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PREFACE

We are now well into the second decade of the 21st century,
and it is promising to be a crucial decade. Globally, major
changes are taking place in the atmosphere and climate, the
human population and its well-being, and the Earth’s natural
resources. We are still recovering from a major global economic
recession, pointing to the reach of globalization; societies are
reeling from disasters such as the Japanese tsunami, the Hai-
tian earthquake, and the huge oil leak in the Gulf of Mexico;
there is no letup in the accumulating evidence of climate
change, brought on by increased fossil fuel burning; terror-
ism and conflict continue to grip the Middle East; and crises
in food and agricultural production, brought on by heat waves
and extended drought in the United States, are leading to
greater numbers of hungry and impoverished people.

In contrast to these and other disturbing trends, there
are some changes that point to a brighter future. Renew-
able energy is ramping up swiftly in its share of the world’s
energy portfolio; many of the UN Millennium Development
Goals (MDGs) are on track to be achieved by their target
date of 2015; even though international accord on climate
change is slow in coming, many countries are achieving
major reductions in greenhouse gas emissions; death by
tobacco use is being addressed in a global campaign; AIDS,
tuberculosis, and malaria are on the defensive as public-
health agencies expand treatment options and research; and
population growth in the developing countries is continu-
ing to decline.

The most profound change that must happen, and soon,
is the transition to a sustainable civilization—one in which
a stable human population recognizes the finite limits of
Earth’s systems to produce resources and absorb wastes, and
acts accordingly. This is hard to picture at present, but it is
the only future that makes any sense. If we fail to achieve it
by our deliberate actions, the natural world will impose it on
us in highly undesirable ways.

New to This Edition

To help implement our core values, we have made changes
to the twelfth edition. The major changes are listed here,
followed by a list of updates for each part and chapter.
All of these changes were made in the hope of creating a
book with a solid, rigorous framework that is also easily
comprehensible.

e In this edition, Learning Objectives have been added
to the beginning of each chapter. These objectives
describe the knowledge or skills that students should
have upon completing each chapter.

e The art program has been substantially updated. Each
chapter features new photos and updated graphics.

¢ Content has been thoroughly updated: More than 45%
of the research cited is from 2010 or later, and material
has been carefully edited for currency.

e New Video Field Trips give students the chance to
learn about wind power, invasive species, and campus
sustainability in an all-new format.

e New Core Content and Data Analysis Coaching
activities in MasteringEnvironmentalScience activities
accompany the twelfth edition of the book.

Content Updates to the Twelfth
Edition of Environmental Science

Part One—Framework for a Sustainable
Future

Part One has a new opener that focuses on the vision of sus-
tainability and the challenges facing us that are inconsistent
with that vision. Chapter 1 (Science and the Environment)
has a new opening story, the inspiring work of Rachel Carson
and her seminal book, Silent Spring. Then, as we look at the
state of the planet, we investigate the “environmentalist’s
paradox,” where human well-being seems to be improving
while the environment continues to decline. We then intro-
duce the American environmental movement timeline, a new
graphic that shows the major impacts of events, people, and
policies. We continue with our three unifying themes (sus-
tainability, sound science, and stewardship) and introduce
hypothesis formation with a new essay, “When Oysters
Became Canaries.” The final section in Chapter 1 explores
social and environmental changes in the context of globali-
zation. Chapter 2 (Economics, Politics, and Public Policy)
explores the concepts of a green versus a brown economy
and incorporates results from a new World Bank study that
updates the “wealth of nations” concept the bank intro-
duced earlier. A new essay (“California’s Green Economy”)
illustrates beneficial environmental policy impacts, and other
benefits of environmental policy are updated. Because of
its time-sensitive content, the section on politics and the
environment has been heavily rewritten. If we only had a
crystal ball. . .

