
Environmental
Science

9781284057058_FMxx_Printer.indd   1 25/08/14   1:10 PM

© Jones & Bartlett Learning, LLC.  NOT FOR SALE OR DISTRIBUTION.

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION



E
qu

at
or

A
U

S
TR

A
LI

A

G
R

E
E

N
LA

N
D

(D
en

m
ar

k)

C
A

N
A

D
A

U
N

IT
E

D
 S

TA
TE

S

M
E

X
IC

O

A
LA

S
K

A
(U

ni
te

d 
S

ta
te

s)
R

U
S

S
IA

B
R

A
ZI

L

A
R

G
E

N
TI

N
A

C
H

IL
E

P
E

R
U

B
O

LI
V

IA

C
O

LO
M

B
IA

V
E

N
E

ZU
E

LA PA
R

A
G

U
AY

U
R

U
G

U
AY

E
C

U
A

D
O

R

PA
N

A
M

A

C
O

S
TA

R
IC

A

N
IC

A
R

AG
U

A
H

O
N

D
U

R
A

S

E
L 

S
A

LV
A

D
O

R

G
U

AT
E

M
A

LA

B
E

LI
ZE

JA
M

A
IC

AC
U

B
A

B
A

H
A

M
A

S

H
A

IT
I

D
O

M
IN

IC
A

N
R

E
P

U
B

LI
C

P
ue

rt
o 

R
ic

o
S

T.
 K

IT
TS

 A
N

D
 N

E
V

IS
A

N
TI

G
U

A
 A

N
D

 B
A

R
B

U
D

A
D

O
M

IN
IC

A
B

A
R

B
A

D
O

S

TR
IN

ID
A

D
 A

N
D

 T
O

B
AG

O

S
T.

 L
U

C
IA

S
T.

 V
IN

C
E

N
T 

A
N

D
 T

H
E

 G
R

E
N

A
D

IN
E

S
G

R
E

N
A

D
A

V
irg

in
 Is

.

Fa
lk

la
nd

 Is
.

E
as

te
r 

Is
.

N
E

W
ZE

A
LA

N
D

VA
N

U
AT

U
FI

JI

S
A

M
O

A

S
O

LO
M

O
N

   

TU
VA

LU

N
ew

C
al

ed
on

ia

N
AU

R
U

K
IR

IB
AT

I

M
ar

sh
al

l
Is

la
nd

s

W
ak

e 
I.

M
id

w
ay

 I.

C
ar

ol
in

e
Is

la
nd

s
B

el
au

G
ua

m

M
ar

ia
na

Is
la

nd
s

A
FG

H
A

N
IS

TA
NTA

JI
K

IS
TA

N

U
ZB

E
K

IS
TA

N

TU
R

K
M

E
N

IS
TA

N

K
A

ZA
K

H
S

TA
N

K
Y

R
G

Y
ZS

TA
N

IR
A

N

IN
D

IAN
E

PA
L

PA
K

IS
TA

N

O
M

A
N

U
N

IT
E

D
 A

R
A

B
E

M
IR

AT
E

S

Q
AT

A
R

B
A

H
R

A
IN

Y
E

M
E

N

IR
A

Q

E
G

Y
P

TTU
R

K
E

Y

S
Y

R
IA

C
Y

P
R

U
S

JO
R

D
A

N

LE
B

A
N

O
N

IS
R

A
E

L

S
A

U
D

I
A

R
A

B
IA

G
R

E
E

C
E

D
JI

B
O

U
TI

E
R

IT
R

E
A S

O
M

A
LI

A

E
TH

IO
P

IA

S
U

D
A

N

K
E

N
YA

U
G

A
N

D
A

D
E

M
O

C
R

AT
IC

R
E

P
U

B
LI

C
O

F 
TH

E
C

O
N

G
O

C
H

A
D

TA
N

ZA
N

IA

M
A

U
R

IT
IU

S

S
W

A
ZI

LA
N

D

LE
S

O
TH

O
S

O
U

TH
A

FR
IC

A

B
O

TS
W

A
N

A

B
U

R
U

N
D

I
R

W
A

N
D

A

A
N

G
O

LA
ZA

M
B

IA

N
A

M
IB

IA
ZI

M
B

A
B

W
E

M
O

ZA
M

B
IQ

U
E

M
A

LA
W

I

TO
G

OB
E

N
IN

LI
B

E
R

IA

S
IE

R
R

A
LE

O
N

E
G

H
A

N
A

B
U

R
K

IN
A

FA
S

O

M
A

LI
M

A
U

R
IT

A
N

IA IV
O

R
Y

C
O

A
S

T

N
IG

E
R

N
IG

E
R

IA

C
A

M
E

R
O

O
N

C
E

N
TR

A
L

A
FR

IC
A

N
 R

E
P.

S
A

O
 T

O
M

E
 A

N
D

 P
R

IN
C

IP
E

W
E

S
TE

R
N

S
A

H
A

R
A

(M
or

oc
co

)

S
E

N
E

G
A

L
G

A
M

B
IA

C
A

P
E

V
E

R
D

E

G
U

IN
E

A
-

B
IS

S
A

U

G
U

IN
E

A

LI
B

YA
A

LG
E

R
IA

M
O

R
O

C
C

O
TU

N
IS

IA

P
O

R
TU

G
A

L
S

PA
IN

IT
A

LY

M
A

LT
A

A
zo

re
s

S
W

IT
ZE

R
LA

N
D

LU
X

.
B

E
LG

.

N
E

TH
.

FR
A

N
C

EG
E

R
M

A
N

Y

U
N

IT
E

D
K

IN
G

D
O

M

IR
E

LA
N

D

A
U

S
TR

IA

D
E

N
M

A
R

K

C
ZE

C
H

.
S

LK
.

H
U

N
G

A
R

Y

S
W

E
D

E
N

N
O

R
W

AY

P
O

LA
N

D

Y
U

G
.

A
LB

.M
A

C
.

B
.H

.
S

LO
V.

FI
N

LA
N

D

U
K

R
A

IN
E

B
U

LG
A

R
IA

C
R

.

M
O

LD
O

VA

R
O

M
A

N
IA

B
E

LA
R

U
S

E
S

TO
N

IA
LA

TV
IA

LI
TH

U
A

N
IA

K
U

W
A

IT

G
U

YA
N

A

S
U

R
IN

A
M

E

FR
E

N
C

H
 G

U
IA

N
A

P
E

O
P

LE
’S

 R
E

P
U

B
LI

C
O

F 
C

H
IN

A

B
H

U
TA

N

R
U

S
S

IA

M
O

N
G

O
LI

A

S
E

Y
C

H
E

LL
E

S

IC
E

LA
N

D

JA
PA

N

P
H

IL
IP

P
IN

E
S

H
aw

ai
ia

n
Is

la
nd

s

PA
P

U
A

N
E

W
G

U
IN

E
A

IN
D

O
N

E
S

IA

M
A

LA
Y

S
IA

B
R

U
N

E
I

S
. K

O
R

E
A

N
.  

K
O

R
E

A

V
IE

TN
A

M
C

A
M

B
O

D
IA

LA
O

S

TH
A

IL
A

N
D

M
YA

N
M

A
R

B
A

N
G

LA
D

E
S

H

S
R

I L
A

N
K

A

C
O

N
G

O
 R

E
P.G

A
B

O
N

E
Q

U
AT

O
R

IA
L

G
U

IN
E

A

M
A

D
A

G
A

S
C

A
R

A
ZE

R
B

A
IJ

A
N

G
E

O
R

G
IA

A
R

M
E

N
IA

TA
IW

A
N

TO
N

G
A

G
al

ap
ag

os
 Is

.

N
O

R
T

H
  P

A
C

IF
IC

  O
C

E
A

N

S
O

U
T

H
  P

A
C

IF
IC

  O
C

E
A

N

N
O

R
T

H
A

T
L

A
N

T
IC

O
C

E
A

N

S
O

U
T

H
A

T
L

A
N

T
IC

O
C

E
A

N

A
R

C
T

IC
  O

C
E

A
N

A
R

C
T

IC
  O

C
E

A
N

P
A

C
IF

IC
O

C
E

A
N

IN
D

IA
N

  O
C

E
A

N

0˚15
˚N

30
˚N

45
˚N

60
˚N

75
˚N

15
˚S

30
˚S

45
˚S

60
˚S

0˚

15
˚N

30
˚N

45
˚N

75
˚N

15
˚S

30
˚S

45
˚S

60
˚S

16
5˚

E
18

0˚
16

5˚
W

15
0˚

W
13

5˚
W

12
0˚

W
10

5˚
W

90
˚W

75
˚W

60
˚W

45
˚W

30
˚W

15
˚W

0˚
15

˚E
30

˚E
45

˚E
60

˚E
75

˚E
90

˚E
10

5˚
E

13
0˚

E
16

0˚
E

14
5˚

E

A
LB

.
B

E
LG

.
B

.H
.

C
R

.
C

ZE
C

H
.

LU
X

.
M

AC
.

N
E

TH
.

S
LK

.
S

LO
V.

Y
U

G
.

A
LB

A
N

IA
B

E
LG

IU
M

B
O

S
N

IA
 A

N
D

 H
E

R
ZE

G
O

V
IN

A
C

R
O

AT
IA

C
ZE

C
H

 R
E

P
U

B
LI

C
LU

X
E

M
B

O
U

R
G

M
AC

E
D

O
N

IA
N

E
TH

E
R

LA
N

D
S

S
LO

VA
K

IA
S

LO
V

E
N

IA
Y

U
G

O
S

LA
V

IA

A
bb

re
vi

at
io

ns

Fi
le

 #
: 

Si
xt

h 
ed

iti
on

En
ds

he
et

 1
C

ar
to

gr
ap

he
r: 

H
iro

m
i T

ab
ei

/M
ap

s.
co

m
12

08
00

-F
irs

t d
ra

ft

9781284057058_FMxx_Printer.indd   2 25/08/14   1:10 PM

© Jones & Bartlett Learning, LLC.  NOT FOR SALE OR DISTRIBUTION.

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION



E
qu

at
or

Tr
op

ic
 o

f C
an

ce
r

Tr
op

ic
 o

f C
ap

ri
co

rn

A
rc

tic
C

ir
cl

e

A
nt

ar
ct

ic
 C

ir
cl

e

A
rc

tic
 C

ir
cl

e

S
A

H
A

R
A

S
Y

R
IA

N
D

E
S

E
R

T

K
A

L
A

H
A

R
I

D
E

S
E

R
T

H
IN

D
U

K
U

S
H

G
R

E
A

T
S

A
N

D
Y

D
E

S
E

R
T

D
E

C
C

A
N

P
L

A
T

E
A

U

A N D

E
S  M

O U N T A I N S 

APPALAC
H

IA
N M

TS. 
A

L
P

S 

N A MI B DESERT 

H
I M

A
L

A
Y

A
  M

T
S

. 

URAL     MTS

. 

G
O

B
I  

D
E

S
E

R
T 

C A

N
A

D
I A

N
   

S
H

I
E

L
D 

R

O
C

K
Y  M

O U N T A I N S 

A
L

A
S

K
A

  R
A

N
G

E 

C
ap

e 
H

o
rn

C
ap

e 
o

f
G

o
o

d
 H

o
p

e

N
O

R
T

H
  P

A
C

IF
IC

  O
C

E
A

N

S
O

U
T

H
  P

A
C

IF
IC

  O
C

E
A

N

N
O

R
T

H
A

T
L

A
N

T
IC

O
C

E
A

N

S
O

U
T

H
A

T
L

A
N

T
IC

O
C

E
A

N

A
R

C
T

IC
  O

C
E

A
N

A
R

C
T

IC
  O

C
E

A
N

P
A

C
IF

IC
O

C
E

A
N

IN
D

IA
N

  O
C

E
A

N

Mississippi R. 

