as a system.
This understanding can then be applied to help
solve global environmental problems. The emer-
gence of Earth System Science has opened up a new
area of inquiry for faculty and students. Understand-
ing the relationships between biological and physi-
cal sciences requires interdisciplinary cooperation
and education.

The Urban World

An ever-growing number of people are living in
urban areas. Unfortunately our urban centers have
long been neglected and the quality of the urban
environment has suffered. It is here we experience
air pollution, waste disposal problems, social unrest,
and other stresses of the environment. In the past
we have centered our studies of the environment
more on wilderness than the urban environment. In
the future we must place greater focus on towns and
cities as livable environments.

Values, Knowledge, and Social Justice

Finding solutions to environmental problems in-
volves more than simply gathering facts and under-
standing the scientific issues of a particular problem.
It also has much to do with our systems of values
and issues of social justice. To solve our environ-
mental problems, we must understand what our val-
ues are, and which potential solutions are socially
just. Then, we can apply scientific knowledge about
specific problems and find acceptable solutions.

These five key themes or threads of inquiry are
discussed in more detail in Chapter 1. They are also
revisited at the end of each chapter where we dis-
cuss some of the pertinent material relative to these
themes.

ORGANIZATION

We believe a real strength of Environmental Science
is the systematic and in-depth coverage of the multi-
tude of subjects that comprise the field of Environ-
mental Science. An important objective is to inte-
grate physical and biological processes within a
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social framework. We recognize that environmental
education is a life-long process and any one course
may not be able to cover in depth all of the subjects
presented in Environmental Science. The goal is to
provide an instrument of learning useful to educa-
tors and students today so that future generations of
students will be more informed and able to make
judgments concerning the environment based upon
sound scientific knowledge. We believe that the un-
derstanding of, and critical thinking about, environ-
mental problems is much more important than mere
presentation of facts and information.

To support this goal, our text is divided into
eight parts. Part I provides a broad overview of the
key themes in Environmenial Science, the scientific
method, and thinking critically about the environ-
ment. Part Il presents the study of the Earth as a sys-
tem, emphasizing how systems work and the basic
biochemical cycles of our planet. Part Il focuses on
life and the environment and includes subjects such
as human population, ecosystems, biological diver-
sity, biological productivity and energy flow, and
restoration and recovery of ecosystem response to
disturbance. Part IV presents living resources from a
sustainability viewpoint, and topics covered include
world food supply, agriculture and environment,
plentiful and endangered species, forest ecology,
conserving and managing life in the oceans, and en-
vironmental health and toxicology. Part Vintroduces
and discusses a wide variety of topics related to en-
ergy including basics necessary for understanding
energy, fossil fuels and environment, alternative en-
ergy, and nuclear energy. Part VI presents the water
environment on Earth in terms of water supply use
and management, and water pollution treatment.
Part VII concerns the air environment, from global
issues such as climate, global warming, and stratos-
pheric ozone depletion to regional issues such as
acid rain, to local issues including urban air pollu-
tion and indoor air pollution. Part VIIT is concerned
with relationships between environment and society.
Topics include environmental economics, the urban
environment, integrated waste management, miner-
als and environment, environmental impact and
planning, and integrating values and knowledge.

SPECIAL FEATURES

In writing Environmental Science we have designed
a text that incorporates a number of special features
that we believe will help teachers to teach and stu-
dents to learn. These include:

* A Case Study introduces each chapter. The
purpose is to interest the reader in the subject
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being discussed and to raise important ques-
tions on the subject matter. For example, in
Chapter 14, which deals with Environmental
Health and Toxicology, the Case Study intro-
duces the problem of lead toxicity and asks the
question, “Is lead in the urban environment
contributing to antisocial (criminal) behavior?”

Learning Objectives are introduced early in
the chapter to help students focus on what is
important in the chapter and what they should
achieve after reading and studying the chapter.

A Closer Look is the name of special learning
modules presented in most of the chapters.
The purpose here is to present more detailed
information concerning a particular concept or
issue. For example, A Closer Look 3.1, in the
chapter on Systems and Change, discusses the
important concept of electromagnetic radia-
tion. Many of these special features contain fig-
ures and other data to enrich the reader’s un-
derstanding.