Part Two—Ecology: The Science of
Organisms and Their Environment

Chapters 3-5 were reorganized in the last edition, and that
organization has been maintained in this one, with topics
flowing from basic to more complex, small to large, and
species to ecosystems and humans. Chapter 3 (Basic Needs of
Living Things) has new material on the sulfur cycle—another
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geochemical cycle important to living things—and a new Sus-
tainability essay (“Planetary Boundaries”). Chapter 4 (Pop-
ulations and Communities) is somewhat reorganized and
has additional material on Darwin’s finches in a new Sound
Science box (“Studying Finches: The Life of a Scientist”).
An example that allows students to calculate population
growth has been moved from the main text into a Sound
Science essay (“The Story Behind the Numbers: It’s a
Wormy Project!”) to make the text more readable. Chap-
ter 5 (Ecosystems: Energy, Patterns and Disturbance) begins
with a new opener—the effects of an Icelandic volcano—
and includes a new Sustainability essay (“Ecological Res-
toration: Aldo Leopold and the Shack on the Prairie”).
More-modern ecological studies are described, including
the LTER and NEON programs. Chapter 6 (Wild Species
and Biodiversity) begins with a new opener on the Gan-
ges River dolphin. Two new essays describe the return of
the Lake Erie Water snake (Stewardship, “Lake Erie’s Is-
land Snake Lady”) and the use of DNA in forensic wildlife
science (Sound Science, “Using DNA to Catch Wildlife
Criminals™). The section on protecting species was reorgan-
ized to cover topics from individual to international scales,
and the section on the consequences of losing biodiversity
was reorganized to tie into the values of biodiversity. Citi-
zen science is highlighted with several examples. Chapter 7
(The Value, Use, and Restoration of Ecosystems) has a new
opener on the Caribbean reef. The chapter was reorganized,
with restoration and conservation moved to the end. The
chapter has an even greater focus on ecosystem goods and
services and two new essays (Sustainability, “How Much
for That Irrigation Water?”, and Sound Science, “Restora-
tion Science: Learning How to Restore”).

Part Three—The Human Population
and Essential Resources

Part 3 begins with a new section opener about world popula-
tion hitting 7 billion in October 2011. Chapter 8 (The Human
Population) includes a new essay on calculating an eco-
logical footprint (Stewardship, “Lessening Your Ecological
Footprint”) and updated population profiles. The chapter
returns throughout to three countries—Burkina Faso, In-
donesia, and Sweden—which are introduced in the chapter
opener. The section on the IPAT equation has been updated
to include some newer concepts on calculating ecological
impacts, and the concept of the GINI index of inequality is
added to the chapter. Chapter 9 (Population and Develop-
ment) has a new chapter opener on declining population
growth rates in Thailand. The Stewardship essay on China
(“Protecting People’s Options”) is expanded to include issues
prior to the one-child policy and more information on
human rights abuses. A new figure illustrates the concept of
the speed of demographic change by contrasting different
countries. The former chapter opener on Kerala, India, was
updated and made into a Sustainability essay (“Looking at
Change in India”). Chapter 10 (Water: Hydrologic Cycle and
Human Use) has an new chapter opener on drought in China,
a new essay on thermohaline circulation (Sound Science,

“What’s New in the Water Cycle?”), and another on the con-
nection between water, energy, and food (Stewardship, “The
Energy/Water/Food Trade: Waste One, Waste Them All”).
There is more material on impervious surfaces, extreme-
distance transport of water, and the relationship of climate
change and the water cycle. Chapter 11 (Soil: Foundation
for Land Ecosystems) has a new chapter opener on the Dust
Bowl as well as an essay on two-stage ditches in the American
Midwest (Sustainability, “New Ditches Save Soil”). The ef-
fects of mining on soils, acid rain, soil and carbon storage,
and nanoparticles are also added. Chapter 12 (The Produc-
tion and Distribution of Food) was altered significantly, with
an entirely new section on sustainable agriculture and cutting-
edge agricultural techniques as well as a new chapter opener
on urban agriculture. The chapter is organized around three
ideas—production, environmental sustainability, and effec-
tive distribution—and with a new summary table on actions
that increase or decrease food availability. The food pyramid
has been updated with the new USDA food “plate.” Golden
rice, the subject of the former chapter opener, was moved to
a new Stewardship essay (“Golden Rice”). A new Sustaina-
bilty essay (“Preventing Food Crises”) connects photographer
Dorothea Lange and the Great Depression to modern food
crises. Chapter 13 (Pests and Pest Control) has a new chapter
opener on bedbugs, a new Sound Science essay on biofouling
organisms (“Marine Fouling Organisms: Keeping One Step
Ahead of the Barnacles”), and more information on stored
product pests and on the decline of bees. The latter part of
the chapter is reorganized to include policies regulating both
pesticides and pests themselves, including more on the gov-
ernment agency APHIS and its role in monitoring pests. It
should be mentioned that for all of these chapters, photos,
graphics, and statistical data have been brought up to date.

Part Four—Harnessing Energy
for Human Societies

Chapter 14 (Energy from Fossil Fuels) has a new part opener
with bad news and good news and a new chapter opener on
the Deepwater Horizon disaster in the Gulf of Mexico. A new
figure plots the different kinds of power plants constructed in
recent years, and a new energy flow scheme from Livermore
Labs is employed. The discussion on oil sands is expanded, and
the Keystone pipeline proposal is presented and illustrated.
Natural gas and coal are given separate sections in this edi-
tion. Hydraulic fracturing (fracking) is explored, and moun-
taintop removal coal mining is presented under the heading
“Mining Coal” (Section 14.4). Policy from the Recovery Act
is added, and there is a new Sound Science essay (“Energy
Returned on Energy Invested”). Chapter 15 (Nuclear Power)
opens with the earthquake and tsunami that rocked north-
ern Japan in March 2011, leading to the nuclear disaster at
the Fukushima Daiichi power plant. This event is used as an
illustration of the consequences of a loss-of-coolant accident.
Yucca Mountain is revisited, and the President’s Blue Ribbon
Commission report of 2011 is presented. The relicensing
situation for U.S. nuclear power plants is reviewed, and glo-
bal nuclear power is summarized. Chapter 16 (Renewable