Rio G
ra

nd

e 

A
m

az
on

 R
. 

Nile R. 

Yan
gt

ze
 R

. 

Gan
ge

s 
R

. 
In

dus R. 

V
ol

ga
 R. 

N
O

R
T

H
A

M
E

R
IC

A

A
F

R
IC

A

S
O

U
T

H
 A

M
E

R
IC

A

E
U

R
O

P
E

A
S

IA

A
U

S
T

R
A

L
IA

A
N

T
A

R
C

T
IC

A

0˚15
˚N

30
˚N

45
˚N

60
˚N

75
˚N

15
˚S

30
˚S

45
˚S

60
˚S

0˚

15
˚N

30
˚N

45
˚N

75
˚N

15
˚S

45
˚S

60
˚S

16
5˚

E
18

0˚
16

5˚
W

15
0˚

W
13

5˚
W

12
0˚

W
10

5˚
W

90
˚W

75
˚W

60
˚W

45
˚W

30
˚W

15
˚W

0˚
15

˚E
30

˚E
45

˚E
60

˚E
75

˚E
90

˚E
10

5˚
E

13
0˚

E
14

5˚
E

Ic
e 

ca
p

Tu
nd

ra

Fo
re

st

G
ra

ss
la

nd

D
es

er
t

M
ou

nt
ai

ns

vii

Ph
ys

ic
al

 M
ap

 o
f 

th
e 

W
or

ld

9781284057058_FMxx_Printer.indd   3 25/08/14   1:10 PM

© Jones & Bartlett Learning, LLC.  NOT FOR SALE OR DISTRIBUTION.

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION



9781284057058_FMxx_Printer.indd   4 25/08/14   1:10 PM

© Jones & Bartlett Learning, LLC.  NOT FOR SALE OR DISTRIBUTION.

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION



TENTH EDITION

      DaNIEL D.   CHIraS  
  Visiting Professor, Colorado College
Director, The Evergreen Institute 
Center for Energy and Green 
Building 

 EnvironmEntal EnvironmEntal EnvironmEntal EnvironmEntal EnvironmEntal EnvironmEntal
SciEncE SciEncE SciEncE 

9781284057058_FMxx_Printer.indd   5 25/08/14   1:10 PM

© Jones & Bartlett Learning, LLC.  NOT FOR SALE OR DISTRIBUTION.

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION



World Headquarters
Jones & Bartlett Learning
5 Wall Street
Burlington, MA 01803
978-443-5000
info@jblearning.com
www.jblearning.com

Jones & Bartlett Learning books and products are available through most bookstores and online booksellers. To contact Jones & Bartlett Learning 
directly, call 800-832-0034, fax 978-443-8000, or visit our website, www.jblearning.com.

Substantial discounts on bulk quantities of Jones & Bartlett Learning publications are available to corporations, professional associations, and 
other qualified organizations. For details and specific discount information, contact the special sales department at Jones & Bartlett Learning 
via the above contact information or send an email to specialsales@jblearning.com.

Copyright © 2016 by Jones & Bartlett Learning, LLC, an Ascend Learning Company

All rights reserved. No part of the material protected by this copyright may be reproduced or utilized in any form, electronic or mechanical, 
including photocopying, recording, or by any information storage and retrieval system, without written permission from the copyright owner.

The content, statements, views, and opinions herein are the sole expression of the respective authors and not that of Jones & Bartlett Learning, 
LLC. Reference herein to any specific commercial product, process, or service by trade name, trademark, manufacturer, or otherwise does not 
constitute or imply its endorsement or recommendation by Jones & Bartlett Learning, LLC and such reference shall not be used for advertising 
or product endorsement purposes. All trademarks displayed are the trademarks of the parties noted herein. Environmental Science, Tenth Edition 
is an independent publication and has not been authorized, sponsored, or otherwise approved by the owners of the trademarks or service marks 
referenced in this product.

There may be images in this book that feature models; these models do not necessarily endorse, represent, or participate in the activities 
represented in the images. Any screenshots in this product are for educational and instructive purposes only. Any individuals and scenarios 
featured in the case studies throughout this product may be real or fictitious, but are used for instructional purposes only.

05781-2

Production Credits
Chief Executive Officer: Ty Field
President: James Homer
Chief Product Officer: Eduardo Moura
Executive Publisher: William Brottmiller
Publisher: Cathy L. Esperti
Senior Acquisitions Editor: Matthew Kane
Editorial Assistant: Audrey Schwinn
Production Manager: Louis C. Bruno, Jr.
Production Assistant: Talia Adry
Marketing Manager: Lindsay White

Art Development Editor: Joanna Lundeen
Art Development Assistant: Shannon Sheehan
Manufacturing and Inventory Control Supervisor: Amy Bacus
Composition: Cenveo Publisher Services
Cover Design: Kristin E. Parker
Manager of Photo Research, Rights & Permissions: Lauren Miller
Cover Image: © Antonio Jorge Nunes/Shutterstock, Inc. 
Printing and Binding: Courier Companies
Cover Printing: Courier Companies

Library of Congress Cataloging-in-Publication Data
Chiras, Daniel D.
  Environmental science / Daniel D. Chiras. — Tenth edition.
      pages cm.
  ISBN 978-1-284-05705-8 (alk. paper)
1.  Environmental sciences.  I. Title.GE140.C48 2015
  GE140.C48 20152014013408
 363.7—dc23					          2014013408

6048

Printed in the United States of America
18  17  16  15  14     10  9  8  7  6  5  4  3  2  1

9781284057058_FMxx_Printer.indd   6 25/08/14   1:10 PM

© Jones & Bartlett Learning, LLC.  NOT FOR SALE OR DISTRIBUTION.

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION



To my father who started me on the 
conservation path many years ago.

© iStockphoto/Thinkstock

9781284057058_FMxx_Printer.indd   7 25/08/14   1:10 PM

© Jones & Bartlett Learning, LLC.  NOT FOR SALE OR DISTRIBUTION.

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION



  Part 1  iNTRODUCTION TO ENVIRONMENTAL PROTECTION: SUSTAINABILITY, 
SCIENCE, AND SYSTEMS  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 1

chapter 1  Environmental Science, Sustainability, and critical thinking   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 2

chapter 2  Environmental Protection and Sustainability  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .17

chapter 3  Understanding the root causes of the
Environmental crisis   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .38

Part 2  nATURAL SYSTEMS/HUMAN SYSTEMS: SEARCHING FOR 
A SUSTAINABLE rELATIONSHIP   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .55

chapter 4  Principles of Ecology: How Ecosystems Work   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .56

chapter 5   Principles of Ecology: Biomes and aquatic life Zones  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .80

chapter 6   Principles of Ecology: Self-Sustaining 
mechanismsin Ecosystems  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 105 

chapter 7  Human Ecology: our changing relationship with
the Environment  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 130

Part 3  tHE POPULATION cHALLENGE: SOLVING THE WORLD’S 
mOST PRESSING PROBLEM SUSTAINABLY  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 145

chapter 8  Population: measuring Growth and its impact  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 146

chapter 9   Stabilizing the Human Population: Strategies
for Sustainability   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 166

Part 4  rESOURCE iSSUES: SOLUTIONS FOR A SUSTAINABLE SOCIETY  .  .  .  .  .  .  .  .  .  .  .  .  .  . 183

chapter 10   creating a Sustainable System of agriculture to Feed 
the World’s People  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 184 

  BrIEF CONTENTS 

© Antonio Jorge Nunes/Shutterstock, Inc.

viii

9781284057058_FMxx_Printer.indd   8 25/08/14   1:10 PM

© Jones & Bartlett Learning, LLC.  NOT FOR SALE OR DISTRIBUTION.

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION



ix

chapter 11   Preserving Biological Diversity  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 215 

chapter 12   Grasslands, Forests, and Wilderness:
Sustainable management Strategies  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 245 

chapter 13   Water resources: Preserving our liquid assets
and Protecting aquatic Ecosystems   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 270 

 chapter 14  nonrenewable Energy Sources   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 302 

 chapter 15  Foundations of a Sustainable Energy System: conservation and 
renewable Energy  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 347 

 chapter 16  the Earth and its mineral resources  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 383 

 chapter 17  creating Sustainable cities, Suburbs, and towns: Sustainable 
community Development and Environmental Protection   .  .  .  .  .  .  .  .  .  .  .  .  . 400 

 Part 5  lEARNING TO lIVE WITH THE EARTH’S cARRYING cAPACITY  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 421

chapter 18  Principles of toxicology and risk assessment  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 422 

 chapter 19  air Pollution and noise: living and Working
in a Healthy Environment   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 450 

 chapter 20  Global air Pollution: ozone Depletion, acid Deposition, and Global 
climate change  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 476 

 chapter 21  Water Pollution: Sustainably managing a renewable resource   .  .  .  .  .  .  . 511 

 chapter 22  Pests and Pesticides: Growing crops Sustainably  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 541 

 chapter 23  Hazardous and Solid Wastes: Sustainable Solutions  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 566 

Part 6  ETHICS, ECONOMICS, AND ENVIRONMENT  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 595

 chapter 24  Environmental Ethics: the Foundation of a Sustainable Society   .  .  .  .  .  . 596 

 chapter 25  Economics and the Environment   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 612 

 chapter 26  law, Government, and Society   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 641 

  Glossary  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 667 

  index  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 678 

    

9781284057058_FMxx_Printer.indd   9 25/08/14   1:10 PM

© Jones & Bartlett Learning, LLC.  NOT FOR SALE OR DISTRIBUTION.

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION



© Antonio Jorge Nunes/Shutterstock, Inc.

x 

  TaBLE OF CONTENTS 

  Preface xv 

 About the Author xxv 

 Study Skills xxvii  

Spotlight on Sustainable Development 2-1
Treading Lightly on the Earth: Creating Sustainable 
Homes for the 21st Century and Beyond 32

chapter 3 Understanding the root 
causes of the Environmental crisis   .  .  .  .  .  .  . 38

3.1 Roots of the Environmental Crisis 39

3.2 Leverage Points 48

Spotlight on Sustainable Development 3-1 
Ashland, Oregon Shows That Water Conservation 
Works 52

ParT 1

Introduction to Environmental 
Protection: Sustainability,
Science, and Systems . . . . . . . . . . . . . . . . . 1

chapter   1  Environmental Science, 
Sustainability, and critical thinking  .  .  .  .  .  .  .  .2 

1.1 Encouraging Signs/Continuing Challenges 3

1.2 What Is Environmental Science? 8

1.3 Science and Scientific Method: Keys to 
Understanding Environmental Issues and Creating 
Lasting Solutions 8

1.4 Critical Thinking Skills 12

Spotlight on Sustainable Development 1-1
The Netherlands’ Green Plan Revolutionizes the Way 
Industries Function 4

Spotlight on Sustainable Development 1-2
The Philadelphia Eagles Go Green! 7

chapter 2 Environmental Protection 
and Sustainability  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 17

2.1 Environmental Protection and Sustainable 
Development 18

2.2 Meeting Human Needs While Protecting the 
Environment 21

2.3 Human Settlements: Networks of (Unsustainable) 
Systems 29

2.4 Why Are Human Systems Unsustainable? 29

2.5 Applying the Principles of Sustainable 
Development 31

ParT 2

Natural Systems/Human Systems: 
Searching for a Sustainable 
relationship . . . . . . . . . . . . . . . . . . . . . . . . 55

  chapter 4  Principles of Ecology: How 
Ecosystems Work  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 56 

4.1 Humans and Nature: The Vital Connections 57

4.2 Ecology: The Study of Natural Systems 57

4.3 The Structure of Natural Systems 58

4.4 Ecosystem Function 69

Point/Counterpoint: Controversy over Extinction 65

Spotlight on Sustainable Development 4-1
Sustainable Sewage Treatment: Mimicking Nature 67

Spotlight on Sustainable Development 4-2
Colleges and Universities Go Green 72

  chapter 5  Principles of Ecology: 
Biomes and aquatic life Zones  .  .  .  .  .  .  .  .  .  .  .  . 80 

5.1 Weather and Climate: An Introduction 81

5.2 The Biomes 84

9781284057058_FMxx_Printer.indd   10 25/08/14   1:10 PM

© Jones & Bartlett Learning, LLC.  NOT FOR SALE OR DISTRIBUTION.