Near the end of each chapter, an Environ-
mental Issue is presented as a method of en-
couraging critical thinking about the environ-
ment and to help students understand how
these issues may be studied and evaluated. For
example, Chapter 19 presents the environmen-
tal issue of how wet is a wetland? The issue in
Chapter 16 examines the important environ-
mental question of whether or not we should
raise the gasoline tax.

Following the Summary, a special section, Re-
examining Themes and Issues reinforces the
five major themes of the textbook. Here we
also make value judgments concerning impor-
tant environmental issues and questions.

Study Questions for each chapter are pro-
vided. The purpose is to provide a study aid
for students and utilize critical thinking skills.

Further Reading and Internet Resources are
provided at the end of most chapters so that
students may expand their knowledge and
reading through major sources of information
(both print and electronic) on the environment.

References cited in the text are provided at
the end of the book as notes for each chapter.
These are numbered according to their citation
in the text. We believe it’s very important that
introductory textbooks carefully cite sources of
information used in the writing. These are pro-
vided to recognize those scholars whose work
we depend upon, and so that the reader may
draw upon these references as needed for ad-
ditional reading and research.
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IMPROVEMENTS IN THE SECOND EDITION

One of the primary purposes of the Second Edition
is to update the facts and keep the book current
with rapidly changing information about the envi-
ronment. This has been done throughout.

Updated References

Environmental sciences are new, with rapid
changes in the field. Therefore, it is necessary to up-
date references and suggested further reading, while
retaining references to the classic works.

New Chapter Feature

The Second Edition continues to integrate five
major themes. However, we have replaced the icons
(sometimes perceived as disruptive) with a review
section—"Reexamining Themes and Issues”’—at the
end of each chapter discussing how the themes re-
late to the discussion in that chapter; for example,
see p. 47 in chapter 3.

New Case Studies

The chapter introductory “Case Studies” were
very well received in the first edition. We have re-
tained this feature and updated the most dated of the
studies. In the Second Edition we provide case histo-
ries that we believe will be more relevant to today’s
student, selecting Cases Studies that deal with major
issues as well as illustrative issues. Some examples of
new Case Studies include: shrimp farming in Thai-
land (Ch. 1) because it involves each of the five
themes; pollution of Lake Washington, Seattle (Ch. 4)
because it is a success story about an altered biogeo-
chemical cycle; purple loosestrife (Ch. 7) because it
shows how the invasion of an alien species affects
the diversity of species; logging in Clayoquot Sound,
British Columbia (Ch. 13) because it is very current
and controversial; lead in the urban environment
(Ch. 14) because it may cause antisocial behavior;
and sick building syndrome (Ch. 23) because it
shows the effects on indoor air pollution.

Important Content Changes

* The Special Section on Earth’s Biomes has been
expanded to discuss the connection between
environment and biomes, with many new illus-
trations.

* Chapter 2, Thinking Critically about the Envi-
ronment includes a new set of models and
computer simulation. The use of computer
models is becoming an important tool for
many environmental issues, including forecasts
of global climate change and the management
of wild living resources.

s Chapter 4, Biogeochemical Cycles has been
heavily revised to make chemical cycling more
accessible to the average student. We have up-
dated significant aspects of the carbon cycle to
reflect the current thought. Discussion of the
chemical cycles has been simplified and the
more technical material has been omitted or
moved to “Closer Look” boxes. The presenta-
tion now moves from the local to the global
scale. Each section begins with a discussion
about why it is important to understand the
topic and case histories used.

* Chapter 8, Biological Productivity and Energy
Flow has been reordered to present the big pic-
ture, then the examples and details. The pre-
sentation has been simplified, eliminating much
of the detail on equations and calculations.

e Chapter 9, Succession and Restoration: How
Ecosystems Respond to Disturbance has been
reorganized for better pedagogical structure,
focusing on general principles; the details of
specific examples have become optional.

* Chapter 12, Wild Living Resources has been
updated to reflect the new international agree-
ments and new listings from the International
Union for the Conservation of Nature. The dis-
cussion of conserving forests now procedes
from regional to global perspectives.

* Chapter 13, Landscapes and Seascapes now
discusses “new forestry” and the certification of
sustainable forest practices.

* Chapter 19, Water Supply, Use, and Manage-
ment has been updated to include experiments
to improve river ecology through the release of
large volumes of water to simulate floods,
using the Colorado River as an example.

