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Dear Student,

You are coming of age at a unique and momentous time in
history. Within your lifetime, our global society must chart a
promising course for a sustainable future. The stakes could
not be higher.

Today we live long lives enriched with astonishing tech-
nologies, in societies more free, just, and equal than ever
before. We enjoy wealth on a scale our ancestors could hardly
have dreamed of. However, we have purchased these wonder-
ful things at a steep price. By exploiting Earth’s resources and
ecological services, we are depleting our planet’s ecological
bank account. We are altering our planet’s land, air, water,
nutrient cycles, biodiversity, and climate at dizzying speeds.
More than ever before, the future of our society rests with how
we treat the world around us.

Your future is being shaped by the phenomena you will
learn about in your environmental science course. Environmen-
tal science gives us a big-picture understanding of the world
and our place within it. Environmental science also offers hope
and solutions, revealing ways to address the problems we cre-
ate. Environmental science is not simply a subject you learn in
college. Rather, it provides you a solid understanding of some
of the most important issues of the 21st century, and it relates
to everything around you over your entire lifetime.

We have written this book because today’s students will
shape tomorrow’s world. At this unique moment in history,
students of your generation are key to achieving a sustain-
able future for our civilization. The many environmental chal-
lenges that face us can seem overwhelming, but you should
feel encouraged and motivated. Remember that each dilemma
is also an opportunity. For every problem that human care-
lessness has created, human ingenuity can devise a solution.
Now is the time for innovation, creativity, and the fresh per-
spectives that a new generation can offer. Your own ideas and
energy can, and will, make a difference.

—Jay Withgott and Matthew Laposata

Preface

Dear Instructor,

You perform one of our society’s most vital functions by educat-
ing today’s students—the citizens and leaders of tomorrow—on
the processes that shape the world around them, the nature of
scientific inquiry, and the pressing environmental challenges
facing us in our new century. We have written this book to assist
you in this endeavor because we feel that the crucial role of
environmental science in today’s world makes it imperative to
engage, educate, and inspire a broad audience of students.

In Environment: The Science Behind the Stories, we strive
to show students how science informs our efforts to create a
sustainable society. We also aim to encourage critical think-
ing and to maintain a balanced approach as we flesh out the
vibrant social debate that accompanies environmental issues.
As we assess the challenges facing our civilization and our
planet, we focus on providing realistic, forward-looking solu-
tions, for we truly feel there are many reasons for optimism.

In crafting the sixth edition of this text, we have incorpo-
rated the most current information from this dynamic disci-
pline and have tailored our presentation to best promote stu-
dent learning. We have examined every line of text and every
figure with great care to make sure all content is accurate,
clear, and up-to-date. Moreover, we have introduced a number
of changes that are new to this edition.

New to This Edition

This sixth edition includes an array of revisions that enhance
our content and presentation while strengthening our commit-
ment to teach science in an engaging and accessible manner.

« central Five Central Case Studies
are completely new to this edition, complementing the
10 new case studies added in the fifth edition. All other
case studies have been updated as needed to reflect
recent developments. These updates provide fresh stories
and new ways to frame emerging issues in environmen-
tal science. Students will compare organic farming with
agriculture that uses genetically modified organisms,
learn of the approaches California is taking to tackle
chronic water shortages, examine how Miami is coping
with sea level rise, and visit college campuses to see how
students are promoting recycling and sustainable dining.
¢ Chapter 9: Farm to Table (And Back Again) at

Kennesaw State University

e Chapter 10: Can Organic Farming and GMOs
Coexist?



 closing

e Chapter 15: Conserving Every Drop in California
e Chapter 18: Rising Seas Threaten South Florida
¢ Chapter 22: A Mania for Recycling on Campus

Also new to this edition, each
chapter now concludes with a brief section that “closes
the loop” by revisiting the Central Case Study while
reviewing key principles from the chapter. This new
Closing the Loop section enhances our long-standing
and well-received approach of integrating each Central
Case Study throughout its chapter.

THE SCIENCE behind the story Six Science
Behind the Story boxes are new to this edition, expand-
ing our library of recently added examples of this
feature. These new boxes, along with others that have
been updated, provide a current and exciting selection
of scientific studies to highlight. Students will fol-
low researchers as they determine whether fracking is
inducing earthquakes in Oklahoma; conduct a wide-
ranging analysis of genetically modified crops; use
DNA fingerprinting to combat poaching; ascertain if
endocrine-disrupting chemicals are present in bottled
water; predict the future of drought in the American
West; and use toxic by-products of mining to reduce
water use in hydraulic fracturing.

e Chapter 2: Are the Earthquakes Rattling Oklahoma
Caused by Human Activity?

What Are the Impacts of GM Crops?

Can Forensic DNA Analysis Help Save
Elephants?

Are We Destined for a Future of
“Megadroughts” in the United States?
Is Your Bottled Water as Safe as You
Think It Is?

Can Acid Mine Drainage Reduce
Fracking’s Environmental Impact?

¢ Chapter 10:
e Chapter 11:

¢ Chapter 15:
e Chapter 15:

¢ Chapter 23:

New and revised DATA Q, FAQ, and Weighing the
Issues items Incorporating feedback from instructors
across North America, we have examined each example
of these three features that boost student engagement,
and have revised them and added new examples as
appropriate.

End-of-chapter elements Several new approaches are
introduced in our redesigned end-of-chapter material. Our
Reviewing Objectives section is now more streamlined
and focused on the learning objectives, and also incorpo-
rates visual icons as mileposts to help students connect to
the material’s location in the chapter. New “Case Study
Connection” questions encourage students to craft solu-
tions to issues raised in the chapter’s Central Case Study.

Currency and coverage of topical issues To live up
to our book’s hard-won reputation for currency, we’ve
incorporated the most recent data possible throughout,

and we’ve enhanced coverage of emerging issues. As cli-
mate change and energy concerns play ever-larger roles
in today’s world, our coverage of these topics has kept
pace. This edition highlights how renewable energy is
growing, yet also how we continue reaching further for
fossil fuels with deep offshore drilling, hydraulic fractur-
ing for oil and shale gas, and extraction of oil sands. The
text tackles the complex issue of climate change directly,
while connections to this issue proliferate among topics
throughout our book.

This edition also evolves and improves its cover-
age of a diversity of topics including the valuation of
ecosystem services, invasive species and their ecological
impacts, hormone-disrupting substances, fresh water
shortages, advanced biofuels, plastic pollution in the
oceans, sustainable agriculture, campus sustainability,
green-collar jobs, and technologies that help reduce
environmental impacts. We continue to use sustainability
as an organizing theme throughout the book.

Enhanced style and design We have significantly
updated and improved the look and clarity of our visual
presentation throughout the text. A more open layout,
striking visuals, and an inviting new style all make the
book more engaging for students. Over 40% of the pho-
tos, graphs, and illustrations in this edition are new or
have been revised to reflect current data or for enhanced
clarity or pedagogy.

Existing Features

We have also retained the major features that made the first
five editions of our book unique and that are proving so suc-
cessful in classrooms across North America:

A focus on science and data analysis We have main-
tained and strengthened our commitment to a rigorous
presentation of modern scientific research while simulta-
neously making science clear, accessible, and engaging
to students. Explaining and illustrating the process of
science remains a foundational goal of this endeavor.

We also continue to provide an abundance of clearly
cited, data-rich graphs, with accompanying tools for data
analysis. In our text, our figures, and our online features,
we aim to challenge students and to assist them with the
vital skills of data analysis and interpretation.

An emphasis on solutions For many students, today’s
deluge of environmental dilemmas can lead them to
believe that there is no hope or that they cannot person-
ally make a difference in tackling these challenges. We
have aimed to counter this impression by highlighting
innovative solutions being developed around the world.
While being careful not to paint too rosy a picture of the
challenges that lie ahead, we demonstrate that there is
ample reason for optimism, and we encourage action.
Our campus sustainability coverage (Chapters 1 and 24,
and Central Case Studies in Chapters 9 and 22) shows

Preface
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Xii

students how their peers are applying principles and
lessons from environmental science to forge sustainable
solutions on their own campuses.

e Central Case Studies integrated throughout the
text We integrate each chapter’s Central Case Study
into the main text, weaving information and elaboration
throughout the chapter. In this way, compelling stories
about real people and real places help to teach founda-
tional concepts by giving students a tangible framework
with which to incorporate novel ideas.

¢ The Science Behind the Story Because we strive to
engage students in the scientific process of testing and
discovery, we feature The Science Behind the Story
boxes in each chapter. By guiding students through key
research efforts, this feature shows not merely what
scientists discovered, but how they discovered it.

. Q These data analysis questions help students to
actively engage with graphs and other data-

driven figures. This feature accompanies several figures
in each chapter, challenging students to practice
quantitative skills of interpretation and analysis. To
encourage students to test their understanding as they
progress through the material, answers are provided in
Appendix A. Students can practice data analysis skills
further with new Interpreting Graphs and Data: DataQs
in MasteringEnvironmentalScience.

. F Q The FAQ feature highlights questions frequently
posed by students in introductory environmental science
courses, thereby helping to address widely held mis-
conceptions and to fill in common conceptual gaps in
knowledge. By also including questions students some-
times hesitate to ask, the FAQs show students that they
are not alone in having these questions, thereby fostering
a spirit of open inquiry in the classroom.

« weighing the ISSUES These questions aim to help
develop the critical-thinking skills students need to navi-
gate multifaceted issues at the juncture of science, policy,
and ethics. They serve as stopping points for students
to reflect on what they have read, wrestle with complex
dilemmas, and engage in spirited classroom discussion.

¢ Diverse end-of-chapter features In addition to our
new and revised end-of-chapter features detailed above,
several hallmark features help students review and ap-
ply the concepts in each chapter. Reviewing Objectives
summarizes each chapter’s main points and relates them
to the chapter’s learning objectives, enabling students to
confirm that they have understood the most crucial ideas.
Testing Your Comprehension provides concise study
questions on key topics, while Seeking Solutions encour-
ages broader creative thinking that supports our empha-
sis on finding solutions. “Think It Through” questions in
this section personalize the quest for creative solutions
by placing students in a scenario and empowering them

Preface

to make decisions. Calculating Ecological Footprints
enables students to quantify the impacts of their own
choices and measure how individual impacts scale up to
the societal level.