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION



	 ﻿	 xi

Chapter 8  Population: Measuring  
Growth and Its Impact . .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  146

8.1  The Growing Human Population  147

8.2  Understanding Populations and Population 
Growth  153

8.3  The Future of World Population: Some Projections 
and Concerns  162

Point/Counterpoint:  The Population Debate  151

Spotlight on Sustainable Development 8-1 
Thailand’s Family Planning Success Story  154

5.3  Aquatic Life Zones  95

Spotlight on Sustainable Development 5-1 
Dreaming of a Green Christmas  99

Chapter 6  Principles of Ecology: Self-
Sustaining Mechanisms in Ecosystems. .  .  105

6.1  Homeostasis: Maintaining the Balance  106

6.2  Natural Succession: Establishing Life on Lifeless 
Ground  113

6.3  Evolution: Responding to Change  119

6.4  Human Impact on Ecosystems  122

Point/Counterpoint:  Environmentalism: On Trial  107

Spotlight on Sustainable Development 6-1 
Restoration Ecology: Sustaining the Biosphere  124

Chapter 7  Human Ecology: Our 
Changing Relationship with the 
Environment . .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  130

7.1  Human Biological Evolution: Some Highlights  131

7.2  Human Cultural Evolution: Our Changing 
Relationship with Nature  132

7.3  The Population, Resources, and Pollution Model  139

7.4  The Sustainable Society: The Next Step  141

Spotlight on Sustainable Development 7-1 
Agroforestry: Tapping Ancient Wisdom  135

Spotlight on Sustainable Development 7-2 
Monfort Boys’ School: Mining Human Wastes to Feed 
People  141

Part 3

The Population Challenge: Solving 
the World’s Most Pressing Problem 
Sustainably . . . . . . . . . . . . . . . . . . . . . . . .                         145

Part 4

Resource Issues: Solutions for a 
Sustainable Society. . . . . . . . . . . . . . . .                 183

Chapter 10 C reating a Sustainable 
System of Agriculture to Feed the 
World’s People . .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  184

10.1  Hunger, Malnutrition, Food Supplies, and the 
Environment  185

10.2  Understanding Soils  187

10.3  Barriers to a Sustainable Agricultural System  189

10.4  Solutions: Building a Sustainable Agricultural 
System  196

Spotlight on Sustainable Development 10-1 
The Green Wall of China: Stopping the Spread of 
Desert  201

Spotlight on Sustainable Development 10-2 
Community-Supported Agriculture  206

Chapter 11  Preserving Biological  
Diversity. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  215

11.1  Biodiversity: Signs of Decline  216

11.2  Causes of Extinction and the Decline in 
Biodiversity  218

11.3  Why Protect Biodiversity?  225

11.4  How to Save Endangered Species and Protect 
Biodiversity—A Sustainable Approach  227

Chapter 9  Stabilizing the Human 
Population: Strategies for  
Sustainability . .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  166

9.1  Achieving a Sustainable Human Population: The 
Challenges  167

9.2  Stabilizing the Human Population: Some 
Strategies  168

9.3  Overcoming Barriers  175

9.4  Ethics and Population Stabilization  177

9.5  Status Report: Progress and Setbacks  178

Spotlight on Sustainable Development 9-1 
Controlling Urban Sprawl: The Other Kind of 
Population Control  171

Spotlight on Sustainable Development 9-2 
Cleaning Products Go Green  174

9781284057058_FMxx_Printer.indd   11 25/08/14   1:10 PM

© Jones & Bartlett Learning, LLC.  NOT FOR SALE OR DISTRIBUTION.

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION



xii	

Point/Counterpoint 11-1  Preserving Wildlife, Usurping 
Private Property Rights?  230

Point/Counterpoint 11-2  Controversy Over Wolf 
Reintroduction  233

Spotlight on Sustainable Development 11-1 
Predator Friendly Wool and Wolf Country Beef: You 
Must Have Read the Label Wrong  236

Spotlight on Sustainable Development 11-2 
Debt-for-Nature Swaps  240

Chapter 12  Grasslands, Forests, and 
Wilderness: Sustainable Management 
Strategies . .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  245

12.1  The Tragedy of the Commons  246

12.2  Rangelands and Range Management: Protecting 
the World’s Grasslands  247

12.3  Forests and Forest Management  252

12.4  Wilderness and Wilderness Management  265

Spotlight on Sustainable Development 12-1 
Saving the World’s Tropical Rain Forests  254

Point/Counterpoint:  Controversy Over   
Old-Growth Forests in the Pacific Northwest  262

Chapter 13  Water Resources:  
Preserving Our Liquid Assets and  
Protecting Aquatic Ecosystems . .  .  .  .  .  .  .  .  .  270

13.1  The Hydrological Cycle  271

13.2  Water Issues Related to Supply and Demand  273

13.3  Flooding: Problems and Solutions  286

13.4  Wetlands, Estuaries, Coastlines, and Rivers  290

Spotlight on Sustainable Development 13-1  
Undoing the Damage to Florida’s Kissimmee River  278

Spotlight on Sustainable Development 13-2 
Ecological Solutions to Flooding and Water Supply 
Problems  281

Chapter 14 N onrenewable Energy  
Sources. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  302

14.1  Energy Use: Our Growing Dependence on 
Nonrenewable Fuels  303

14.2  What Is Energy?  305

14.3  Fossil Fuels: Analyzing Our Options  307

14.4  Fossil Fuels: Meeting Future Demand  322

14.5  Nuclear Energy  325

14.6  Guidelines for Creating a Sustainable Energy 
System  343

14.7  Establishing Priorities  344

Spotlight on Sustainable Development 14-1  
Controversy Over Oil Exploration in the Arctic National 
Wildlife Refuge  310

Point/Counterpoint 14-1  Should We Drill for Oil in the 
Arctic National Wildlife Refuge?  312

Point/Counterpoint 14-2  Should Nuclear Power Be 
Revived?  337

Spotlight on Sustainable Development 14-2 
Coca-Cola Goes Green  344

Chapter 15  Foundations of a Sustainable 
Energy System: Conservation and 
Renewable Energy. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  347

15.1  Energy Conservation: Foundation of a Sustainable 
Energy System  349

15.2  Renewable Energy Sources  358

15.3  Is a Renewable Energy Supply System 
Possible?  375

Spotlight on Sustainable Development 15-1 
Reinventing the Automobile  353

Spotlight on Sustainable Development 15-2 
A Solar Giant Grows Taller  365

Viewpoint  Bird Kills from Commercial Wind Farms: Fact 
or Fiction?  368

Point/Counterpoint  The Debate over Hydrogen 
Energy  376

Chapter 16 T he Earth and Its Mineral 
Resources. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  383

16.1  The Earth’s Mineral Riches  384

16.2  Environmental Impacts of Mineral Exploitation: 
A Brief Overview  387

16.3  Supplying Mineral Needs Sustainably   388

16.4  Expanding Reserves  394

16.5  Finding Substitutes  397

16.6  Personal Actions  397

Point/Counterpoint  Reforming the 1872 Mining Act  390

Spotlight on Sustainable Development 16-1 
Antarctica: Protecting the Last Frontier  395

Chapter 17 C reating Sustainable Cities, 
Suburbs, and Towns: Sustainable 
Community Development and 
Environmental Protection . .  .  .  .  .  .  .  .  .  .  .  .  .  .  400

17.1  Cities and Towns as Networks of Systems  401

9781284057058_FMxx_Printer.indd   12 25/08/14   1:10 PM

© Jones & Bartlett Learning, LLC.  NOT FOR SALE OR DISTRIBUTION.

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION



	 ﻿	 xiii

17.2  Land-Use Planning and Sustainability  404

17.3  Shifting to a Sustainable Transportation 
System  410

Spotlight on Sustainable Development 17-1 
Cohousing: Building a Community  408

Spotlight on Sustainable Development 17-2 
Curitiba, Brazil—A City with a Sustainable 
Vision  414

Spotlight on Sustainable Development 17-3 
Car Sharing: On the Road—Cheaper and 
Greener  416

Spotlight on Sustainable Development 17-4 
Masdar City: A Solar Oasis  418

Chapter 18  Principles of Toxicology  
and Risk Assessment. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  422

18.1  Principles of Toxicology  423

18.2  Mutations, Cancer, and Birth Defects  428

18.3  Reproductive Toxicity  433

18.4  Environmental Hormones  433

18.5  Case Studies: A Closer Look  434

18.6  Controlling Toxic Substances: Toward a Sustainable 
Solution  436

18.7  Risk and Risk Assessment  440

Spotlight on Sustainable Development 18-1 
Getting the Lead Out: Steps to Reduce Lead Exposure 
in the United States  438

Point/Counterpoint  Are Current Procedures for 
Determining Carcinogens Valid?  444

Chapter 19 A ir Pollution and Noise:  
Living and Working in a Healthy 
Environment . .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  450

19.1  Air: The Endangered Global Commons  451

19.2  The Effects of Weather and Topography on Air 
Pollution  455

19.3  The Effects of Air Pollution  457

19.4  Air Pollution Control: Toward a Sustainable 
Strategy  461

Part 5

Learning to Live with the
Earth’s Carrying Capacity. . . . . . . . .          421

19.5  Noise: The Forgotten Pollutant  468

19.6  Indoor Air Pollution  471

Spotlight on Sustainable Development 19-1 
Germany’s Sustainable Approach Pays Huge 
Dividends  467

Chapter 20  Global Air Pollution: Ozone 
Depletion, Acid Deposition, and Global 
Climate Change. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  476

20.1  Stratospheric Ozone Depletion  477

20.2  Acid Deposition  483

20.3  Global Climate Change  492

Spotlight on Sustainable Development 20-1 
Intel Pledges Huge Purchase of Green 
Energy  497

Chapter 21  Water Pollution:  
Sustainably Managing a Renewable 
Resource. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  511

21.1  Surface Water Pollution  512

21.2  Groundwater Pollution  522

21.3  Ocean Pollution  524

21.4  Water Pollution Control  529

Spotlight on Sustainable Development 21-1 
Cleaning Up the Great Lakes  532

Chapter 22  Pests and Pesticides:  
Growing Crops Sustainably . .  .  .  .  .  .  .  .  .  .  .  .  .  541

22.1  Chemical Pesticides  542

22.2  Controlling Pesticide Use  551

22.3  Integrated Pest Management: Protecting Crops 
Sustainably  555

Spotlight on Sustainable Development 22-1 
Indonesia Turns to Biological Pest Control  554

Chapter 23  Hazardous and Solid  
Wastes: Sustainable Solutions. .  .  .  .  .  .  .  .  .  .  566

23.1  Hazardous Wastes: Coming to Terms with the 
Problem  567

23.2  Managing Hazardous Wastes  571

23.3  Solid Wastes: Understanding the Problem  580

23.4  Solving a Growing Problem Sustainably  581

Spotlight on Sustainable Development 23-1 
Plants Clean Up Toxic Chemicals  576

9781284057058_FMxx_Printer.indd   13 25/08/14   1:10 PM

© Jones & Bartlett Learning, LLC.  NOT FOR SALE OR DISTRIBUTION.