* Chapter 20, Water Pollution and Treatment has
a new discussion of the use of wetlands in
wastewater treatment.

* Chapter 26, Urban Environmenits has been up-
dated to include coverage of the recent floods
on the Mississippi and their effects on cities
such as St. Louis.

SUPPLEMENTS

A variety of supplements for both students and in-
structors is available for Environmental Science, Sec-
ond Edition:

* Student Review Guide with Internet Com-
panion, prepared by Joseph Luczkovich and
David Knowles, of East Carolina University.
This exciting new supplement integrates the




power of the World Wide Web for the first
time! The Review Guide contains concise
chapter summaries, chapter concepts, and
chapter review questions. In addition, it con-
tains an Internet component, which provides
students with “hot links” to related environ-
mental web sites and other relevant points of
interest on the World Wide Web.

Regional Case Books supplement the case
studies that are featured within the text. Cases
have been carefully selected to allow instruc-
tors to tailor their courses specifically for their
own locale. Case Books, compiled by Dorothy
Rosenthal for the Eastern, Western, Southern,
and Northern regions of the United States, are
available. Monica Mulrennan, of Concordia
University, designed a Case Study specifically
for Canada, which provides a wide range of
case studies for a diverse selection of regions.

Student Review CD will provide students
with an interactive environment in which they
can access all of the information contained in
the printed version of the Review Guide.
Bonus features include on-line testing and on-
line assessment, immediate access to relared
web sites through embedded hot links, and
full color graphs and illustrations that will rein-
force important topics and concepts.

Instructor’s Manual, prepared by Ann S.
Causey, of Auburn University. The Manual
contains teaching suggestions for all instruc-
tors, both experienced as well as the first-time
lecturer; lecture and outline notes; a list of sug-
gested supplemental readings, and lead-ins

Prerace X1

and critical thinking activities to give instruc-
tors ideas on how to begin and finish lectures.
In addition, most chapters contain a list of five
to ten ways individuals can minimize their im-
pact on Earth’s available resources.

Test Bank, prepared by Nicholas Pinter of
University of California, Santa Barbara. This
Test Bank contains approximately 1,700 multi-
ple-choice, short-answer, and essay questions.

Transparency Acetates of figures from the
text with large bold-face labels aid in class-
room presentations.

CD-ROM contains an electronic library of the
illustrations found in the text.

Environet (http.//www.wiley.com/college/
environet) is an exciting new website designed
to enhance any course using Botkin and
Keller's Environmental Science: Eanth as a Liv-
ing Planet, 2e. For each chapter of the text, the
site expands on either the Case Study, the En-
vironmental Issue, or A Closer Look, providing
current news items, reports, historical context,
and a multimedia component. The site also
contains frequently asked questions relating to
the key concepts of environmental science
along with links to other sites for help in an-
swering those questions. The correct answers
are provided in the Student Review Guide with
Internet Companion. Both students and in-
structors will find this a rich site for interactive
learning and exploration.

Daniel B. Botkin
Edward A. Keller
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SPECIAL NOTE TO STUDENTS

We have written this book with the belief that students really want to be challenged
to think about the important environmental problems that face the world today. We
are attempting to bring the environment to the forefront of education. This is in re-
sponse to tremendous public concern about the environment. Public opinion polls
confirm that the environment is an important social and political issue. We also be-
lieve that scientific literacy and critical thinking are very important. As a result, we
have chosen to discuss important environmental issues, some of which are multi-
faceted, difficult, and challenging. We all need to recognize that solutions to the
many environmental problems facing us today are not easy to find. There are differ-
ing opinions on which problems we should address and what solutions should be
attempted. This is something we cannot teach you. We can present information and
arguments, but ultimately you must think for yourself and develop solutions based
on your value system and understanding. If this appears as a vague concept—it is!
You are responsible for future generations just as are your instructors. Making in-
formed decisions requires a lot of study as well as a commitment to be responsible
in helping to insure that our planet maintains a healthy productive environment. We
believe that if our book, Environmental Science, helps you in that endeavor, then it
has been successful.

If our book has helped you to think more critically about environmental problems,
we would like to hear from you. Please share your ideas or questions with us at
DBotkin@Wiley.com.