MasteringEnvironmental
Science®

With this edition we continue to offer expanded opportunities
through MasteringEnvironmentalScience, our powerful yet
easy-to-use online learning and assessment platform. We have
developed new content and activities specifically to support fea-
tures in the textbook, thus strengthening the connection between
these online and print resources. This approach encourages stu-
dents to practice their science literacy skills in an interactive
environment with a diverse set of automatically graded exer-
cises. Students benefit from self-paced activities that feature
immediate wrong-answer feedback, while instructors can gauge
student performance with informative diagnostics. By enabling
assessment of student learning outside the classroom, Master-
ingEnvironmentalScience helps the instructor to maximize the
impact of in-classroom time. As a result, both educators and
learners benefit from an integrated text and online solution.

NEW TO THIS EDITION Mastering EnvironmentalScience
for this edition of Environment: The Science Behind the Stories
offers new resources that are designed to grab student interest
and help them develop quantitative reasoning skills.

o NEW Graphlt activities help students put data analy-
sis and science reasoning skills into practice through a
highly interactive and engaging format. Each of the 10
Graphlts prompts students to manipulate a variety of
graphs and charts, from bar graphs to line graphs to pie
charts, and develop an understanding of how data can
be used in decision making about environmental issues.
Topics range from agriculture to fresh water to air pol-
lution. These mobile-friendly activities are accompanied
by assessment in Mastering EnvironmentalScience.

e NEW Everyday Environmental Science videos highlight
current environmental issues in short (5 minutes or less)
video clips and are produced in partnership with BBC
News. These videos will pique student interest, and can
be used in class or assigned as a high-interest out-of-
class activity.

e NEW Dynamic Study Modules help students study ef-
fectively on their own by continuously assessing their
activity and performance in real time. Students complete
multiple sets of questions for any given topic, to demon-
strate concept mastery with confidence. Each Dynamic
Study Module question set concludes with an explana-
tion of concepts students may not have mastered. They
are available as graded assignments prior to class, and
are accessible on smartphones, tablets, and computers.



EXISTING FEATURES MasteringEnvironmentalScience
retains its popular existing features:

e Process of Science activities help students navigate the
scientific method, guiding them through in-depth ex-
plorations of experimental design using Science Behind
the Story features from the current and former editions.
These activities encourage students to think like a scien-
tist and to practice basic skills in experimental design.

o [Interpreting Graphs and Data: Data Q activities pair
with the in-text Data Analysis Questions and coach
students to further develop skills related to presenting,
interpreting, and thinking critically about environmental
science data.

o “First Impressions” Pre-Quizzes help instructors
determine their students’ existing knowledge of envi-
ronmental issues and core content areas at the outset of
the academic term, providing class-specific data that
can then be employed for powerful teachable moments
throughout the term. Assessment items in the Test Bank
connect to each quiz item, so instructors can formally
assess student understanding.

e Video Field Trips enable students to visit real-life sites
that bring environmental issues to life. Students can
tour a power plant, a wind farm, a wastewater treatment
facility, a site combating invasive species, and more—all
without leaving campus.

Environment: The Science Behind the Stories has grown from
our collective experiences in teaching, research, and writing.
We have been guided in our efforts by input from the hun-
dreds of instructors across North America who have served
as reviewers and advisers. The participation of so many
learned, thoughtful, and committed experts and educators has
improved this volume in countless ways.

We sincerely hope that our efforts are worthy of the
immense importance of our subject matter. We invite you to
let us know how well we have achieved our goals and where
you feel we have fallen short. Please write to us in care of
our editor, Alison Rodal (alison.rodal@pearson.com), at
Pearson Education. We value your feedback and are eager to
learn how we can serve you better.

—Jay Withgott and Matthew Laposata

Instructor Supplements

A robust set of instructor resources and multimedia accompa-
nies the text and can be accessed through the Pearson Instruc-
tor Resource Center or MasteringEnvironmentalScience.
Organized chapter-by-chapter, everything you need to pre-
pare for your course is offered in one convenient set of files.
Resources include the following: Video Field Trips, Everyday
Environmental Science Videos, PowerPoint Lecture presenta-
tions, Instructor’s Guide, Active Lecture “clicker” questions
to facilitate class discussions (for use with or without click-
ers), and an image library that includes all art and tables from
the text.

The Test Bank files, offered in both MS Word and Test-
Gen, include hundreds of multiple-choice questions plus
unique graphing and scenario-based questions to test stu-
dents’ critical-thinking abilities.

MasteringEnvironmentalScience® for Environment:
The Science Behind the Stories (0-134-51016-X)

The MasteringEnvironmentalScience platform is the
most effective and widely used online tutorial, homework, and
assessment system for the environmental sciences.

Preface
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Help students connect

current environmental issues

Now in its Sixth Edition,
Environment: The Science
Behind the Stories, draws
students into the science behind
the issues with updated central
case studies integrated into
each chapter, a focus on building
science literacy skills, and
captivating media that brings
concepts to life.
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closing
THE LOOP

CHAPTER 18

Iobal -
Clmate Ohang

' ¥ Many factors influence Earth's cli-
' mate, and human activities have come
to play a major role, Climate change
is well underway, and additional green-
house gas emissions will intensify global
warming and cause increasingly severe and
varied impacts. Sea level rise and other conseguences of
global climate change are affecting locations worldwide from
Miami to the Maldives, from Alaska to Bangladesh, and from
Mew York to the Netherlands. As scientists and policymak-
ers come to better understand anthropogenic climate change
and its consequences, more and more of them are urging
immediate action.
Policymakers at the international and naticnal levels have
struggled to take meaningful steps to slow greenhouse gas

emissions, so increasingly, people at the lecal and regicnal
levels are the ones making a difference. In South Florida, citi-
zens and local leaders are investing time, thought, money, and
creativity into finding solutions to rising sea levels. They are
seaking to mitigate climate change by reducing greenhouse
gas emissions and to adapt to climate change by building
pumping systems, raising streets and foundations, and tailor-
ing financial and insurance incentives to guide development
toward upland areas, Like people anywheare who love their
homes, residents of South Florida are girding themselves for
a long battle to protect their land, communities, and guality of
life whila our global society inches its way toward emissions
reductions. For all of us across the globe, taking staps to miti-
gate and adapt to climate change represents the foremost
challenge for our future.

e -




... to the science
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NEW and UPD ATED!

Rising Seas Threaten
Central Case Studies
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NEW!
Case Study Connection
questions

A et i Mkamil Mooy &

4. CASE STUDY CONNECTION You are the city manager
for a coastal U.S. city that scientists predict will be hit
hard by sea level rise, with risks and impacts trailing
those in Miami by just a few years. You have just re-
turmed from a professional conference in Florida, whera
you toured Miami Beach and learned of the efforts being
made there to adapt to climate change. What steps
wolld you take to help your own city prepare for rising
sea level? How would you explain the risks and impacts
of climate change to yvour fellow city leaders to gain
their support? Of the measures being taken in Florida
communities, which would you choose 1o study closely,
which would you wanlt to begin right away, and which
wolld be highast priority in the lang run? Explain vour
choices.



Bring real conversations

into the classroom ...

NEW and UPDATED! Science Behind the Story features highlight
the process of science and profile the current scientific research behind
today’s most pressing environmental issues.

THE SCIENCE

behind the story

T e

Can Forensic DNA Analysis Help Save Elephants?
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NEW Science Behind the
Stories include:

Ch 2 Are the Earthquakes
Rattling Oklahoma Caused
by Human Activity?

Ch 10 What Are the
Impacts of GM Crops?

Ch 11 Can Forensic
DNA Analysis Help Save
Elephants?

Ch 15 Are We Destined
for a Future of
“Megadroughts” in the
United States?

Ch 23 Can Acid Mine
Drainage Reduce
Fracking’s Environmental
Impact?
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... and encourage students

to think scientifically

FAQ

How big is a billion?
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UPDATED! DataQs

First Impression Weighing the Issues
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{c) Greenhouse gas emissions released
in producing 1 ko of protein

{a) Land reguired to produce 1 kg of (b) Water required 1o produce 1 kg of
protein protein

FIGURE 0.8 Producing different types of animal products requires different amounts of {a) land
and (b) water—and releases different ameounts of (¢) greenhouse gas emissions, Hising catiio for
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Continuous Learning

Before, During, and After Class

BEFORE CLASS

Give students a preview of what's to come with activities that

introduce them to key concepts.

Dynamic Study
Modules enable
students to study more
effectively on their own.

With the Dynamic Study
Modules mobile app,
students can quickly access
the concepts they need to
be more successful in the
course.
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with MasteringEnvironmentalScience

MasteringEnvironmentalScience®

Vocabulary Review: Nuclear Power

Car i match thi Tanms abowt @ nucear powsr plant (shown hang) with heir dascripions?

fﬁ *‘»‘:\. Vocabulary Review activities introduce students
to the terminology they will encounter in class and are
.1 associated with key topics throughout the text. Each

Lo

p- N ] "ii i assignable activity includes personalized wrong answer
ﬁ-_‘%{j l feedback.
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Decline of Pollinators Poses Threat to
World Food Sllpp{}’, Repﬂrf Says Current Events activities let instructors assign

real news coverage of current environmental topics into

By JOHN SCHWARTZ  FEE. 36, 2006 o o @ Q D @ their course.

Current Events activities expose students to a variety
of current environmental issues. They are assignable
and are updated at the start of each semester with new
content.

Currant Events: Decline of Pollinators Poses
Threat to World Food Supply, Report Says (Mew  PartA

York Timas, 02/26/2016) Which of the fallowing crops Is least likely to be
impacted by the decrease in pollinators?