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION



xiv	

Chapter 24  Environmental Ethics: The 
Foundation of a Sustainable Society. .  .  .  .  596

24.1  The Frontier Mentality Revisited  597

24.2  Sustainable Ethics: Making the Transition  598

24.3  Developing and Implementing Sustainable 
Ethics  600

24.4  Overcoming Obstacles to Sustainability  606

24.5  Sustainable Ethics: How Useful Are They?  609

Viewpoint  Why We Should Feel Responsible for Future 
Generations  601

Spotlight on Sustainable Development 24-1 
First Publisher in North America to Go Carbon 
Neutral  602

Spotlight on Sustainable Development 24-2 
Students Put Rotting Garbage to Use Heating 
School  608

Chapter 25  Economics and the 
Environment . .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  612

25.1  Economics, Environment, and Sustainability  613

25.2  The Economics of Pollution Control  619

25.3  The Economics of Resource Management  622

25.4  What’s Wrong with Economics: An Ecological 
Perspective  624

25.5  Creating a Sustainable Economic System: 
Challenges in the Industrial World  630

25.6  Environmental Protection versus Jobs: Problem or 
Opportunity?  637

Spotlight on Sustainable Development 25-1 
A Small Business Park Unpaves the Way to a 
Sustainable Future  616

Spotlight on Sustainable Development 25-2 
Cultural Survival: Serving People and Nature 
Sustainably  630

Spotlight on Sustainable Development 25-3 
Principles of Natural Capitalism  635

Chapter 26 L aw, Government, and  
Society. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  641

26.1  The Role of Government in Environmental 
Protection  642

26.2  Political Decision Making: The Players and the 
Process  646

26.3  Environment and Law: Creating a Sustainable 
Future  649

26.4  Creating Governments That Foster 
Sustainability  656

26.5  Global Government: Towards a Sustainable World 
Community  661

Spotlight on Sustainable Development 26-1 
Greening the White House  645

Point/Counterpoint  Direct Action: Does It Help or 
Hinder the Environmental Movement?  651

Spotlight on Sustainable Development 26-2 
Earth Summit II: The Follow-Up to Rio  664

Glossary . .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  667

Index . .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  678

Part 6

Ethics, Economics, and  
Environment . . . . . . . . . . . . . . . . . . . . . .                       595

9781284057058_FMxx_Printer.indd   14 25/08/14   1:10 PM

© Jones & Bartlett Learning, LLC.  NOT FOR SALE OR DISTRIBUTION.

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION



xv

PrEFaCE

© Antonio Jorge Nunes/Shutterstock, Inc.

  Environmental science courses vary widely . Some profes-
sors prefer to discuss basic science before they delve into 
environmental issues such as air pollution, water pollution, 
global climate change, species, and extinction. Other profes-
sors focus closely on the main issues. In between these two 
approaches are a wide range of options. 

 This book is meant to serve the diverse approaches of 
professors. This book presents the basic science needed to 
understand environmental issues and offers an in-depth 
look at all of the environmental problems facing the world. 
This book discusses solutions to environmental issues, 
including the more traditional ones and a new generation of 
policies and actions that promise to achieve lasting results. 
They are sustainable solutions that involve all stakeholders: 
businesses, governments, and individuals. 

 During the nearly four decades I have spent working 
on this book, it has evolved dramatically in response to pro-
found changes in my thinking. Perhaps the most important 
change has been the shift toward a more comprehensive and 
more systematic way of viewing environmental problems. 
One of the useful discoveries I have made over many years 
is that most environmental problems spring from a com-
mon set of root causes. Unlike other environmental science 
 textbooks, this one discusses the common root causes and 
ways to address them.

Over time, I have also concluded that we’ve been address-
ing environmental problems superfi cially. I’ve realized that 
most efforts are stopgap measures—solutions that treat the 
symptoms while neglecting the underlying root causes. To cre-
ate lasting solutions we must address their root causes. One 
root cause is that the systems we depend on—for food, energy, 
materials, water, waste treatment, and other services—are 
unsustainable. To solve environmental problems and create 
an enduring human presence (a sustainable future), we must 
rethink and restructure basic human systems, such as trans-
portation, energy, waste management, water supply, indus-
try, and housing. This book shows the reader how this can 
be done—and how such changes can have profound positive 
effects on the environment. 

 Another important realization I have made is that to 
be sustainable, solutions to environmental problems must 
make sense from social and economic perspectives, not just 
an environmental one. One-sided solutions don’t work. This 

shift to solutions that make sense from all three perspectives 
will take enormous creative energy on our part in the years 
to come. 

 This edition refl ects a pressing need for sustainable 
solutions—measures that confront the root causes of the 
environmental crisis and create a society that meets its 
needs without bankrupting the Earth. This book includes 
discussions meant to help students understand why human 
systems need to be revamped and how we go about this 
challenging task, creating a clean, healthy environment.

In this new edition, I have added new material, updated 
statistics, and polished the writing. As in the fi rst nine edi-
tions, I worked diligently to ensure that this text remains 
user-friendly. My goal continues to be to present the most 
important facts and concepts in a clear and exciting fashion. 
As always, I have strived to present both sides of the issues 
in the text and in Point/Counterpoint essays that deal with 
controversial environmental issues. Even though this text 
presents a strong case for sustainability and systems reform, 
it is left to you, the reader, to make up your own mind as to 
the need and desirability of such an approach. My efforts to 
make this book as unbiased as possible support my objec-
tive of letting students make up their own minds about our 
predicament and ways to extricate ourselves from it. Critical 
thinking skills presented in the book also help students learn 
to analyze issues and make up their own minds. 

  themes 
 All textbooks have a central theme or, in some cases, a set 
of themes that shape the presentation. This book is molded 
by six central ideas: focus on key principles, sustainability, 
addressing root causes, systems reform, critical thinking, 
and action. 

  FocUS on KEY PrinciPlES   Environmental science is 
a vast fi eld, requiring many years to master. Most students, 
however, can become profi cient in the subject much more 
quickly when they are taught key concepts. Vital prin-
ciples are highlighted in special Key Concept boxes at 
the  end  of  each section. They encapsulate the material 
covered in each section and provide an excellent tool for 
studying. 
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xvi	

SUSTAINABILITY  The main theme of this book is that the 
long-term well-being of this planet and its inhabitants is in 
jeopardy and that to create an enduring human presence 
we must make a massive course change. We must transition 
to a sustainable society. A sustainable society seeks balance 
between human and ecological needs. Its economic systems 
serve people and the planet. Creating a sustainable soci-
ety may be our only realistic hope for surviving on a finite 
planet, but it will not evolve without foresight, planning, 
and action.

ADDRESSING ROOT CAUSES AND SYSTEMS REFORM
Creating a sustainable future requires serious efforts to 
understand and confront the root causes of the environmen-
tal crisis. This book outlines those causes and shows ways 
to address them. Part of this struggle will involve efforts 
to revamp human systems—make sustainable systems to 
provide energy, transportation, and waste management, for 
example.

CRITICAL THINKING  This text also stresses critical think-
ing skills—learning to think critically about issues, a task 
that is essential to create a sustainable society.

ACTION  Finally, this text emphasizes an often overlooked 
point, that building a sustainable future requires actions by 
all of us. Air pollution is not just caused by inadequate laws 
or corporate wrongdoings, it is a result of our own often 
wasteful lifestyles. Because we are all part of the problem, we 
must all be part of the solution. Individual action is as essen-
tial as responsible corporate and government policies and 
practices. This book offers even more advice than previous 
editions on ways we can all go green.

Expanded Basic Science
In recent editions, I have expanded the coverage of basic 
science, especially information to help students understand 
global climate and energy. You’ll find detailed discussion, 
for instance, of weather, ocean currents, aquatic ecology, the 
laws of thermodynamics, and other important facts that help 
you better understand the world we live in.

Global Focus and Expanded Coverage of 
International Issues and Solutions
Environmental problems affect us locally, in our own homes 
and towns and cities. They affect larger regions, too, often 
covering many states or crossing international borders. And, 
of course, they often span the globe. As in previous editions, 
I present a wealth of information on local, regional, and 
global problems and solutions. Special efforts were made 
to include examples from Canada as well as countries in 
Europe, Africa, and Asia.

Organization
This book is divided into six parts.

PART I introduces students to four of the principal 
themes of this book: sustainability, addressing root causes, 

restructuring human systems, and critical thinking. It lays 
an important foundation for the study of environmental 
science.

PART II introduces the student to basic principles of ecology 
necessary for understanding environmental issues. These 
chapters elaborate on six operating principles of sustain-
ability—ideas that will help us revamp modern society one 
system at a time.

PART III begins the discussion of environmental issues, 
dealing with one of the most pressing of all; the population 
crisis. This part examines the impact of rapid population 
growth—one of the root causes of modern environmental 
problems—and explores culturally acceptable ways of slow-
ing it down.

PART IV deals with a variety of resource issues, such as wild-
life extinction and energy, and outlines strategies for solving 
them sustainably. In this material, I attempt to show how 
we can overhaul some of the vital human systems such as 
energy and waste management.

PART V discusses pollution and legal, technical, and per-
sonal solutions for it, including both traditional and sustain-
able strategies.

PART VI the capstone of the book, attempts to place the pop-
ulation, resource, and pollution crises in a social context. It 
reexamines ethics and explores economics and government 
in more detail.

New to This Edition
The Tenth Edition has been thoroughly updated with new 
discoveries, new concepts, and the most recent statistics on 
resources, population, and pollution. I have added information 
on changes in environmental laws and regulations. I have also 
included important new information on peak oil and natural 
gas, renewable energy options, global climate change, envi-
ronmentally friendly transportation, environmentally friendly 
building, ecosystem protection, tropicial rainforests, species 
extinction, and more.

The Student Experience
Over the years, this book has undergone some dramatic 
changes to help make the study of environmental science 
more interesting, meaningful, and memorable. Below is a list 
of features students should find helpful:

Study Skills
Immediately following the preface is a brief section on 
study skills. The study skills section includes numerous 
simple but effective tips that help students improve their 
memory, note-taking skills, reading abilities, test-taking 
abilities, and much more. Study skills can help all stu-
dents, even A students, become more efficient learners. 
Skills learned here will carry over to virtually every other 
course students take and will be helpful throughout life.

9781284057058_FMxx_Printer.indd   16 25/08/14   1:10 PM

© Jones & Bartlett Learning, LLC.  NOT FOR SALE OR DISTRIBUTION.

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION



	 ﻿	 xvii

© Betty LaRue/ShutterStock, Inc. 

  Principles of Ecology: How Ecosystems Work  
 LEARNING OBJECTIVES  Aft er reading and studying the material in this chapter, students will be able to 

understand, knowledgably discuss, and, when appropriate, apply the information 

learned in this chapter, including:1.    How dependent humans are on the Earth and its ecosystems for life and economic 

security
2. Why environmental protection is vital to our present and our future 

3.    What ecology is and isn’t 4.    The biosphere and its components, including ecosystems, as well as the 

biological (biotic) and nonbiological (abiotic) components of them 

5.    The biomes and aquatic life zones that constitute the biosphere and how 

dependent human societies are on them 

6.    The concept of the range of tolerance 
7.    How human activities alter biotic and abiotic conditions and alter organisms’ 

survival by shift ing conditions beyond their range of tolerance 

8.    Key concepts of limiting factors, niche, and competition 

9.    The structure and function of ecosystems, including food chains and food webs 

and how energy and nutrients flow through them 

10.    Key concepts of trophic level, biomass pyramid, energy pyramid, and 

pyramid of numbers 11.    What nutrient cycles are and their importance to all forms of life, and how 

human activities adversely aff ect them     

   Never does nature say one thing, and wisdom another. 
—Juvenal 

   4.1  Humans and Nature: The 
Vital Connections 
4.2     Ecology: The Study of 

Natural Systems 
   4.3  The Structure of Natural 

Systems 
4.4  Ecosystem Function    Spotlight on Sustainable Development 4-1: Sustainable 

Sewage Treatment: Mimicking 
Nature 

   Spotlight on Sustainable Development 4-2: Colleges and 
Universities Go Green    Point/Counterpoint: Controversy 

over Extinction   

 CHAPTER OUTLINE 

4
CHAPTER

56
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    m  ost of us live our lives seemingly apart from nature. 