Energy) opens with the latest on Cape Wind and a look at
portable solar travel bags. Then follows a new section (“Stra-
tegic Issues”) that examines the issues surrounding calls for
great changes in renewable energy, calls for achieving 80%
of electricity by renewable sources within a few decades. The
chapter highlights the utilities’ trend toward large photo-
voltaic installations and reviews work by MIT scientists that
for the first time connects solar cell power to water oxidation
under standard conditions, something that could pave the
way to major energy gains.

Part Five—Pollution and Prevention

Chapter 17 (Environmental Hazards and Human Health)
opens with a reference to the movie Contagion and moves
from there to some controversial research on the avian flu
virus, a disease that has the potential for great harm. The
obesity epidemic in the United States is highlighted, with a
new graphic on body mass index. ToxCast and the new IRIS
system are discussed, and new information on the causa-
tion of asthma is added. A new Sound Science essay is “The
Grisly Seven,” where neglected tropical diseases that affect
millions are discussed. Chapter 18 (Global Climate Change)
starts with a new opener on the threats of rising sea level to
island populations. A new section on “The Atmosphere’s
Control Knob” gives a perspective on the key importance of
CO,. Another new section is “Skeptics, Deniers, and Ethics,”
where opposition to climate change is put into perspective.
The major international climate conferences are summarized,
and the gap between promised emission reduction pledges
and what needs to be done is emphasized and illustrated. In
Chapter 19 (Atmospheric Pollution), new material on ammo-
nia points to the great importance of nitric acid in acid rain as
sulfur dioxides are being brought under greater control. Mer-
cury emissions are highlighted, and the new Mercury and Air
Toxics Standards are presented as a highly important devel-
opment in curbing pollution from older coal-burning power
plants. Nitrous oxide is presented as the newly recognized key
ozone-depleting substance of the 21st century. Chapter 20
(Water Pollution and Its Prevention) has new illustrations of
sludge digesters and septic systems and documents changes
in the Chesapeake Bay restoration efforts, ending with com-
ments on partisan efforts in Congress to block EPA enforce-
ment of water quality regulations. Chapter 21 (Municipal
Solid Waste: Disposal and Recovery) has a new emphasis on
composting, and single-stream recycling is described as the
new trend in recycling. EPA’s waste management hierarchy is
added as an illustration. The opening story has a new focus:
installing solar arrays on closed landfills. The Internet is
referenced as a great way to accomplish resale and reuse, and
options for getting rid of e-waste are presented. Chapter 22
(Hazardous Chemicals: Pollution and Prevention) has a new
opener on the controversial issue of endocrine disruptors and
bisphenol A. A new section (“Evaluating New Chemicals”)
illustrates the different approaches of TSCA and REACH
in the United States and Europe. The many abandoned ura-
nium mines on Navajo reservations provide a new example
of environmental (in)justice.
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Part Six—Stewardship for a Sustainable
Future

Chapter 23 (Sustainable Communities and Lifestyles) begins
with a new story on renewal in Atlanta, Georgia, exploring
the Atlanta BeltLine. A new paragraph examines the Rust
Belt as a way of understanding urban blight. A new para-
graph on “Fixing Suburbia” presents two recent books on
how to repair suburban sprawl. Finally, the essay on Tangier
Island is updated with reference to a meeting between the
islanders and a farming community in Pennsylvania.

Coauthors

Like the global scene, the field of environmental science
evolves and continues to change, and so has this text. The
most significant change has been the work of a coauthor, Dr.
Dorothy Boorse. Boorse began as coauthor in the eleventh
edition, and in the twelfth, she has taken responsibility for
half of the book (Chapters 1 and 3-13). For Wright, this has
been an especially gratifying development, as Boorse was his
student at Gordon College and is now back at the college
as Professor of Biology. It has been a delight to work together
on this edition.

Core Values

Environmental science stands at the interface between hu-
mans and Earth and explores the interactions and relations
between them. This relationship will need to be considered in
virtually all future decision making. This text considers a full
spectrum of views and information in an effort to establish
a solid base of understanding and a sustainable formula for
the future. What you have in your hands is a readable guide
and up-to-date source of information that will help you to
explore the issues in more depth. It will also help you to con-
nect them to a framework of ideas and values that will equip
you to become part of the solution to many of the environ-
mental problems confronting us.