Read this Mew York Times article and then answer the

questions. almends
Decline of Pollinators Poses Threat to World Food kol
Supply, Report Says ((:2/26/2016) tomatoes
Ragistration with Tha New York Times provides instant apples
Besheepera palng a amoker o calm oolomies hefos 1 "
: Lo e . : access to breaking rews an NY Times.com. To register,
Cohembia Falla, Me. Flania Jep=nd o pollinst go 1o i fvwwa nylimes, comiregister, Visit
reductian volumes with a value of as mach as §5 - = o i i
productian valums with a value of as mach as §5 . h—r—'u—qﬂ’—n i s sl o] : s o m My Answers Give Up
ef-service htm| to review the current MYT Terms of
) Sarvica,
The birds and the bees need help. Also, £l PartB

and bats, Without an international effort, a new report warns, increasing



Continuous Learning

Before, During, and After Class

DURING CLASS

Engage students with active learning and video field trips.

Learning Catalytics
is a “bring your own
device” engagement,
assessment, and classroom
intelligence system.
Students use their

own device (laptop,
smartphone, or tablet) to
respond to open-ended
questions and then discuss
answers in groups based
on their responses.

Learning Catalytics benefits:

¢ Developing higher-level critical thinking skills
Promoting active learning and student engagement
A team-based approach to learning
Peer instruction methods
Understand student misconceptions and adjust

teaching in real time

Courses  Cuesticns  Chsirgoms.  Training  Help  Feedback

Anna Amain | MYU | Log out

learnine| catalytics

My Courses > Copy of Byt of Homework = Genetic Modification
[ & s session | # i@
L. mnaresracal
Dana Anabyiin: Caneeizally Modilied Croga (2 of 2)
Cenetically mad fied (GM) crops have spread with remarkable speed since their commerdal imtrodection m 1996
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If thee trends in Ehe graph continue, estimate how many millions of hecizres of GM crops willl be planted in developing

“Mly students are so busy and
engaged answering Learning
Catalytics questions during lecture

that they don‘t have time for
Facebook.”

Declan De Paor, Old Dominion University




with MasteringEnvironmentalScience

MasteringEnvironmentalScience®

Video Field Trips developed exclusively for Pearson Environmental Science
provide fascinating behind-the-scenes tours of real environmental concerns and
the strategies and solutions employed to address them. These popular, short videos
engage students as they learn about bee colony collapse, take a tour of a water
desalination plant, a wind farm, and more.
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Continuous Learning

Before, During, and After Class

AFTER CLASS

Help students put scientific thinking into practice.
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Did Soap Operas Reduce Fertility in Brazil?

Using Forensics to Uncover lllegal Whaling
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Freshwater Availability
Nutrient Cycling
Carrying Capacity
Renewable Energy

And more!
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MasteringEnvironmentalScience delivers engaging, dynamic learning opportunities—focusing
on course objectives and responsive to each student’s progress—that are proven to help students
absorb course material and understand challenging environmental processes and concepts.

NEW! Everyday Environmental Science video activities connect
course topics with current stories in the news.

Produced by the BBC, these high-quality videos highlight current environmental issues

and can be assigned for pre- and post-lecture homework, or can be shown in class to
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Access the complete textbook

online or offline with eText 2.0

NEW! The Sixth Edition is available in Pearson’s fully-accessible
eText 2.0 platform, live for Fall 2017 classes.

NEW! The eText 2.0 mobile app offers offline access
and can be downloaded for most iOS and Android
phones and tablets from the iTunes or Google Play
stores.

night mode, seamlessly integrated
video and other rich media, instructor |
and student note-taking, highlighting,
bookmarking, search, and links to

glossary terms.

An impartant imphication of this stepwise decline of energy in a trophic structure is that the

amsount of energy svailalsle to top-level consumers is amall compared with that availakde (o

lower-level consomers. Only a tiny fraction of the energy stored by pholosymthesis flows

through a food chain to a tertiary consumer, such as a snake feeding on a mouse. This

explaing why top=level consumers such as lioms and hwks requine so much geographic

territerys It bakes a bot of vegetation to sappert trophic levels so many steps removed from

photosynthetic prodwction. You can also understand why most food chains are limited to

three to five levels; there is simphy not enough energy at the very top of an ecological

pvramid to support anather trophic level. There are, for example, no nonhuman predators

of lions, eagles, and killer whales: the biomass in populations of these top-level consumers

is indufficient lo supply yet another trophic bevel with a reliable source of autrition.




XXVi

Acknowledgments

This textbook results from the collective labor and dedication
of innumerable people. The two of us are fortunate to be sup-
ported by a tremendous publishing team.

Development editors Sonia DiVittorio and Debbie Hardin
provided structure for our work and beauty and coherence
for our chapter layouts. Their careful edits, along with those
of Jennifer Angel, ensured clarity and accuracy in content.
Project managers Brett Coker and Margaret Young choreo-
graphed the delicate scheduling dance required for timely
project completion. As program manager, Anna Amato man-
aged the complex logistics inherent to an endeavor of this size.
Media producer Chloe Veylit managed the many moving parts
of the MasteringEnvironmentalScience course for this new
edition, including production of our new Graphlt activities—
with help from instructional designer Sarah Young Dualan and
executive media producer Laura Tommasi. Executive editor
Alison Rodal facilitated the interactions of the editorial team
and effectively collaborated with marketing managers Christa
Pesek Pelaez and Mary Salzman, as well as the many sales
representatives across the country, to communicate our vision,
deliver our text to instructors, and work with instructors to
ensure their satisfaction.

Editorial assistant Alison Cagle provided timely and
effective assistance, while executive editorial manager Ginnie
Simione Jutson oversaw our development needs. Bonnie
Boehme provided meticulous copy editing of our text, and
photo researcher Kristin Piljay helped secure quality photos.
Wynne Au Yeung and Alicia Elliot of Imagineering did an
exceptionally good job overseeing production of the art pro-
gram, and Lisa Buckley designed our engaging new textbook
style. Senior production manager Norine Strang worked with
our compositor to help guide our book through production.
We wish to thank our editor-in-chief Beth Wilbur for her con-
tinued support of this book through its six editions and for
helping to invest the resources that our books enjoy.

As always, a select number of top instructors from
around North America produced the supplementary materials
that support the text. Our thanks go to Danielle DuCharme
for updating our Instructor’s Guide, to Todd Tracy for his
work with the Test Bank, to James Dauray for revising the
PowerPoint lectures, and to Jennifer Biederman for updating
the Active Lecture clicker questions. We also wish to thank
Shamili Sandiford for her creativity and effort in developing
the Graphlt activities, and Stephan Fitzpatrick, Karyn Alme,
and Donna Bivans for their work on Mastering Environmental
Science.

In the lists of reviewers that follow, we acknowledge the
many instructors and outside experts who have helped us to
maximize the quality and accuracy of our content and pres-
entation through their chapter reviews, feature reviews, class
tests, focus group participation, and other services.

Finally, we each owe personal debts to the people nearest
and dearest to us. Jay thanks his parents and his many teach-
ers and mentors over the years for making his own life and
education so enriching. He gives loving thanks to his wife,
Susan, who has endured this book’s writing and revision
over the years with patience and understanding, and who has
provided caring support throughout. Matt thanks his family,
friends, and colleagues, and is grateful for his children, who
give him three reasons to care passionately about the future.
Most importantly, he thanks his wife, Lisa, for enriching his
existence with love, joy, and wisdom—and for providing him
a lifetime of experiences that would have been impossible
without her. The talents, input, and advice of Susan and of
Lisa have been vital to this project, and without their support
our own contributions would not have been possible.

We dedicate this book to today’s students, who will shape
tomorrow’s world.

—Jay Withgott and Matthew Laposata



We wish to express special thanks to the dedicated review-
ers who shared their time and expertise to help make this
sixth edition the best it could be. Their efforts built on those
of the roughly 600 instructors and outside experts who have
reviewed material for the previous five editions of this book
through chapter reviews, pre-revision reviews, feature consul-
tation, student reviews, class testing, and focus groups. Our
sincere gratitude goes out to all of them.

Reviewers for the
Sixth Edition

Karyn Alme, Kennesaw State University

Betsy Bancroft, Gonzaga University

Brad Basehore, Harrisburg Area Community College

Jill Bessetti, Columbia College of Missouri Online

Jennifer Biederman, Winona State University

Donna Bivans, Pitt Community College

Scott Brame, Clemson University

Geoffrey L. Buckley, Ohio University

James Dauray, College of Lake County

Danielle Ducharme, Waubonsee Community College

Eden Effert, Eastern Illinois University

Richard Feldman, Marist College

Jonathan Fingerut, Saint Joseph’s University

Eric Fitch, Marietta College

Stephan Fitzpatrick, Georgia Perimeter College

Markus Flury, Washington State University

Steven Frankel, Northeastern Illinois University

Michael Freake, Lee University

Karen Gaines, Eastern Illinois University

Sandi Gardner, Baker College

Paul Gier, Huntingdon College

Jennifer Hanselman, Westfield State University

Keith Hench, Kirkwood Community College

Steven Jakobi, Alfred State College

Richard Jurin, University of Northern Colorado

Karen M. Klein, Northampton Community College

George Kraemer, Purchase College

Diana Kropf-Gomez, Richland College, Dallas County Community
College District

James Kubicki, University of Texas, El Paso

Andrew Lapinski, Reading Area Community College

Hugh Lefcort, Gonzaga University

Maureen Leupold, Genesee Community College

Kurt Leuschner, College of the Desert

Jeffrey Mahr, Georgia Perimeter College

Chuck McClaugherty, University of Mount Union

Myra Morgan, Massachusetts’ National Math & Science Initiative

George Myer, Temple University

Reviewers

Doug Nesmith, Baylor University

Richard Orndorff, Eastern Washington University

Clayton A. Penniman, Central Connecticut State University
Julie Stoughton, University of Nevada, Reno