We make our homes in cities and towns, surround 

ourselves with concrete and steel, and drown out 

the songs of birds with noise. The closest many of us get 

to nature is a romp with the family dog on the grass in the 

 backyard. A lucky few come in much closer contact with 

the great outdoors through hiking, camping, canoeing, and 

kayaking. For many of these people, though, nature is still 

viewed as something apart from humans—a thing to protect 

to preserve a few pristine places for people to enjoy.   4.1   Humans and Nature: The 
Vital Connections  Hard as it may be for many people to accept, human beings 

are part of the fabric of life. We are a part of nature. We are 

dependent on the Earth and natural systems in  thousands of 

ways. Consider our dependence fi rst by taking a look around 

the room in which you are sitting. Everything in that room 

comes from the Earth or a natural system. The clothes you 

wear, your morning tea or coffee, and even the  cornfl akes 

you ate for breakfast are products of the Earth—the soil, 

water, air, and plants.  Like all other species, humans depend on the soil, air, 

water, sun, and a host of living organisms to survive. Each 

year, in fact, human beings (and other animals) consume 

enormous quantities of oxygen, which is used in the cells 

of our bodies to break down food molecules to generate 

energy. Oxygen is produced by plants and algae. Without 

these organisms, humans and other animals could not sur-

vive. Trees, grasses, and other plants also provide a host 

of additional free services. For example, plants protect the 

watersheds near our homes, preventing fl ooding and ero-

sion. Swamps purify the water in streams and lakes—water 

many of us drink. Birds help to control insect populations. 

 KEY CONCEPTS 
 Humans are a part of nature, dependent on natural systems 

for a variety of economically important resources and ecologi-

cal services essential to our survival and long-term prosperity. 

 CRITICAL THINKING 
 The information gained from various fields of 

science such as ecology is oft en loosely translated 

in the public arena. Terms are sometimes 
misinterpreted. Facts are taken out of context. 

New findings are given more credence than they 

deserve, and old, disproved ideas remain in the 

popular thinking for a long time. As you read this 

chapter, make a list of terms, ideas, concepts, 

and facts you encounter that contradict what you 

thought was true. 

© Antonio Jorge Nunes/Shutterstock, Inc.

 Clearly, nature serves us well. Although many of us have 

isolated ourselves from nature, we still depend on nature in 

many ways. We have not emancipated ourselves from it at 

all. We also infl uence natural cycles, and therefore, not only 

do we depend on nature, the fate of natural systems depends 

on us.   

   4.2   Ecology: The Study of 
Natural Systems  This chapter explores  ecology , the study of living organisms 

and the web of relationships that binds all of us together in 

nature. The late professor Garrett Hardin, a world-renowned 

ecologist, wrote that ecology takes as its domain the entire 

living world. Ecologists study how organisms interact with 

one another and how they interact with the  abiotic , or nonliv-

ing, components of the environment (sunlight, for example). 

 Throughout this chapter, we explore our connections 

to the living world. We examine the ways in which human 

systems depend on natural systems and the ways in which 

humans affect them. One of the goals of this chapter is to help you understand how nature works and how we can work better with nature to create a sustain-able future. You will fi nd that a great many of the  lessons learned from the study of ecology can be applied to human society. Before we begin our jour-ney, however, let me say a few words about the term  ecology.  
  Ecology  is probably one of the most misused words in the English lan-guage. Banners proclaim, “Save Our Ecology.” Speakers 

argue that “our ecology is in danger,” and others talk about 

the “ecological movement.” These common uses of the word 

 ecology  are incorrect. Why?   Ecology  is a branch of science. It describes and quanti-

fi es the web of interactions in the environment. But ecology 

is not synonymous with the word  environment.  Thus, we can 

save our ecology department and ecology textbooks, but we 

cannot save our ecology. Our ecology is not in danger, but 

our environment is. You cannot join the ecology movement, 

but you would be a welcome addition to the environmental 

movement.   

  Check out current eff orts to green your campus and become an active participant! If your college or university isn’t actively pursuing ways to go green, consider organizing an eff ort with key student organizations, faculty members, and administrators. Chances are there are plenty of environmentally active faculty and staff  that would love to help out. 

Go Green
  Check out current eff orts 
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Learning Objectives
Every chapter opens with a comprehen-
sive list of Learning Objectives. Students 
should review this list before diving into 
the chapter to help guide their focus. 
As they progress through the chapter, 
they should periodically flip back to the 
Learning Objectives to ensure they are 
fully grasping that chapter’s key environ-
mental science concepts. This practice 
will encourage students to think critically 
about environmental issues and solutions.

Chapter Outlines
Along with the Learning 
Objectives, a Chapter Outline 
is included at the start of every 
chapter. This list succinctly 
identifies the sections students 
will encounter as they progress 
through a chapter, including 
the Spotlight on Sustainable 
Development boxes and the 
Point/Counterpoint topic. It 
provides students with a “big 
picture” understanding of the 
overarching environmental 
principles for each chapter.

Key Concepts
Key concepts are highlighted in boxes at the end of each 
section. These brief encapsulations are designed to help stu-
dents understand the concepts that form the foundation of 
environmental science. They serve as a great tool for review-
ing chapters as well as studying for tests. Read them before 
you read each chapter, after completing a chapter, and while 
you’re studying for tests. They’re the glue that holds this 
book together.

Critical Thinking
As I mentioned earlier, critical thinking is one of the central themes 
of this book. It enables students to analyze complex issues and 
make rational decisions.

A number of important critical thinking rules are discussed 
in Chapter 1. Each chapter also begins with a brief critical think-
ing exercise, which asks students to critically analyze an issue, a 
research finding, or an assertion.

Students are also asked to exercise critical thinking skills 
after Point/Counterpoints, and many of the discussion questions 
at the end of each chapter call on students to put their knowledge 
and their critical thinking skills to use.

Green Living Tips
In this edition, I’ve added even more green living tips, 
labeled Go Green. These simple, inexpensive, and practical 
tips will help you become a part of the solution and help all 
of us build a sustainable future.
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xviii	

KEY CONCEPTS

Unsustainable human systems are a result of many factors. 

Building a sustainable society will require a restructuring of 

all human systems. Changes in technology will be essential 

to this transition.

shape our perceptions—how we see the world and the 

nature of the problems facing us—and our  understanding 

of many issues. This book could change your  values 

and beliefs. Creating the broad cultural support for 

 sustainability,  however, will very likely require much 

more education. One  recommendation for changing these 

important  factors is to institute  environmental courses 

at all levels of the educational system—from kindergar-

ten through  college—throughout the  world. These could 

help play a role in educating all people. They could help 

develop a more accurate picture of the state of affairs—

how serious the  environmental  crisis is—and could help 

people understand the many options we have to forge 

 sustainable lifestyles and a  sustainable  economy. Further 

ideas on changing our values are outlined throughout this 

text. Many people believe that fundamental changes in our 

ethics are required.

systems that are inadequately designed for a world of limits. In 

the next section, I present an alternative worldview, a sustain-

able ethic to ponder as you study this subject. This ethic may 

be one of the most fundamental leverage points for change.

foundation tool

Key to

success is

through

domination

and control

of nature 

Narrow view

of success

Obsession with

economic growth

Acquisitiveness

and greed

Sense of

inadequacy Inadequate and
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Frontier
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FIGURE 3-13 Many factors contribute to the environmental crisis. They interact in many ways to produce a 

socioeconomic system that threatens its own existence.

A New Worldview: Changing Our 

Perceptions, Values, and Beliefs

The material in the previous sections indicates the impor-

tance of our perceptions, values, and beliefs. Science can 

Courtesy of NSSDC/NASA
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Foundation Tools
This book offers several 
Foundation Tools, conceptual 
models that help students under-
stand how the world works and 
how solutions can be applied. 
These models are designed to 
encourage systems thinking and 
help students organize facts into 
a solid conceptual framework. 
Below is a brief description of 
each model.

POPULATION, RESOURCES, AND POLLUTION  This 
model shows how populations of organisms, like ourselves, 
affect their environment and how their actions, in turn, 
affect the populations themselves.

IMPACT ANALYSIS  This model shows the impacts that 
humans have on various components of the environment. It 
helps to clarify a confusing topic.

RISK ANALYSIS  This model presents an overview of a 
process called risk assessment. This process helps us assess 
risks in a meaningful way.

ROOT CAUSES  This model shows the many factors that 
contribute to the crisis of unsustainability and helps stu-
dents identify key leverage points for change.

HUMAN SYSTEMS  This model shows the complex 
systems that support our lives and how they are functionally 
related to one another.

SUSTAINABLE PRINCIPLE APPLICATION  This model 
demonstrates how the ecological principles of sustainability 
can be applied to complex human systems.

Examining Both Sides of the Issue
In keeping with my long-standing belief that students 
must examine all sides of an issue, I have continued to 
present information from opposing viewpoints. You will 
find this approach exercised in the text itself, where 
I  examine contradictory positions, and in the Point/
Counterpoints.
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  Humans Are Accelerating Extinction   
 david m. Armstrong  Dr. David M. Armstrong is a mammologist 

who taught environmental biology at the 
University of Colorado at Boulder and has 
written several books on mammals and ecol-

ogy of the Rocky Mountain region. 

POINT

  Controversy over Extinction 
 Evolution is the process of change in gene pools through 

time. When one gene pool becomes reproductively 

independent, a new species has formed. Such speciation 

generates species; extinction takes them away. Simply put, 

extinction is a failure to adapt to change, the termination of 

a gene pool, the end of an evolutionary line. 
 Extinction is a natural process. Most species that ever 

lived are now extinct. The 3 to 30 million species on Earth 

today are no more than 1 to 10% of the species that have 

evolved since life began about 3.5 billion years ago. So 

why are thoughtful people concerned about endangered 

species? History makes it clear that, given enough time, 

each species will become extinct.  The concern is that today the natural process of 

extinction proceeds at an unnatural rate. Let us estimate 

by how much human activity has accelerated rates of 

extinction. The average life span of species is 1 to 10 

million years. Assume (to be conservative) that the average 

longevity of species of higher vertebrates is 1 million years. 

In round numbers, there are 13,000 species of birds and 

mammals. So, on average, one species ought to go extinct 

each century. However, between 1,600 and 2,000, at least 

36 species of mammals and 94 species of birds, became 

extinct—32 species per year, or 32 times the natural rate. 

 What does it mean to increase a rate by 32 times? 

Exceed the 55 mph speed limit by 32-fold, and you are 

moving 1,760 miles per hour, over twice the speed of 

sound. The diff erence between natural rates of extinction 

and present, human-influenced rates is analogous to the 

diff erence between a casual drive and Mach 2! Is that a 

problem? You decide: Concern is a moral construct, not a 

scientific one. 
 Several human activities have contributed—mostly 

inadvertently— to accelerating rates of extinction. The 

dodo and the passenger pigeon were extinguished by 

overhunting. Wolves and grizzly bears were exterminated 

over much of their ranges as threats to livestock. The 

black-footed ferret was driven to the verge of extinction 

because prairie dogs, its staple food, were poisoned as an 

agricultural pest.  Habitat change is the most important cause of 

endangerment and extinction. Clearing forests for 

agriculture has decimated the lemurs of Madagascar. 

Pesticides led to the decline of the peregrine falcon. 

Introducing exotic species (like goats on the Galapagos and 

mongooses in Hawaii) displaces native animals and plants. 