Daniel B. Botkin
Edward A. Keller
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§ TUDENT-TO-STUDENT PREFACE

When I came to college, my goal was to learn all T could about the environment
and the problems facing it. Environmental Science is a text that I found to be es-
sential for students looking to learn about the environment and current problems
facing that environment. This was the first text dealing with the environment that I
had ever used, and it was in a class entitled “Environmental Problems and Solu-
tions.” Both the class and the text helped to inform me of the problems facing the
environment and gave me the opportunity to explore solutions to these problems.
The text offers a broad description of environmental problems, while giving you a
detailed explanation of specific problems. It is important for you, as a student, to
obtain a sound basis in your study of the environment. A thorough understanding
will better prepare you to make intelligent decisions in the future. This text gives
you the opportunity to do just that by successfully introducing you to a problem,
fully explaining that problem, and encouraging you to formulate your own opinion
of the subject at hand.

When using this text, I suggest that you take advantage of everything that £n-
vironmental Science has to offer. Within each chapter, you will come across exam-
ples of specific issues that have occurred or are occurring in the environment.
These sections are entitled “Case Study” at the beginning of each chapter, “A Closer
Look” within the chapter, and “Environmental Issue” at the end of each chapter.
You will find it useful to read through these sections as they will help give you a
more focused definition of the issue or issues dealt with in the chapter. I would
also recommend going over the Study Questions at the end of each chapter. They
are designed to help you in your understanding of the more important points dis-
cussed in each chapter.

When studying for any environmental class, I suggest that you first look to
your notes from the class itself. This will provide an outline for possible test topics
that you may need to know. After you have obtained an outline of topics, go to the
text to fine tune your understanding of the topics being dealt with in the notes.
The text will provide you with the information that your instructor did not, as it is
impossible for them to give you all of the facts in the time allotted to them. This is
why the text will be essential to your studies, just as it was to mine.

In closing let me say that it has been over a year since I took this class and
Environmental Science still sits on my desk and is used for many of my reference
needs. You will find this text to be a good investment, not only now, but in the fu-
ture as well.

Richard J. Worthington

A senior at SUNY Stony Brook studying Marine and Environmental Sciences, Rich is an avid
surfer and scuba diver, which have both had a strong influence on bis opinions about the en-
vironment. He hopes to achieve a Masters Degree in Coastal Marine Management and Policy
and eventually seek employment in an environmental consulting firm.

DOMAC-L



73 RIEF CONTENTS

PART |
ENVIRONMENT AS AN IDEA, 1
1. BASIC ISSUES IN ENVIRONMENTAL SCIENCE, 2
2. THINKING CRITICALLY ABOUT THE ENVIRONMENT, 16

PART Il
EARTH AS A SYSTEM, 31
3. SYSTEMS AND CHANGE, 32
4. THE BIOGEOCHEMICAL CYCLES, 49

PART 111

LiFE AND THE ENVIRONMENT, 73
5. THE HUMAN POPULATION AS AN ENVIRONMENTAL

PROBLEM, 74

6. ECosysTEMS AND EcoLoGICAL COMMUNITIES, 97
7. BIOLOGICAL DIVERSITY AND BIOGEOGRAPHY, 112
8. BIOLOGICAL PRODUCTIVITY AND ENERGY FLOW, 143
9