Todd Tracy, Northwestern College

Tom Tyning, Berkshire Community College

Sharon Walsh, New Mexico State University, Grants

Lorne Wolfe, Georgia Southern University

Brian Wolff, Normandale Community College

Reviewers for Previous
Editions

Matthew Abbott, Des Moines Area Community College; David Aborne, Uni-
versity of Tennessee—Chattanooga; Charles Acosta, Northern Kentucky Uni-
versity; Jeffrey Albert, Watson Institute of International Studies; Shamim
Ahsan, Metropolitan State College of Denver; Isoken T. Aighewi, University
of Maryland—Eastern Shore; John V. Aliff, Georgia Perimeter College; Mary
E. Allen, Hartwick College; Deniz Z. Altin, Georgia Perimeter College; Dula
Amarasiriwardena, Hampshire College; Gary 1. Anderson, Santa Rosa Junior
College; Mark W. Anderson, The University of Maine; Corey Andries, Albu-
querque Technical Vocational Institute; David M. Armstrong, University of
Colorado—Boulder; David L. Arnold, Ball State University; Joseph Arruda,
Pittsburg State University; Eric Atkinson, Northwest College; Thomas W. H.
Backman, Linfield College; Timothy J. Bailey, Pittsburg State University;
Stokes Baker, University of Detroit; Kenneth Banks, University of North
Texas; Narinder Bansal, Ohlone College; Jon Barbour, University of Colo-
rado—Denver; Reuben Barret, Prairie State College; Morgan Barrows, Sad-
dleback College; Henry Bart, LaSalle University; James Bartalome, Univer-
sity of California—Berkeley; Marilynn Bartels, Black Hawk College; David
Bass, University of Central Oklahoma; Christy Bazan, Illinois State Univer-
sity; Christopher Beals, Volunteer State Community College; Laura Beaton,
York College, City University of New York; Hans T. Beck, Northern Illinois
University; Richard Beckwitt, Framingham State College; Barbara Bekken,
Virginia Polytechnic Institute and State University, Elizabeth Bell, Santa
Clara University,; Timothy Bell, Chicago State University; David Belt, John-
son County Community College; Gary Beluzo, Holyoke Community College;
Terrence Bensel, Allegheny College; Bob Bennett, University of Arkansas;
William B. N. Berry, University of California, Berkeley, Jill Bessetti, Colum-
bia College; Kristina Beuning, University of Wisconsin—Eau Claire; Peter
Biesmeyer, North Country Community College; Donna Bivans, Pitt Commu-
nity College; Grady Price Blount, Texas A&M University—Corpus Christi;
Marsha Bollinger, Winthrop University; Lisa K. Bonneau, Metropolitan Com-
munity College—Blue River; Bruno Borsari, Winona State University; Richard
D. Bowden, Allegheny College; Frederick J. Brenner, Grove City College;
Nancy Broshot, Linfield College; Bonnie L. Brown, Virginia Commonwealth
University; David Brown, California State University—Chico; Evert Brown,
Casper College; Hugh Brown, Ball State University; J. Christopher Brown,
University of Kansas; Dan Buresh, Sitting Bull College; Dale Burnside,
Lenoir-Rhyne University; Lee Burras, lowa State University; Hauke Busch,
Augusta State University,; Christina Buttington, University of Wisconsin—Mil-
waukee; Charles E. Button, University of Cincinnati, Clermont College; John
S. Campbell, Northwest College; Myra Carmen Hall, Georgia Perimeter
College; Mike Carney, Jenks High School; Kelly S. Cartwright, College of
Lake County; Jon Cawley, Roanoke College; Michelle Cawthorn, Georgia

XXVii



Southern University; Linda Chalker-Scott, University of Washington;
Brad S. Chandler, Palo Alto College; Paul Chandler, Ball State University;
David A. Charlet, Community College of Southern Nevada; Sudip Chattopadh-
yay, San Francisco State University; Tait Chirenje, Richard Stockton Col-
lege; Luanne Clark, Lansing Community College; Richard Clements, Chat-
tanooga State Technical Community College; Philip A. Clifford, Volunteer
State Community College; Kenneth E. Clifton, Lewis and Clark College; Reg-
gie Cobb, Nash Community College; John E. Cochran, Columbia Basin Col-
lege; Donna Cohen, MassBay Community College; Luke W. Cole, Center on
Race, Poverty, and the Environment; Mandy L. Comes, Rockingham Com-
munity College; Thomas L. Crisman, University of Florida; Jessica Crowe,
South Georgia College; Ann Cutter, Randolph Community College; Gregory
A. Dahlem, Northern Kentucky University; Randi Darling, Westfield State
College; Mary E. Davis, University of Massachusetts, Boston; Thomas A.
Davis, Loras College; Lola M. Deets, Pennsylvania State University—Erie; Ed
DeGrauw, Portland Community College; Roger del Moral, University of
Washington; Bob Dennison, Lead teacher at HISD and Robert E. Lee High
School; Michael L. Denniston, Georgia Perimeter College; Doreen Dewell,
Whatcom Community College; Craig Diamond, Florida State University;
Darren Divine, Community College of Southern Nevada; Stephanie Dock-
stader, Monroe Community College; Toby Dogwiler, Winona State Univer-
sity; Jeffrey Dorale, University of lowa; Tracey Dosch, Waubonsee Commu-
nity College; Michael L. Draney, University of Wisconsin—Green Bay; Iver W.
Duedall, Florida Institute of Technology; Jeffrey R. Dunk, Humboldt State
University; Jean W. Dupon, Menlo College; Robert M. East, Jr., Washington
& Jefferson College; Margaret L. Edwards-Wilson, Ferris State University;
Dee Eggers, University of North Carolina—Asheville; Anne H. Ehrlich, Stan-
Jford University; Jane Ellis, Presbyterian College; Amy Ellwein, University of
New Mexico; Thomas R. Embich, Harrisburg Area Community College; Ken-
neth Engelbrecht, Metropolitan State College of Denver; James English,
Gardner-Webb University; Bill Epperly, Robert Morris College; JodyLee
Estrada Duek, Pima Community College; Corey Etchberger, Johnson County
Community College; W.F.J. Evans, Trent University; Paul Fader, Freed Har-
deman University; Joseph Fail, Johnson C. Smith University; Bonnie Fancher,
Switzerland County High School; Jiasong Fang, lowa State University; Mar-
sha Fanning, Lenoir Rhyne College; Leslie Fay, Rock Valley College; Debra
A. Feikert, Antelope Valley College; M. Siobhan Fennessy, Kenyon College;
Francette Fey, Macomb Community College; Steven Fields, Winthrop Univer-
sity; Brad Fiero, Pima Community College; Jonathan Fingerut, Saint Joseph’s
University; Robyn Fischer, Aurora University; Dane Fisher, Pfeiffer Univer-
sity; David G. Fisher, Maharishi University of Management; Eric J. Fitch,
Marietta College; Linda M. Fitzhugh, Gulf Coast Community College; Doug
Flournoy, Indian Hills Community College—Ottumwa; Johanna Foster, John-
son County Community College; Chris Fox, Catonsville Community College;
Nancy Frank, University of Wisconsin—-Milwaukee; Steven Frankel, North-
eastern Illinois University; Michael Freake, Lee University; Arthur Fredeen,
University of Northern British Columbia; Chad Freed, Widener University;
Robert Frye, University of Arizona; Laura Furlong, Northwestern College;
Karen Gaines, Eastern Illinois University; Navida Gangully, Oak Ridge High
School; Sandi B. Gardner, Triton College; Katharine A. Gehl, Asheville Bun-
combe Technical Community College; Kristen S. Genet, Anoka Ramsey Com-
munity College; Stephen Getchell, Mohawk Valley Community College; Mar-
cia Gillette, Indiana University—Kokomo,; Scott Gleeson, University of
Kentucky; Sue Glenn, Gloucester County College; Thad Godish, Ball State
University; Nisse Goldberg, Jacksonville University; Michele Goldsmith,
Emerson College; Jeffrey J. Gordon, Bowling Green State University; John G.
Graveel, Purdue University; Jack Greene, Millikan High School; Cheryl
Greengrove, University of Washington; Amy R. Gregory, University of Cin-
cinnati, Clermont College; Carol Griffin, Grand Valley State University; Carl
W. Grobe, Westfield State College; Sherri Gross, Ithaca College; David E.
Grunklee, Hawkeye Community College; Judy Guinan, Radford University;
Gian Gupta, University of Maryland, Eastern Shore; Mark Gustafson, Texas
Lutheran University; Daniel Guthrie, Claremont College; Sue Habeck,
Tacoma Community College; David Hacker, New Mexico Highlands Univer-
sity; Greg Haenel, Elon University; Mark Hammer, Wayne State University;
Grace Hanners, Huntingtown High School; Jennifer A. Hanselman, Westfield
State University; Michael Hanson, Bellevue Community College; Alton
Harestad, Simon Fraser University;, Barbara Harvey, Kirkwood Community
College; David Hassenzahl, University of Nevada Las Vegas; Jill Haukos,