Developing the Amazon Basin is a habitat alteration, and a 

cause of extinction, on an unprecedented scale. 
 Many urge saving species for their aesthetic value. 

Whooping cranes are beautiful, and part of their beauty 

is that they are products of a marvelous evolutionary 

process. Most concern about accelerated extinction, 

however, stresses economic value. A tiny fraction of seed 

plants are used commercially. An obscure plant like jojoba 

eventually could be a source of oil more reliable than the 

Middle East. Wild grasses have yielded genes that have 

improved disease resistance in wheat. Some animals 

like musk ox, kudu, and whales could contribute protein 

to our diet. Species may have medical value; penicillin, 

aft er all, was once an obscure mold on citrus fruit. Some 

sensitive species are monitors of environmental quality, 

and the presence of healthy populations of many species 

may promote greater stability or resilience of ecosystems. 

Naturalist Aldo Leopold noted that humans have a way of 

“tinkering” with the ecosphere. But he suggested that the 

first rule of tinkering ought to be that one never throws 

away any of the parts.  “Extinction is forever” and impoverishes both 

ecosystems and the potential richness of human life. 

Borrowing again from Aldo Leopold, I believe our concern 

about unnaturally rapid extinction is part of a “right 

relationship” between people and the landscapes that 

nurture and inspire them.  Biologist Sir Julian Huxley noted that “we humans 

find ourselves, for better or worse, business agents for 

the cosmic process of evolution.” We hold power over 

the future of the biosphere, the power to destroy or 

preserve. German philosopher Georg Hegel noted that 

freedom implies responsibility. I agree. The power to 

destroy species implies a responsibility to preserve 

them. The question of human-accelerated extinction 

boils down to a simple ethical question, “Does posterity 

matter?” Some of us have ethics that are human 

centered. We ask simply, “Do my children deserve a 

life as rich, with as much opportunity, as mine?” If they 

do, then we have the responsibility to choose restraint. 

(Perhaps my life has been rich enough without the dodo, 

but I am reluctant to make that judgment for future 

generations.)   

Courtesy of David Armstrong

Courtesy of David Armstrong

Courtesy of David Armstrong
.
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POINT/COUNTERPOINTS AND VIEWPOINTS 
Complex environmental issues often result in hotly 
contested debates. These editorials can stimulate 
individual thinking as well as classroom discussion 
on complex problems. They are also a perfect ave-
nue for developing one’s critical thinking skills.

© stockcreations/Shutterstock, Inc.

  bird Kills from Commercial Wind Farms: 
Fact or Fiction? 

  Wind machines got a bad rap from one of America’s 

oldest and largest wind farms: the Altamont Pass Wind 

Resource area in California. Located just east of San 

Francisco, Altamont Pass is home to a mind-boggling 7,000 

wind turbines. It is also habitat for numerous raptors. Soon 

aft er the wind turbines were erected, the birds began to 

perch on the lattice wind towers in search of abundant prey 

(ground squirrels and other rodents) that live year-round in 

the grasses at the base of the towers. 
 Some scientists attributed this problem to a 

phenomenon called “target fixation.” Fixed on their prey, 

the raptors descended from their perches and flew directly 

into the blades. In addition to those that perished as a 

result of collision with the blades, studies suggest that 

8% died from electrocution (from power lines), and 11% 

died when they collided with electric wires. The causes of 

 VIeWPOINT 
 While commercial wind machines do kill birds, the problem 

has been blown way out of proportion. Studies show 

that bird kills from wind turbines pale in comparison to 

bird deaths from several common sources, among them 

plate glass windows, domestic cats, automobiles and 

trucks, tall buildings, smokestacks, and communication 

towers (see   Table 1  ). Worldwide, hundreds of millions of 

birds—perhaps even billions—are killed each year by these 

sources. Commercial wind turbines, on the other hand, kill 

a miniscule number of the birds. So why has wind gotten 

such a bad rap?  

death in the remaining 26% is unknown. Some researchers 

speculate that many raptors died from poisoning by 

rodenticides, pesticides used to poison rodents. These 

chemicals, the scientists hypothesized, may have moved up 

the food chain, poisoning the unfortunate raptors. 

 Although many raptors have died at Altamont, a 

2-year study of bird kill in the region showed that the highly 

publicized problem was indeed overblown. The researchers 

discovered only 182 dead birds in 2 years. 
 While any raptor death is of concern to those of us 

who cherish wildlife, the death rates at Altamont are 

insignificant compared to other factors. For example, 

scientists estimate that about 60 million birds die each year 

in the United States aft er being struck by motorized vehicles, 

according to the American Wind Energy Association’s (AWEA) 

report “Facts About Wind Energy and Birds.” Another 1.25 

million die as a result of collision with tall structures such 

as buildings, smokestacks, and towers. Another 100 million 

to 900 million, perish aft er flying into plate glass windows, 

according to another report. Yet another 10 to 40 million 

birds perish aft er flying into communications towers and the 

guy wires that support them. Pesticides kill an estimated 67 

million birds each year.  Cats are a lethal force in the lives of birds. Scientists 

who have studied bird deaths from cats in Wichita, Kansas, 

found that a single cat kills, on average, 4.2 birds per year. 

Other studies suggest even higher numbers. According to 

one study, a feral cat kills as many birds in 1 week as a large 

commercial wind turbine does in 1 to 2 years. Declawing a 

cat doesn’t seem to help much. According to one estimate, 

the majority of cats (83%) kill birds, even declawed, and 

well-fed cats prey on wild birds. Neutering or spaying a cat 

does not seem to cut down on hunting, either. With more 

than 64 million cats in America alone, what’s the total loss? 

 No one knows for sure, but if the situation in Wisconsin 

is indicative of the national toll, America’s bird population 

is being decimated by our beloved feline companies. 

In Wisconsin alone, researchers estimate that cats kill 

approximately 39 million birds per year. Nationwide, the 

number is estimated to be around 270 million, very likely 

many many more. Two scientists who studied the issue 

in one small town in England, estimated that cats kill 20 

million birds per year in Great Britain alone. “Even if wind 

were used to generate 100% of U.S. electricity needs, at the 

current rate of bird kills, wind would account for only one of 

every 250 human-related bird deaths,” notes the AWEA. “So, 

if you want to save birds,” says one wind energy expert who 

wished to remain anonymous, for reasons that will soon 

be clear, “put your cat in a blender, then sign up for wind-

generated ‘green electricity’ from your utility.” 
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  Table 1
estimated annual bird Death in the United States 

by Source

Activity/Source of Bird Motality
Estimated Annual MortalityKilled by cats

270 million or more

Collisions with and electrocution 
by electrical transmission wires

130 to 170 million
Collisions with windows

100 to 900 million
Poisoning by pesticides

67 million
Collisions with motor vehicles

60 million
Collisions with communications 
towers

40 to 50 million
Data from American Wind Energy Association.
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  Extinction Is the Course of Nature   

 Norman d. Levine  Norman D. Levine was a professor emeritus 
at the College of Veterinary Medicine and 
Agricultural Experiment Station, University 
of Illinois at Urbana. His research interests 
included parasitology, protozoology, and 
human ecology. This article is provided by 
the American Institute of Biological Sciences 

(© 1989). 

COUNTERPOINT

 Evolution is the formation of new species from preexisting 

ones by a process of adaptation to the environment. 

Evolution began long ago and is still going on. During 

evolution those species better adapted to the environment 

replaced the less well-adapted species. It is this process, 

repeated year aft er year for millennia, that has produced 

the present mixture of wild species. Perhaps 95% of the 

species that once existed no longer exist. 
 Human activities have eliminated many wild species. 

The dodo is gone, and so is the passenger pigeon. The 

whooping crane, the California condor, and many other 

species are on the way out. The bison is still with us because 

it is protected, and small herds are raised in semicaptivity. 

The Pacific salmon remains because we provide fish ladders 

around our dams so it can reach its breeding places. The 

mountain goat survives because it lives in inaccessible 

places. But some thousands of other animal species, to say 

nothing of plants, are extinct, or soon will be. 
 Some nature lovers weep at this passing and collect 

money to save species. They make lists of animals and 

plants that are in danger of extinction and sponsor 

legislation to save them.  I don’t. What the species preservers are trying to do is 

stop the clock. It cannot and should not be done. Extinction 

is an inevitable fact of evolution, and it is needed for 

progress. New species continually arise, and they are better 

adapted to their environment than those that have died out. 

 Extinction comes from failure to adapt to a changing 

environment. The passenger pigeon did not disappear 

because of hunting alone, but because its food trees were 

destroyed by land clearing and farming. The prairie chicken 

cannot find enough of the proper food and nesting places 

in the cultivated fields that once were prairies. 
 And you cannot necessarily introduce a new species, 

even by breeding it in tremendous numbers and putting 

it out into the wild. Thousands of pheasants were bred 

and set out year aft er year in southern Illinois, but in the 

spring of each year there were none left . Another bird, the 

capercaillie, is a fine, large game bird in Scandinavia, but 

every attempt to introduce it into the United States has 

failed. An introduced species cannot survive unless it is 

preadapted to its new environment. 
 A few introduced species are preadapted, and some 

make spectacular gains. The United States has received the 

English sparrow, the starling, and the house mouse from 

Europe, and also the gypsy moth, the European corn borer, the 

Mediterranean fruit fly, and the Japanese beetle. The United 

States gave Europe the gray squirrel and the muskrat, among 

others. The rabbit took over in Australia, at least for a time. 

 The rabbit and the squirrel were successful on new 

continents because their requirements are not as narrow 

as those of other species that failed. Today, adjustment 

to human-made environments may be just as diff icult as 

adjustment to new continents. The rabbit and the squirrel 

have succeeded in adjusting to the backyard habitat, but 

most wild animals have disappeared. 
 Human-made environments are artificial. People 

replace mixed grasses, shrubs, and trees with rows of clean-

cultivated corn, soybeans, wheat, oats, or alfalfa. Variety 

has turned into uniform monotony, and the number of 

species of small vertebrates and invertebrates that can find 

the proper food to survive has become markedly reduced. 

But some species have multiplied in these environments 

and have assumed economic importance; the European 

corn borer in this country is an example. 
 Would it improve Earth if even half of the species that 

have died out were to return? A few starving, shipwrecked 

sailors might be better off  if the dodo were to return, but 

I would not be. The smallpox virus has been eliminated, 

except for a few strains in medical laboratories. Should it 

be brought back? Should we bring panthers back into the 

eastern states? Think of all the horses that the automobile 

and tractors have replaced, and of all the streets and roads 

that have been paved and the wild animals and plants 

killed as a consequence. Before people arrived in America 

about 10,000 years ago, the animal–plant situation was 

quite diff erent. What should we do? 
 Should we all commit suicide? Evolution exists, and 

it goes on continually. People are here because of it, but 

people may be replaced someday. It is neither possible nor 

desirable to stop it, and that is what we are trying to do 

when we try to preserve species on their way out. It can be 

done, I think, but should we do it to them all? Or to just a 

few, as we are doing now?  Critical Thinking Questions1.   Summarize and critically analyze the key points of both 

authors. Do you see any flaws in their reasoning?  

2.   Which viewpoint do you adhere to? Why?    

Courtesy of University of Illinois, Urbana-Champaign

Courtesy of University of Illinois, Urbana-Champaign
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Detailed illustrations 
The text features numerous detailed 
 illustrations to demonstrate clearly 
important environmental processes and 
cycles, such as the carbon cycle and 
the nitrogen cycle, pictured here. The 
 illustrations serve as powerful study tools 
for  students in preparation for lectures 
and exams.

The Netherlands is a tiny country, about one-fourth the 

size of the state of Illinois (FigURE 1). It is, however, a 

giant among nations. Why this glowing praise for such 

a small country?