In this new edition, we hope to continue to reflect ac-
curately the field of environmental science; in so doing, we
have constantly attempted to accomplish each of the follow-
ing objectives:

e To write in a style that makes learning about environmen-
tal science both interesting to read and easy to understand,
without overwhelming students with details;

 To present well-established scientific principles and
concepts that form the knowledge base for an understand-
ing of our interactions with the natural environment;

» To organize the text in a way that promotes sequential
learning yet allows individual chapters to stand on their
own;

e To address all of the major environmental issues that
confront our society and help to define the subject
matter of environmental science;
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e To present the latest information available by making full
use of resources such as the Internet, books, and journals;
every possible statistic has been brought up to date;

e To assess options or progress made in solving
environmental problems; and

e To support the text with excellent supplements for
instructors and students that strongly enhance the
teaching and learning processes.

Because we believe that learning how to live in the envi-
ronment is one of the most important subjects in every stu-
dent’s educational experience, we have made every effort to
put in their hands a book that will help the study of environ-
mental science come alive.

Reviewers
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the University College of Nairobi, (now the University of
Nairobi) where she also began her teaching career. There,
she became an advocate for women’s rights and the envi-
ronment. She was convinced environmental degradation was
the root of many of Kenya’s problems. She served in Kenya’s
Parliament, became an assistant minister for Environment
and Natural Resources and served international organiza-
tional roles. She is best known for founding the Green Belt
Movement, an effort to help solve unemployment and defor-
estation while empowering women. To date, the organiza-
tion has planted more than 47 million trees in Kenya.

Maathai received many international awards. She was
a prolific author and frequent speaker. In 2004, she became
the first African woman to receive the Nobel Peace Prize.
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questions Drilling is done before fracking.
Baffled About Fracking? You're Not Alone  Drilling and fracking are the same thing
{3132011) & Fracking and drilling are done at the sams time |
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Fracking is done to abtain which of the following?

coal

Hydraulic fracturing, or "fracking," got a clean bill of health this week in the

natural gas first scientific look at the safety of the oil and production practice.
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EXPANDED! Concept Review
Activities guide you through complex
content with specific wrong answer
feedback. New assignment options
cover core topics in the environmental
science course and include data
analysis activities.

MasteringEnvironmentalScience®

Concept Review. Allopatric Speciation

Concept Review: Allopatric Speciation

PartA
The arctic fox and gray fox evolved from the same species over thousands of years. Can you place these steps in the process of allopatric speciation along the timeline?

Drag each step in the process to its correct location.

r

North (near Arctic Circle)

South (near Equator)
Most recent glaciers cover

First foxes evolve central parts of North America

| | |

! ! |
5-10 million years ago 100,000-10,000 years ago Present day

Submit

Try Again
You labeled 5 of 5 targets incorrectly. Recall that a single population is the precondition for allopatric speciation. Where on the timeline should this precondition be located?

e The Pearson eText gives you access to the text e Graphlt! Activities help you explore the data
whenever and wherever you can access the behind environmental issues and research.
Internet. The eText pages look exactly like the
printed text, and include powerful interactive
and customization functions.

 Reading Quizzes help you stay on track
with your reading assignments and test your
understanding of the content.

e Self Study Area offers a 24/7 study resource.



A revitalized art program makes the text more visually appealing and
accessible with images and figures that teach more clearly. Learning Objectives
also introduce you to important concepts that you should know.

NEW! Twelfth Edition
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IMPROVED! Bar Graphs and Data
Figures are more visually appealing
and easier to interpret.

NEW! Twelfth Edition
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LEARNING OBJECTIVES

1. Economics and the Environment:
Describe how economic activity

relates to environmental goods Many hm:r;gr
and services, and differentiate j ’ m"l ,gﬁsh' oy
between green and brown % i

economies.

2. Resources in a Sustainable Econ-
omy: Summarize the components
of the wealth a nation draws
on to establish and maintain
an economy, and identify new
efforts to measure true economic
progress.

(a) Stream ecosystem with
LOW sediment load

3. Environmental Public Policy: . Cm————————
Explain the kinds of policies
employed to regulate the use of
natural resources and deal with
pollution, and describe a typical
policy life cycle.

4. Benefit-Cost Analysis of Environ-
mental Public Policy: Discuss how
benefit-cost analysis is applied to
environmental policy regulations,
and give examples of the impact
of regulations.

5. Politics and the Environment:
Assess the role played by
partisan politics in recent
environmental public policy.

="

NEW! Learning Objectives open
each chapter to introduce key
concepts that you should understand
at the conclusion of the chapter.

Corresponding Figure from Eleventh Edition
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