XXViii Reviewers

South Plains College; Keith Hench, Kirkwood Community College; George
Hinman, Washington State University; Jason Hlebakos, Mount San Jacinto
College; Joseph Hobbs, University of Missouri—Columbia; Jason Hoeksema,
Cabrillo College; Curtis Hollabaugh, University of West Georgia; Robert D.
Hollister, Grand Valley State University; David Hong, Diamond Bar High
School; Catherine Hooey, Pittsburgh State University; William Hopper, Flor-
ida Memorial University; Kathleen Hornberger, Widener University; Debra
Howell, Chabot College; April Huff, North Seattle Community College;
Pamela Davey Huggins, Fairmont State University; Barbara Hunnicutt, Semi-
nole Community College; Jonathan E. Hutchins, Buena Vista University;
James M. Hutcheon, Asian University for Women; Don Hyder, San Juan Col-
lege; Daniel Hyke, Alhambra High School; Juana Ibanez, University of New
Orleans; Walter Illman, University of lowa; Neil Ingraham, California State
University, Fresno; Daniel Ippolito, Anderson University; Bonnie Jacobs,
Southern Methodist University; Jason Janke, Metropolitan State College of
Denver; Jack Jeffrey, formerly USFWS, Pepeekeo, Hawaii; Nan Jenks-Jay,
Middlebury College; Linda Jensen-Carey, Southwestern Michigan College;
Stephen R. Johnson, William Penn University; Gail F. Johnston, Lindenwood
University;, Gina Johnston, California State University, Chico; Paul Jurena,
University of Texas—San Antonio; Richard R. Jurin, University of Northern
Colorado; Thomas M. Justice, McLennan Community College; Stanley S.
Kabala, Duquesne University; Brian Kaestner, Saint Mary’s Hall; Steve Kahl,
Plymouth State University; David M. Kargbo, Temple University; Susan Karr,
Carson—-Newman College; Jerry H. Kavouras, Lewis University; Carol
Kearns, University of Colorado—Boulder; Richard R. Keenan, Providence
Senior High School; Dawn G. Keller, Hawkeye Community College; Myung-
Hoon Kim, Georgia Perimeter College; Kevin King, Clinton Community Col-
lege; John C. Kinworthy, Concordia University; Karen Klein, Northampton
Community College; Cindy Klevickis, James Madison University; Ned J.
Knight, Linfield College; David Knowles, East Carolina University; Penel-
ope M. Koines, University of Maryland; Alexander Kolovos, University of
North Carolina—Chapel Hill; Erica Kosal, North Carolina Wesleyan College;
Steven Kosztya, Baldwin Wallace College; Robert J. Koester, Ball State Uni-
versity; Tom Kozel, Anderson College; George Kraemer, Purchase College;
Robert G. Kremer, Metropolitan State College of Denver; Jim Krest, Univer-
sity of South Florida—South Florida; Sushma Krishnamurthy, Texas A&M
International University; Diana Kropf-Gomez, Dallas County Community
College; Jerome Kruegar, South Dakota State University; James Kubicki, The
Pennsylvania State University; Max Kummerow, Curtin University; Frank T.
Kuserk, Moravian College; Diane M. LaCole, Georgia Perimeter College;
Troy A. Ladine, East Texas Baptist University; William R. Lammela, Naza-
reth College; Vic Landrum, Washburn University; Tom Langen, Clarkson
University; Andrew Lapinski, Reading Area Community College; Matthew
Laposata, Kennesaw State University; Michael T. Lares, University of Mary;
Kim D. B. Largen, George Mason University; John Latto, University of Cali-
Jfornia—Berkeley; Lissa Leege, Georgia Southern University; Hugh Lefcort,
Gonzaga University; James Lehner, Taft School; Kurt Leuschner, College of
the Desert; Stephen D. Lewis, California State University, Fresno; Chun
Liang, Miami University; John Logue, University of South Carolina—Sumter;
John F. Looney, Jr., University of Massachusetts—Boston; Joseph Luczkovich,
East Carolina University; Linda Lusby, Acadia University; Richard A. Lutz,
Rutgers University; Jennifer Lyman, Rocky Mountain College; Les M. Lynn,
Bergen Community College; Timothy F. Lyon, Ball State University; Sue
Ellen Lyons, Holy Cross School; 1an R. MacDonald, Texas A&M University;
James G. March, Washington and Jefferson College; Blase Maffia, University
of Miami; Robert L. Mahler, University of Idaho; Jetfrey Mahr, Georgia
Perimeter College, Newton; Keith Malmos, Valencia Community College;
Kenneth Mantai, State University of New York—Fredonia; Anthony J.M. Mar-
cattilio, St. Cloud State University; Heidi Marcum, Baylor University; Nancy
Markee, University of Nevada—Reno; Patrick S. Market, University of Mis-
souri—-Columbia; Michael D. Marlen, Southwestern Illinois College; Kim-
berly Marsella, Skidmore College; Steven R. Martin, Humboldt State Univer-
sity; John Mathwig, College of Lake County; Allan Matthias, University of
Arizona; Robert Mauck, Kenyon College; Brian Maurer, Michigan State Uni-
versity; Bill Mautz, University of New Hampshire; Kathy McCann Evans,
Reading Area Community College; Chuck McClaugherty, University of
Mount Union; Debbie McClinton, Brevard Community College; Paul McDan-
iel, University of Idaho; Jake McDonald, University of New Mexico; Gregory
Mclsaac, Cornell University; Robert M.L. McKay, Bowling Green State Uni-



versity; Annabelle McKie-Voerste, Dalton State College; Dan McNally, Bry-
ant University; Richard McNeil, Cornell University; Julie Meents, Columbia
College; Alberto Mestas-Nufiez, Texas A&M University—Corpus Christi;
Mike L. Meyer, New Mexico Highlands University; Steven J. Meyer, Univer-
sity of Wisconsin-Green Bay; Patrick Michaels, Cato Institute; Christopher
Migliaccio, Miami Dade Community College; William C. Miller, Temple Uni-
versity; Matthew R. Milnes, University of California, Irvine; Kiran Misra,
Edinboro University of Pennsylvania; Mark Mitch, New England College;
Paul Montagna, University of Texas—Austin; Lori Moore, Northwest lowa
Community College; Brian W. Moores, Randolph-Macon College; James T.
Morris, University of South Carolina; Sherri Morris, Bradley University;
Mary Murphy, Penn State Abington; William M. Murphy, California State
University—Chico; Carla S. Murray, Carl Sandburg College; Rao Myla-
varapu, University of Florida; Jane Nadel-Klein, Trinity College; Muthena
Naseri, Moorpark College; Michael J. Neilson, University of Alabama—Bir-
mingham; Benjamin Neimark, Temple University; Michael Nicodemus,
Abilene Christian University; Richard A. Niesenbaum, Muhlenberg College;
Moti Nissani, Wayne State University; Richard B. Norgaard, University of
California—Berkeley; John Novak, Colgate University; Mark P. Oemke, Alma
College; Niamh O’Leary, Wells College; Bruce Olszewski, San Jose State
University; Brian O’Neill, Brown University; Nancy Ostiguy, Penn State Uni-
versity; Anthony Overton, East Carolina University; David R. Ownby, Ste-
phen F. Austin State University; Gulni Ozbay, Delaware State University;
Eric Pallant, Allegheny College; Philip Parker, University of Wisconsin—Plat-
teville; Tommy Parker, University of Louisville; Brian Peck, Simpson Col-
lege; Brian D. Peer, Simpson College; Clayton Penniman, Central Connecti-
cut State University; Christopher Pennuto, Buffalo State College; Donald J.
Perkey, University of Alabama—Huntsville; Barry Perlmutter, College of
Southern Nevada; Shana Petermann, Minnesota State Community and Tech-
nical College—Moorhead; Craig D. Phelps, Rutgers University; Neal Phillip,
Bronx Community College; Frank X. Phillips, McNeese State University;
Raymond Pierotti, University of Kansas; Elizabeth Pixley, Monroe Commu-
nity College; John Pleasants, lowa State University; Thomas E. Pliske, Flor-
ida International University; Gerald Pollack, Georgia Perimeter College;
Mike Priano, Westchester Community College; Daryl Prigmore, University of
Colorado; Avram G. Primack, Miami University of Ohio; Alison Purcell,
Humboldt State University, Sarah Quast, Middlesex Community College;
Daniel Ratcliff, Rose State College; Patricia Bolin Ratliff, Eastern Oklahoma
State College; Loren A. Raymond, Appalachian State University; Barbara
Reynolds, University of North Carolina—Asheville; Thomas J. Rice, Califor-
nia Polytechnic State University; Samuel K. Riffell, Mississippi State Univer-
sity; Kayla Rihani, Northeast Illinois University; James Riley, University of
Arizona; Gary Ritchison, Eastern Kentucky University; Virginia Rivers, Truc-
kee Meadows Community College; Roger Robbins, East Carolina University;
Tom Robertson, Portland Community College, Rock Creek Campus; Mark
Robson, University of Medicine and Dentistry of New Jersey, Carlton Lee
Rockett, Bowling Green State University; Angel M. Rodriguez, Broward
Community College; Deanne Roquet, Lake Superior College; Armin Rosen-
cranz, Stanford University; Irene Rossell, University of North Carolina at
Asheville; Robert E. Roth, The Ohio State University; George E. Rough,
South Puget Sound Community College; Dana Royer, Wesleyan University;
Steven Rudnick, University of Massachusetts—Boston; John Rueter, Portland
State University; Christopher T. Ruhland, Minnesota State University; Dork
Sahagian, Lehigh University; Shamili A. Sandiford; College of DuPage; Rob-
ert Sanford, University of Southern Maine; Ronald Sass, Rice University;
Carl Schafer, University of Connecticut; Jeffery A. Schneider, State Univer-
sity of New York—Oswego; Kimberly Schulte, Georgia Perimeter College;
Edward G. Schultz, III, Valencia Community College; Mark Schwartz, Uni-
versity of California—Davis; Jennifer Scratford, Loyola College; Richard Sei-
gel, Towson University; Julie Seiter, University of Nevada—Las Vegas; Wendy
E. Sera, NDAA’s National Ocean Service; Maureen Sevigny, Oregon Institute
of Technology; Rebecca Sheesley, University of Wisconsin-Madison; Andrew
Shella, Terra State Community College; Pamela Shlachtman, Miami Palmetto
Senior High School; Brian Shmaefsky, Kingwood College; William Shock-
ner, Community College of Baltimore County; Christian V. Shorey, University
of lowa; Elizabeth Shrader, Community College of Baltimore County; Robert
Sidorsky, Northfield Mt. Hermon High School; Linda Sigismondi, University
of Rio Grande; Gary Silverman, Bowling Green State University; Jeffrey
Simmons, West Virginia Wesleyan College; Cynthia Simon, University of New