In 1989, the country adopted a National Environ-

mental Policy Plan (NEPP) commonly called its Green 

Plan, after widespread public alarm over many environ-

mental trends. An even tougher plan came into exis-

tence several years later. Known as the NEPP 2, it gave 

the Dutch government more power to write and enforce 

environmental laws and to earmark substantial sums of 

money to research and redesign industrial processes. 

Since then, it has been twice upgraded.

The most exciting aspect of the Green Plan is 

that it allows for a new approach—a set of voluntary 

agreements with industry and other sectors of society 

responsible for producing the bulk of the nation’s pollu-

tion. Why was all of this necessary?

Although the Netherlands has some of the most 

stringent environmental laws in the world, they weren’t 

working well. Because of this, the government took 

a bold step: It admitted that there are lim itations to 

regulating complex and interdependent environmen-

tal problems on an issue-by-issue basis. In place of 

this unworkable system of rules and regulations, the 

government decided to meet with the key players 

(industries and citizen groups, for example) to reach 

agreement on establishing bold new targets and time-

tables for drastically reducing pollution. The govern-

ment let the companies select ways to reduce pollution; 

all that it asked of industry was a commitment to meet 

ambitious government targets and timetables. Indus-

try groups happily signed the agreements, recognizing 

© hugolacasse/ShutterStock, Inc.

SPOTLighT on Sustainable Development

1-1 The netherlands’ green Plan Revolutionizes the Way industries Function

4 Part 1: Introduction to Environmental Protection: Sustainability, Science, and Systems

FigURE 1-1 EPa green lights program. 

Boeing Corporation, based in Seattle, 

Washington, joined the EPA Green Lights 

program (now part of the EPA’s Energy Star 

Program) and saves over $12 million per year 

by reducing electrical energy consumption. 

Every eight years, this would buy one Boeing 

757 jet.

© Doug Scott/age footstock.

FigURE 1 The Netherlands is leading the world in 

sustainable development.

© AbleStock.
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CRITICAL THINKING

   Exercise Analysis 

 It is diff icult for me to know the list of misconceptions you came up with, but here are a few that might have arisen 

along the way. The exact meaning of the term  ecology  may have been one. Many people use it very loosely. You may 

not have understood the term  niche , either. Like many people, you may have thought of it as a physical place an 

organism occupied, its  habitat . 

 I suspect that your sense of the word  environment  has shift ed. Now you can see that it includes biotic and 

abiotic components. The environment of an organism is quite complex. 

 I suspect that the discussion of the range of tolerance may have helped you to understand how our activities 

and natural events alter an organism’s chances of survival. 

 What about energy? Has your understanding of energy changed? Do you see food chains and food webs now in 

a diff erent light? Rather than being a simple matter of one organism feeding on another, food chains and food webs 

are elaborate pathways for the flow of nutrients and energy. 

 You may have gained new perspective on nutrient cycles. You may already have known that they existed, but did 

you know that humans are altering them in major ways?  

© Antonio Jorge Nunes/Shutterstock, Inc.
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 FIGURE 4-15 A simplified view of the nitrogen cycle.        Nitrogen in the atmosphere is converted into ammonium ions by bacteria in the 

soil. Ammonia is converted to nitrates and taken up by plants.   
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  Spotlights on Sustainable Development 
 To give students further insight into sustainable 
 solutions, I’ve included numerous case studies 
throughout the text called Spotlights on Sustainable 
 Development. They show what cities, towns,  businesses, 
and even professional sports teams are doing to create 
a  sustainable future. They provide guidance and hope.  

critical thinking analysis 
Each chapter begins with a brief critical 
thinking exercise, which asks students 
to critically analyze an issue, a research 
 fi nding, or an assertion. The author 
responds to the exercise at the end of each 
chapter and walks the reader through 
the steps to thinking critically about the 
 environmental issue under  discussion, 
with reference back to the chapter 
 material.
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	 ﻿	 xxi

CRITICAL THINKING AND CONCEPT REVIEW
1. “Humans are a part of nature.” Do you agree or 

disagree with this statement? Support your answer.

2. Define the term ecology and give examples of its 

proper and improper use.3. The Earth is a closed system. What does this mean, 

and what are the implications of this fact?
4. Define the following terms: biosphere, biome, aquatic 

life zone, and ecosystem.5. Define the term range of tolerance. Using your 

knowledge of ecology and nutrient cycles, give some 

examples of ways in which humans alter the abiotic 

and biotic conditions of certain organisms. Describe 

the potential consequences of such actions.

6. Describe ways in which humans alter conditions 

within their own range of tolerance.
7. What is a limiting factor? Give some examples.

8. Define the following terms: habitat, niche, producer, 

consumer, trophic level, food chain, and food web.

9. A hunting advocate in your state is proposing the 

introduction of a foreign species, one very similar 

to deer, that he encountered in Russia on a hunting 

expedition. He thinks the introduced species will 

provide additional hunting opportunities and 

additional tax revenue for the state, which will be 

good for the economy. The governor is in favor of the 

proposal. Write a letter to the governor explaining 

what needs to be known about this species before it 

should be considered for introduction.
10. Explain why the biomass at one trophic level is less 

than the biomass at the next lower trophic level.

11. Outline the flow of carbon dioxide through the carbon 

cycle, and describe ways in which humans adversely 

influence the carbon cycle. How can you reduce 

negative impacts on the carbon cycle?
12. Using what you have learned about ecology, describe 

why it is important to protect natural ecosystems.

13. With the knowledge you have gained, explain why 

it is beneficial to set aside habitat to protect an 

endangered species.14. Looking back over the principles you have learned 

in this chapter, write a set of guidelines for human 

society that would help us live sustainably on the 

Earth.
15. Reread the Point/Counterpoint in this chapter. Which 

view do you agree with? Why? Is your support of one 

view based on values or science, or both?
KEY TERMS

abiotic
aquatic life zonesbiogeochemical cyclebiological communitybiomass

biomass pyramidbiome
biosphere

biotic
carnivores

closed systemcompetitive exclusion principleconsumers
decomposer food chainsdecomposersdecompositiondesert biomedetritivores

ecological nicheecological systemecology
ecosystem

endangered speciesenergy pyramidenvironmental phasefood chain
food webs

grassland biomegrazer food chainshabitat
herbivores

limiting factorniche
nitrogen fixationnorthern boreal forestnorthern coniferous forest

nutrient cyclenutrients
omnivores

optimum rangeorganismic phasephotosynthesispopulation
producers

pyramid of numbersrange of tolerancetaiga
temperate deciduous forest biome

trophic leveltundra
zones of intolerancezones of physiological stress
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Critical Thinking and Concept  
Review Questions 
Every chapter concludes with Critical Thinking and Concept 
Review Questions. These questions challenge students to 
apply the information from the chapter, ensuring they thor-
oughly grasp the important environmental science concepts. 
Many of the questions encourage students to think critically 
about a specific environmental issue and push them to think 
deeply about both sides of the matter.

Key Terms 
A list of Key Terms is included at the end of every chapter. 
Furthermore, the key terms in the chapter appear in bold to 
draw the reader’s attention. Students should refer to the Key 
Terms as part of their study to assess their understanding of 
chapter material.

Additional Online Study Tools 
Additional resources such as practice activities, links to rel-
evant websites, flashcards, and an interactive glossary are 
available online to help students study.

Focus on Sustainability and Systems Reform
While the main focus of the book is environment, not 
development, I attempt to show how development must be 
revamped to become sustainable. I describe basic human 
systems and why they are unsustainable. Moreover, I outline 
a variety of ways that we can make them environmentally, 
socially, and economically sustainable.

Teaching Tools
The IMAGE BANK provides the illustrations, photographs, 
and tables (to which Jones & Bartlett Learning holds the 
copyright or has permission to reprint digitally). These 
images are not for sale or distribution but may be used to 
enhance your existing slides, tests, and quizzes, or other 
classroom material.

Littoral
zone

Limnetic
zone

Profundal
zone

Benthic zone

Limit of sunlight penetration
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xxii	

A TESTBANK is available with hundreds of 
questions in a variety of formats.

WEB LINKS are available to direct instructors 
and students to outside sources where they can 
learn more about topics discussed in the book 
and environmental issues specific to their own 
areas.

The INSTRUCTOR’S MANUAL is provided as 
a text file. The Instructor’s Manual has been 
updated and expanded for this edition. It 
contains chapter outlines, objectives, and key 
terms as well as suggestions for presenting each 
chapter. We have also included sample syllabi 
to demonstrate a few of the many approaches 
that can be taken to an environmental science 
course.

The LECTURE OUTLINES in PowerPoint for-
mat provide lecture notes and images for each 
chapter of Environmental Science, Tenth Edition. 
Instructors with Microsoft PowerPoint software 
can customize the outlines, art, and order of 
presentation.
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         Dan Chiras received 
a Ph.D. in repro-
ductive physiology 
from the University 
of Kansas Medical 
School. In 1976, he 
accepted a teaching 
and research posi-
tion at the Univer-
sity of Colorado, 
Denver, where he 
taught a variety of 
courses, including 
general biology, cell 
biology, histology, 
reproductive biol-
ogy, and endocri-

nology. Over the years, Dr. Chiras pursued his interest in 
environmental issues and developed a number of courses on 
the environment, including a graduate course on global envi-
ronmental issues and the environmental and health effects of 
pollution. He has also taught undergraduate science modules 
on air pollution, nuclear power, noise pollution, impacts of 
coal development, and strategies for sustainability. 

 While at the university, Dr. Chiras worked on several 
EPA projects, including a study of the health impacts of chlo-
rinated organics from wastewater treatment and the impacts 
of coal mining in the West. He also prepared an assessment 
of the impacts of shale oil development in Colorado for the 
U.S. Department of Energy. 

 In 1981, Dr. Chiras resigned his full-time position at the 
university to pursue a writing career. Since that time, he has 
published nearly 350 articles in journals, magazines, ency-
clopedias, and other publications, including  Environment, 
American Biology Teacher, The Amicus Journal, Solar Today, 
Natural Home, Mother Earth News, Sustainable Futures, Col-
orado Outdoors, Home Power , and  Environmental Carcino-gen-
esis and Ecotoxicology Reviews . 

 Dr. Chiras wrote the environment section for World 
Book Encyclopedia’s Science Year from 1993 to 2010. He 
wrote an extensive article titled “The Population Explosion” 
in Science Year 1998. Dr. Chiras has written articles on ecol-
ogy, the environment, environmental issues, air pollution, 
and population articles for  Encyclopedia Americana . 

 Dr. Chiras has published 30 books on ecological 
design, environmental science, sustainable systems design, 
green building, and residential renewable energy. Included 
in this list are a college-level textbook titled  Natural 
Resource  Conservation  (with John P. Reganold) and a high-
school  textbook titled  Environmental Science: Framework for 
 Decision Making . Dr. Chi-ras has also published two college-
level biology textbooks:  Human Biology  and  Biology: The 
Web of Life . 

 Dr. Chiras has written several books for a more  general 
audience,  Beyond the Fray: Reshaping America’s  Environmental 
Response , which offers advice on building a truly  effective 
response to the environmental crisis, and  Lessons from 
Nature: Learning to Live Sustainably on the Earth , which 
 outlines ways to build a sustainable future. He has also 
assembled an anthology titled  Voices for the Earth: Vital Ideas 
from Amer-ica’s Best Environmental Book s. This book includes 
14  essays summarizing the key ideas of books nominated 
by a national committee as America’s best environmental 
books. 

 Dr. Chiras’s more recent books include  Power from the 
Wind, Power from the Sun, Wind Energy Basics, Solar Electricity 
Basics, Green Home Improvement, Green Transportation Basics, 
Solar Home Heating Basics, The Natural House: A Complete 
Guide to Healthy, Energy-Effi cient, Environmental Homes; The 
Solar House; The New Ecological Home; Superbia!; 31 Ways to 
Create Sustainable Neighborhoods; The Homeowner’s Guide to 
Renewable Energy; The Natural Plasters Book;  and  EcoKids: 
Raising Children Who Care for the Earth . 