. SUCCESSION AND RESTORATION: HOW ECOSYSTEMS
RESPOND TO DISTURBANCE, 157

THE EARTH'S BIOMES, 174

PART IV

SUSTAINING LIVING RESOURCES, 183
10. WorLb Foop SuprLy, 184

11. EFFECTS OF AGRICULTURE ON THE ENVIRONMENT, 207

12. WILD LIVING RESOURCES: PLENTIFUL AND
ENDANGERED, 225

13. LANDSCAPES AND SEASCAPES, 256
14. ENVIRONMENTAL HEALTH AND TOXICOLOGY, 287

PART V

ENERGY, 307

15. ENERGY: SOME Basics, 308

16. Fossit FUELS AND THE ENVIRONMENT, 325

17. ALTERNATIVE ENERGY AND THE ENVIRONMENT, 342
18. NUCLEAR ENERGY AND THE ENVIRONMENT, 363

PART VI

WATER ENVIRONMENT, 387

19. WATER Suppy, USE, AND MANAGEMENT, 388
20. WATER POLLUTION AND TREATMENT, 414

PArT VII

AIR ENVIRONMENT, 439

21. THE ATMOSPHERE, CLIMATE, AND GLOBAL
WARMING, 440

22. AR POLLUTION, 466

23. INDOOR AIR POLLUTION, 496

24. OzoNE DEePLETION, 510

PARrT VIII

ENVIRONMENT AND SOCIETY, 529
25. ENVIRONMENTAL ECONOMICS, 530

26. URBAN ENVIRONMENTS, 550

27. WASTE MANAGEMENT, 572

28. MINERALS AND THE ENVIRONMENT, 594

29. ENVIRONMENTAL IMPACT AND PLANNING, 610
30. INTEGRATING VALUES AND KNOWLEDGE, 637

APPENDIX A
SPECIAL FEATURE: EMR LAws, A-1

APPENDIX B
PREFIXES AND MULTIPLICATION FACTORS, A-2

APPENDIX C
CoMMON CONVERSION FACTORS, A-3

APPENDIX D
Geovrocic TIME SCALE AND BloLocic EvoLuTion, A-5



CONTENTS

-
ceoe
i+ o

ee

=3
wad
Sl
ot
wed
2
.

PART |
ENVIRONMENT AS AN IDEA

1. BAsic IssuEs IN ENVIRONMENTAL SCIENCES, 2
Case Study: Shrimp, Mangroves, and Pickup
Trucks: Local and Global Connections Reveal

Major Environmental Concerns, 3

1.1 KEY THEMES, 4

1.2 HUMAN POPULATION GROWTH, 5

{ Closer Look 1.1: The Black Death, 7

1.3 SUSTAINABILITY AND CARRYING
CAPACITY, 8

{ Closer Look 1.2: Determining Carrying Capacity
of the Chinook Salmon, 9

1.4 A GLOBAL PERSPECTIVE, 9

1.5 AN URBAN WORLD, 10

1.6 VALUES AND KNOWLEDGE, 11

ENVIRONMENTAL ISSUE: How Do We Place a
Value on a Piece of Nature?, 15

2. THINKING CRITICALLY ABOUT THE

ENVIRONMENT, 16
Case Study: The Case of the Mysterious Crop
Circles, 16
2.1 THINKING ABOUT ENVIRONMENTAL
SCIENCE, 17
2.2 UNDERSTANDING WHAT SCIENCE IS
(AND WHAT IT ISN'T), 18
2.3 MEASURES AND UNCERTAINTY, 20
2.4 THE METHODS OF SCIENCE, 27
I Closer Look 2.1: Measurement of Carbon Stored
in Vegetation, 22
2.5 MISUNDERSTANDINGS ABOUT SCIENCE, 23
Closer ke 2.2: Evaluating Media Coverage, 26
2.6 SCIENCE AND DECISION MAKING, 26

ENVIRONMENTAL ISSUE: Should Minke Whales Be
Hunted? 27

2.7 LEARNING ABOUT SCIENCE, 28



XViii CONTENTS

PART Il 4. Tue BioGeOocHEMICAL CYCLES, 49

EARTH AS A SYSTEM, 31 Case Study: Lake Washington, 49

4.1 INTRODUCTION, 57

4.2 HOW CHEMICAL ELEMENTS CYCLE, 51
er Look 4.1: A Biogeochemical Cycle, 53

4.3 GENERAL ASPECTS OF CHEMICAL

3. Svstems AND CHANGE, 32
Case Study: Amboseli National Part, 32
3.1 SYSTEMS AND FEEDBACK, 35

{ Closer Look 3.1: Electromagnetic Radiation, 36 CYCLES, 55
3.2 EXPONENTIAL GROWTH, 40 4.4 BASIC CONCEPTS OF ECOSYSTEM CHEMICAL
3.3 ENVIRONMENTAL UNITY, 47 CYCLING, 59
3.4 UNIFORMITARIANISM, 47 4.5 SOME MAJOR GLOBAL CHEMICAL
3.5 CHANGES AND EQUILIBRIUM IN CYCLES, 61
SYSTEMS, 42 { Closer Look 4.2: Photosynthesis and
3.6 THE EARTH AND LIFE, 44 Respiration, 63
3.7 EARTH AS A SYSTEM. 44 ENVIRONMENTAL ISSUE: How Has Life Affected

I o the Carbon Cycle?, 69
3.8 ECOSYSTEMS, 45 )

ENVIRONMENTAL ISSUE: Is the Gaia Hypothesis
Science?, 46