England; Jan Simpkin, College of Southern Idaho; Michael Singer, Wesleyan
University; Diane Sklensky, Le Moyne College; Jeff Slepski, Mt. San Jacinto
College; Ben Smith, Palos Verdes Peninsula High School; Mark Smith, Chaf-
fey College; Patricia L. Smith, Valencia Community College; Rik Smith,
Columbia Basin College; Sherilyn Smith, Le Moyne College; Debra Socci,
Seminole Community College; Roy Sofield, Chattanooga State Technical
Community College; Annelle Soponis, Reading Area Community College;
Douglas J. Spieles, Denison University; Ravi Srinivas, University of St.
Thomas; Bruce Stallsmith, University of Alabama—Huntsville; Jon G. Stan-
ley, Metropolitan State College of Denver; Ninian Stein, Wheaton College;
Jeff Steinmetz, Queens University of Charlotte; Michelle Stevens, California
State University—Sacramento; Richard Stevens, Louisiana State University;
Bill Stewart, Middle Tennessee State University; Dion C. Stewart, Georgia
Perimeter College; Julie Stoughton, University of Nevada—Reno; Richard J.
Strange, University of Tennessee; Robert Strikwerda, Indiana University—
Kokomo; Richard Stringer, Harrisburg Area Community College; Norm Stro-

bel, Bluegrass Community Technical College; Andrew Suarez, University of

Lllinois; Keith S. Summerville, Drake University; Ronald Sundell, Northern
Michigan University; Bruce Sundrud, Harrisburg Area Community College;
Jim Swan, Albuquerque Technical Vocational Institute; Mark L. Taper, Mon-
tana State University; Todd Tarrant, Michigan State University; Max R. Ter-
man, Tabor College; Julienne Thomas, Robert Morris College; Patricia Terry,
University of Wisconsin—Green Bay; Jamey Thompson, Hudson Valley Com-
munity College; Rudi Thompson, University of North Texas;, Todd Tracy,
Northwestern College; Amy Treonis, Creighton University; Adrian Treves,
Wildlife Conservation Society; Frederick R. Troeh, lowa State University;
Virginia Turner, Robert Morris College; Michael Tveten, Pima Community
College; Thomas Tyning, Berkshire Community College; Charles Umban-
howar, St. Olaf College; G. Peter van Walsum, Baylor University; Callie A.
Vanderbilt, San Juan College; Elichia A. Venso, Salisbury University; Rob
Viens, Bellevue Community College; Michael Vorwerk, Westfield State Col-
lege; Caryl Waggett, Allegheny College; Maud M. Walsh, Louisiana State
University; Sharon Walsh, New Mexico State University; Daniel W. Ward,
Waubonsee Community College; Darrell Watson, The University of Mary
Hardin Baylor; Phillip L. Watson, Ferris State University; Lisa Weasel, Port-
land State University; Kathryn Weatherhead, Hilton Head High School; John
F. Weishampel, University of Central Florida; Peter Weishampel, Northland
College; Barry Welch, San Antonio College; Kelly Wessell, Tompkins Cort-
land Community College; James W.C. White, University of Colorado; Susan
Whitehead, Becker College; Jeffrey Wilcox, University of North Carolina at
Asheville; Richard D. Wilk, Union College; Donald L. Williams, Park Uni-
versity; Justin Williams, Sam Houston University; Ray E. Williams, Rio
Hondo College; Roberta Williams, University of Nevada—Las Vegas; Dwina
Willis, Freed-Hardeman University;, Shaun Wilson, East Carolina Univer-
sity; Tom Wilson, University of Arizona; James Winebrake, Rochester Insti-
tute of Technology,; Danielle Wirth, Des Moines Area Community College;
Lorne Wolfe, Georgia Southern University; Brian G. Wolff, Minnesota State
Colleges and Universities; Marjorie Wonham, University of Alberta; Wes
Wood, Auburn University; Jessica Wooten, Franklin University; Jeffrey S.
Wooters, Pensacola Junior College; Joan G. Wright, Truckee Meadows Com-
munity College; Michael Wright, Truckee Meadows Community College;
S. Rebecca Yeomans, South Georgia College; Karen Zagula, Waketech Com-
munity College; Lynne Zeman, Kirkwood Community College; Zhihong
Zhang, Chatham College.

Class Testers for Previous
Editions

David Aborne, University of Tennessee—Chattanooga; Reuben Barret, Prairie
State College; Morgan Barrows, Saddleback College; Henry Bart, LaSalle
University; James Bartalome, University of California—Berkeley; Christy
Bazan, Illinois State University; Richard Beckwitt, Framingham State Col-
lege; Elizabeth Bell, Santa Clara University; Peter Biesmeyer, North Country
Community College; Donna Bivans, Pitt Community College; Evert Brown,
Casper College; Christina Buttington, University of Wisconsin—-Milwaukee;

Reviewers

XXiX



XXX

Tait Chirenje, Richard Stockton College; Reggie Cobb, Nash Community Col-
lege; Ann Cutter, Randolph Community College; Lola Deets, Pennsylvania
State University—Erie; Ed DeGrauw, Portland Community College; Stephanie
Dockstader, Monroe Community College; Dee Eggers, University of North
Carolina—Asheville; Jane Ellis, Presbyterian College; Paul Fader, Freed Har-
deman University; Joseph Fail, Johnson C. Smith University; Brad Fiero,
Pima Community College, West Campus; Dane Fisher, Pfeiffer University;
Chad Freed, Widener University; Stephen Getchell, Mohawk Valley Commu-
nity College; Sue Glenn, Gloucester County College; Sue Habeck, Tacoma
Community College; Mark Hammer, Wayne State University; Michael Han-
son, Bellevue Community College; David Hassenzahl, Oakland Community
College; Kathleen Hornberger, Widener University; Paul Jurena, University
of Texas—San Antonio; Dawn Keller, Hawkeye Community College; David
Knowles, East Carolina University; Erica Kosal, Wesleyan College; John
Logue, University of Southern Carolina Sumter; Keith Malmos, Valencia
Community College; Nancy Markee, University of Nevada—Reno; Bill Mautz,
University of New Hampshire; Julie Meents, Columbia College; Lori Moore,
Northwest lowa Community College; John Novak, Colgate University; Brian
Peck, Simpson College; Elizabeth Pixley, Monroe Community College; Sarah
Quast, Middlesex Community College; Roger Robbins, East Carolina Uni-
versity; Mark Schwartz, University of California—Davis; Julie Seiter, Uni-
versity of Nevada—Las Vegas; Brian Shmaefsky, Kingwood College; Diane

Reviewers

Sklensky, Le Moyne College; Mark Smith, Fullerton College; Patricia Smith,
Valencia Community College East; Sherilyn Smith, Le Moyne College; Jim
Swan, Albuquerque Technical Vocational Institute; Amy Treonis, Creighton
University; Darrell Watson, The University of Mary Hardin Baylor; Barry
Welch, San Antonio College; Susan Whitehead, Becker College; Justin Wil-
liams, Sam Houston University; Roberta Williams, University of Nevada—Las
Vegas; Tom Wilson, University of Arizona.

Suppliers of Student
Reviews for Previous
Editions

Christine Brady, California State Polytechnic University, Pomona
Steven Rudnick, University of Massachusetts—Boston

Ninian R. Stein, Wheaton College

Todd Tracy, Northwestern College

Lorne Wolfe, Georgia Southern University



environment

THE SCIENCE BEHIND THE STORIES

TTTTTTTTTT



This page intentionally left blank



Undatio
‘onmer

The view from Preikestolen
(Pulpit Rock) in Norway



CHAPTER 1

and Sustainabllity

An Introduction to
Environmental Science




Upon completing this

chapter, you will be able to:

Describe the field of
environmental science

Compare renewable and
nonrenewable resources, and
explain the importance of natural
resources and ecosystem services
to our lives

Discuss population growth,
resource consumption, and their
consequences

Explain what is meant by an
ecological footprint

Describe the scientific method
and the process of science

Identify and illustrate major
pressures on the global
environment

Discuss the concept of
sustainability, and cite
sustainable solutions being
pursued on campuses and in the
wider world

Our island, Earth

Our Island, Earth

Viewed from space, our home planet resembles a small blue marble suspended in a vast
inky-black void. Earth may seem enormous to us as we go about our lives on its surface,
but the astronaut’s view reveals that our planet is finite and limited. With this perspective,
it becomes clear that as our population, technological power, and resource consumption
all increase, so does our capacity to alter our surroundings and damage the very systems
that keep us alive. Learning how to live peacefully, healthfully, and sustainably on our
diverse and complex planet is our society’s prime challenge today. The field of environ-
mental science is crucial in this endeavor.

Our environment surrounds us

A photograph of Earth offers a revealing perspective, but it cannot convey the complex-
ity of our environment. Our environment consists of all the living and nonliving things
around us. It includes the continents, oceans, clouds, and ice caps you can see in a photo
of Earth from space, as well as the animals, plants, forests, and farms of the landscapes
in which we live. In a more inclusive sense, it also encompasses the structures, urban
centers, and living spaces that people have created. In its broadest sense, our environ-
ment includes the complex webs of social relationships and institutions that shape our
daily lives.

People commonly use the term environment in the first, most narrow sense—to mean
a nonhuman or “natural” world apart from human society. This is unfortunate, because
it masks the vital fact that people exist within the environment and are part of nature. As
one of many species on Earth, we share dependence on a healthy, functioning planet. The
limitations of language make it all too easy to speak of “people and nature” or “humans
and the environment” as though they were separate and did not interact. However, the
fundamental insight of environmental science is that we are part of the “natural” world
and that our interactions with the rest of it matter a great deal.

Environmental science explores our
interactions with the world

Understanding our relationship with the world around us is vital because we depend
utterly on our environment for air, water, food, shelter, and everything else essential for
life. Throughout human history, we have modified our environment. By doing so, we
have enriched our lives; improved our health; lengthened our life spans; and secured
greater material wealth, mobility, and leisure time. Yet many of the changes we have
made to our surroundings have degraded the natural systems that sustain us. Air and
water pollution, soil erosion, species extinction, and other impacts compromise our well-
being and jeopardize our ability to survive and thrive in the long term.

Environmental science is the scientific study of how the natural world works, how
our environment affects us, and how we affect our environment. Understanding these
interactions helps us devise solutions to society’s many pressing challenges. It can be
daunting to reflect on the sheer magnitude of dilemmas that confront us, but these prob-
lems also bring countless opportunities for creative solutions.

Environmental scientists study the issues most centrally important to our world and
its future. Right now, global conditions are changing more quickly than ever. Right now,
we are gaining scientific knowledge more rapidly than ever. And right now, there is still
time to tackle society’s biggest challenges. With such bountiful opportunities, this par-
ticular moment in history is an exciting time to be alive—and to be studying environ-
mental science.
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FIGURE 1.1 Natural resources may be renewable or nonrenewable. Perpetually renewable, or inexhaust-
ible, resources such as sunlight and wind energy (a) will always be there for us. Renewable resources such as
timber, soils, and fresh water (b) are replenished on intermediate timescales, if we are careful not to deplete
them. Nonrenewable resources such as minerals and fossil fuels (¢) exist in limited amounts that could one day

be gone.