 Dr. Chiras is a visiting professor in the environmental sci-
ence program at Colorado College, where he has taught courses 
on renewable energy, green building, and climate change. Dr. 
Chiras has also served as a  visiting professor at the University 
of Washington in Seattle, where he taught the introductory 
environmental science course. 

 Besides teaching and writing, Dr. Chiras has played an 
active role in the environmental movement. He has served 
on the Board of Directors of the Colorado Environmen-
tal Coalition for fi ve years and was president of this coa-
lition of 40 environmental groups for two years. In 1988, 
he co-founded Friends of Curbside Recycling, which was 
instrumental in convincing the city of Denver to begin a 
curbside recycling program. In 1989, he cofounded Speak-
ers for a Sustainable Future, which offered slide programs 
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xxvi	

on recycling, water conservation, and sustainability. In 1993, 
Dr. Chiras cofounded another nonprofit organization, the 
Sustainable Futures Society. He served on the board of direc-
tors of the Advanced Technology Environmental Education 
Library, which produced a website that serves as a repository 
for environmental information.

Dr. Chiras has spoken to a wide range of audiences, 
including the National Association of County Agricultural 
Agents; the American Society of Interior Designers; the 
American Home Economics Association; Architects, Design-
ers, Planners for Social Responsibility; the Colorado Renew-
able Energy Society; the American Solar Energy Society; and 
many others.

In 2009, Dr. Chiras formed The Evergreen Institute: 
Center for Renewable Energy and Green Building in 
east-central Missouri (www.evergreeninstitute.org), where 
he teaches classes on solar electricity, wind energy, passive 
solar heating and cooling, green building, natural building, 
and more. He is currently turning the 60-acre farm and edu-
cational center into a net-zero energy facility by implement-
ing efficiency measures and installing solar electric, solar hot 
water, passive solar, and wind energy systems that generate 
all the energy the facility consumes.

In addition to his active scientific pursuits, Dr. Chiras is 
an organic gardener and bicyclist. He raises homing pigeons 
and all natural grass-fed cattle, Belted Galloways. 
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  improving Your memory 
 You can improve your memory by following the PMC 
method. The PMC method involves three simple learning 
steps: (1) paying attention, (2) making information memo-
rable, (3) correlating new information with facts you already 
know. 

  StEP 1 . Paying attention means taking an active role 
in your education—taking your mind out of neutral. Elimi-
nate distractions when you study. Review what you already 
know, and formulate questions about what you are going to 
learn before a lecture or before you read a chapter in the text. 
Reviewing and questioning help prime the mind. 

  StEP 2 . Making information memorable means fi nd-
ing ways to help you retain information in your memory. 
Repetition, mnemonics, and rhymes are three helpful tools.   

•	  Repetition can help you remember things. The more 
you hear or read something, the more likely you are 
to remember it, especially if you’re paying attention. 
Jot down important ideas and facts while you read or 
study to help involve all of the senses.   

•	  Mnemonics are useful learning tools to help remember 
lists of things. I use the mnemonic CAR-RRP to 
remember the biological principles of sustainability: 
conservation, adaptability, recycling, renewable 
resources, restoration, and population control.   

•	  Rhymes and sayings can also be helpful when trying to 
remember lists of facts.   

•	  If you’re having trouble remembering key terms, look 
up their roots in the dictionary. This often helps you 
remember their meaning.   

•	  You can also draw pictures and diagrams of processes 
to help remember them.   

  StEP 3 . Correlating new information with the facts and 
concepts you already know helps tie facts together, making 
sense out of the bits and pieces you are learning.   

•	  Instead of fi lling your mind with disjointed facts 
and fi gures, try to see how they relate with what you 
already know. When studying new concepts, spend 
some time trying information together to get a view of 
the big picture.   

 College can be an extremely demanding time. For many 
students, term papers, tests, reading assignments, and 
classes require a new and higher level of commitment 
to their education. At times, the workload can become 
 overwhelming. 

 Fortunately, there are many ways to lighten the load 
and make time spent in college more profi table. This sec-
tion offers some helpful tips on ways to enhance your study 
skills. It  teachers you how to improve your memory, how to 
become a better note taker, and how to get the most out of 
what you read. It also helps you prepare better for tests and 
become a better test taker. 

 Mastering these study skills will require some work, 
mostly to break old, ineffi cient habits. In the long run, though, 
the additional time you spend now learning to become a 
better learner will pay huge dividends. Over the long haul, 
improved study skills will save you lots of time and help you 
improve your knowledge of facts and concepts. That will, no 
doubt, lead to better grades and very likely a more fruitful life. 

  General Study Skills   
•	  Study in a quiet, well-lighted space. Avoid noisy, 

distracting environments.   
•	  Turn off televisions, radios, and cell phones.   
•	  Work at a desk or table. Don’t lie on a couch or bed.   
•	  Establish a specifi c time each day to study, and stick to 

your schedule.   
•	  Study when you are most alert. Many students fi nd 

that they retain more if they study in the evening a few 
hours before bedtime.   

•	  Take frequent breaks—one every hour or so. Exercise 
or move around during your study breaks to help you 
stay alert.   

•	  Reward yourself after a study session with a mental pat 
on the back or a snack.   

•	  Study each subject every day to avoid cramming for 
tests. Some courses may require more hours than 
others, so adjust your schedule accordingly.   

•	  Look up new terms or words whose meaning is 
unclear to you in the glossaries in your textbooks or in 
a dictionary.    

STUDY SKILLS

© Antonio Jorge Nunes/Shutterstock, Inc.

9781284057058_FMxx_Printer.indd   27 25/08/14   1:10 PM

© Jones & Bartlett Learning, LLC.  NOT FOR SALE OR DISTRIBUTION.

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION



xxviii	

How to Get the Most Out of What You Read
•	 Before you read a chapter or other assigned readings, 

preview the material by reading the main headings or 
chapter outline to see how the material is organized.

•	 Pause over each heading and ask a question  
about it.

•	 Next, read the first sentence of each paragraph. When 
you have finished, turn back to the beginning of the 
chapter and read it thoroughly.

•	 Take notes in the margin or on a separate sheet of 
paper.

•	 Underline or highlight key points.
•	 Don’t skip terms that are confusing to you. Look them 

up in the glossary or in a dictionary. Make sure you 
understand each term before you move on.

•	 Use the study aids in your textbook, including 
summaries and end-of-chapter questions. Don’t 
just look over the questions and say, “Yeah, I know 
that.” Write out the answer to each question as if 
you were turning it in for a grade, and save your 
answers for later study. Look up answers to questions 
that confuse you. This book has questions that test 
your understanding of facts and concepts. Critical 
thinking questions are also included to sharpen your 
skills.

Preparing for Tests
•	 Don’t fall behind on your reading assignments. 
•	 Review lecture notes as often as possible.
•	 If you have the time, you may want to outline your 

notes and assigned readings.
•	 Space your study to avoid cramming. One week before 

your exam, go over all of your notes. Study for two 
nights, then take a day off that subject. Study again 
for a couple of days. Take another day off from that 
subject. Then make one final push before the exam, 
being sure to study not only the facts and concepts but 
also how the facts are related. Unlike cramming, which 
puts a lot of information into your brain for a short 
time, spacing will help you retain information for the 
test and for the rest of your life.

•	 Be certain you can define all terms and give examples 
of how they are used.

•	 You may find it useful to write flash cards to review 
terms and concepts.

•	 After you have studied your notes and learned the 
material, look at the big picture—the importance of 
the knowledge and how the various parts fit  
together.

•	 You may want to form a study group to discuss what 
you are learning and to test one another.

•	 Attend review sessions offered by your instructor or by 
your teaching assistant, and study before the session 
and go to the session with questions.

•	 See your professor or class teaching assistant with 
questions as they arise.

•	 After studying your notes or reading your textbook, 
go back and review the main points. Ask yourself how 
this new information affects your view of life or critical 
issues and how you may be able to use it.

Becoming a Better Note Taker
•	 Spend 5 to 10 minutes before each lecture reviewing 

the material you learned in the previous lecture. This is 
extremely important!

•	 Know the topic of each lecture before you enter the 
class and spend a few minutes reflecting on facts 
you already know about the subject about to be 
discussed.

•	 If possible, read the text before each lecture. If not, 
at least look over the main headings in the chapter, 
read the topic sentence of each paragraph, and study 
the figures. If your chapter has a summary, read 
it too.

•	 Develop a shorthand system of your own to facilitate 
note taking. Symbols such as = (equals), > (greater 
than), < (less than), w/ (with), and w/o (without) can 
save lots of time so you don’t miss the main points or 
key facts.

•	 Develop special abbreviations to cut down on writing 
time. E might stand for energy, AP might be used for air 
pollution, and AR could be used to signify acid rain.

•	 Omit vowels, abbreviate words, and use special 
symbols to decrease writing time (for example: omt 
vwls & abbrvte wrds to ¯ wrtng tme). This will take 
some practice.

•	 Don’t take down every word your professor says, but 
be sure your notes contain the main points, supporting 
information, and important terms.

•	 Watch for signals from your professor indicating 
important material that might show up on the next 
test (for example, “This is an extremely important 
point…”).

•	 If possible, sit near the front of the class to avoid 
distractions.

•	 Review your notes soon after the lecture is over while 
they’re still fresh in your mind. Be sure to leave room 
in your notes written during class so you can add 
material you missed. If you have time, copy your notes 
after each lecture.

•	 Compare your notes with those of your classmates to 
be sure you understood everything and did not miss 
any important information.

•	 Attend all lectures.
•	 Use a tape recorder if you have trouble catching 

important points.
•	 If your professor talks too quickly, politely ask him or 

her to slow down.
•	 If you are unclear about a point, ask during class. 

Chances are other students are confused as well. If 
you are too shy, go up after the lecture and ask, or visit 
your professor during his or her office hours.
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	 ﻿	 xxix

•	 Take advantage of free or low-cost tutoring offered 
by your school, or, if necessary, hire a private tutor 
to help you through difficult material. Get help 
quickly, though. Don’t wait until you are hopelessly 
lost. Remember that learning is a two-way street. A 
tutor won’t help unless you are putting in the time.

•	 If you are stuck on a concept, it may be that you have 
missed an important point in earlier material. Look 
back over your notes or ask your tutor or professor 
what facts might be missing and causing you to be 
confused.

•	 Write and take your own tests. Include all types of 
questions.

•	 Study tests from previous years, if they are available 
legally.

•	 Determine how much of a test will come from lecture 
notes and how much will come from the textbook.

•	 Purchase a study guide, if one is available, and use it to 
review material and test our knowledge.

•	 Check out your instructor’s website or the online 
resources that accompany this text. Offered are 
valuable study aids, such as review questions and 
practice quizzes.

Taking Tests
•	 Eat well and get plenty of exercise and sleep before 

tests.
•	 Remain calm during the test by deep breathing.
•	 Arrive at the exam on time or early.
•	 If you have questions about the wording of a question, 

ask your professor.
•	 Skip questions you can’t answer right away, and 

come back to them at the end of the session if you 
have time.

•	 Read each question carefully and be sure you 
understand its full meaning before answering it.

•	 For essay questions and definitions, organize your 
thoughts first on the back of the test before you start 
writing. A sample outline may help you get your thoughts 
straight and allow you to write a coherent answer.

Now take a few moments to go back over the list. Check off 
those things you already do. Then, mark the new ideas you 
want to incorporate into your study habits. Make a separate 
list, if necessary, and post it by your desk or on the wall and 
keep track of your progress.
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