We rely on natural resources

Islands are finite and bounded, and their inhabitants must
cope with limitations in the materials they need. On our
island—planet Earth—there are limits to many of our natural
resources, the substances and energy sources that we take from
our environment and that we rely on to survive (FIGURE 1.1).
Natural resources that are replenished over short periods
are known as renewable natural resources. Some renewable
natural resources, such as sunlight, wind, and wave energy,
are perpetually renewed and essentially inexhaustible. Others,
such as timber, water, animal populations, and fertile soil,
renew themselves over months, years, or decades. These
types of renewable resources may be used at sustainable rates,
but they may become depleted if we consume them faster
than they are replenished. Nonrenewable natural resources,
such as minerals and fossil fuels, are in finite supply and are
formed far more slowly than we use them. Once we deplete a
nonrenewable resource, it is no longer available.

We rely on ecosystem services

If we think of natural resources as “goods” produced by
nature, then we soon realize that Earth’s natural systems also
provide “services” on which we depend. Our planet’s eco-
logical systems purify air and water, cycle nutrients, regu-
late climate, pollinate plants, and recycle our waste. Such
essential services are commonly called ecosystem services
(FIGURE 1.2). Ecosystem services arise from the normal func-
tioning of natural systems and are not meant for our benefit,
yet we could not survive without them. The ways that ecosys-
tem services support our lives and civilization are countless
and profound (pp. 116117, 148-149).

Just as we may deplete natural resources, we may degrade
ecosystem services when, for example, we destroy habitat or
generate pollution. In recent years, our depletion of nature’s
goods and our disruption of nature’s services have intensified,
driven by rising resource consumption and a human popula-
tion that grows larger every day.

CHAPTER 1

Population growth amplifies
our impact

For nearly all of human history, fewer than a million people
populated Earth at any one time. Today our population has
grown beyond 7 billion people. FIGURE 1.3 shows just how
recently and suddenly this monumental change has taken
place. For every one person who used to exist more than
10,000 years ago, several thousand people exist today!
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FIGURE 1.2 We rely on the ecosystem services that natural
systems provide. For example, forested hillsides help people
living below by purifying water and air, cycling nutrients, regulating
water flow, preventing flooding, and reducing erosion, as well as by
providing game, wildlife, timber, recreation, and aesthetic beauty.

Science and Sustainability: An Introduction to Environmental Science
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FIGURE 1.3 The global human population increased after
the agricultural revolution and then skyrocketed as a result
of the industrial revolution. Note that the tear in the graph
represents the passage of time and a change in x-axis values. Data
compiled from U.S. Census Bureau, U.N. Population Division, and other sources.

m? For every person alive in the year 1800, about how

many people are alive today?

NOTE: Each DATA Q in this book asks you to examine the
figure carefully so that you understand what it is showing. Once
you take the time to understand what it shows, the rest is a
breeze!

Because this is the first DATA Q of our book, let’s walk
through it together. You would first note that in the graph, time
is shown on the x axis and population size on the y axis. You
would find the year 1800 (three-fifths of the way between 1500
and 2000 on the x axis) and trace straight upward to determine
the approximate value of the data in that year. You’d then do
the same for today’s date at the far right end of the graph. To
calculate roughly how many people are alive today for every one
person alive in 1800, you would simply divide today’s number
by the number for 1800.

For each DATA Q, you can check your answers in
APPENDIX A in the back of the book.

Go to Interpreting Graphs & Data on MasteringEnvironmentalScience®.

Two phenomena triggered our remarkable increase in
population size. The first was our transition from a hunter-
gatherer lifestyle to an agricultural way of life. This change
began about 10,000 years ago and is known as the agricultural
revolution. As people began to grow crops, domesticate ani-
mals, and live sedentary lives on farms and in villages, they
produced more food to meet their nutritional needs and began
having more children.

The second phenomenon, known as the industrial
revolution, began in the mid-1700s. It entailed a shift from
rural life, animal-powered agriculture, and handcrafted goods
toward an urban society provisioned by the mass production
of factory-made goods and powered by fossil fuels (non-
renewable energy sources including oil, coal, and natural gas;
pp- 521-523). Industrialization brought dramatic advances in
technology, sanitation, and medicine. It also enhanced food

CHAPTER 1

production through the use of fossil-fuel-powered equipment
and synthetic pesticides and fertilizers (pp. 212, 238).

The factors driving population growth have brought us
better lives in many ways. Yet as our world fills with people,
population growth has begun to threaten our well-being. We
must ask how well the planet can accommodate 7 billion of
us—or the 9 billion forecast by 2050. Already our sheer num-
bers are putting unprecedented stress on natural systems and
the availability of resources.

Resource consumption exerts social
and environmental pressures

Besides stimulating population growth, industrialization
increased the amount of resources each of us consumes. By
mining energy sources and manufacturing more goods, we
have enhanced the material affluence of many of the world’s
people. In the process, however, we have consumed more and
more of the planet’s limited resources.

One way to quantify resource consumption is to use the
concept of the ecological footprint, developed in the 1990s
by environmental scientists Mathis Wackernagel and William
Rees. An ecological footprint expresses the cumulative
area of biologically productive land and water required to
provide the resources a person or population consumes and
to dispose of or recycle the waste the person or population
produces (FIGURE 1.4). It measures the total area of Earth’s

Carbon (60%):
forest land needed to
absorb CO, emissions
from burning
fossil fuels

Fishing grounds (3%):
for seafood

Pasture (6%):
for animal products

4 Forest (10%):
for wood products

for housing,
transportation,
commerce, etc.

" Cropland (20%):
for food and fiber

FIGURE 1.4 An ecological footprint shows the total area
of biologically productive land and water used by a given
person or population. Shown is a breakdown of major com-
ponents of the average person’s footprint. Data from Global Footprint
Network, 2016.
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biologically productive surface that a given person or popu-
lation “uses” once all direct and indirect impacts are summed
together.

For humanity as a whole, Wackernagel and his col-
leagues at the Global Footprint Network calculate that our
species is now using 64% more of the planet’s renewable
resources than are available on a sustainable basis. That
is, we are depleting renewable resources by using them
64% faster than they are being replenished. To look at this
another way, it would take 1.64 years for the planet to regen-
erate the renewable resources that people use in just 1 year.
The practice of consuming more resources than are being
replenished is termed overshoot because we are overshoot-
ing, or surpassing, Earth’s capacity to sustainably support us
(FIGURE 1.5).

Some scientists have criticized the methods by which the
Global Footprint Network calculates footprints, and many
question how well its methods measure overshoot. Indeed,
any attempt to boil down complicated issues to a single
number is fraught with peril, even if the general concept is
sound and useful. Yet some things are clear; for instance,
people from wealthy nations such as the United States have
much larger ecological footprints than do people from poorer
nations. Using the Global Footprint Network’s calculations,
if all the world’s people consumed resources at the rate of
Americans, humanity would need the equivalent of four
planet Earths!
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FIGURE 1.5 Analyses by one research group indicate that
we have overshot Earth’s biocapacity—its capacity to sup-
port us—by 64%. We are using renewable natural resources
64% faster than they are being replenished. Data from Global Footprint
Network, 2016.

DATA] How much larger is the global ecological footprint
today than it was half a century ago?

Go to Interpreting Graphs & Data on MasteringEnvironmentalScience®.
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Conserving Earth’s natural
capital is like maintaining
a bank account

We can think of our planet’s vast store of resources and eco-
system services—Earth’s natural capital—as a bank account.
To keep a bank account full, we need to leave the principal
intact and spend just the interest, so that we can continue liv-
ing off the account far into the future. If we begin depleting
the principal, we draw down the bank account. To live off
nature’s interest—the renewable resources that are replen-
ished year after year—is sustainable. To draw down resources
faster than they are replaced is to eat into nature’s capital, the
bank account for our planet and our civilization. Currently we
are drawing down Earth’s natural capital—and we cannot get
away with this for long.

Environmental science can help
us learn from mistakes

Historical evidence suggests that civilizations can crumble
when pressures from population and consumption overwhelm
resource availability. Historians have inferred that envi-
ronmental degradation contributed to the fall of the Greek
and Roman empires; the Angkor civilization of Southeast
Asia; and the Maya, Anasazi, and other civilizations of the
Americas. In Syria, Iraq, and elsewhere in the Middle East,
areas that today are barren desert had earlier been lush enough
to support the origin of agriculture and thriving ancient
societies. Easter Island has long been held up as a society that
self-destructed after depleting its resources, although new
research paints a more complex picture (see THE SCIENCE
BEHIND THE STORY, pp. 8-9).

In today’s globalized society, the stakes are higher
than ever because our environmental impacts are global.
If we cannot forge sustainable solutions to our prob-
lems, then the resulting societal collapse will be global.
Fortunately, environmental science holds keys to build-
ing a better world. By studying environmental science,
you will learn to evaluate the whirlwind of changes taking
place around us and to think critically and creatively about
ways to respond.

The Nature of
Environmental Science

Environmental scientists aim to comprehend how Earth’s
natural systems function, how these systems affect people,
and how we influence those systems. Many environmen-
tal scientists are motivated by a desire to develop solutions
to environmental problems. These solutions (such as new
technologies, policy decisions, or resource management

Science and Sustainability: An Introduction to Environmental Science



strategies) are applications of environmental science. The
study of such applications and their consequences is also part
of environmental science.

Environmental science
is interdisciplinary

Studying our interactions with our environment is a complex
endeavor that requires expertise from many academic disci-
plines, including ecology, earth science, chemistry, biology,
geography, economics, political science, demography, eth-
ics, and others. Environmental science is interdisciplinary,
bringing techniques, perspectives, and research results
from multiple disciplines together into a broad synthesis
(FIGURE 1.6).

Traditional established disciplines are valuable because
their scholars delve deeply into topics, developing exper-
tise in particular areas and uncovering new knowledge. In
contrast, interdisciplinary fields are valuable because their
practitioners consolidate and synthesize the specialized
knowledge from many disciplines and make sense of it in
a broad context to better serve the multifaceted interests of
society.

Environmental science is especially broad because it
encompasses not only the natural sciences (disciplines that
examine the natural world) but also the social sciences (dis-
ciplines that address human interactions and institutions).
Most environmental science programs focus more on the
natural sciences, whereas programs that emphasize the

Ethics Ecology

) Biolo:
Economics 9y

social sciences often use the
term  environmental studies.
Whichever approach one takes,
these fields bring together many
diverse perspectives and sources
of knowledge.

An interdisciplinary approach
to addressing environmental
problems can produce effec-
tive solutions for society. For
example, we used to add lead to
gasoline to make cars run more
smoothly, even though research
showed that lead emissions from
tailpipes caused health prob-
lems, including brain damage
and premature death. In 1970
air pollution was severe in many
American cities, and motor vehi-
cles accounted for 78% of U.S.
lead emissions. In response, envi-
ronmental scientists, engineers,
medical researchers, and policy-
makers all merged their knowl-
edge and skills into a process that
eventually brought about a ban
on leaded gasoline. By 1996 all
gasoline sold in the United States

FAQ

Aren’t environmental
scientists also
environmentalists?

Not necessarily. Although envi-
ronmental scientists search for
solutions to environmental prob-
lems, they strive to keep their
research rigorously objective and
free from advocacy. Of course,
like all human beings, scientists
are motivated by personal values
and interests—and like any
human endeavor, science can
never be entirely free of social
influence. However, whereas per-
sonal values and social concerns
may help shape the questions
scientists ask, scientists do their
utmost to carry out their work
impartially and to interpret their
results with wide-open minds.
Remaining open to whatever
conclusions the data demand is a
hallmark of the effective scientist.

was unleaded, and the nation’s largest source of atmospheric
lead pollution had been completely eliminated.

Environmental science

is not the same as
environmentalism

Although many environmental scientists are interested in
solving problems, it would be incorrect to confuse environ-
mental science with environmentalism or environmental
activism. They are very different. Environmental science
involves the scientific study of the environment and our
interactions with it. In contrast, environmentalism is a social

Engineering

Environmental

Political | movement dedicated to protecting the natural world—and, by
science science extension, people—from undesirable changes brought about
by human actions.
Oceanograph
History -
The Nature of Science
Anthropology Geology Science is a systematic process for learning about the world

and testing our understanding of it. The term science is also
used to refer to the accumulated body of knowledge that
arises from this dynamic process of observing, questioning,
testing, and discovery.

Knowledge gained from science can be applied to
address society’s needs—for instance, to develop technology

Archaeology Geography

FIGURE 1.6 Environmental science is an interdisciplinary
pursuit. It draws from many different established fields of study
across the natural sciences and social sciences.

CHAPTER 1 Science and Sustainability: An Introduction to Environmental Science 7



THE SCIENCE
behind the story

Go to Process of Science on MasteringEnvironmentalScience®

What Are the Lessons of Easter Island?

A mere speck of land in the vast Pacific
Ocean, Easter Island is one of the most
remote spots on the globe. Yet this
far-flung island—called Rapa Nui
by its inhabitants—is the focus of
an intense debate among scien-
tists seeking to solve its myster-
ies and decipher the lessons it
offers. The debate shows how,
in science, new information
can challenge existing ideas—
and also how interdisciplinary
research helps us to tackle com-
plex questions.

Ever since European explor-
ers stumbled upon Rapa Nui
on Easter Sunday, 1722, out-
siders have been struck by the
island’s barren landscape. Early
European accounts suggested
that the 2000-3000 people living on the island at the time
seemed impoverished, subsisting on a few meager crops and
possessing only stone tools. Yet the forlorn island also fea-
tured hundreds of gigantic statues of carved rock. How could
people without wheels or ropes, on an island without trees,
have moved 90-ton statues 10 m (33 ft) high as far as 10 km
(6.2 mi) from the quarry where they were chiseled to the sites
where they were erected? Apparently some calamity must
have befallen a once-mighty civilization on the island.

Researchers who set out to solve Rapa Nui's mysteries
soon discovered that the island had once been lushly for-
ested. Scientist John Flenley and his colleagues drilled cores
deep into lake sediments and examined ancient pollen grains
preserved there, seeking to reconstruct, layer by layer, the his-
tory of vegetation in the region. Finding a great deal of palm
pollen, they inferred that when Polynesian people colonized
the island (A.D. 300-900, they estimated), it was covered with
palm trees similar to the Chilean wine palm—a tree that can
live for centuries.

By studying pollen and the remains of wood from char-
coal, archaeologist Catherine Orliac found that at least 21 other
plant species—now gone—had also been common. Clearly
the island had once supported a diverse forest. Forest plants
would have provided fuelwood, building material for houses
and canoes, fruit to eat, fiber for clothing—and, researchers
guessed, logs and fibrous rope to help move statues.

But pollen analysis also showed that trees began declining
after human arrival and were replaced by ferns and grasses.

Terry Hunt and Carl Lipo
on Easter Island

Then between 1400 and 1600, pollen levels plummeted. Char-
coal in the soil proved the forest had been burned, likely in
slash-and-burn farming. Researchers concluded that the island-
ers, desperate for forest resources and cropland, had defor-
ested their own island.

With the forest gone, soil eroded away (data from lake bot-
toms showed a great deal of accumulated sediment). Erosion
would have lowered yields of bananas, sugarcane, and sweet
potatoes, perhaps leading to starvation and population decline.

Further evidence indicated that wild animals disappeared.
Archaeologist David Steadman analyzed 6500 bones and found
that at least 31 bird species had provided food for the island-
ers. Today, only one native bird species is left. Remains from
charcoal fires show that early islanders feasted on fish, sharks,
porpoises, turtles, octopus, and shellfish—but in later years they
consumed little seafood.

As resources declined, researchers concluded, people fell
into clan warfare, revealed by unearthed weapons and skulls
with head wounds. Rapa Nui appeared to be a tragic case of
ecological suicide: A once-flourishing civilization depleted its
resources and destroyed itself. In this interpretation —advanced
by Flenley and writer Paul Bahn, and popularized by scientist
Jared Diamond in his best-selling 2005 book Collapse —Rapa
Nui seemed to offer a clear lesson: We on our global island,
planet Earth, had better learn to use our limited resources
sustainably.

When Terry Hunt and Carl Lipo began research on Rapa
Nui in 2001, they expected simply to help fill gaps in a well-
understood history. But science is a process of discovery,
and sometimes evidence leads researchers far from where
they anticipated. For Hunt, an anthropologist at the University
of Hawai‘i at Manoa, and Lipo, an archaeologist at Califor-
nia State University, Long Beach, their work led them to con-
clude that the traditional “ecocide” interpretation didn’t tell the
whole story. First, their radiocarbon dating (dating of items
using radioisotopes of carbon; p. 24) indicated that people
had not colonized the island until about A.D. 1200, suggest-
ing that deforestation occurred rapidly after their arrival. How
could so few people have destroyed so much forest so fast?

Hunt and Lipo’s answer: rats. When Polynesians settled
new islands, they brought crop plants, as well as chickens and
other domestic animals. They also brought rats —intentionally as
a food source or unintentionally as stowaways. In either case,
rats can multiply quickly, and they soon overran Rapa Nui.

Researchers found rat tooth marks on old nut casings, and
Hunt and Lipo suggested that rats ate so many palm nuts and
shoots that the trees could not regenerate. With no young trees
growing, the palm went extinct once mature trees died.
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Diamond and others counter that plenty of palm nuts on
Easter Island escaped rat damage, that most plants on other
islands survived rats introduced by Polynesians, and that more
than 20 additional plant species went extinct on Rapa Nui.
Moreover, people brought the rats, so even if rats destroyed the
forest, human colonization was still to blame.

Despite the forest loss, Hunt and Lipo argue that island-
ers were able to persist and thrive. Archaeology shows how
islanders adapted to Rapa Nui’s poor soil and windy weather
by developing rock gardens to protect crop plants and nour-
ish the soil. Hunt and Lipo contended that tools that previous
researchers viewed as weapons were actually farm implements;
lethal injuries were rare; and no evidence of battle or defensive
fortresses was uncovered.

Hunt, Lipo, and others also unearthed old roads and
inferred how the famous statues were transported. It had been
thought that a powerful central authority must have forced
armies of laborers to roll them over countless palm logs, but
Hunt and Lipo concluded that small numbers of people could
have moved them by tilting and rocking them upright—much
as we might move a refrigerator. Indeed, the distribution of
statues on the island suggested the work of family groups.
Islanders had adapted to their resource-poor environment by
becoming a peaceful and cooperative society, Hunt and Lipo
maintained, with the statues providing a harmless outlet for
competition over status and prestige.

Altogether, the evidence led Hunt and Lipo to propose that
far from destroying their environment, the islanders had acted

as responsible stewards. The collapse of this sustainable civi-
lization, they argue, came with the arrival of Europeans, who
unwittingly brought contagious diseases to which the islanders
had never been exposed. Indeed, historical journals of sequen-
tial European voyages depict a society falling into disarray as if
reeling from epidemics.

Peruvian ships then began raiding Rapa Nui and taking
islanders away into slavery. Foreigners acquired the land, forced
the remaining people into labor, and introduced thousands of
sheep, which destroyed the few native plants left on the island.
Thus, the new hypothesis holds that the collapse of Rapa Nui’s
civilization resulted from a barrage of disease, violence, and
slave raids following foreign contact. Before that, Hunt and Lipo
say, Rapa Nui’'s people boasted 500 years of a peaceful and
resilient society.

Hunt and Lipo’s interpretation, put forth in a 2011 book, The
Statues That Walked, would represent a paradigm shift (p. 14)
in how we view Easter Island. Debate between the two camps
remains heated, however, and interdisciplinary research contin-
ues as scientists look for new ways to test the differing hypoth-
eses. This is an example of how science advances, and in the
long term, data from additional studies should lead us closer
and closer to the truth.

Like the people of Rapa Nui, we are all stranded together
on an island with limited resources. What is the lesson of Easter
Island for our global island, Earth? Perhaps there are two: Any
island population must learn to live within its means—but with
care and ingenuity, there is hope that we can.

Were the haunting statues of Easter Island (Rapa Nui) erected by a civilization that collapsed after
devastating its environment or by a sustainable civilization that fell because of outside influence?
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